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YAZIM KURALLARI

Yazilar, dergiye yalnizca ¢evrimici gonderi sistemi ile elektronik
versiyonda agagidaki talimatlara gore gonderilmelidir.

Yaz1 gonderi tipleri

Arastirma makaleler, derleme makaleler, kisa notlar ve raporlar,

editore mektup.

e Arastirma makaleler; Daha dnce yaymlanmamis olan ve 7500
kelimeyi veya 25 sayfay1 gegmemesi gerekir. Orijinal tam metin
arastirma makaleleri (tablolar ve resimler dahil)

o Derleme makaleler; giincel konularda ve 10.000 kelimeye veya
25 sayfa (tablolar ve sekiller dahil)

e Kisa notlar ve raporlar; 6n nitelikte olabilecek c¢aligmayi
aciklayan (tercihen tablolar ve sekiller dahil 3000 veya 10
sayfadan fazla olmamalidir).

o Editore Mektuplar; giincel konulara dahil edilmeli ve 2000
kelimeyi veya tablolar ve sekiller dahil 10 sayfay1 gegmemelidir.

Dergi iicreti
Derginin yayin iicreti yoktur.

Yazilarin Hazirlanmasi

Calismalar Tiirkce veya Ingilizce hazirlanmalidir. Metninizi bir

kelime islemci yazilimi kullanarak hazirlaym ve ".doc" veya

".docx" formatlarinda kaydedin. Yazilar asagidaki sirayla

hazirlanmalidir;

e Bashk sayfasi

0 Baslik (Kisa ve bilgilendirici. Kisaltmalardan ve formiillerden
kaginin)

0 Yazar isimleri ve iiyelik adresleri (Tam isimler verilmeli,
kisaltma yapilmamalidir. {lgili yazar bir yildiz isaretiyle
belirtilmelidir. Her tiyelik adresi kurum, fakiilte / okul, boliim,
sehir ve iilkeyi i¢cermelidir)

0 Sorumlu yazarin e-postasi, telefonu, faksi ve adresi

0 Tim yazarlar icin ORCID numarasi ve e-posta adresleri.

0 Sekil sayist

0 Cizelge sayisi

0 Tesekkiir (Varsa. Mutlaka minimumda tutun)

Ana metin

0 Bashk

0 Oz (150 ile 250 kelime arasinda olmali, kaynak ve
kisaltmalardan kaginilmalidir)

0 Anahtar Kelimeler (Minimum 3, Maksimum 6 anahtar
kelime)

0 Girig

0 Materyal ve Yontemler

0 Bulgular

0 Tartisma (Uygunsa Bulgular boliimii ile birlestirilebilir)

0 Sonuglar

o Etik Standartlara Uyum
a) Yazarlarm Katkilari
b) Cikar Catigmasi
¢) Hayvanlarin Refahina fliskin Beyan
d) insan Haklar1 Beyani

o Kaynaklar

0 Cizelge(ler) (metinde uygun konumda)

o Sekiller (metinde uygun konumda)

o0 Ekler (varsa)

Makale Formati

Makale boyunca A4 boyutundaki kagidin tiim kenarlarinda ¢ift
aralikli ve 25 mm kenar bosluklu referanslar, tablo bagliklar1 ve
sekil basliklar1 dahil olmak iizere 12 puntoluk bir yaz1 tipi kullanin

(Times New Roman). Sayfanin biitiin yonlerinde 25 mm'lik kenar
bosluklar1 kullanin. Metin tek siitun formatinda olmalidir
Yazarlarin sablon dosyalarini agsagidaki baglantilardan indirmeleri
oOnerilir:

* Her sayfa Arap rakamlari ile numaralandirilmali ve yazinin
basindan sonuna kadar satirlar siirekli olarak
numaralandirilmalidir.

* Vurgu i¢in italik kullanin.

* Yalnizca SI (uluslararasi sistem) birimlerini kullanin.

* Ondalik basamaklar i¢in "nokta" kullanin.

* Tiir ad1 igin italik kullanin.

Etik Standartlara Uyum

Sorumlu yazar, kaynak listesinden dnce ayr1 bir béliimde makale
metnine bir 6zet aciklama ekleyecektir. Asagidaki agiklama
orneklerine bakin:

a) Yazarlarin Katkilar

Liitfen makale icin yazarlarin katkilarimi saglaymm. Ad ve
soyadlarinin ilk harflerini kullanin (6rnegin; Yazar MO ¢alismay1
tasarladi, MF makalenin ilk taslagini yazdi, AF istatistiksel
analizleri gerceklestirdi ve yoOnetti. Tiim yazarlar son makaleyi
okudu ve onayladu.).

b) Cikar Catismasi

Mevcut herhangi bir ¢ikar ¢atismasi burada verilmelidir. Catigsma
yoksa, yazarlar sunlar1 belirtmelidir:

Cikar Catismast: Yazarlar ¢ikar catismasi olmadigini beyan
ederler.

¢) Hayvanlarin Refahina iliskin Beyan

Calismada hayvan kullanilmigsa; Arastrma igin kullanilan
hayvanlarin refahina saygi gosterilmelidir. Hayvanlar iizerindeki
deneyleri bildirirken, yazarlar agagidaki ifadeyi belirtmelidir:
Etik onay: Hayvanlarin bakimi ve kullanimi i¢in gecerli tiim
uluslararasi, ulusal ve / veya kurumsal yonergelere uyulmustur.
Veya geriye doniik caligmalar i¢in; makale metninde bir 6zet
beyan asagidaki sekilde yer almalidir:

Etik onay: Bu tiir bir ¢aligma i¢in resmi onay gerekli degildir.

d) insan Haklar1 Beyam

Insan katilimcilar1 iceren calismalari
asagidaki ifadeyi eklemelidir:

Etik onay: Caligmalar, uygun kurumsal ve / veya ulusal arastirma
etik komitesi tarafindan onaylanmis ve 1964 Helsinki Bildirgesi
ve daha sonra yapilan degisiklikler veya karsilastirilabilir etik
standartlarda belirtilen etik standartlara uygun olarak
gerceklestirilmigtir. Veya geriye doniik ¢aligmalar i¢in; makale
metninde agagidaki gibi bir 6zet beyan yer almalidir:

Etik onay: Bu tiir bir ¢aligma i¢in resmi onay gerekli degildir.

bildirirken, yazarlar

KAYNAKLAR

Metinde Alinti;

Liitfen metinde gegen her bir atifin kaynaklar listesinde de
sunuldugundan emin olun. Metindeki literatiirii kronolojik olarak,
ardindan bu 6rnekler gibi alfabetik sirayla belirtin "(Elp vd., 2018;
Biswas vd., 2016; Elp ve Osmanoglu, 2019)". Atifta bulunulan
kaynak bir climlenin konusuysa, parantez iginde yalnizca tarih
verilmelidir. Bu 6rnek gibi bigimlendirilmistir: “Durmaz (2007)
.... etkinligini arastirmistir”.

* Tek yazar: yazarin soyad1 ve yaymn yil1 (Elp, 2017)

» Tki yazar: hem yazarlarin soyadlar1 hem de yayin yil1 (Adem ve
Elp, 2017)
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+ Ug veya daha fazla yazar: birinci yazarin soyadi ve ardindan "ve
digerleri". ve Elp et al., 2018 yayn y1l1)

Kaynaklar Listesinde Alinti;

Kaynaklar once alfabetik olarak siralanmali ve daha sonra
makalenin sonunda kronolojik olarak siralanmalidir. Ayni yazar
(lar) dan aym yil i¢inde birden fazla kaynak yayin tarihinden
(2016a) sonra yerlestirilen a, b, ¢ vb. Harflerle belirtilmelidir.
Cevrimigi olarak yaymlanan makalelerin, kitaplarin, ¢cok yazarli
kitaplarin ve makalelerin alintilar1 asagidaki 6rneklere uygun
olmalidir:

Makale:

Adem, S. S., & Elp, M. (2017). Muscle spindle and comparison of
fish muscle spindle with other vertebrates. Alinteri Journal of
Agriculture Sciences, 32(2): 113-117

Durmaz, Y. (2007). Vitamin E (alpha-tocopherol) production by
the marine microalgae Nannochloropsis oculata
(Eustigmatophyceae) in nitrogen limitation. Aquaculture, 272(4):
717-722.

Elderwish, N., M., Tastan, Y. & Sonmez, A. Y., (2019).
Tiirkiye’nin bati karadeniz kiy1 sularindaki agir metal birikimin
mevsimsel olarak incelenmesi. Menba Kastamonu Universitesi Su
Uriinleri Fakiiltesi Dergisi, 5(2): 1-8.

Elp, M., Osmanoglu, M. 1., Kadak, A. E., & Turan, D., (2018).
Characteristics of Capoeta oguzelii, a new species of cyprinid fish
from the Ezine Stream, Black Sea basin, Turkey (Teleostei:
Cyprinidae). Zoology in the Middle East. 64(2): 102-111.
https://doi.org/10.1080/09397140.2018.1442295

Sénmez, A. Y., Kale, S., Ozdemir, R. C. & Kadak, A. E. (2018).
An adaptive neuro-fuzzy inference system (ANFIS) to predict of
cadmium (Cd) concentration in the Filyos River, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 18(12): 1333-1343.
https://doi.org/10.4194/1303-2712-v18_12 01

Kitap:
Brown, C., Laland, K. & Krause, J. (Eds.) (2011). Fish Cognition
and Behavior. 2nd ed. Oxford, UK: Wiley-Blackwell. 472p.

Kitap boliimii:

Langston, W. J. (1990). Toxic effects of metals and the incidence
of marine ecosystems, pp. 102-122. In: Furness, R. W. (Ed.),
Rainbow Heavy Metals in the Marine Environment. New York,
USA: CRC Press. 256p.

Vassallo, A. I. & Mora, M. S. (2007). Interspecific scaling and
ontogenetic growth patterns of the skull in living and fossil
ctenomyid and octodontid rodents (Caviomorpha:
Octodontoidea).pp. 945-968. In: Kelt, D. A., Lessa, E., Salazar-

Bravo, J. A, Patton, J. L. (Eds.), The Quintessential Naturalist:
Honoring the Life and Legacy of Oliver P. Pearson. 1st ed.
Berkeley, CA, USA: University of California Press. 981p.

Tez:
Elp, M. (2002). Kogkdprii baraj goélii'nde (Van) yasayan siraz
(Capoeta capoeta, Guldensteadt, 1772) ve inci kefali

(Chalcalburnus tarichi, Pallas, 1811) populasyonlari iizerine bir
aragtirma. Ph.D. Thesis. Istanbul University, Istanbul, Turkey.

Konferans bildirimleri:

Notev, E. & Uzunova, S. (2008). A new biological method for
water quality improvement. Proceedings of the 2nd Conference of
Small and Decentralized Water and Wastewater Treatment Plants,
Greece, pp. 487-492.

Enstitii yayinlari:
FAO. (2016). The State of World Fisheries and Aquaculture:
Contributing to food security and nutrition for all. Rome. 200 pp.

Rapor:
FAO. (2018). Report of the ninth session of the Sub-Committee

on Aquaculture. FAQ Fisheries and Aquaculture Report No. 1188.
Rome, Italy.

Internet kaynaklar:

Froese, R. & Pauly, D. (Eds.) (2018). FishBase. World Wide Web
electronic publication. Retrieved on January 11, 2018 from
http://www.fishbase.org.

TurkStat. (2019). Fishery Statistics. Retrieved on December 28,
2019 from http://www.turkstat.gov.tr/

Cizelge(ler)

Arapca olarak numaralandirilmis ¢izelgeler, istte kisa bir
aciklayict baglik ile ayri sayfalarda yer almalidir. Dipnotlari
cizelge gdvdesinin altindaki tablolara yerlestirin ve bunlar kiigiik
harflerle (veya anlamlilik degerleri ve diger istatistiksel veriler
icin yildiz isaretleriyle) belirtin. Dikey kurallardan kaginin.
Cizelgelerde sunulan veriler, makalenin bagka bir yerinde
agiklanan sonuglari tekrar etmemelidir.

Sekil(ler)

Metinde tim resimler 'Sekil' olarak etiketlenmeli ve ardigik
Arapca rakamlarla, Sekil 1, Sekil 2 vb. Ile numaralandirilmalidar.
Bir seklin panelleri etiketlenmisse (a, b, vb.), Metinde bu panellere
atifta bulunurken ayni durumu kullanin. Sekillerin PNG, JPEG
gibi elektronik formatlarda olmasi 6nerilir. TIFF (min. 300 dpi) de
mevcut boyutlarda diizenlenmelidir. Tiim sekiller veya tablolar
metin i¢inde sunulmalidir. Yazi tipi boyutlart 9 ila 11 punto
arasinda olmalidir.
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WRITING RULES

Manuscripts must be submitted to the journal in electronic version
only via online submission system according to the guidelines
below:

Types of Paper

Research articles, reviews articles, short communications, letters

to the editor.

e Research articles: original full-length research papers which
have not been published previously and should not exceed 7500
words or 25 manuscript pages (including tables and figures)

e Reviews article: on topical subjects and up to 10000 words or 25
manuscript pages (including tables and figures)

e Short communications: describing work that may be of a
preliminary nature; preferably no more than 3000 words or 10
manuscript pages (including tables and figures).

o Letters to the editor: should be included on matters of topical
interest and not exceeding 2000 words or 10 manuscript pages
(including tables and figures)

Page charges
This journal has no page charges.

Preparation of Manuscripts

Papers must be written in Turkish and English. Prepare your text
using a word-processing software and save in “.doc” or “.docx”
formats. Manuscripts must be structured in the following order:

o Title page file
o Title (Concise and informative. Avoid abbreviations and
formulae)
0 Author names and affiliation addresses (Full names should be
given, no abbreviations. The corresponding author should be
identified with an asterisk. Each affiliation address should
include institution, faculty/school, department, city, and
country)
0 Corresponding author’s e-mail, telephone, fax, and address
0 ORCID number and e-mail addresses for all authors.
0 Number of figures
0 Number of tables
o Acknowledgements (If applicable. Keep these to the absolute
minimum)

e Main file
o0 Title
0 Abstract (Should be between 150 and 250 words. References
and abbreviations should be avoided)
0 Keywords (Minimum 3, Maximum 6 keywords)
o Introduction
o Material and Methods
0 Results
o Discussion (Can be combined with Results section if
appropriate)
o Conclusion
0 Compliance with Ethical Standards
a) Authors' Contributions
b) Conflict of Interest
c) Statement on the Welfare of Animals
d) Statement of Human Rights
o0 References
0 Table(s) with caption(s) (on appropriate location in the text)
o Figure(s) with caption(s) (on appropriate location in the text)
0 And appendices (if any)

Manuscript formatting

Use a 12-point Times New Roman font, including the references,
table headings and figure captions, double-spaced and with 25 mm
margins on all sides of A4 size paper throughout the manuscript.
The text should be in single-column format. The authors are
encouraged to download the template files from the links below:

* Each page must be numbered with Arabic numerals, and lines
must be continuously numbered from the start to the end of the
manuscript.

* Use italics for emphasis

* Use only SI (international system) units.

* Use “dot” for decimal points.

+ Use italics for species name.

Compliance with Ethical Standards

The corresponding author will include a summary statement in the
text of the manuscript in a separate section before the reference
list. See below examples of disclosures:

a) Authors’ Contributions

Please provide contributions of authors for the paper. Use first
letters of name and surnames (e.g.; Author MO designed the
study, MF wrote the first draft of the manuscript, AF performed
and managed statistical analyses. All authors read and approved
the final manuscript.).

b) Conflict of Interest

Any existing conflict of interest should be given here. If no
conflict exists, the authors should state:

Conflict of Interest: The authors declare that there is no conflict of
interest.

¢) Statement on the Welfare of Animals

If animals used in the study; The welfare of animals used for
research must be respected. When reporting experiments on
animals, authors should indicate the following statement: Ethical
approval: ~ All applicable international, national, and/or
institutional guidelines for the care and use of animals were
followed. Or, for retrospective studies; a summary statement in the
text of the manuscript should be included as follow: Ethical
approval: For this type of study, formal consent is not required.

d) Statement of Human Rights

When reporting studies that involve human participants, authors
should include the following statement:

Ethical approval: The studies have been approved by the
appropriate institutional and/or national research ethics committee
and have been performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Or, for retrospective
studies; a summary statement in the text of the manuscript should
be included as follow:

Ethical approval: For this type of study, formal consent is not
required.

REFERENCES

Citation in text;

Please ensure that each reference cited in the text is also presented
in the reference list. Cite literature in the text in chronological,
followed by alphabetical order like these examples "( Elp et al.,
2018; Biswas et al., 2016; Elp and Osmanoglu, 2019)". If the cited
reference is the subject of a sentence, only the date should be given
in parentheses. Formatted like this example: “Durmaz (2007)
investigated the efficacy of...”.
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« Single author: the author’s surname and the year of publication
(Elp, 2017)

* Two authors: both authors’ surnames and the year of
publication (Adem and Elp, 2017)

* Three or more authors: first author’s surname followed by “et
al.” and the year of publication Elp et al., 2018)

Citation in the reference list;

References should be listed first alphabetically and then further
sorted chronologically at the end of the article. More than one
reference from the same author(s) in the same year must be
identified by the letters a, b, c, etc. placed after the year of
publication (2016a). The citation of articles, books, multi-author
books and articles published online should conform to the
following examples:

Avrticle:

Adem, S. S., & Elp, M. (2017). Muscle spindle and comparison
of fish muscle spindle with other vertebrates. Alinteri Journal of
Agriculture Sciences, 32(2): 113-117

Durmaz, Y. (2007). Vitamin E (alpha-tocopherol) production by
the marine microalgae Nannochloropsis oculata
(Eustigmatophyceae) in nitrogen limitation. Aquaculture, 272(4):
717-722.

Elderwish, N., M., Tastan, Y. & Sonmez, A. Y., (2019).
Tiirkiye’nin bati karadeniz kiy1 sularindaki agir metal birikimin
mevsimsel olarak incelenmesi. Menba Kastamonu Universitesi Su
Uriinleri Fakiiltesi Dergisi, 5(2): 1-8.

Elp, M., Osmanoglu, M. 1., Kadak, A. E., & Turan, D., (2018).
Characteristics of Capoeta oguzelii, a new species of cyprinid fish
from the Ezine Stream, Black Sea basin, Turkey (Teleostei:
Cyprinidae). Zoology in the Middle East. 64(2): 102-111.
https://doi.org/10.1080/09397140.2018.1442295

Sénmez, A. Y., Kale, S., Ozdemir, R. C. & Kadak, A. E. (2018).
An adaptive neuro-fuzzy inference system (ANFIS) to predict of
cadmium (Cd) concentration in the Filyos River, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 18(12): 1333-1343.
https://doi.org/10.4194/1303-2712-v18_12 01

Book:
Brown, C., Laland, K. & Krause, J. (Eds.) (2011). Fish Cognition
and Behavior. 2nd ed. Oxford, UK: WileyBlackwell. 472p.

Chapter:
Langston, W. J. (1990). Toxic effects of metals and the incidence

of marine ecosystems, pp. 102-122. In: Furness, R. W. (Eds.),
Rainbow Heavy Metals in the Marine Environment. New York,
USA: CRC Press. 256p.

Vassallo, A. I. & Mora, M. S. (2007). Interspecific scaling and
ontogenetic growth patterns of the skull in living and fossil

ctenomyid and octodontid rodents (Caviomorpha:
Octodontoidea). pp. 945-968. In: Kelt, D. A., Lessa, E., Salazar-
Bravo, J. A, Patton, J. L. (Eds.), The Quintessential Naturalist:
Honoring the Life and Legacy of Oliver P. Pearson. 1st ed.
Berkeley, CA, USA: University of California Press. 981p.

Thesis:

Elp, M. (2002). Kogkoprii baraj golii'nde (Van) yasayan siraz
(Capoeta capoeta, Guldensteadt, 1772) ve inci kefali
(Chalcalburnus tarichi, Pallas, 1811) populasyonlar: iizerine bir
aragtirma. Ph.D. Thesis. Istanbul University, istanbul, Turkey.

Conference Proceedings:

Notev, E. & Uzunova, S. (2008). A new biological method for
water quality improvement. Proceedings of the 2nd Conference of
Small and Decentralized Water and Wastewater Treatment Plants,
Greece, pp. 487-492.

Institution Publication:
FAO. (2016). The State of World Fisheries and Aquaculture:
Contributing to food security and nutrition for all. Rome. 200 pp.

Report:
FAOQ. (2018). Report of the ninth session of the Sub-Committee

on Aquaculture. FAQ Fisheries and Aquaculture Report No. 1188.
Rome, Italy.

Internet Source:

Froese, R. & Pauly, D. (Eds.) (2018). FishBase. World Wide Web
electronic publication. Retrieved on January 11, 2018 from
http://www.fishbase.org.

TurkStat. (2019). Fishery Statistics. Retrieved on December 28,
2019 from http://www.turkstat.gov.tr/

Table(s)

Tables, numbered in Arabic, should be in separate pages with a
short descriptive title at the top. Place footnotes to tables below
the table body and indicate them with superscript lowercase
letters (or asterisks for significance values and other statistical
data). Avoid vertical rules. The data presented in tables should
not duplicate results described elsewhere in the article.

Figure(s)

All illustrations should be labelled as ‘Figure’ and numbered in
consecutive Arabic numbers, Figure 1, Figure 2 etc. in the text. If
panels of a figure are labelled (a, b, etc.) use the same case when
referring to these panels in the text. Figures are recommended to
be in electronic formats such as PNG, JPEG. TIFF (min. 300 dpi)
should be also arranged in available dimensions. All figures or
tables should be presented in the body of the text. Font sizes size
should be from 9 to 11 points.
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Article Info Abstract
Artificial reefs (ARs) are one of the most popular and important management approaches to enhance
fishery production, especially in overfished areas. However, poor site selection and lack of
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26/10/2021 monitoring to some AR projects are common to this matter. Hence, in this paper, a case study was
Accepted: conducted to determine the effectiveness and impact of the AR project in Tigbauan, lloilo,
16/12/2021 Philippines, through a qualitative field survey research approach. ARs used in the study are

jackstone-type designs made-up of concrete that were constructed by the local fishers. Findings
Keywords: revealed that while other fishers reported that AR improved longline catch, on the contrary, fishers
o Artificial reef who used gill nets did not experience any catch changes; rather, it sometimes entangled and damaged
o Effectiveness their nets. Despite initial monitoring showing the presence of benthic organisms like sponges and
e Impact soft corals after 6 months of installation and gradually attracting fish to aggregate, lack of follow-
« Philippines ups to the present date brings the AR project impact imperative. While most respondents claimed

that water quality in the installed site was maintained after 4 years, the targeted objective to increase
fish species abundance was not achieved. Furthermore, some respondents reported that installed ARs
were buried due to natural calamities. Thus, this study suggests that the AR project in the installed
site did not meet the exnected outout due to a lack of monitorina and poor site selection.

Atif bilgisi/Cite as: Toring-Farquerabao, M. L. B., Domingo. E. R. & Tahiluddin A. B. (2021). Effectiveness and impact of artificial reef
project in Tigbauan, lloilo, Philippines: A case study. Menba Journal of Fisheries Faculty, 7(2), 77-89.

INTRODUCTION

Artificial reefs (ARs) are well-known and have been used for a long time around the world and have served many
purposes such as habitat restoration (Clark & Edwards 1994; Komyakova et al., 2019), fish stock enhancement (Pickering et al.,
1999), aquaculture (Fabi & Fiorentini, 1996), tourism or recreation which serve as diving site (Tynyakov et al., 2017), fisheries
management (Fabi et al. 2015; Becker et al. 2016; Florisson et al. 2018) and research areas (FAQO, 2015). Thus, it became an
important and popular resource enhancement technique (Bohnsack and Sutherland 1985) and can be considered as a management
intervention (Munro and Balgos 1995) to recover and/or improve natural habitats, increase productivity, and concentrate or
enhance populations of living marine resources (FAO, 2015) by concentrating fishes and by increasing the natural production of
biological resources (Bohnsack & Sutherland, 1985). According to RA 8550, or the Philippine Fisheries Code of 1998, as
amended by RA 10654, ARs are defined as any structure, natural or man-made materials, placed on a body of water below the
sea surface (Lokesha, 2013) to mimic some functions of a natural reef (FAQ, 2015; Wu et al., 2019) that affect the local biological
community (Seaman & Jensen 2000; Svane & Petersen, 2001). It also has served as habitat replacement for destroyed corals
(Waltemath & Schirm, 1995) that functions as part of the natural ecosystem with no destruction to the existing environment
(FAO, 2015) or supplement existing natural reefs (Miller & Hobbs, 2007). Furthermore, ARs are also used to prevent any active
fishing gear operations, such as bottom trawling (Komyakova et al., 2019) and dredging activities, especially in municipal waters.
Thus, ARs’ definition is broad and not limited to structures developed as reefs and intentionally submerged to benefit human
activities (Tynyakov et al., 2017). Instead, the benefits are for the ecosystem as a whole.

A large number of ARs have been deployed in coastal regions worldwide over the past three decades (Yang et al.,
2019). AR structures had been deployed in over 50 countries worldwide by 2011 (Fabi et al., 2011). This is done primarily in
areas where fishery resources have been overexploited or are rebuilding (Pitcher & Seaman 2000; Brickhill et al., 2005). In the
Philippines, together with other Asian countries like Indonesia, Malaysia, Cambodia, and Vietnam (FRA, 2010), ARs are widely
used mainly for fishing and fisheries management (Waltemath & Schrim, 1995) to improve fishery resources (FRA, 2010)
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because fishing is a major source of food, income, and export earnings in these areas (EEPSEA, 2017). It enables fishers to
reduce fishing effort in terms of time and fuel by attracting a great abundance of fish. However, overfishing and degradation
have been threatening the country’s fishery sector for many years (EEPSEA, 2017), which leads to a debate as to what are the
ARs’ purpose should be. Mcmanus (1995) claimed that the coastal waters of the Philippines are generally overfished to the point
of having higher fishing pressure than the maximum potential harvest. To address such issues and problems, the establishment
of ARs was done as one of the fishery management tools (EEPSEA, 2017).

The municipality of Tigbauan in lloilo, Philippines, specifically Barangay Baguingin, is one of the recipients to have
ARs installed in the country. This is one of the coastal resource management projects of the municipality, which was established
way back in 2015 (Pers. Comm with Municipal Fisheries Officer). Tigbauan is a second-class municipality located in the
Southern part of the Province of Iloilo with 10 coastal barangays. These ten coastal communities considered fishing as one of
the significant livelihoods for each household in the community. AR project was initiated and conceptualized by the Local
Government Unit (LGU) of Tigbauan in consultation with the municipal fisherfolk of Barangay Baguingin and in coordination
with the Bureau of Fisheries and Aquatic Resources (BFAR) Region VI and the Provincial Capitol of lloilo. Parties responsible
believed that implementing the AR Project along the coastal waters of Tighbauan would help minimize active fishing operations
that would protect critical marine habitats and soft-bottom communities. Implementers concerned have willingly and jointly
pledged to extend full support and cooperation in implementing the project in support of fisheries conservation and resource
enhancement towards achieving food security and poverty alleviation program of the government. Target beneficiaries are the
municipal fishermen in the area. The AR project was provided with a total amount of Php306, 820.00 (approximately US$6,
100) for the construction of 250 units of ARs. Obligations were divided among parties.

The management and operation of this AR project were the primary responsibility of the fisherfolk organization and
LGU. Together with other local partners, the project implementers formulated a management plan for the proper management
of the ARs. The management plan made was adapted by the LGU to become the official policy of the municipal government.
Hence, municipal fisherfolks were completely aware of the project and responded positively with full support prior to
implementation and installation. Furthermore, LGU, in cooperation with the Provincial Office and BFAR Region VI,
successfully disseminated the importance and benefits of the AR to the target beneficiaries. The target number of ARs that should
be deployed was 250 units. However, according to the survey, fishers in the area who were responsible for the management and
operation of the ARs claimed that there were only an 100 units of ARs successfully deployed. The problem is that not all the
materials provided by BFAR were utilized for the construction of ARs. This may be due to lack of funding for the labor from
LGU. Another was the repair of the bridge at that time, which is situated near where the ARs were being constructed. There was
no coordination with the contractor and fishermen regarding the start of the bridge repair; hence, ARs under the bridge were
damaged and could no longer be used. ARs in the area had been deployed four years ago, and yet updates regarding its benefits
to the target beneficiaries are quite vague up to this point of time.

Understanding how artificial reefs can be integrated into a more general marine resource management framework is a
critical element in promoting the importance of ARs in the long run. However, the ability to evaluate the performance of ARs is
quite challenging. AR projects have been criticized for lack of planning in the development of adequate monitoring programs
that will provide fisheries scientists and managers with the information required to test their inherent purposes despite significant
developments in construction and design (Claudet & Pelletierm 2004). ARs can potentially provide a wide range of benefits
towards ecosystem as claimed by different authors. However, the extent to which they achieve their goals has received less
attention. There are limited publications available as to which this management strategy is effective or not. Lack of monitoring
and awareness towards community with regards to the project is quite common. Moreover, financial funds and effort from the
government are being utilized; hence, a return to the community is necessary on this matter. Thus, this study aimed (1) to evaluate
the level of awareness of the fishers in the community on the installed artificial reefs; (2) to assess the status and impact of
installed ARs based on the fishers’ perspective; (3) to determine the issues and concerns regarding the installed artificial reef;
and (4) to assess also whether a four-year ago installation of ARs could have a felt impact to fishers’ life.

MATERIALS AND METHODS
Study Site and Duration

The study was conducted to evaluate the effectiveness of the artificial reef installed at the municipality of Tigbauan,
loilo, Philippines. Tigbauan is a second-class municipality located in the southern part of the province of lloilo. This area is
bounded by the lloilo Strait to the south and the municipality of Leon to the northwest, Oton to the northeast, and Guimbal to
the east. It is located 22.85 km from the city of Iloilo, and it lies at approximately 10.7283°N, 122.3788°E. Tigbauan has 52
component barangays, 10 of which are situated along the coast, with a coastline of 8 km. ARs are installed specifically in
Barangay Baguingin (Figure 1), which is one of the coastal barangays of Tigbauan, lloilo, Philippines. This study was done for
a week towards the end of November 2019.
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Figure 1. Map showing the study site.

Criteria for Site Selection

The criteria of site selection for ARs as provided by the Joint DENR-DA-DILG-DND Memorandum Order No. 1 Series
of 2000 are as follows: (1) site where ARs are to be installed should not be less than 1 km away from existing natural reefs, if
present, or 500 me away from existing ARs; (2) site should be near an alternative food sources (i.e. seagrass beds)’ constructed
on a flat, barren area of relatively good visibility and at depth protected from wave action but still accessible to members of the
association for possible monitoring (i.e. 15-25 m away from the shoreline); (3) site should be outside designated navigational
sea lanes and does not obstruct traditional navigational route of local fishers going to and from the fishing ground or pose a
navigational hazard to ships and other sea crafts; (4) water current must be moderate so that plankton can stay in the vicinity; (5)
site should have a rocky or sandy substrate with flat to gradually sloping bottom; (6) site should be free from pollution; and (7)
site should have a water depth ranging from 6 to 12 fathoms.

The LGU was responsible for selecting the site as to where ARs are to be installed and Barangay Baguingin was chosen
as the recipient. However, no prior scientific study was done on this. The only consideration was that the area chosen is adjacent
to mangroves which are, for them, essential to be protected, which defeats the purpose of the mangrove in the coastal ecosystem
as to help in reducing wave energy and protecting our coasts against natural hazards such as storms, tsunamis, and coastal
erosions, limiting erosion and shielding coastal communities from the destructive forces of tropical storms (Spading et al., 2014).
Another is the future plan of making the place a fish sanctuary or a marine protected area (MPA). According to the Aquaculturist
of lloilo Provincial Capitol, who was assigned for the pre-assessment at that time prior to ARs installation, the area has a sandy-
muddy bottom with no coral reef present, making the place a good choice for the ARs to be built to help promote aggregation of
fish and to help fishers gather more catch.

Design for ARs Used in the Municipality

The AR design chosen was of “jackstone-type” made up of concrete cement having a length of 1 m and a square
dimension of 5x5 in (Figure 2). The decision regarding the choice of the design was accordingly originated from BFAR. This
design is included in BFAR’s package of technology. No concrete scientific explanation was presented. According to the
consultations made with the concerned agencies, the design does not matter. All types of AR designs serve the same purposes
(i.e., promote fish aggregation, spawning ground, etc.). This statement may be due to the sparse evaluation of artificial structure
performance which was noticed by Becker et al. (2018). Implementers focused on proper deployment manner and desired depth
instead.
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Figure 2. Specifications of AR deployed in Barangay Baguingin, Tigbauan, Iloilo, Philippines (Photo taken from Ariel S. Tentia,
Tigbauan Municipal Bantay Dagat Member).

Deployment of AR units

Deployment of ARs in Barangay Baguingin was done in 3 days by the municipal fisherfolks in coordination with the
LGU. ARs were carried by municipal fisherfolks to the shoreline and were loaded to the bamboo raft locally known as balsa for
deployment. Upon arrival to the desired area, ARs were dropped down one by one from the raft to the water surface until it sunk
to the bottom without the proper guidance of deployment by a diver due to the unavailability of a skilled person to do the task
(Figure 3).

a b

=
Figure 3. Deployment of ARs at Barangay Baguingin, Tigbauan, lloilo, Philippines: (a) ARs were carried by municipal
fisherfolks to the shoreline; (b) ARs were loaded to bamboo raft; (c) ARs were brought to the desired area of deployment; and
(d) ARs were manually pushed to the water (Photo taken from Ariel S. Tentia, Tighbauan Municipal Bantay Dagat Member).
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The target number of ARs that should be deployed was 250 units. However, according to the survey, fishers who were
responsible in the area claimed that approximately 100 units were only successfully deployed. The problem is that not all the
materials provided by BFAR were utilized for the construction of ARs. This may be due to a lack of funding for the labor from
LGU. Another was the repair of the bridge at that time, which is situated near where the ARs were being constructed. There was
no coordination with the contractor and fishermen regarding the start of the bridge repair; hence, ARs under the bridge were
damaged and could no longer be used. ARs were deployed 200 meters away from the shoreline with a depth of 8 meters at low
tide and 10 meters at high tide, which fits the site's criteria in terms of desired depths that could avoid obstruction of navigational
paths for municipal fishers. As a result, fisherfolks in the barangay did not experience any hard time in their travel to their desired
fishing ground.

Ideally, upon deployment, ARs should be guided by a diver to put it in the correct manner (Figure 4a) to have its best
benefits as stated in the Joint DENR-DA-DILG-DND Memorandum Order No. 1 Series of 2000. However, this was not what
had happened in Barangay Baguingin. Under the circumstances, there was no available diver to guide the ARs. Hence, municipal
fishers tended to scatter the ARs (Figure 4b), defeating its purpose in the long run.

[__]- substrate

Figure 4. Manner of deployment of AR: (a) ideal and proper deployment of ARs; and (b) manner of deployment of AR done by
municipal fisherfolks at Barangay Baguingin, Tigbauan, lloilo, Philippines.

Data Gathering

This study employed a purely qualitative field survey research approach, where data were collected majorly through
qualitative techniques during the fieldwork that took place in the study area.

Data sources had included both primary and secondary data. Primary data were gathered through interviews with the
use of questionnaires. Key informant interview (KII) (see Appendix A for the questionnaire) with the Municipal Agriculture
Officer of the Municipality of Tigbauan, President of the BFARMC and Barangay Captain in Barangay Baguingin, Training
Specialist of Bureau of Fisheries and Aquatic Resources (BFAR) and Provincial Aquaculturist 11 of lloilo Provincial Capitol was
done to have an overview of the artificial reef installed in the area. The level of awareness of each fisher as to the implementation
of the AR project and its effectiveness and impact were assessed through a household (HS) survey after KII. A list for the
household survey respondents was based on the registered fisherfolks in the barangay and was acquired from the Municipal
Agriculture Office. A semi-structured questionnaire (Appendix B) was used during the interview.

The secondary data collected and used in this study included reports and detailed plan of the project from Local
Government Unit (LGU) of the municipality. In addition, local ordinances related to artificial reef installation were collated,
analyzed, and used in this study. These secondary data contained the exact location and other important information with regards
to the implementation of the said management strategy and have served as basis for the researcher to start the study.

Data Analysis

Qualitative data were analyzed using descriptive statistics, and mean scores were derived for all quantitative results
using SPSS v. 20.
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RESULTS
Effectiveness and Impact of Installed ARs

A total of 42 respondents were surveyed to assess the effectiveness and impacts of the AR Project established in
Barangay Baguingin, Tigbauan lloilo, Philippines, in 2015. Table 1 shows the profile of the respondents in Barangay Baguingin,
Tigbauan, lloilo. Majority of the respondents were males (88.1%) who were registered municipal fisherfolk of the recipient
barangay. Females, 11.9% of the total respondents, interviewed were the wives of the fishers. This was due to the unavailability
of their husbands during the field survey. Large number of fisher population in the area has more than 30 years of experience in
fishing. However, the ages of fishers ranged from 22 to 59 years old. No formal education among municipal registered in the
barangay is high, with a total percent composition of 88.1%. They all varied in the type of fishing gears used with gillnet (57.1%)
followed by skimming net (16.7), longline (11.9%), crab pot (11.9%), and beach seine (2.4%).

Table 1. Respondent’s profile in Barangay Baguingin, Tigbauan, Iloilo, Philippines.

Respondents (n=24) Frequency Percentage Composition (%)
Sex
Male 37 88.1
Female 5 11.9
Total 42 100
Years of Residence (years)
11-15 2 4.8
21-25 2 4.8
26 — 30 1 2.4
>30 37 88.1
Total 42 100
Religion
Roman Catholic 42 100
Civil Status
Single 2 4.8
Married 38 90.5
Widowed 2 4.8
Total 42 100
Educational Attainment
Elementary level 4 9.5
Elementary graduate 2 4.8
High School level 7 16.7
High School graduate 24 57.1
College level 2 4.8
College graduate 2 4.8
Vocational course 1 2.4
Total 42 100
Respondent Type
Fisher 37 88.1
Fisher’s wife 5 11.9
Total 42 100
Fishing Gears Used
Gillnet 24 57.1
Longline 5 11.9
Crab pot 5 11.9
Skimming net 7 16.7
Beach seine 1 2.4
Total 42 100

Respondents claimed that the area where ARs were installed was in good condition and still in good condition after
these were installed (Table 2). There were no indications of improvement. They have noticed no progress or any changes in the
area prior to the objectives which were set and aimed by the project. However, fishers who used the longline as their fishing
gears experienced a good catch after 6 months of establishing ARs. Species caught increased in terms of quantity, and species
present also improved. However, other fishing gears used in the area, such as the gill net, which is the major gear used in the
barangay, did not experience such an increase in the catch. Fishers claimed that it sometimes damaged their nets when entangled
accidentally in the installed ARs. This happened during the time when buoys (markers) installed were washed out by strong
waves brought by typhoons that passed the area. On the other hand, this is in contradiction with the study of Santos & Monteiro
(1997). They both identified that ARs contributed to an improved value of artisanal fishery based on a fishing survey by gill nets
in the Algarve coast, the southernmost region of continental Portugal. The reason might be Barangay Baguingin installed the
ARs are too closed from the shoreline (i.e., 200 m away), and gillnetters mostly fished in farther areas to catch more target
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species.
Table 2. Respondent’s perception of the condition of the area before and after the installation of ARs in Tigbauan, Iloilo,
Philippines.
Respondent’s Perception on the Site Respondent’s Perception on the Site
Condition Condition Before AR Installation Condition After AR Installation
Frequency Percentage (%) Frequency Percentage (%)
Poor 1 24 9 214
Not Good, Not Bad 14 333 0 0
Good 27 64.3 33 78.6
Total 42 100 42 100

Monitoring was done after 6 months of installation by the provincial aquaculturist through an underwater visual survey.
It was noticed that there was already presence of sponges and soft corals that are starting to grow in the installed ARs. Fishes
tend to aggregate slowly. However, this was the only monitoring that was done, and no follow-ups until the present date.
Beneficiaries and concerned agencies do not have updates and/or ideas on the actual state of deployed ARs 4 years ago.
Respondents claimed that ARs were buried after a year. Only less than half a meter remained due to the typhoons that have
passed, and accordingly, the area is exposed to stronger waves during this period. The presence of the river nearby also
contributed to the phenomena whenever heavy rainfall happens, and there are rapid run-offs coming from the upland.

After 4 years of AR installation, respondents claimed that the water quality of the place was maintained and there was
no increase of contaminations (Table 3). One of the main objectives of the project, which is increasing the target species for the
fishers to have more catch and more income, was not achieved. Majority (88.1%) claimed that the catches were still dependent
on the seasonality of the species and not because of the establishment of the ARs. In the study of Bohnsack et al. (1994), they
have gathered equivocal evidence that the increase in biomass was likely due to aggregation rather than increased production
from studies around the world. It was pointed out that ARs can serve purely as an aggregation device without any increase in
biomass. Therefore, the effectiveness of ARs still remains up for debate on attraction versus production (Lee et al., 2018). The
ecological, social, and economic goals of this project were in a dilemma.

Table 3. Respondent’s perception of the condition of the area after the installation of ARs in Tigbauan, Iloilo, Philippines.

Respondent’s Perception
After the Installation of AR

Questions Yes No No Idea

1. Is water quality maintained? 100% 0% 0%

2. Is the structural integrity and stability of the AR 73.80% 16.70% 9.50%
infrastructure maintained over time?

3. Is there an increase of contaminants in the water? 0% 100% 0%

4. Is the occurrence of target fish increases? 11.90% 88.10% 0%

5. Are the ecological, social and economic goals of 26.20% 73.80% 0%
AR achieved?

6. Is navigational safety maintained? 100% 0% 0%

DISCUSSION

All the respondents were positive and supportive as the project was introduced by concerned agencies. However, the
main objective that connects to the main problem or concern among fishers was not addressed directly by the project. Entangling
of nets used by gillnetters in the barangay is a minor problem since the area where ARs were deployed was provided with buoys
as a marker. Hence, fishermen could avoid setting gill nets near the ARs. They were also fully aware of the presence of AR
structures in their place. Joint DENR-DA-DILG-DND Memorandum Order No. 2000- 01 stated that registered fisherfolks who
use longline fishing gear were the only allowed fishing practice along with established ARs. Trawling, dredging and/or dragging
are the main illegal activities that affect much the fishers. The ARs only cover approximately 100 m?. The area available for
illegal fishers is still much larger, leading to damage of the area and collecting all possible organisms on their way. Another is
the nature of the bottom where the ARs were deployed. As mentioned earlier, the area has a sandy-muddy bottom is situated
near the river mouth. Whenever heavy rainfall or typhoons happen, the sedimentation rate is high, leading to the ARs being
borrowed. According to some of the respondents, less than half a meter of these deployed ARs was visible. Site selection should
have been considered seriously so that the projected benefit could be achieved utmost. Although the LGUs set specific rules with
regards to this matter, Lemoine et al. (2019) stated, on the hand, that deployment of ARs should be based on the predetermined
objectives conceptualized by the managers or implementers. This would serve as their baseline in the implementation of the
project to avoid failure in the future. Moreover, the improper manner of deployment, which makes the project ineffective and
inefficient.
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Moreover, numerous studies (Scarratt, 1973; Spanier, 1991; Fabi, 1996; Jensen & Collins, 1996 cited from Lee et al., 2018)
claimed that the effectiveness of ARs still remains up for debate in terms of increasing biomass because it depends on the design
of AR structure, in particular, whether it meets specific habitat requirements of individual species and age groups.

AR project is beneficial to fishers if properly deployed. However, fished ARs have the potential to lead to overfishing
if they increase the aggregation or attraction of existing stocks without increasing the overall size (Jebreen 1995; Bohnsack &
Sutherland, 1985). Such an outcome would counter their inherent purposes. Moreover, the major issue they are currently facing
is the rampant dragging activities in the fishing ground, which destroys the habitat, catches all species present, does not leave
the small ones, and damages their fishing gears. For instance, crab pots were soaked for 24 hours prior to hauling. Dragging
activities usually happen at night time. Whenever trawl or dredge passes by the deployed crab pots, these will be dragged and
nowhere to be found, contributing to the loss of income of crabbers. Municipal fisherfolks suggested enforcing the existing
ordinance strictly, i.e., bans of using trawl and active gears in municipal waters. AR project quite lessens the illegal activity;
however, it covers only a small area which gives the illegal practices larger area to their illegal activities. Serious consultation
with different stakeholders must be conducted to come up with a more effective management plan. CRM Plans in the
municipality should address the fishers’ main problems, or issues currently face to gain more positive results and supports.

The results of this case study will give baseline information that can provide ideas to the local government authorities
on the current status of the installed artificial reef in Tigbauan, lloilo, Philippines, and its impacts on the fishers. Information
from the study can contribute to policymakers, and coastal resource managers in decision making as to AR projects are necessary
to be implemented. Improved management measures can be formulated as well to lessen its failure in the future.

CONCLUSION AND RECOMMENDATIONS

Tigbauan, lloilo, Philippines, specifically Barangay Baguingin, is one of the LGU recipients of the AR Projects
conducted nationwide in the Philippines. Monitoring is scarce in the area, thus leading to limited knowledge about the status of
the installed ARs underwater. Proper deployment manner and site selection of ARs are essential and necessary to focus on to
avoid failure of the projects. Barangay Baguingin failed to follow such factors, and therefore expected benefits were not achieved.
Although Baguingin fishers are fully supported and are optimistic about the AR Project to provide good services for them and
the ecosystem, the AR structures ultimately did not meet the fishers’ expectations.

This study strongly recommends that monitoring of the implemented projects must be done to have an update on the
status of the project and if whether it is feasible in the area. Different stakeholders should be involved in the monitoring process
so that realizations would be met and efforts invested were not be wasted if possible. Furthermore, prior to any projects that are
planned to be implemented should have a scientific basis to avoid any disappointments in the long run.
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Appendix A

Effectiveness and Impact of Artificial Reef Project in
Tigbauan, lloilo, Philippines: A Case Study

Key Informant Interview (KII) Survey Form

Date of Interview:

I.  Respondent Informed Consent Statement

Research conducted by:

Maria Liza T. Farquerabao and Eddie R. Domingo
MS Fisheries Biology Students

University of the Philippines Visayas

As an informed participant in this research, | understand and acknowledge that:
I have been duly informed that my responses will be kept anonymous, and my personal details and those of any

other people or organizations.

I have been properly informed that the details | provide will be used for the completion of the study entitled

“Effectiveness and Impact of Artificial Reef Project in Tigbauan, Iloilo, Philippines: A Case Study” and may also be used
as material for books or journal articles.

Name of Respondent:

Position/Occupation:

I have been duly informed that | may choose to end my participation at any time without consequence.
Any questions that | had about this research have been satisfactorily answered.

Signature Over Printed Name

First Name Middle Name  Last Name

I1. Overview of Installed Artificial Reef

N AWM E

11.
12.
13.

What type of artificial reef was installed? State the specifications of the design.

Why chose that design/type?

Who are the target beneficiaries of this project?

Avre there ordinances related to the installation of an artificial reef in this municipality?

Why Barangay Baguingin was the only recipient among the coastal barangays in Tigbauan, lloilo?

When was the installation done?

How many were installed? Specify the area covered.

Who are the responsible agencies initiated the project?

Why come up with the projects? Are there scientific studies prior to implementation? State the reasons for installing
the artificial reef.

. Was there a consultation meeting with the fishermen or community regarding the installation? Was any information

drive done in the area?

What were the responses of the people prior to the implementation of the project?

Who are responsible for the construction of the artificial reef? Are the people in the community/fishermen involved?
How much is the total cost of the project?

I11. Effectiveness of Artificial Reef Installed

1.

Is there monitoring or assessment done after the artificial reef installation?
___Yes_No
If yes, answer the questions below.

e How is monitoring done? Do you have tools and methods to follow?

e Who are responsible?

e How were the findings recorded and stored, i.e., data management?

e What are the challenges encountered in monitoring and regulatory activities?
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Questions

Yes

No

Comments/Remarks

Is water quality maintained?

. Did the structural integrity and
stability of the reef infrastructure is
maintained over time?

Is there an increase of contaminants
in the environment (water and
sediments)?

Is the occurrence of pests and/or
other invasive species minimized?

. Are the ecological, social, and
economic goals of the reef achieved?

Is navigational safety maintained?

. Are the objectives of the projects
being met at the least possible cost?

Does the monetized value of the
project’s benefits exceed the
project’s costs?

If no, answer the following questions.

a.  Why no monitoring or assessment had been done after the installation?
b. Any updates regarding the status of the reef and its impact on the fishermen in the area?

Issues/Concerns regarding the artificial reef installed

Any plans for the artificial reef installed?

Any future CRM plans in the municipality?
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Appendix B

Effectiveness and Impact of Artificial Reef Project in
Tigbauan, lloilo, Philippines: A Case Study

Household Survey Interview Form

Household Number: Date of Interview:

I.  Respondent Informed Consent Statement

Research conducted by:

Maria Liza T. Farquerabao and Eddie R. Domingo
MS Fisheries Biology Students

University of the Philippines Visayas

As an informed participant in this research, | understand and acknowledge that:
I have been duly informed that my responses will be kept anonymous, and my personal details and those of any

other people or organizations.

I have been properly informed that the details | provide will be used for the completion of the study entitled

“Effectiveness and Impact of Artificial Reef Project in Tigbauan, Iloilo: A Case Study” and may also be used as material for
books or journal articles.

I have been duly informed that | may choose to end my participation at any time without consequence.
Any questions that | had about this research have been satisfactorily answered.

Signature over Printed Name

1. Personal Background

1.

w N

7.
8.

9.

10. Years of Engagement in Fishing:
11. Major Source of Income:

Name of Respondent:
First Name Middle Name  Last Name
. Age: years old
. Gender: Male Female
. Years of residency in Tigbauan, lloilo
_ <lyear ___1-5years ___ 6-10years ___ 11-15years
___16-20 years __ 25-30years ___ >30years
. Highest Educational Attainment:
____No formal schooling ____Elementary level
____Elementary graduate ____High school level
____High School graduate ____College level
___ College graduate ___Vocational Courses
. Religion: _ Roman Catholic ___ Other:
Civil Status: ___ Single __ Married __ Widowed __ Separated
Number of Household Members:
Are you a fisherman? __Yes__No

If yes, specific gear used:

12. Other Source of Income:

I11. Level of Awareness

1.

2.

Are you aware of the installation of the artificial reef in your area?
__No Awareness __ Limited Awareness
___ Moderate Awareness __ Extensive Awareness
____ Complete Awareness

Did you remember when was it installed? __ Yes __ No
If yes, what date?
If no, why?
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3. Was there an information drive done by LGU prior to the installation?
Isit well explained?  Yes _ No
If yes, explain what information did he/she understand.

If no, state reason/s why.

What was your reaction to the project?
What was your contribution as a fisherman?
Are there monitoring done by LGU or any other government agencies?
Yes None

If yes, did you participate during the monitoring?

ook

V. Effectiveness of Artificial Reef Installed

1. Rate the following conditions.
1 — Very Poor, 2 — Poor, 3- Not Good Not Bad, 4 — Good, and 5 — Excellent

Questions Rating Comments
1. How was the status of the area
before the installation of the
artificial reef?
2. How is the status now, three years
after the installation?

2. Check the answer. Provide any perceptions of the fishermen in the comment box.

Questions Yes | No Comments
1. Is water quality maintained?

2. Isthe structural integrity and stability
of the reef infrastructure maintained
over time?

3. Is there an increase of contaminants
in the environment (water and
sediments)?

4. s the occurrence of target fish
increasing?

5. Are the ecological, social, and
economic goals of the reef achieved?

6. Is navigational safety maintained?

3. Inyour own perspective, was it necessary to install the reef in your area?
__Yes __ No. Why?

4. Did you already feel the impact in three-year time? __ Yes ___No
If yes, how?

If no, why is it so?

5. Any issues or problems encountered regarding the presence and installation of the artificial reef?

6. Do you have a suggestion for the concerned LGU to improve the project?

7. Any other concerns/issues in the area that needs to be addressed immediately regarding your coastal area?

8. If given a chance, what message do you want to tell the fishery managers to improve the fishery resources at the
same time improving your status as a fisher?
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Avrticle Info Abstract
Received: Microalgae are known as a source of valuable biomolecules which are used in various industrial
: fields such as aquaculture, food, feed, pharmaceuticals, bio-fertilizers and bioenergy. Chlorella sp.
16/16/2021 is one of the common microalgae, cultured in the world. In this study, it was examined that growth
Accepted: rate and pigment contents of Chlorella sp. in lab-scale tubular photobioreactor at in-door conditions.
22/12/2021 Highest cell number and highest specific growth rate were determined as 155 x 108 cells.mL* and
0.79, respectively. Highest dry weight was measured as 4.19+0.059 g.L! and mean dry weight was
Keywords: found as 3.56+0.079 g.L'*. Highest chlorophyll-a content was found at 40" day as 106.7+0.079
 Microalgae, pug.mL?, Highest total carotenoids was 15.87+0.033 pg.mL? at the day 22. Also, 983.8 g of total
e Chlorella sp. biomass was harvested in last 45 days, after the exponential phase. According to the results of this
¢ Photobioreactor study, in-door production of Chlorella sp. Was provided more reliable sustainability. Also, Chlorella
« Chlorophyll sp. is photoautotrophically producible at high amounts throughout the year.
¢ Pigments

Tiibiiler Fotobiyoreaktorde Chlorella Sp. Kiiltiiriiniin I¢ Mekanda Biiyiime Performansi

Makale Bilgisi 0Oz
Mikroalgler sahip olduklar1 degerli biyomolekiiller ile akuakiiltiir, gida, yem, farmasdtik, giibre ve
biyo-enerji gibi farkli endiistriyel alanlarda kullanilan bir kaynaktir. Chlorella sp., diinyada kiiltiiri
16/ 12/202_1_ yapilan en yaygin mikroalglerden biridir. Bu ¢aligmada Chlorella sp.’nin laboratuvar 6lgekli tiibiiler
Kabul tarihi: fotobiyoreaktorde kapali alan kiiltiiriinde biiylime ve pigment degerleri arastirilmistir. En yiiksek
22/12/2021 hiicre sayis1 ve spesifik biiyiime oram 155 X 108 hiicre.mL"* ve 0.79 olarak 6l¢iilmiistiir. En yiiksek
kuru agirlik 4.19+0.059 g.L! ve ortalama kuru agirlik 3.56+0.079 g.L! olarak belirlenmistir. En
Anahtar Kelimeler: yiiksek klorofil a miktar1 40. giinde 106.7+0.079 ng.mL* olarak ortaya ¢ikmistir. En yiiksek toplam

Alinig tarihi:

¢ Mikroalg karotenoid degeri ise 15.87+0.033 pg.mL? olarak 22. giin gergeklesmistir. Ayrica iistel fazin
e Chlorella sp. ardindan, son 45 giin igerisinde 983.8 gram toplam biyokiitle elde edilmistir. Calisma, Chlorella
e Fotobiyoreaktor sp.’nin kapali alan tiretiminin daha giivenilir bir siirdiiriilebilirlik sagladiginmi géstermistir. Chlorella
o Klorofil sp., yil boyunca yiiksek miktarlarda fotoototrofik olarak iiretilebilirdir.

¢ Pigmentler

Atif bilgisi/Cite as: Erbil G. C., Durmaz Y. & Elp M. (2021). Indoor growth performance of Chlorella sp. production at tubular
photobioreactor. Menba Journal of Fisheries Faculty, 7(2), 90-95

INTRODUCTION

Sustainability become much more important than ever in last recent years. Need of higher amounts of raw materials and
depletion of natural resources are the main reasons of that result. However, certain organisms such as microalgae, might be the
solution of this problem. High productivity, sustainability and valuable metabolites make these organisms unique resources
(Gouveia and Oliveira, 2009; Ruiz et al., 2016).

Microalgae are used as resources in various industrial applications such as aquaculture, food industry, agriculture,
cosmetics, feed and bioenergy (Yaakob et al., 2014; Sirakov et al., 2015; Mourelle et al., 2017; Palabiyik et al., 2018; Durmaz
et al., 2020). Essential and polyunsaturated fatty acids, high amounts of protein and pigments make microalgae biomasses and
their products more demanded raw materials. Chlorella sp. is one of the most produced microalgae species after Spirulina. Their
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cellular composition, high productivity and ability of heterotrophic and mixotrophic growth are the main reasons related with
this high demand.

Microalgae are single cell photosynthetic, microscopic organisms which are consume CO- as a carbon source. Flasks,
bags, ponds, photobioreactors (PBRs) and fermenter systems are used for cultivation of these microorganisms. Every cultivation
system has both advantages and also disadvantages. For instance, while ponds require low installation and operational
advantages, photobioreactors provide higher yields and reliable sustainability. Also, outdoor and in-door production systems
varies by each other with advantages/disadvantages such as illumination costs. Outdoor production benefits from sunlight and
no need artificial illumination and therefore electricity costs may be lower than the other systems. However, this production is
highly dependent on environmental conditions. Consequently, sustainable production of microalgae requires fully controlled
cultivation environment and production process (Olaizola, 2003). Through this, in-door production emerges as the optimum
solution for year round sustainable production of microalgae. In this study, in-door production of Chlorella sp. at laboratory
scale tubular PBR was investigated.

MATERIALS and METHODS
Cultures

Chlorella sp. strain was provided from Ege University, Faculty of Fisheries (Izmir, Turkey). Stocks were cultured in 5
L flasks with BG-11 medium. Cultures were maintained at room temperature (20-22 °C) and illuminated by fluorescent lamps
with 70 pmol.m?2.s’t. BG-11 medium was used for both stocks and tubular PBR experiment. Medium was prepared at Kastamonu
University, Faculty of Fisheries (Kastamonu, Turkey) (Table 1 & 2).

Table 1. BG-11 medium

Solution 1 05L
NaNOs 750
Solution 2 05L
K2HPO, 209

MgS04.7H20 3.75¢
CaCl,.2H,0 1.80¢g
Citric acid 0.30¢g
Ammonium ferric citrate 0.30¢g
EDTANa; 0.05¢
Na,COs3 1.00 g

Table 2. Trace elements solution of BG-11 medium

Trace elements solution 1L

H3BO3 2.86 ¢
MnCl..4H,0 1.81¢g
ZnS04.7H,0 0.22¢
Na;Mo004.2H,0 0.39¢
CuS0.4.5H,0 0.08 g
Co(NO3)2.6H.,0 0.05¢

Properties of Tubular PBR

Tubular PBR system (Model, Producer, City, Country) consists of 2 parts; transparent tubes and the reservoir tank.
Total system volume is 140 L. System was illuminated by fluorescent lamps (45 mmol.m-2.s) between the tubes and also low
CRI led lights with 130 mmol.m2.s were placed in front of the tubular system (4 x 100 W) for supporting the illumination
(Figure 1). Light intensities were measured by Apogee MQ-620 quantum meter. System was operated at room temperature (20-
22 °C) during the experiment period. System pH and temperature were tracked by sensors of JBL ProFlora pH/CO; controller.
Also, system pH was controlled by the same device with automatic injection of pure CO; gas and was held at 8.00+0.05.
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Figure 1. Chlorella sp. production at tubular PBR

Tubular PBR system was disinfected by adding sodium hypochlorite. After first 24 hours, sodium thiosulfate was added
into the system for neutralization of the chloride. Then, Chlorella sp. Stocks were inoculated to the Tubular PBR system.
Growth and Dry Weight

Cell density was determined under microscope by using Neubauer haemocytometer. Growth rate was calculated with
the formula given below.

_ In(N;) — In(Ny)
- t—t,

0.45 pm filter papers were dried in the oven at 105 °C for 2 hours and were weighted. After that, 5 mL samples were
filtered and were dried in the oven at same temperature until there was no change at weights (Zou and Richmond, 1999).
Pigment Analysis

Chlorophyll-a and total carotenoid contents were determined spectrophotometrically. 5 mL of samples were
centrifuged, and supernatant was discarded. After that, 5 mL methanol and glass beads were added to the samples and mixed by
vortex. Mechanical agitator was used for cell disruption. After this step, samples were placed into the ultrasonic bath. Lastly,
samples were centrifuged, and supernatants were taken to determine absorbance values at defined wave-length by using a
spectrophotometer (Hach DR 6000). Chlorophyll a and total carotenoids were calculated according to the Equation 1 and 2,
respectively (Sanchez et al., 2005; Zou and Richmond, 2000);

Chlorophyll a (ng/ml) = 13.9 Asgss (EQ. 1)
“Ages; absorbance value at 665 nm

Total carotenoids (png/ml) = 4.5 Asrs™ (Eq. 2)
“Aurs; absorbance value at 475 nm

RESULTS

Starter cell density of tubular PBR experiment was 0.925 x 108 cells.mL. Cells were profilirated rapidly and cell
number was reached to 41 x 108 cells.mL"* at 13™ day. Specific growth rate was calculated as 0.316 in that growth phase. After
that, culture cell number was varied between 93.5-155 x 10° cells.mL™ until the end of the experiment. Highest cell number was
determined as 155 x 108 cells.mL* while highest specific growth rate was calculated as 0.79. Mean cell number and specific
growth rate were calculated as 93.2 x 108 cells.mL* and 0.078 (Figure 2).
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Figure 2. Chlorella sp. cell numbers and specific growth rates at lab scale indoor tubular PBR.

Harvest regimen was started at 5th day between 5% and 15% harvested regimes in the total culture. 275 L culture was
harvested and 8.5 L medium was added, during the whole experiment. Highest dry weight was measured as 4.19+0.059 g.L!
and mean dry weight was found as 3.56=0.079 g.L1. Totally, 983.8 g Chlorella sp. was harvested in 64 days of culture period
(Figure 3).
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Figure 3. Chlorella sp. harvest amounts and dry weights at lab scale indoor tubular PBR.

Chlorophyll-a content of Chlorella sp. was 7.42+0.08 ng.mL™ at 9" day. Highest chlorophyll a amount was found at

40™ day as 106.7+0.079 pg.mL™. Lastly, mean chlorophyll a amount was calculated as 69.2+0.051 pg.mL" for the experiment
period (Figure 4).

Pigments

120
100
8
6
pit
2

o o ¢

o

o

o o
(@)

o ©

wlll 1)
0 o L L I I I I | I
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64

o
o B, N W B~ O

Dry weight (g.L?)

Day

Pigment amount (ug.mL7)

H Chlorophylla ® Carotenoids O Dry weight

Figure 4. Chlorella sp. pigment amounts per mL dry weights at lab scale indoor tubular PBR.
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Total carotenoid contents were also determined. According to the results, at the first measurement (day 9) total
carotenoids was found as 2.91+0.009 pg.mL. Highest carotenoid content was 15.87+0.033 pg.mL™ at the day 22 and mean
carotenoid content was calculated as 11.81+0.069 pg.mL* (Figure 4).

Also, cellular dry weight and cellular pigment amounts were calculated according to the dry weights, pigment amounts
and cell numbers. Highest cellular dry weight was calculated for the day 5 as 36.6 pg.cell* and lowest cellular dry weight was
found as 27.01 pg.cell* for the day 40. Lastly, mean cellular dry weight was found as 29.18 pg.cell. Cellular chlorophyll-a
amount was varied between 0.399-0.709 pg.cell. Highest cellular chlorophyll-a content was found at 36" day while lowest
chlorophyll a amount was found at the day 9. Mean chlorophyll-a content was determined as 0.595 pg.cell*. Total carotenoid
content per cell amount was found at the highest level as 0.179 pg.cell* at 16" day. Lowest carotenoids was 0.091 pg.cell* at
the day 43 and mean carotenoids was determined as 0.12 pg.cell* (Figure 5).
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Figure 5. Chlorella sp. cellular dry weights and pigment amounts per cell.

DISCUSSION

In a recent study, nutrient reclamation for Chlorella vulgaris was investigated. Culture was done with artificial
illumination and it was found that Chlorella vulgaris concentration was reached to 1.1 g.L level (Chang et al., 2018). It is stated
that maximum dry weight was 1.84 g.L* of Chlorella vulgaris produced at membrane PBR (Gao et al., 2019). A study shows
that Chlorella sorokiniana was reached to 146 x 108 cells.mL*. Also, it was indicated that maximum dry weight was found as
3.45 g.Lt with high level of NO3 concentration (Ziganshina et al., 2020). Wong et al., (2016) was determined that Chlorella
vulgaris may reach to 0.8 g.L! at column bubbling PBR. It was stated that 3.66 g.L™ dry weight of Chlorella vulgaris was
maximum at PW-PBR (Liao et al., 2017). In this study Chlorella sp. was produced at in-door lab scale tubular PBR for 2 months.
According to the results, Chlorella can be growth in-door intensively much as 4.2 g.L™. Culture density was not fluctuated after
exponential phase and mean cell number was calculated as 121.2 x 108 cells.mL* for stationary phase. Also, 3.63 g.L™* mean dry
weight was found for that period.

Chlorophyll-a concentration of Chlorella vulgaris at PBR was determined as 15.46 +1.05 mg.L*? by Chang et al.,
(2018). In another study, Liao et al., (2017) was determined that highest chlorophyll-a accumulation of Chlorella vulgaris was
99.29 mg.L"* at PW-PBR. Lower chlorophyll-a content of Chlorella vulgaris was found at flat-plate PBR experiment. It is stated
that chlorophyll-a yield was 4.5 mg.L™* (Lakaniemi et al., 2011). In this study, maximum chlorophyll-a content was determined
as 106.7+0.079 mg.L%. It is concluded that culture density was the main factor of variations of maximum chlorophyll-a content
between various studies. Cellular accumulation amounts might be more useful when tracing the changes in cellular composition.
In our study, cellular chlorophyll a amount was increased while cellular dry weight and cellular total carotenoids content were
decreased. Chlorophyll-a per cell increase might be the result of cellular response to culture density. It is expected that mutual
shading will increase as the cell number increases. Thus, cells will have lower oppurtinity to get energy from the illumination
for photosynthetic reactions. Decrease in cellular carotenoids level can be explained with low stress conditions during the
experiment period. Also, decrease in cellular dry weight supports the inverse ratio between cell number and cellular dry weight
was reported by Zou & Richmond, (1999).

2 months of in-door production of Chlorella sp. at tubular photobioreactor was done in this study. After exponential
phase 3.63 g.L dry weight was obtained without any stress conditions. Study shows that in-door production of Chlorella sp.
provided more reliable sustainability.
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Makale Bilgisi 0Oz

Kili¢ baligy, tist genesindeki kilica benzer keskin ve ¢ok uzun uzantidan dolay1 adim1 rostrumundan

(gaga) almuigtir. Goriiniisii ile son derece tehlikeli ve yirtict bir 6zellik gosterir. Tehlike aninda

05/ 08/202_1_ kullandigi tek silahi kilicidir. Bu kiligla 30 cm kalinligindaki ahsabi delebilen kili¢ baligi, teknelere

Kabul tarihi: rahatlikla saldirabilir. Kilig balig1 iizerine yapilan birgok arastirmanin derlenmesinden olusturulan

28/12/2021 bu ¢alisma, kili¢ baliklarinin bazi ilging davraniglarini sunmaktadir. Bunlar arasinda, yatay-dikey
hareketleri, beslenme, saldiri, giineslenme ve kur yapma davranislari iizerinde durulmustur.
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o Xiphias gladius
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e Beslenme

o Gilineslenme

Interesting Behaviours of Swordfish (Xiphias gladius)

Article Info Abstract

Received: The swordfish has got the name from its rostrum owing to the sword-like sharp and very long
: extension on its upper jaw. It shows an extremely dangerous and predatory feature with its

05/08/2021 appearance. The only weapon that uses in moment of danger is its sword. The swordfish, which can

Accepted: pierce 30 cm thick wood with this sword, can easily attack even boats. From the compilation of the

28/12/2021 many studies on the swordfish, this study presents some interesting behaviours of swordfish. Among

these, horizontal-vertical movements, feeding, attacking, basking and courting behaviours were
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GIRiS

Biiyiik pelajik baliklar i¢erisinde yer alan kili¢ baliklar1 (Xiphias gladius, L. 1758), isimlerini {ist ¢genede uzayan kili¢ benzeri
rostrumundan almustir. Kili¢ baliklar1 ekonomik degeri yiiksek gogmen baliklardir. Genellikle 1liman denizlerde bulunmalarina
ragmen, yaz aylarinda izlanda gibi soguk denizlerde de dagilim gostermektedir. Kilig baliklart 4,5 m boya ve 650 kg agirliga
kadar biiyiiyebilmektedir (Nakamura, 1986). Kili¢ baliklarinin Akdeniz’de iireme déneminin Haziran ayinda baslayip Eyliil
ayina kadar siirdiigti ve Haziran sonu ile Agustos aylar1 arasinda maksimum diizeye ulastig1 bildirilmistir (Nakamura, 1985).

Kili¢ baliklari, Atlantik, Pasifik ve Hint Okyanuslari’nin tropikal ve iliman kesimlerinde (50°N — 50°S) yaygin olarak
bulunur (Nakamura, 1985; Sakagawa, 1989). Kili¢ baliginin dagilimi cinsiyete gore de degisir; daha biiytlik disiler daha yiiksek
enlemlerde yaygindir. Erkek kili¢ baliklar1 ise tropikal ve subtropikal sularda daha yaygindir. Yavrular ise en ¢ok tropikal ve
subtropikal sularda goriiliir ve olgunlastiktan sonra daha yiiksek enlemlere go¢ ederler (Kailola ve dig., 1993). Genellikle
13°C'den daha sicak yiizey sularinda bulunan, ancak 5°C ile 27°C sicakliga tolerans gosterebilen epipelajik ve mezopelajik bir
tiir olarak kili¢ baliklar1, gozlerini ve beyinlerini sabit olarak neredeyse 28°C'de tutmalarini saglayan 6zel bir "beyin 1siticis1”
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gelistirdikleri icin, giinliik gocleri sirasinda deniz suyu sicakliklarindaki ani degisikliklere tolerans gosterebilir (Carey, 1982;
Tullis ve Block, 1996).

Bu kozmopolit baliklar, polar denizler hari¢ diinyanin tiim okyanuslarinda yaygin olarak bulunur; ancak en biiyiik av sahalari
Akdeniz ve Kuzeybat1 Pasifik’tir (Draganik ve Cholyst, 1988). Lezzetleri nedeniyle kili¢ baliklarna uluslararas: yiiksek bir
talep vardir. Japonya’da bir deniz iiriinii olarak miikemmel bir {inli vardir ve sashimi (baharat ilavesiyle soya sosuna konmus
balik dilimleri) olarak taze tiiketilir (Akyol, 2018). Kili¢ baliklar1 toplam av igerisinde ton benzeri baliklarin %3,6’si1
olusturmasina ragmen, toplam pazar degerinin %12’sini olusturmaktadir (Draganik ve Cholyst, 1988).

Oldukga giiclii ve bir o kadar hizli olan bu heybetli baliklarin diinya denizlerindeki avciligi oltalar, zipkin, parakete ve ag
dalyanlarla yapilmaktadir. Bunlardan farkli olarak diger bir avlama yontemi ise yiizer aglarla (drift-net) yapilan avciliktir. Bu
avcilik diinya genelinde hedef dis1 av oraninin yiiksek olmasi nedeniyle yasaklanmis olup, Tiirkiye bu yasaga 2011 yilinda dahil
olmustur. Yiizer aglarin yasaklanmasi, en eski geleneksel av yontemi olan zipkin ve ayrica parakete avciliginin artmasina neden
olmustur (Akyol, 2018).

Kili¢ baliklarinin kendine 6zgii davranislar: hakkinda diinya literatiiriine girmis bazi daginik bilgiler bulunmaktadir. Bunlar1
derli toplu bir yayinda bulmak ise olduk¢a giictiir. Bu ¢aligmanin amaci, son derece giiclii viicut yapis1 ve denizlerin en hizl
(>110 km) yiizeni olan kili¢ baliklarinin kendine has baz1 ilging davranislarini ortaya koymaktir.

Kili¢ baliklarinin davranislari
Yatay ve dikey gocler

Kilig baliklari, dogrudan gozlem igin ¢ok az firsat sunan biiyiik, hizli ylizen baliklardir ve mavi yiizgegli orkinos (Thunnus
thynnus), biiyiik gozlii orkinos (T. obesus) ve sar1 yiizgegli orkinos (T. albacares) gibi diger biiyiik pelajik tiirlerde oldugu gibi
giinliik yatay veya dikey gogler yaparlar (Schaefer ve Fuller, 2002; Musyl ve dig., 2003; Teo ve dig., 2007; Schaefer ve dig.,
2007). Bununla birlikte, bu gé¢ davramiglarinin bazi yonleri, telemetri ile kolayca incelenebilir (Carey ve Robinson, 1981).
Calismalar, bu baliklarin giindiiz mesopelajik tabakada yiizdiigilinii ve geceleri ise yiizey tabakasina yiikseldigini gostermektedir
(Carey ve Robinson, 1981). Yani, kili¢ baliklart giindiiz 200 m’den daha derinde yiizerken, giin batimindan sonra ve gece
muhtemelen beslenme amaciyla ylizeyde bulunmaktadirlar (Takahashi ve dig., 2003; Abascal ve dig., 2010).

Akustik izleme caligmalar1 ise kili¢ baliklarinin yatay olarak giin boyunca kiyi ile agik deniz arasinda giinliik hareket
dongiisii gosterdigini ortaya koymustur (Takahashi ve dig., 2003). Hawaii aciklarinda 1990 yilinda gergeklestirilen bir etiketleme
deneyinde, denize birakilan bes yiizden fazla kili¢c baligindan yalnizca besi yakalanmis olmasina ragmen, baliklarin dongiisel
mevsimsel gog¢ yollart gosterilmistir (De Martini ve Boggs, 1999).

Takahashi ve dig. (2003), kili¢ baliklarinin bir etiketleme denemesini, Japonya'nin dogu kiyilarinda, 1999 yilinin Temmuz
aymda zipkin balik¢ili@1 sezonunun baslarinda, ticari bir zipkin balik¢1 teknesi kullanilarak gergeklestirmislerdir. Yapilan bu
calismada ilk olarak, bu donemde sicaklik 10°C'den 20°C'ye yiikseldiginden, baliklarin etiketlemeden hemen sonra giineye dogru
hareket ettigini, sonra yiiksek sicaklik ve yiiksek tuzluluk ile karakterize edilen 34-36°N civarindaki Kuroshio 1lik suyuna ulasip,
orada kaldiklarini1 tespit etmislerdir. Daha sonra, Agustos ayindan Ekim 1999'un baslarina kadar, 80 ve 160 m'deki sicakliklarin
5°C ile 10°C arasinda oldugu ve baligin disiik sicaklik ve diisiik tuzluluk ile karakterize edilen Oyashio su alaninda bir bolgeye
(40-43°N) ulasarak kuzeye dogru hareket ettigini bildirmistir. Ardindan baligin, karigik tabakanin yaz ve sonbaharda gelistigi
Kuroshio-Oyashio gecis bolgesinden giineye dogru hareket ettigini ve Kuroshio uzantisinin giineyindeki bolgeye, yani Ocak
ayinda bile su sicakliginin yiiksek oldugu subtropikal alana ulastigini ortaya koymustur. Mart 2000'de, baligin subtropikal alani
terk ettigi ve kuzeye dogru hareket ettigini, Mayis ve Haziran aylarinda gecis alani ile Oyashio su alani arasina ulastig1 ve daha
sonra da orada kaldigini bildirmislerdir (Takahashi ve dig., 2003).

Gliniimiize kadar, 628 m derinlikte bir kili¢ baligindan bahseden Harbison (1987) ve akustik telemetri kullanarak kili¢
baliginin dikey dagiliminin 617 m oldugunu gosteren Carey ve Robinson (1981) tarafindan gesitli derinliklerde dikey gozlemler
bildirilmistir. Ancak son kayitlar kili¢ baliklarinin >1100 m’lere kadar indigini kanitlamaktadir (Abascal ve dig., 2010). Geceleri,
kilig baliklar1 her zaman beslenebilecekleri ve aym zamanda giin gectikge kazandiklar1 termal veya oksijen tiikenmesinden
kurtulabilecekleri karisik katmanlarda kalmaktadirlar. Geceleri ay evresiyle ortalama derinlikteki degisim, Carey ve Robinson
(1981) tarafindan belirlenmistir; ancak bu yazarlar yalnizca farkli baliklardan verilerle galismiglardir. Verilerden geceleri
maksimum derinlige genellikle dolunaya yakin ulasildigi goriilmektedir (Abascal ve dig., 2010). Analizlerde bu ortalama derinlik
her zaman termoklinin iizerindedir. Kesin sonuglar1 formiile etmek i¢in daha fazla veriye ihtiyag duyulmasma ragmen,
termoklinin derinligi kili¢ baliklarmin gece dikey dagilimini sinirhiyor gibi gériinmektedir. Kilig baliklar1 genellikle safaktan
hemen 6nce derin katmanlara inmektedir. Karisik katmana dondiiklerinde aksam karanligina kadar orada kalirlar. Kaydedilen
maksimum derinlik 1136 m olmasina ragmen, analiz edilen alti kili¢ baliginin besinde 900 m'ye kadar dalis yaptiklart
gozlenmistir (Abascal ve dig., 2010).

Kilig baliklari, birkag farkli fizyolojik adaptasyonun bir sonucu olarak bu kadar derin sulara inebilme kabiliyetine sahiptir.
Yani, kafasindaki termojenik bir organ olan beyin 1siticisinin varligi (Carey, 1990) avlarmni los 1sikta takip etmelerine olanak
saglayan biiyiik gozleri, kili¢ baligini anoksiye kars1 diger biiyiik pelajik tiirlere gore daha direngli hale getirebilecek ve oldukga
derinlerde yiyecek ararken oksijen birikimine olanak saglayan biiylik beyaz kas kiitlesine sahiptirler (Carey ve Robinson, 1981).
Ayrica, kili¢ baliklariin beyni ve gozii sudan daha sicaktir. Goz kaslarindan biri beyni 1sitan bir dokudur. Bu beyin 1siticist,
mitokondri ve sitokrom-c agisindan zengindir ve bir vaskiiler 1s1 esanjori araciligtyla kanla beslenir. Bu kilig baligini genis bir
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sicaklik araligina gotiirebilecek giinlitk dikey geziler sirasinda merkezi sinir sistemini hizli sogumadan korumaktadir (Carey,
1982).

Kilig baliklar: tiim okyanuslarin tropikal ve subtropikal bolgelerinden 1liman sulara yatay gocler de yapmaktadir (Palko ve
dig., 1981). Kuzeybat1 Atlantik'ten gelen etiket doniis verileri, kili¢ baliklarinin y1l boyunca ¢ok sinirlt gé¢ hareketi yaptigini ve
her yil ayn1 beslenme alanlarina geri dondiigiinii gostermektedir (Beckett, 1971). Kili¢c baliklarinin kat ettigi ortalama diiz hat
mesafesi 878 + 750 km’dir. Kaydedilen en uzun mesafe, 62 giinde 2632 km yol kat eden Kiiba ile Haiti arasindaki Windward
Gegidi'nde birakilan bir baliktan elde edilmistir (Dewar ve dig., 2011). Tiim baliklar i¢in asgari seyahat orani tahmini 0,2 km ile
59 km/giin (ortalama 21 + 17 km/giin) arasinda degismekle birlikte, Kaliforniya agiklarindan birakilan bir kili¢ baligin ait 19
giinde 1126 km’lik yol, kaydedilen en yiiksek hiz olarak belgelenmistir (Dewar ve dig., 2011).

Beslenme

Kili¢ baliklarinin biiyiik gozleri ile gdzbebekleri los 1sikta bile hizli hareketleri algilamaya uyum saglamistir ve kiigiik
mesafelerde gorsel isaretlere bagli olarak 151kl ortamlar esas beslenme davranigini belirliyor olmalidir (Poisson ve dig., 2010).
Beslenme ¢aligmalari, kilig baliklarinin giinliik hareketlerinin dikey oldugunu, giindiiz saatlerce dipte iken, onun esas besini olan
kalamarlarin gece yogun bulundugu yiizey sularina ¢iktigin1 agik¢a gostermektedir (Romeo ve dig., 2009b).

Kili¢ baliklari, avini canli olarak ve dogrudan dogruya kapamaz; burnunun ucunda uzanan kilici bunu yapmasina engel
olmaktadir. Avini goriir gormez, ilkin kilici ile ¢arparak onu parcalamakta, sonra sirt iistii donerek avini yutmaktadir (Alev,
1966). Goode (1882), kili¢ baliginin bir balik siiriisiiniin altinda yiikseldigini, birka¢ balig1 6ldiirene kadar saga ve sola kiliciyla
vurdugunu ve sonra yutmaya devam ettigini bildirmistir. Kili¢ baliklarinin beslenme davranisi iizerine yapilan aragtirmalar, uzun
gaganin yandan kullanilarak avi 6ldiirmek ve kesmek i¢in yararlanildigini ortaya koymustur (Scott ve Tibbo, 1968). Bu durum
ozellikle iki veya daha fazla bolime ayrilmis kalamar ve palaska baliklarinda, gaganin neden oldugu belirgin yaralanmalara
sahip mide igeriginde bulunan av parcalari ile de kanitlanmistir (Stillwell ve Kohler, 1985; Romeo ve dig., 2009a).

Kilig baliklarinin ¢ok biiyiik baliklarla beslendigi goriilmez; ancak, Hawaii Adalari’nin glineyinde 1955 yilinda gergeklesen
ilging bir olayda ‘J. R. Manning’ adli balik¢ilik aragtirma gemisinde yakalanan bir kili¢ baliginin tam 680 kg geldigi
kaydedilmisti. Baligin midesi a¢ildiginda heniiz yenmis 1,5 m boyunda ve 71 kg gelen bir sar1 yiizgec orkinos tespit edilmistir.
Orkinosun viicudunun her iki yaninda birer kesik oldugu ve kilicin avini basindan baslayarak yuttugu goriilmiistiir (Burton ve
Burton, 1979). Kilicin rakip erkeklerle savasmak i¢in kullanildigina dair bir kanit ise bulunmamaktadir (Hardy, 1959).

Kilig baliklarimin avini bélerek yedigini bilen oltacilar, bas ve kuyruktan teraziledikleri palamut veya torigi derin suya
indirir ve beklerler. Balik yeme kilict ile hizla vurur. Bu vurus oltaciyr haberdar eder. Balik gevsek tutulan yemi parcalayamaz.
Oltaci bu yemi hemen yukar1 ¢ekerek biiytik bir igneye yaprak kesilerek takilmis ve ¢elik telle kalin ve saglam bir ipe baglanmis
asil oltay1 baligin dolastig1 suya indirir. Kili¢ baligi, sonradan indirilen bu yemi pargaladigi balik zannederek yutar ve igne
damagna oturtulmak suretiyle yakalanir (Uner, 1968).

Saldir:

Kilig bir saldir1 silaht olmalidir. Baligin kilicinin bir saldir1 silahi oldugu fikrini besleyen bu gaganin zaman zaman
gemilerin tahtalaria saplannus bir halde bulunmasidir. Oniinde kiliciyla saatte 60 mil hiza ¢ikabilen bu balik bazen bir tekneye,
bir balinaya ya da diger iri bir objeye ¢arpabilmektedir. Burada aslinda ilging olan kilicin verdigi zarar ve bunun igin gereken
giictiir. Amerikali bir tabiat tarihi koleksiyoneri E. W. Gudger, kili¢ baliklarinin gemilere saldirmalar1 konusunda miimkiin
oldugu kadar ¢ok hikdye toplamaya calismuistir. Ornegin, ‘Fortuna’ adli balina gemisinin seriiveni oldukea ilgingtir: Gemi
1826°da Massachussettes’de Plymouth limanina eristigi zaman alt kisminda bir baligin kilicinin sapli oldugu fark edilmis. Kilig
bakir kaplamayi, 10 cm kalinliginda tahtayi, 30 cm eninde mese dosemeyi, 6,25 cm’lik tavan kirisini ve bir yag figisint delmisti.
Sir James Gray, bir keresinde bir kiyaslama yapmak icin saatte 10 mil hizla giden 272 kiloluk bir kilicin bir geminin yanina
vurdugu zaman her 2,5 cm?’ye bir tonun iicte biri kadar bir gii¢ isabet edecegini sdylemistir. Ayn1 zamanda, saatte 80 mil hizla
giden 272 kiloluk bir kilig balig1, kendisine dogru yine aymi siiratle gelen bir gemiyle garpistigi zaman her 2,5 cm?’ye dért buguk
tonluk bir gii¢ isabet ettigini hesaplamistir (Burton ve Burton, 1979).

Bilim adamlari kili¢ baliklarinin bazen adeta ¢ildirdiklarina ve bilerek saldirdiklarina inanmaktadir. Ingiltere’de Worcester
yakinlarinda Severn Nehri’ne giren bir adama bir kili¢ balig1 saldirmis ve onu 6liim derecesinde yaralamistir (Burton ve Burton,
1979). Okyanus sularindan insanlara birkag¢ kili¢ balig1 saldirist bildirilmistir ve bu olaylar genellikle klinik bakis agisiyla
incelenmistir. Arastirmalar, bu baligin kiskirtildiginda veya rahatsiz edildiginde tehlikeli davranis gosterebilecegine isaret
etmektedir (Romeo ve dig., 2017). Malezya'da bir adam ylizerken kili¢ saldirisiyla yaralanmis ve sonrasinda oliimle
sonuglanmustir (Gooi ve dig., 2006). Yine, Santorini Adasi'nda (Yunanistan), yiizen bir kadina muhtemelen kigkirtilmis bir kilig
balig1 saldirist vakasi da bildirilmistir (Georgiadou ve dig., 2010). Kili¢ balig1 genellikle kiskirtildiginda veya esini savunmak
istediginde saldirir ve bazi durumlarda tekneyi kilici ile delmeye ¢alisir (Romeo ve dig., 2017). Bir balina teknesinde bir kili¢
baliginin gagasi 35 cm kalmligindaki saglam tahtay1 delmistir. Diger bir vakada ise gaganin 55 cm kalinhigindaki keresteyi delip
gectigi goriilmiistiir. Bu olaylarin bir kaza m1 oldugu, yoksa baligin mahsus mu saldirdigi uzun yillardan beri tartigilmaktadir.
Ancak baligin teknelere kaza ile ¢arpmasi ihtimali daha kuvvetlidir (Burton ve Burton, 1979).

Bununla birlikte, beslenme stratejisinde kullanilan gaga, savunma amaciyla da kullanilir ve ayn1 zamanda biiyiik pelajik
hayvanlara (balinalar, kdpekbaliklar1 ve kaplumbagalar) yonelik saldirilar da bildirilmistir (Goode, 1882; Gudger, 1938, 1940;
Ellis, 2013). Ayrica kiigiik denizaltilara veya batiskaflara da saldir1 vakalar1 vardir (Romeo ve dig., 2017). Florida'da batiskaf
‘Alvin’ in yaptig1 bir kesif gezisi sirasinda meydana gelen bir saldirinin ayrintist verilmistir (Zarudski ve Haedrich, 1974); bu
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olayda, bir kili¢ balig1, denizaltinin alt ve {ist kisimlariin bir eklemine saplanmis ve denizalt1 yiizeye ¢iktiginda yakalanmigtir
(Romeo ve dig., 2017).

Kili¢ baliklarinin gérme yetenegi, bu tiiriin saldirgan davranisi sirasinda belirli bir hedef segmesine izin verir (Romeo ve
dig., 2017). Bildirilen birka¢ vakada kili¢ baliklarina zipkin atildiginda, avciya saldirarak misilleme yapmistir (Romeo ve dig.,
2015). Bu gibi durumlarda saldirilarin, balik¢1 gemisini olasi bir diisman ve/veya esinin 6liimiiniin ana nedeni olarak algilama
egilimini yansittigi ve Sisci (2005) tarafindan bildirildigi {izere, iireme mevsiminde erkegin disiye sadakati nedeniyle
gerceklestigi varsayilabilir. Zipkin avcilari arasinda disi ve erkek kili¢ baliklarimin tireme déneminde genellikle yumurtlamak
i¢in yiizeye yakin yiizdiikleri (Romeo ve dig., 2009b) ve erkeklerin esini koruma egiliminde saldirgan hale geldigi bilinmektedir
(Romeo ve dig., 2017). Bu davranis ayn1 zamanda zipkin avcilari i¢in artan yakalama firsatini temsil etmektedir (Romeo ve dig.,
2015). Bir ¢ift goriildiigiinde, balik¢i ilk olarak en bilyiikk 6rnegi (genellikle disi) teknenin yaninda suda tutarak ve erkegin
yaklagmasint beklerken zipkinlar. Aslinda, erkek esini terk etmez ve onu savunmaya c¢aligir, bu da zipkinciya ek bireyler
yakalama firsatin1 verir. Tersine disiler genellikle erkekleri savunmaz, kagarlar (Romeo ve dig., 2017).

Gliney Tiren Denizi'nde Milazzo Korfezi’'nde 1952'de ulusal bir gazete tarafindan bir insana kilig baligi saldirist
bildirilmistir (La Domenica Del Corriere, 1957). Yayinlanan fotograf, bir balik¢inin karnimi yaralayan bir kilig¢ baligini
gostermekteydi. Ulusal gazete "La Domenica del Corriere", 21 Eyliil 1952 ve 27 Ekim 1957 tarihlerinde iki kili¢ balig1 saldirist
kayd1 daha vermistir. Her iki saldir1 da Tiren Denizi'nde (Milazzo Kérfezi ve Napoli Kérfezi) meydana gelmistir. ilk vakada, bir
kili¢ baligi, balik tutma faaliyeti sirasinda bir balik¢inin karnini yaralamis, diger vakada ise 300 kg'dan biiyiik bir kili¢ baligi,
balik¢1 teknesine saldirip kilicini tekneye saplamis ve kirilan gagasini kaybeden balik kagmistir (Sekil 1). Kilig balig1 gagasinin
yemleme stratejisi ve savunmada dnemli bir rol oynadigi i¢in yiiksek 6nemi goz Oniine alindiginda (Scott ve Tibbo, 1968;
Stillwell ve Kohler, 1985; Habegger ve dig., 2015), gagasinin kaybi baligin erken 6liimiine yol agabilmektedir (Romeo ve dig.,
2017).

LR@GMENIGRDEL@RRIERE

Supplements nale illsstrats del aoeo CORRIERE DELLA SERA - Abbonamenti Italia, anno L 1870, semestre L. 1000 - Ext o L 2805, semestre L I

Anno 59 — N. 43 27 0[\5:1957 . L 40—

Sekil 1. Napoli Korfezi’nde bir balik¢1 teknesine saldirip kilicini kaybeden kili¢ baliginin temsili resmi (La Domenica Del
Corriere, 27 Ekim 1957).

Gazetenin kapaginda 6zetle sOyle yazmaktaydi: “Kili¢ baligi tarafindan ¢arpimis. Napoli Kérfezi’'nde, dev bir kili¢ baligi,
kendini siddetle ve silahini neredeyse bir balik¢iyt vuracak sekilde teknenin kenarina sapladi. Tekneyi tekrar yola koyan dokuz
adam, kili¢ baligyla siddetli bir kiirek miicadelesine giristiler. Bu, kendini kurtarmak icin yapilan ofkeli girigim, troliin kenarina
stkismuis kilici kaybetmekle sonuglandi ve boylece balik silahsiz olarak batip gitti (Cizim: W. Molino).”

Zipkin balikgilarinin tanikligi, tiim saldirilarda net bir hedef se¢imini ve gemiye dogru kilicin agresif kullanimim
vurgulamaktadir. Saldirilara her zaman bir savunma davranisi neden olmussa da, baligin insanlar1 veya bir tekneyi gergekten bir
tehdit olarak algilayip algilamadig: hala belirsizdir (Ellis, 2013).

99



Koca & Akyol, Menba Kastamonu Universitesi Su Uriinleri Fakiiltesi Dergisi 2021; 7(2): 96-104

Tiim bunlara karsin, kilig baliklarinin gercekte munis baliklar olduguna dair karsi goriisler de vardir. 1910 yilinda istanbul
Balikhanesi Miidiirliigiine getirilen ve ‘Tiirkiye'de Balik ve Balik¢ilik’ isimli 6nemli eserin yazar1 Karekin Deveciyan, kili¢
baliklarinin trkiitiicii bir sekli oldugunu, gii¢lii ve esnek olduklarini, balina ve kopekbaliklarina saldiracak kadar cesur
olduklarina ilaveten kilictyla kayiklarin, hatta yelkenlilerin gévdelerini delebilecek, aglara ve dalyanlara bilyiik zarar verebilecek
kudrette oldugunu kabul etmekle birlikte, buna mukabil, kili¢ baliklarini doganin kendisine verdigi bu giicii kdtiye
kullanmayacak kadar yumusak basli bir hayvan olarak tanimlamistir. Bunu da bir dalyanin i¢inde kilicinin ucu agin bir diigiimiine
takildig1 andan itibaren kaderine kiisiip hareketsiz kalmasina; hatta sudan ¢ikarildigi zaman diger baliklarin yaptigi gibi
¢irpinmamasina baglamaktadir (Akyol, 2018).

Giineslenme

Tipik dikey go¢ hareket modelinin 6zel durumu, giineslenme olaylaridir (Dewar ve dig,. 2011). Kili¢ baliklar1 {izerine
elektronik etiketleme ¢alismalarindan (Carey ve Robinson, 1981; Carey, 1990; Holts ve dig., 1994; Takahashi ve dig., 2003;
Sepulveda ve dig., 2010) ve ayrica diinyanin dort bir yanindaki balikg¢ilar tarafindan giineslenme davranisi iyi bilinmektedir
(Nakamura, 1985; Brewster-Geisz ve dig., 1997; Coan ve dig., 1998). Kili¢ baliginda ylizeyde giineslenmeyi tarif etmek i¢in
farkli tanimlar kullanilmis olsa da, bu davranis 6zetle derinlikten hizli bir yiikselis, dakikalar ile saatler arasinda degisen bir
yiizeyde yatis periyodu ve ardindan hizli bir alcalma olarak nitelendirilebilir (Dewar ve dig., 2011).

Gilineslenmeye iliskin raporlarin ¢ogu, Japonya, Sili, Kaliforniya, Meksika'nin Baja Yarimadasi ve Kanada'nin kiy1
sularindan alinmustir (Carey ve Robison ,1981; Sakagawa 1989; Carey, 1990; Holts ve dig., 1994; Coan ve dig., 1998; Takahashi
ve dig., 2003; Neilson ve dig., 2009; Sepulveda ve dig., 2010). Kili¢ baliklarinin giineslenme davramslarinin agirlikli olarak
daha soguk, kiy1 sularinda gerceklestigini ve daha sonra baliklar kiyidan uzaklastik¢a azaldig: diisiiniilmektedir (Dewar ve dig.,
2011). Carey ve Robinson (1981), belirgin bir oksijen minimum bdlgelerinde yiizeyde bir artisa dayanarak, giineslenmenin
oksijence fakir suda yiyecek aradiktan sonra anaerobik ortamdan kurtulmaya izin verdigini 6ne siirmiistiir. Takahashi ve dig.
(2003), baliklarin daha soguk sulara girmesinden sonraki ilk giinlerde giineslenmenin daha yaygin oldugunu bildirerek, kilig
baliginin termal olarak yeniden sarj olmak i¢in yiizeye geri dondiigiinii bildirmistir.

Ilging bir sekilde, Giiney Kaliforniya Korfezi'ndeki zipkincilar, karaya cikarilan kili¢ baliklarinin tipik olarak midelerinin
dolu oldugunu bildirmislerdir. Kili¢ baliklari, sindirimi hizlandirmak i¢in yiizeye geliyor olabilirler ve bu da yiyecek arama
etkinliginin sikligini artirabilir (Dewar ve dig., 2011). Zipkin aveilify, kili¢ baliklarinin genellikle daha sicak yiizey sularinda,
genellikle sirt ve iist kuyruk yiizgecleri acikta dururken bulunduklari giin boyunca yiizeye yakin goriilmelerine dayanir. Bu
durumda onlara yaklasilabilir ve zipkinlanabilirler. Bu giineslenme davranigi baligi isitabilir ve daha derinlerde yiyecek ararken
yakalanan avin sindirilmesine yardimei olabilir (Carey ve Robinson, 1981).

Son galigmalar, kili¢ baliklarinin normalde tek yasarken {ireme donemlerinde giftler olusturup, deniz yiizeyinde bazi kur
yapma davraniglari gosterdigini kanitlamaktadir. Sicilya kiyilari ve Messina Bogazi’nda yapilan zipkincilik (bizim sularimizdan
farkli olarak) sadece balik giineslenirken degil, bu kur yapma faaliyetleri sirasinda da ger¢eklesmekte ve av sezonu Mayistan
Agustosa dek uzamaktadir (Akyol, 2018). Atlantik ve Pasifigin iliman sularinda, kili¢ baliklar1 sik sik yilizeyde giineslenir. Bu
davranis tropikal sularda nadiren goriiliir ve 1liman sularda (ylizey sulari nispeten daha sicaktir) sindirimi kolaylastirdigi
distintilmektedir (Palko ve dig., 1981). Tiim bu sonuglara ragmen, kili¢ baliklarimin nigin giineslendigi sorusu tam olarak yanit
bulmus degildir.

Kur yapma

Sicilya Adasi’nin kuzeyinde Tiren Denizi’nde 2002 yilindan 2005 yilina kadar tireme dénemlerinde (May1s - Agustos arast)
207 ¢ift kilig baliginin deniz yiizeyindeki yiizme davranislarini incelenmistir (Romeo ve dig., 2009b). Balik¢ilik filosu tarafindan
tanimlanan davraniglar temelinde, bunlar tek erkekler, tek digiler ve giftler olarak ¢apraz yedi kategoride siniflandirilmistir.
Baliklar yakalandiktan sonra, her baligin cinsi olgunluklar1 gézle tespit edilmis, hem digi hem de erkeklerin Haziran ve Temmuz
boyunca ¢ok daha sik yiizeyde goriildiigii gozlenmistir. En sik gbzlenen davranis erkek tarafindan yakindan izlenen bir diiz
cizgide yiizen disi veya ylizeye yakin yiizen iki balik ve tam dairesel doniistiir. Her iki davranis gonadlarin en olgun oldugu
safhada goriilmiistiir. Bu veriler, kili¢ baliklariin gonad gelisimiyle etkilenen {ireme davranisi nedeniyle uzun siireli bir kur
yapma gosterisi izlenimini vermistir (Romeo ve dig., 2009b).

Smiflandirilmis yedi adet davranig kategorisi (Sekil 2) soyledir (Romeo ve dig., 2009b):

(1) Daire: tek bir balik veya bir ¢ift balik yiizer ve yaklagik 3-8 m ¢apta tek bir daire ¢gizerek kayitsizca saat yoniinde veya tersi
yonde doner. Balik ¢ift olarak yiiziiyorsa bunlar birbirine yakin en ¢ok 5 m mesafede kalir.

(2) Daire S: disi ve erkek balik ¢ifti yukariya ylizer fakat birbirine maksimum 3 m yakin iki belirgin daire ¢izerler.

(3) Giineglenme: tek bir birey dorsal (sirt) yiizgecini (2 cm) gostererek yavagga yiizer veya dorsal ve kaudal (kuyruk) ylizgegleri
yiizeydedir ve deniz ylizeyinde hafif iz birakir.

(4) Disi rotast: bir erkegin oniinde yiizen bir disiyle ¢ift olusturma; birbirine ¢ok yakin yiizme (1 — 5 m). Disi diiz rota ¢izerken,
erkek onu takip eder.

(5) Erkek rotasi: bir disinin dniinde yiizen bir erkekle ¢ift ve rota olusturma.

(6) Diiz ¢izgi: bir birey veya aynmi derinlikte yiizen bir ¢ift daima ayni1 yonde ilerler; baliklardan biri ylizdiigiinde, birbirinden 5
m’den fazla mesafede ve rotada kalir.
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(7) Sigrama: bireyler 10 m derinlik civarinda tek veya cift olarak yiizerken, hizla suyun disarisina si¢rarlar. Deniz ylizeyine
vardiginda kisa siire orada kalabilirler veya hizla derin sulara dalarlar.

Daire S

———— Giinesglenme

Disi Rotasi

Sigrama

Diiz gizgi

Sekil 2. Kili¢ baliklariin davranis kategorileri (Romeo ve dig., 2009b’den yeniden ¢izim)

Cinsiyete gore ayrilmig davranig da 'yiizey' ve 'derin' olmak tizere iki gruba ayrilmistir. Birincisi baligin (daire, daire S,
giineslenme, erkek rotasi, disi rotasi) 3 m derinlige kadar ylizey sularina yakin ve uzun siire (2 saat) kalan davranisini igerir.
Ikincisi, 3 m derinligin (3-10 m) altinda kalan ‘dogrusal’ ve ‘su iistiine sigrama’ davranislarini igerir. Ayrica ‘Daire’ davranisi,
Sarda chiliensis gibi diger pelajik baliklarda da gézlemlenen belirli bir kur yapma davranigi olabilir (Magnusson ve Prescott,
1966). Bu dongii davranisi, yalniz yagsayan baliklar i¢in de gézlemlenmis olup bir iireme davranisi ile de iligkilendirilebilir.
‘Dogrusal’ davranig, baliklarin olgunluk sergiledigi bu dénemle (Agustos) iliskilendirilebilir ve bu gonadlarin gelisme
asamasinda olan disilerle temsil edildigi gonadosomatik indeks‘in 1'e yakin oldugu dénemdir (Romeo ve dig., 2009b).

Yiksek sayida disi kili¢ baligi Haziran ve Temmuz aylar1 boyunca gonad gelisimiyle uyumlu olarak yiizey sularinda
gozlenmistir. Bununla birlikte, giineslenme davranisi olgun gonadlariyla digi veya erkek olsun yalnizca tek bireylerde
gbzlenmistir. Ancak bunun giftlesme i¢in diger bir baligi bekleme durumu olup olmadigi aydinlatilamamistir. Bu davranislar
balik¢ilik operasyonunu da sekillendirmektedir. Bir ¢ift balik goriildiigiinde, balik¢1 genellikle daha biiyiik olan disiyi yakalamay1
denemektedir. Onu zipkinladiktan sonra erkekler vurulan balik yilizeye gelene dek ayni derinlikte disilerin etrafinda donmeyi

siirdiirtirler. Erkeklerin sadakati disilerin yakalanmasindan sonra baligin tekneye olan saldirisiyla da gézlenmistir (Romeo ve
dig., 2009b).

SONUC

Bu caligma, kili¢ baliklari lizerine yapilmis pek ¢ok caligmadan ve gézlemden onlarin ilging davranislarini bir araya toplayan
bir derlemeyi sunmaktadir. Kilig baliklar1 gégmen ve uzun gagasi ile taninan predatdér ve epipelajik bir balik olup siirii
olusturmazlar ve genellikle agik denizlerin tropik ve 1liman sularinda dagilim gosterirler. Denizin 600 m derinliginde 1s1 5°C’ye
kadar diigmektedir ve kili¢ baliklar1 1000 m’den fazla derinlige kadar inebilen, ¢ok gosterisli bir tiirdiir. Bu derinliklerdeki ¢ok
kisa siireli ani 1s1 degisikliklerinin baligin viicut fonksiyonlarinda bir degisiklige sebep olmamasi i¢in baligin ‘beyin 1sitma
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sistemi’ ad1 verilen 6zel bir sistemle, gézleri ve beyinleri 19-28°C arasindaki bir sicaklikta kalmaktadir. Bu 1sitict sistem, baligin
gozlerinin gérme islevi igin gerekli 1sty1 da saglamaktadir. Gérme, bir dizi kimyasal olaylar sonucunda gerceklesir. Hava
serinledik¢e kimyasal reaksiyonlar daha uzun zaman alir. Bu nedenle sogukkanli canlilar, eger hizli hareket eden nesneleri
gormek istiyorlarsa kendilerini 1sitmak durumundadir.

Ekonomik degeri oldukca yiiksek olan bu baliklarin besinlerini basta kalamarlar olmak tizere siiriiler halindeki pelajik
baliklar olusturur ve uzun kiliciyla hem avini hisseder hem de onu yonlendirirken kilicini adeta bir av araci olarak kullanabilirler.
Kili¢ baliklarinin gosterdikleri bir dizi davranistan biri deniz igerisinde yatay ve dikey hareketi ve beslenme davranigidir. Bu
yatay ve dikey hareketi daha ¢ok besin arayist ile iligkilidir. Cilinkii kili¢ baliklar1 giindiiz mezopelajik bolgede bulunurken,
geceleri beslenme amaciyla yiizeye ¢ikmaktadirlar. Gece boyunca yiizey sularindan giindiizleri daha derin sulara giinliik yatay
ve dikey gocler yaparlar. Viicutlarindaki kaslarin hareketinden ortaya ¢ikan enerjiyi bir takim kimyasal reaksiyonlar sonucu
gozlerinin bahsedilen gérme islevini yerine getirebilmesi i¢in kullanirlar. Bu sayede su sicakliginin 5°C’ye kadar distiigi
derinliklerde bile rahatlikla gérme islevini yerine getirebilirler. Kilig¢ baliklar1 giindiiz saatlerce dipte iken, gece vazgegilmez
besini olan kalamarlarin yogun bulundugu yiizey sularina ¢cikmaktadirlar.

Bu davraniglart sergileyen kili¢ baliklarinin elbette diinyamizin uydusu olan ay 15181 ile birlikte olan davraniglar1 da s6z
konusudur. Kili¢ baliklar1 beslenmek igin yiyecek ararken, avlarimi gorebilecekleri minimum 1s1ga ihtiya¢ duymaktadirlar. Buna
bagli olarak ayin farkli evreleri onlarin beslenme aktivitesini uyarmaktadir. Fakat kili¢ baliklarini aglarla avlarken ise durum tam
tersidir. Clinkii agin goriiniirliigiinii azaltmak i¢in aysiz geceler tercih edilir. Kili¢ baliklari yeni ay doneminde (karanlik donem)
aydinlik doneme gore daha fazla avlanabilmektedirler.

Sonugta, kili¢ baliklar1 nevi sahsina miinhasir davraniglariyla ve etinin lezzetiyle diinyada ve Tiirkiye balik¢ilik kiiltiiriinde
6nemli bir yer edinmis sembol bir baliktir (Akyol, 2018). Ekonomik 6nemi oldukga yiiksek bu baliklarin yiizyillardir Bogazigi
yeme-igme kiiltiirlinde ¢ok 6nemli yeri oldugu, saray mutfagi meniilerinde yer aldig1 kayitlarda bulunmaktadir. Bu balik iizerine
Tiirkiye’de yeterince aragtirma bulunmamaktadir. Kili¢ baliklarmnin siirdiiriilebilir aveiligi konusunda ileri arastirmalara oldukga
ihtiya¢ vardir. Kili¢ balik¢iliginin idamesinde balik¢ilik idarecileri, akademisyenler ve balikgilara 6nemli sorumluluklar
diismektedir. Ayrica, kili¢ baliklarinin davranig 6zelliklerini iyi bilmek, etkili ve siirdiiriilebilir aveilik igin gereklidir ve bu
makale bu davraniglarin bir 6zetini sunmaktadir.

ETIK STANDARTLARA UYUM

Yazar katkilar1

Yazar SK lisans tezi olarak yazmis; OA tasarlamis, 6zetlemis ve son bigimlendirmeyi yapmustir.
Cikar catismasi

Yazarlar ¢ikar catigmasi olmadigini beyan ederler.

Calismaya iliskin Beyan

Etik onay: Bu tiir bir ¢alisma i¢in resmi onay gerekli degildir.

insan Haklan Beyam

Etik onay: Bu tiir bir ¢alisma i¢in resmi onay gerekli degildir.
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Article Info Abstract
Aquaculture, which is very important in many regions of the world, attracts attention as the fastest
growing sector in the livestock sector in our country. The share of our country's aquaculture
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20/12/2021 and feed conversion ratio (FCR) to contribute to feed quality. Zeolites came to the forefront as feed

additives. Due to the gap between 20 and 50 % in the structure, the molecules can be taken into the
Keywords: structures and they are named as molecular sieves. Zeolites are used for purposes such as controlling
e Aquaculture the pollution in pools in the aquaculture sector, increasing the growth parameters of the fish by
o Zeolite incubation, fish transport and removal of nitrogen compounds from aquarium water, increasing
« Clinoptilolite ambient oxygen in aquarium and fish transport, and as feed additive. In Turkey, billions of tons of

zeolite have been detected and clinoptilolite type zeolite is found mostly in the beds of Ankara-
Polatli-Miilk-Oglak¢t Region and Bigadig¢, Saphane, Gediz, Emet and Gordes Districts. We believe
that the use of zeolites produced in Turkey as a local and natural product as feed additive substance
in the aquaculture industry in the aquaculture sector will contribute to the production of lower cost
fish as well as contribute to the development of 2 different sectors (aquaculture and mining) in
interaction with each other.

Su Uriinleri Yetistiricilik Sektoriiniin Gelisiminde Zeolitin Olas1 Rolii

Makale Bilgisi 0Oz
. Diinyanin birgok bdlgesinde ¢ok biiyiik énem arz eden su iiriinleri, Ulkemizdeki hayvancilik
Alinis tarihi: . : e . . - .. - .
01/11/2021 sektorleri igerisinde en hizli gelisen sektor olarak dikkati gekmektedir. Ulkemizin toplam su iiriinleri
Kabul tarihi tiretimi igerisindeki su iiriinleri yetistiriciliginin pay1 da her gecen giin artmaktadir. Bu yem ile ilgili
apul tarint:

sorunlarin ¢dziimiine yonelik ¢aligmalar yiiriitiilmiis ve yem kalitesine katkida bulunacak, maliyeti
20/12/2021 ve yem doniisiim oranin1 (FCR) azaltict katki maddelerine 6nem verilmistir. Yem katki maddesi

olarak zeolitler 6ne ¢ikmustir. Yapilarinda % 20 ile 50 arasinda bosluk olmasindan dolay1 molekiilleri
Anahtar Kelimeler: yapilarma alabilmekte ve molekiiler elek olarak ta adlandirilmaktadirlar. Zeolitler, yetistiricilik

e Su Uriinleri sektoriinde havuzlarda kirlilik kontroliiniin saglanmasi, kulucka, balik nakil ve akvaryum suyundan
e Yetistiricilik azotlu bilesiklerin uzaklagtirilmasi, akvaryum ve balik naklinde ortam oksijeninin artirilmasi ve yem
o Zeolit katk1 maddesi olarak kullanimiyla, balik biiylime parametre degerlerinin artirilmasi gibi amaglar i¢in

kullanilmaktadir. Tirkiye’de ise milyarlarca tonluk zeolit varligi ortaya konmus olup, Ankara—
Polath—Miilk—Oglak¢1 Bolgesi ile Bigadig, Saphane, Gediz, Emet, Gordes Bolgeleri’ndeki
yataklarda ¢ogunlukla klinoptilolit tiirii zeolitin yogun olarak bulundugu tespit edilmistir. Yerel ve
dogal bir iriin olarak Tirkiye’deki iiretimi yapilan zeolitlerin yetistiricilik sektoriinde yem
fabrikalarinca temelde yem katki maddesi olarak kullanilmasi, daha diisiik maliyetli balik iiretimine
katk: saglayacagi gibi, birbirleriyle etkilesim igerisinde 2 farkli sektdriin (su triinleri yetistiriciligi
ve madencilik) gelisimine de katkida bulunacagi kanaatindeyiz.

Atif bilgisi/Cite as: Danabas D. & Dorucu M. (2021). Potential role of zeolite on improvement of aquaculture sector. Menba Journal of
Fisheries Faculty, 7(2), 105-115

INTRODUCTION

Aquaculture, which is of great importance in many parts of the world, draws attention as the fastest growing sector
among the livestock sectors in our country. The share of aquaculture in the total aquaculture production in our country is
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increasing day by day. According to statistical data of TURKSTAT, while the total fisheries production in 2003 was 587715
tons, the aquaculture amount was 79943 tons with a rate of 13.6%. These amounts reached 785811 tons in 2020 and the share of
aquaculture reached 421411 tons with a rate of 53.62% (TUIK, 2021). While the amount of products obtained by aquaculture
increased each year, the rate of increase decreased after 2007. One of the most important reasons for this is the problems
experienced in the supply and quality of feed and feed raw materials. Studies have been carried out to solve these problems and
importance has been attached to some feed additives that will contribute to feed quality and reduce the cost and feed conversion
ratio (FCR). Among these substances, zeolites came to the fore.

Zeolites, which are one of the important raw materials of recent years, as the word "boiling stone (This name was given
because it explodes when heated)"; chemically known as "hydrated alumino silicates". Zeolites are hydrated aluminosilicates of
alkali and alkaline earth metals with a crystalline structure and are in the frame silicates group. Despite some changes in the
Si/Al ratios in the skeletal structure and the type and amount of cations they contain, they can be expressed with the general
formula (M*, M*?) O.Al203.9Si02.nH20. M* is an alkali cation, usually Na* or K*, rarely Li*. M*2 is an alkaline earth cation
and is usually Mg*?, Ca*?, Fe*?, rarely Ba*?, Sr*2 (Leung, 2004; Anonymous |, 2006; Virta, 2014; Erdogan et al. 2019).

The smallest structural unit of any zeolite crystal is the SiO4 and AlO, tetrahedras. Single and double ring secondary
structure units and highly symmetrical parameters are formed by the combination of primary structure units formed by Si and
Al tetrahedras. The zeolite skeleton with micropores emerges with the arrangement of these polyhedra and secondary structure
units in three dimensions in different ways. These micropores, located between the polyhedra and the secondary structure units
that connect them, combine with micro windows and form one, two or three-dimensional space systems and/or channels. The
amount of space is between 20-50% of the total volume. The most important feature of zeolite minerals is these spaces, and the
"molecular sieves™ feature that is originated from liquid and gas molecules that can easily enter and displace these spaces, and
alkaline earth ions (Mumpton, 1999; Leung, 2004; Anonymous Il, 2006; Chowdhury et al., 2016).

Zeolites are of two types, natural and artificial. Today, more than 150 zeolite structures have been classified, of which
about 40 are natural (the most common are analcim, cabazite, clinoptilolite, erionite, ferrierite, heulandite, laumontite, mordenite,
and phillipsite), and about 110 are artificial (the most common synthetic zeolites, Zeolite A, X, Y, and ZMS-5) (Anonymous I,
2002; Virta, 2014). The most well-known of the natural type zeolites is “clinoptilolite” (Tepe et al., 2005). The molecular sieve
structure of clinoptilolite and its absorption of a substance are given schematically in Figure 1. and the cation selectivity is as
follows (Mumpton, 1999; Leung, 2004):

Cs>Rb>K >NH*>Ba>Sr>Na>Ca>Fe>Al>Mg > Li
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Figure 1. Molecular sieve structure of a zeolite (sodalite) for an example and schematic representation of absorption of a
substance (Leung, 2004)

The main physical and chemical properties of zeolites are; ion exchange, adsorption and its sieve structure, silica
content, light color in sedimentary zeolites, lightness, pore structure of small crystals, have caused zeolites to be used in a wide
variety of fields (Tepe et al., 2005).

Usage Areas of Zeolites

Avreas benefiting from zeolites, which have become an important industrial raw material in recent years, may be grouped
under 5 main headings.

Use in Pollution Control

Soil Pollution Control: It has been determined that the use of concrete type clays and clinoptilolite type zeolites together
has a positive effect on the soil and soil stabilization of the landfills, and also contributes to the formation of soil with thinner
lining material. At the same time, zeolite also acts as a filter by keeping harmful ions in the water that may leak from these areas
(Anonymous IV, 2005). In addition, zeolite minerals can retain isotopes such as Srgo, Cs137, Coso, Caus, which are found in nuclear
power plant wastes and are dangerous for environmental health. In this way, radioactive materials taken from wastewater are
rendered harmless by being buried with zeolite minerals. For this purpose, clinoptilolite and mordenite are used because they are
resistant to acids (Bish et al., 2003; Alp, 2005; Anonymous IV, 2005; Kibaroglu, 2008; Giilen et al., 2012).
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Air Pollution Control: Oxygen-rich air can be provided by utilizing the adsorbing properties of zeolite minerals (Alp,
2005; Anonymous V, 2006; Anonymous VII, 2006; Kibaroglu, 2008). In addition, they can be used for supplying oxygen with
a purity of 60% in hospitals, increasing the oxygen ratio by reducing air pollution in small units (Aybal, 2001) and adsorbing the
gases coming out of the chimneys of the facilities using oil and coal. For this purpose, artificial zeolite minerals, and mordenite,
clinoptilolite, erionite and chabazite from natural zeolite minerals are used (Alp, 2005; Anonymous I, 2006; Kibaroglu, 2008;
Giilen et al., 2012).

Water Pollution and Waste Water Control: Zeolite minerals are used in cleaning the pollution caused by organic wastes
in lakes, ponds and rivers, and in the purification of wastewater from heavy metals, especially with N compounds (Tarasevich
et al., 1997; Mumpton, 1999; Aybal, 2001; Alp, 2005; Sarioglu, 2005; Anonymous VI, 2006; Anonymous VII, 2006; Sevgi et
al., 2007; Kibaroglu, 2008; Zorpas et al., 2008; Wang et al., 2008; Sprynskyy, 2009); in adsorption of oil on the water surface in
marine environments (Anonymous I, 2006). However, they can be used to clean fish pond waters and increase the oxygen rate,
to control possible pollution in live fish transport and to remove the hardness of drinking water (Anonymous VIII, 2000;
Hargreaves and Tucker, 2004; Orgev and Inang, 2004; Alp, 2005; Sarioglu, 2005; Anonymous IX, 2006; Kibaroglu, 2008;
Zorpas et al., 2008; Chowdhury et al., 2016).

Use in the Field of Energy

In addition to petroleum and coal, energy needs are tried to be met from sources such as nuclear energy and solar energy,
and natural zeolites are used in the conversion of these resources into energy.

Obtaining Energy from Coal: In this area, zeolites are used to produce the oxygen necessary for burning the coal
underground and to clean the explosive nitrogen oxides and hydrocarbons, as well as SO, formed during combustion. However,
their use is not common.

Purification of Natural Gases: Zeolites have been used to remove CO; from polluted or impure natural gases since 1969
(Anonymous 1V, 2005).

Utilizing Solar Energy: Zeolites are used as a heat exchanger in the transfer of solar energy due to their ability to
exchange water depending on the temperature. Clinoptilolite and chabazite are used for heating and air-conditioning of small
buildings (Anonymous IV, 2005; Anonymous I, 2006).

Petroleum Products Production: Natural zeolites, which provide important information in the exploration of oil and
gas-containing fields and in the determination of paleoenvironment conditions, can be used in some special applications in oil
and gas production and their refining. However, synthetic zeolites are preferred due to their higher adsorption capacity and higher
pore diameters. Water and CO; are separated from natural gases using mordenite, chabazite and clinoptilolite. In addition,
catalysts that can be used in petroleum refining from natural zeolites have been produced (Anonymous IV, 2005).

Usage in Mining and Metallurgy

Exploration of Mineral Deposits: Zeolites, which are formed as a result of hydrolysis of volcanic materials, can be used in
exploration as well as explaining the formation of ore deposits (Anonymous IV, 2005; Giilen et al., 2012).

Metallurgy: Waste waters resulting from mining and metallurgical activities containing some heavy metal cations that pose a
danger to environmental health, can be treated by utilizing the cation exchange properties of natural zeolites (Anonymous |,
2006; Giilen et al., 2012).

Use in Agriculture and Animal Husbandry
The purposes of using zeolite minerals in agriculture and animal husbandry are tried to be summarized below.
1. Fertilizer preparation (Rehakova et al., 2004; Alp, 2005; Kibaroglu, 2008),
2. Controlling the content of fertilizers and removing bad odours (Rehdkova et al., 2004; Alp, 2005; Kibaroglu, 2008),

3. Enabling fertilizer savings by binding NH.* in environments where zeolite minerals are present and enabling this compound
to be used more effectively by plants (Alp, 2005; Kibaroglu, 2008; Zorpas et al., 2008),

4. Delaying deterioration by providing hardening during storage in fertilizers, as it can absorb water molecules in the environment
(Rehakova et al., 2004; Alp, 2005),

5. Due to its high ion exchange and binding water molecules, it is mostly used for soil preparation and improvement in clay-poor
soils (Dyer and White, 1999),
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6. Prevention of fungal diseases that may occur in plants due to excessive irrigation in agricultural lands (Anonymous VII, 2006;
Zorpas et al., 2008),

7. Removal of pesticide residues in agricultural struggle due to its high ion exchange and adsorbing capacities (Anonymous II,
2006; Anonymous VII, 2006),

8. Increasing the pH values of acidic and volcanic soils (Anonymous IV, 2005; Glisic et al., 2008),

9. Allowing more steam pressure and higher temperature to be used in pelletizing animal feeds, reducing friction and ultimately
increasing production with less energy use (Anonymous V11, 2006),

10. As it was started with a study conducted in Japan for the first time in 1965, by adding to cattle, ovine and poultry feeds,
reducing the feed utilization rate, which is one of the important parameters in terms of aquaculture, and increasing the growth
performance. (Aybal, 2001; Alp, 2005; Kibaroglu, 2008; Zorpas et al., 2008),

11. Controlling the pollution caused by feed and faecal wastes and preventing diseases in animal shelters such as poultry houses,
pens and barns (Elekoglu and Yalcin, 2005; Tepe et al., 2005; Leung et al., 2007; Giilen et al., 2012).

Zeolite tuffs, clinoptilolite and mordenite type zeolite minerals are generally used for the above-mentioned purposes
(Mumpton, 1999; Anonymous V11, 2006).

Other Usage Areas

Paper Industry: High gloss zeolite ores are increasingly used as filling material. Clinoptilolite-added paper is more
tough than normal clay-added papers, can be cut easily, is lighter, and disperses ink less (Anonymous 1V, 2005).

Construction Industry: Zeolithic tuff deposits are used as pozzolanic raw materials in many countries. Expanded zeolites
have higher resistance to compression and abrasion, and expanded lightweight aggregates are produced. They are used as
building blocks because they can be easily cut and processed and they are light (Mumpton, 1999; Anonymous 1V, 2005).

Health sector: It is used as a brightening additive in clinoptilolite fluoride toothpastes, as a patented drug in the treatment
of ulcers and diarrhea in Cuba, and as a powder in the treatment of cut-injured animals to prevent infection of the wound
(Mumpton, 1999; Anonymous I, 2006). Natural phillipsite and certain synthetic zeolites have been found to be an effective
means of removing NH4 during hemodialysis of kidney patients (Mumpton, 1999)

Detergent Industry: Synthetic zeolites are used as additives instead of phosphate in detergents due to environmental
pollution (Anonymous I, 2006).

Storage and Transport of Fruits and Vegetables: The effect of ethylene gas, which occurs during the collection of
vegetables and fruits and causes deterioration, is minimized by coating the products with natural zeolite and can be stored for a
longer period of time (Anonymous I, 2006).

Icing Prevention: Natural zeolites are used directly on the road or mixed into asphalt. Thus, both the environment is
cleaned of chemical pollutants and damage to asphalt and vehicles such as salt is prevented (Anonymous I, 2006).

Pellet Binders: Zeolite (BRZ) allows more steam and higher heat to be used in pelletizing animal feeds, reducing friction
and increasing production by 30% without the need for more energy (Anonymous V11, 2006).

Zeolite species are used for different purposes in aquaculture as well as in the feeding of different animal species.
Use of Zeolites in Aquaculture

Zeolite minerals are mainly used for four purposes in aquaculture applications. These;

1. Ensuring pollution control in ponds,

2. Removal of nitrogenous compounds from hatching, fish transport and aquarium water,

3. Increasing the ambient oxygen in aquarium and fish transport,

4. Increasing fish growth parameter values by using it as a feed additive (Pond and Mumpton, 1984; Watten and English, 1985;
Dryden and Weatherley, 1989; Mumpton, 1999; Aybal, 2001; Peyghan and Azary-Takamy, 2002; Ravendra et al., 2004; Alp,
2005; Tepe et al., 2005; Anonymous X, 2006; Anonymous XI, 2006; Anonymous XII, 2006; Kaiser et al., 2006; Té6re, 2006;
Kanyilmaz, 2008; Danabas, 2009, Danabas and Altun, 2009; Danabas and Altun, 2011; Aksu, 2016; Chowdhury et al., 2016).
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Some of the studies carried out for these purposes are summarized below.

Water and/or waste water management becomes increasingly important issue worldwide for many animal culture as
more as the aquaculture. Guo et al. (2013) reported that synthesized zeolite from coal fly ash and chemically modified zeolite
(treated with MgO), respectively, were effective (up to 95% and 87%, respectively) for NH* * removal of swine wastewater.
However, Markou et al. (2014) used natural clinoptilolite to adsorb NH** from poultry wastewater, in which the removal
efficiency was about 9 mg N g1t of zeolite. Nutrient-enriched zeolites can be used to produce microbial biomass. For instance,
Markou et al. (2014) used natural zeolite as a medium for the sorption of ammonia from wastewater, and subsequently as nitrogen
releaser in cultures of Arthrospira platensis. Markou et al. (2015) reported that modified zeolite (treated with Ca[OH],) was a
significant adsorbent for PO4 in synthetic wastewater, and subsequently a P source for the cultivation of green microalga
(Chlorella vulgaris) and cyanobacterium (A. platensis).

The content of ammonium ions (NH4*) produced by fish metabolism is unfavourable for the fish culture including the
fish breeding industry and requires frequent water change. Water pollution can be reduced by using zeolite materials capable of
removing ammonium cations more efficiently than nitrifying bacteria used in biological filters (bacterial carriers). Sklenickova
et al. (2020) researched the three zeolite materials (Bear Blanked Clinoptilolite, Mordenite Manganese and Geopolymeric Zeolite
A) in the breeding tanks of Koi carp for their ammonium cations exchange kinetics. The zeolite prolonged the water quality
improvement without any negative effects. Because of zeolite Mordenite Manganese, water consumption can be decreased by
almost 70 % in aquaria setting and by 40 % in fish-breeding conditions

Yu et al. (2020) used the lanthanum modified zeolite (La-Z) to adsorb chlortetracycline (CTC) from aquaculture
wastewater and obtained 98.4% removal rate. Zeolites reduce ammonia and hydrogen sulphate levels in fish/shrimp lakes and
increase fish/shrimp growth rates and population density (Anonymous VI, 2006; Tepe et al., 2005). In Far East Asia, zeolite is
applied to shrimp ponds by sprinkling it on the water surface at a rate of approximately 200 kg ha* every month. The purpose
of this zeolite application is to remove halogen sulfide and carbon dioxide by absorption, and to remove ammonium from the
environment at the end of ion displacements (Tepe et al., 2005). Both zeolite and biochar are sustainable alternatives of biomedia
for nitrate removal (Paul and Hall, 2021).

Aksu (2016) studied the effects of natural zeolites clinoptilolite (0 (control), 1, 2, 4 and 8 g I'*) on some water quality
parameters (water temperature, dissolved oxygen, pH, total hardness, ammonium, nitrite, nitrate, sulfate, phosphate, chlorine,
fluorine, calcium, lithium, magnesium, potassium, sodium and bromine) and mortality rates in the crayfish (Astacus leptodactylus
Eschscholtz, 1823) culture. In order to control the constant organic input to the experimental environment, 400 g crayfish
(34.01+1.78 g) per m? were stocked in each tank and the zeolite was used by laying it on the ground. It was observed that there
were statistical differences among the periods for all measured parameters (P<0.05). It was determined that there were statistical
differences between the periods and groups for the analyzed parameters and mortality rates (P<0.05). In terms of mortality rates
at the end of the trial, it was determined that all crayfish in the Control and A Group died (100%), while the B (48.15%) and C
(47.83%) Groups showed the lowest statistical mortality rates.

Kaiser et al. (2006) used clove oil and clinoptilolite (20 mg/l) during 48-hour transplant of Haplochromis obliquidens.
In this study, they found the NH3; concentration to be 360% higher in the group that clinoptilolite were used, compared to the
group that did not use clinoptilolite.

Jain (1999), in his study to determine the toxicity of Pb(NOs), and the protective effect of clinoptilolite in catfish
(Heteropneustes fossilis), 20 mg I* (for 12 days) and 60 mg I"* (for 35 days) Pb (NOs). on fish was investigated by adding
clinoptilolite at a rate of 50 mg I"%. As a result, in the groups that did not add clinoptilolite, growth of fish, soluble protein,
glycogen and ribonucleic acid (RNA) content in their livers decreased, but cholesterol levels increased. In the group with
clinoptilolite added, all findings were found to be closer to the Control Group.

James et al. (2000) investigated the effects of 5 different clinoptilolite concentrations (0, 0.5, 2, 4 ve 8 g zeolit I'Y) on
the complete removal of Cu from the pond waters, added 2.14 mg I Cu and growth of Oreochromis mossambicus, in their
research for the 180 days. In the study, in the group with 0.5 g clinoptilolite added, the complete removal of Cu from the
environment took 150 days, while it took 120 days in other groups added 2, 4 and 8 g. As a result, the group added 2 g of
clinoptilolite gave the highest values in preventing the accumulation of Cu from body tissues, removing metal from pond water
and body tissues, and improving the RNA:DNA (deoxyribonucleic acid) ratio and protein amount. Therefore, this ratio is
expressed as the optimum ratio.

In the study conducted by Peyghan and Azary-Takamy (2002), 150 mg I'* NHz and 5, 8, 10, 15 and 20 g I clinoptilolite
were added to the water of carp ponds, respectively. At the end of the experiment, the mortality rate in the first three application
groups (5, 8, 10 g I'Y) was determined as 100, 80 and 30%, respectively, while no death was observed in the other two groups.
The differences among the experimental groups and the control group mortality rates were found to be statistically significant
(P<0.05). In addition, no difference was found in serum alanine aminotransferase (ALT), alkaline phosphatase (ALP), aspartate
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aminotransferase (AST) and lactate dehydrogenase (LDH) levels in fish blood, and the cholesterol and urea levels of groups
containing 15 and 20 g I clinoptilolite and the Control Group was found to be statistically significant (P<0.05). Researchers
have reported that clinoptilolite can be used in the prevention of acute NHj3 toxicity.

Ravendra et al. (2004), during the transportation of 3 common carp species (Catla catla, Labeo rohita and Cirrhinus
mrigala) cultured in India, zeolite (0, 7, 14, 21 and 28 g I%), tris-buffer (0.01, 0.02, 0.03 and 0.04 M), 2-phenoxyethanol (0. 0.09,
0.13,0.18 and 0.22 ml I'Y) and oxyflov (0, 250, 500, 750 and 1000 mg I*) were added and evaluated the effects of these substances
on fish for 48 hours. 1500 fry (30.00+0.76 mm total length (L) and 410.00+7.66 mg body weight (W)) were stocked in plastic
bags each containing 3 | freshwater (pH, 7.4; dissolved oxygen, 5.4 mg 1"t and NHs, 0.0012 mg I'%) and 20 mg I"* neomycin
sulfate was added to control bacterial growth. At the end of the experiment, a 100% survival rate (SR) and 0.052+0.0008 mg 11
NH; ratio was obtained in the group to which 7 g I zeolite was added and and with the increase of the amount of zeolite added
to the transport bags, the SR decreased and the NHj ratio increased. However, in the group with 0.01 M tris-buffer added, 100%
SR and 0.0076+0.0003 mg 1"t NH; ratio were obtained and with the increase in the amount of tris-buffer added to the transport
bags, the NHjs ratio increased; in the other 3 groups (0.02, 0.03 and 0.04 M), all fish died. In addition, 100% SR and 0.186+0.0033
mg I NHj3 ratio was obtained in the group to which 0.09 ml I* 2-phenoxyethanol was added. Although SR decreased with the
increase of 2-phenoxyethanol ratio added to the bags, the NH3 ratio changed and the lowest ratio was obtained from the 3" group
(0.18 ml I'Y). Finally, 100% SR and 0.216+0.0033 mg I'* NHjs ratio were obtained in the groups with 250 to 500 mg I oxyflow
added, and with the increase in the added oxyflow ratio, SR decreased and NH3 ratio increased. They reported that these rates
do not affect the post-trial SRs and therefore, they can be used safely during transportation of these fisf species.

When the studies conducted for fish feeding are evaluated, a feed containing 48% crude protein and added 2% zeolite
was used in a pond containing 100 trouts and the fish were grown for 64 days without any health problems, and a 10% increase
in the total fish biomass was obtained (Tepe et al., 2005). At the end of the trial, the average body weight was determined as 48.6
g in the Control Group and 52.3 g in the group containing clinoptilolite. A remarkable reduction in feed cost was also provided
(Leonard, 1979: Pond and Mumpton, 1984; Mumpton, 1999). Lanari et al. (1996), reported that different ratios (2.5, 5.0 and
7.5%) of kuban zeolite (35% pure mordenite, 35% pure clinoptilolite) had no effect on the digestibility coefficient of rainbow
trout feed and crude protein and dry matter rates from fish meat nutrient components (P>0.05); however, the first two ratios of
supplementation had a positive effect on nutritional efficiency and fish growth compared to the Control Group.

James et al. (2000) determined that zeolite was effective in the growth of Oreochromis mossambicus and removal of
Cu from water and increased the RNA:DNA ratio and protein amount.

Dias et al. (1998) studied the effects of three different additives (cellulose, silicate and zeolite) at different rates (0%
(Control), 10 and 20%) on European sea bass (Dicentrarchus labrax) fry. They reported that the diets containing 10 and 20%
additives did not have a significant effect on the growth performance of fries, protein digestibility and FCR values of the fish,
and that the groups containing 20% additives performed a fecal excretion in a longer time compared to the Control Group.
However, they stated that diluting the nutrient elements of the rations had an adverse effect on FCR and growth performance.

In a study, effects of clinoptilolite (0, 1, 2, 3, 4, 5 and 6) on the W and L values, condition factor (CF), FCR and some
blood serum enzymes (ALT, AST and ALP) activity levels of rainbow trout (initial body weights; 139-140 g) were investigated
(Aybal, 2001). At the end of the trial, it has been reported that the W averages of the groups were between 296 and 320 g; the
mean of CF is between 1.26 and 1.38; the mean of FCR ranged between 1.33-1.56; serum ALT activities ranged between 3.28—
4.94 Ul I'Y; and the differences between the groups were insignificant (P>0.05). On the other hand, it was reported that only the
differences between the CF averages, serum AST and ALT activities in period | was significant (P<0.05). As a result of the
study, the highest W and L averages were obtained in the group I11. While the lowest levels of serum AST in the Il and IV.
Groups, the highest levels also were in the Control and Group Il. However, the lowest levels of ALP were in the IV and Il
Groups; and the highest values were in the Control and Group V.

Tore (2006) investigated the effects of water quality parameters, some blood parameters and body composition of fish
in a study in which clinoptilolite and starch were used as additives in tilapia (Oreochromis niloticus) feed. In the trial, it has been
reported that 49.54+3.83 g live weight gain in 10% starch group (NG), 48.62+3.16 g in 10% clinoptilolite group (KG),
42.36+1.28 g in 20% NG, and 41.26+2.17 g in 20% KG was achieved, and the best FCR average was obtained from 10% KG
(1.17£0.08) and 10% NG (1.17+0.10%). In addition, at the end of the trial, there was no statistical differences between and
within the groups in terms of protein efficiency ratio, viscerosomatic index (VSI) and hepatosomatic index (HSI) and dry matter,
crude protein, crude oil and crude ash analyzes of fillet samples taken from trial fish (P>0.05). According to the results of
cholesterol, glucose, triglyceride, and LDH blood analyzes in blood samples in the groups, the differences among the groups
was found statistically significant (P<0.05). According to the results of the water analysis, the lowest NH3 level is in 20% NG
(0.0425+0.02 mg 1Y), and the highest level is in the 20% KG (0.154+0.04 mg 1'Y). As a result, it was reported that the use of these
ratios of clinoptilolite as an additive in fish feed instead of starch did not have a significant effect on growth and feed evaluation
performances, and it was suggested that lower ratios should be studied.
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The efficiency of chelating zeolite to counteract the toxicity of two levels of ammonium chloride (18 and 1.8 mg
NH“cl/l) was evaluated in the culture of Nile tilapia (O. niloticus). In this research, the addition of zeolite to ammonia in a
contaminated medium is recommended to reduce ammonia concentration in aquaculture, improve growth performance and
physiological function and activities in fish (Shalaby et al., 2021). However, in Nile tilapia, it was indicated that zeolite can
improve the growth performance and increases fish resistance to undesired effects associated with Pb toxicity (Abbas et al.,
2021). The substitution of natural zeolite (1, 3 and 5%) in Nile tilapia (Oreochromis niloticus) was decreased (P< 0.05) the
amount of food per animal (9.08 to 6.50 g) and intake protein (2.95 a 2.09 g). It was proposed to continue researchers with zeolite
as partial replacement of protein raw matters in tilapias feed (Llanes and Castro, 2020).

Kanyilmaz (2008) examined the effects of different ratios of clinoptilolite (0% (control) 1, 2, 3 and 4) in the common
carp (Cyprinus carpio L., 1758) with an initial body weight average of 15.09+0.02 g on growth, body composition, some blood
parameters, and intestinal mucosal morphology. In the study, W means of the groups were 73.01+2.68 g, 68.93+2.43 g,
72.51£5.01 g, 69.82+5.29 g, and 72.1043.28 g, respectively, while the means of FCR were found 1.75+0.01, 1.82+0.04,
1.7440.05, 1.83+0.07 and 1.76+0.04, respectively. In the trial, it was reported that clinoptilolite had no effect on the W increase,
feed consumption, FCR, specific growth rate (SGR), protein efficiency ratio, VSI, carcass yield, CF, crude protein, dry matter,
fat and raw ash values; and also on the intestinal surface area and the length of the digestive tract according to the findings
obtained from histological examinations of samples taken from small and large intestines (P>0.05). However, according to the
results of the blood analysis, it was reported that the glucose and blood urea nitrogen levels decreased, the hemoglobin level
increased (P<0.05) and the cholesterol level remained unchanged (P>0.05).

Danabas (2009) was applied the zeolite (clinoptilolite) into the pond water (E1) (0 (Control), 1, 2 and 3 g I"* ratios) and
into the feed (E2) (0 (Control), 1, 2 and 3%) of rainbow trout (Oncorhynchus mykiss) (20.8984+0.564 g and 12.8263+0.122 cm).
It was evaluated in E1, its effects on some water parameters and fish growth, and on the fish growth and body composition in
E2. In E1, it was determined that the clinoptilolite ratios applied to the pond water did not affect the water and growth parameters
(P>0.05). In E2, clinoptilolite added to the feed increased W, L, daily live weight gain (DLWG), SGR, SR, crude protein, dry
matter and raw ash values (P<0.05); decreased the FCR and VSI (P<0.05); however, it did not affect CF, HSI, gonadosomatic
index (GSI) and lipid values (P>0.05). According to these results, it was concluded that adding 1% clinoptilolite to feeds of this
size of rainbow trout fry is beneficial.

Both inside and outside of the filter, the effects of zeolite on water quality and the growth of electric blue hap
(Sciaenochromis ahli) were investigated for 3 months (Oz et al., 2021). They determined some statistically insignificant
differences between weight gain, specific growth rate and feed conversion ratio (P>0.05) and it was suggested that low ratios as
0.35 g I'* of zeolite may be used in tulle bags on floor or inside the filter to prevent ammonia rising to high concentrations.

Surmeli et al. (2020) was carried out the zeolite as feed additive (1 and 2%) to juvenile carp species (Cyprinus carpio).
The comparative analysis of the results obtained for the morpho-productive characters (live weight, total length and maximum
body height) revealed that the group fed with 2% clinoptilolite additive feed, obtained the best performances. Clinoptilolite in
feed has contributed at maintaining favorable media conditions for the growth and development of fish from the controlled
systems used.

Giiler and Ucar (2020) fed the rainbow trout (Oncorhynchus mykiss) with feeds containing zeolite (1, 3 and 5%) for
three months to evaluate fish growth parameters and hematological indices. The changes in growth parameters were determined
(P>0.05), and different ratios of zeolite added diets were found to cause a change in the blood indices, of which WBC, ESR and
MCV values were statistically significant (p <0.05).

Tekesoglu and Ergun (2021) performed to evaluate the effects of clinoptilolite on the growth performance and some
biochemical blood parameters in juvenile rainbow trout (Onchorynchus mykiss). 0.5% zeolite showed the best results in final
body weight, weight gain, specific growth rate, feed intake, feed conversion rate, and protein efficiency while 2.5% zeolite has
negative effects. However, in terms of blood parameters, all the groups had similar values with no significance (p>0.05)
compared to the control group. They stated that limited usage of clinoptilolite in rainbow trout diets (no higher than 1% in diets)
might have beneficial effects on growth parameters.

It is stated that 75% of the total zeolite reserves in the world are found in Turkey. The Western Anatolia Region is rich
in clinoptilolite deposits. The most important reserves of clinoptilolite in Turkey are Manisa-Gordes and Balikesir-Bigadig
basins, with estimated reserves of 20 million tons and 500 million tons, respectively. Other basins for clinoptilolite with total
reserves of 50 billion tons are in Emet-Yukar1 Yoncaagag, Kiitahya-Saphane, Gediz-Hisarcik, Izmir-Urla, Tuzkoy-Kayseri and
Amasya-Dogantepe. The country with the highest production is China (70% of the total production - 1.75 to 2.25 Mt). Turkey is
only in the 4th place with a production of 100000 tons (Bahaallddin, 2010). In Turkey, on the other hand, billions of tons of
zeolite have been revealed, and it has been determined that mostly clinoptilolite type zeolites are concentrated in the deposits in
Ankara-Polatli-Mulk-Oglakci Region and Bigadic, Saphane, Gediz, Emet, Gordes Regions. It is one of the most important
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manufacturers in the world. The price of the zeolite produced in Turkey is quite reasonable (15900 TL / 25 t). With the studies
summarized above, the importance and potential of zeolite use in the aquaculture sector is evident.

Water quality is also very important in aquaculture as well as in all animal farming. Guo et al. (2013) in swine culture,
Markou et al. (2014) and Markou et al. (2015) in the production of phytoplankton and cyanobacteria. reported that the using of
the zeolite varieties was effective in removing ammonia from the culture environment. Sklenickova et al. (2020) in the koi
breeding environment; Yu et al. (2020) in the aquaculture environment; Aksu (2016) in the crayfish culture environment; and
Peyghan and Azary-Takamy (2002) in improving the water quality in carp ponds, reported that the addition of zeolite gave
positive results. Kaiser et al. (2006) in the transplant of Haplochromis obliquidens and Ravendra et al. (2004) in the transportation
of common carp species, stated that positive results were obtained with the supplementation of zeolite. Dias et al. (1998) in
European sea bass (Dicentrarchus labrax) fry; Aybal (2001), Danabas (2009), Giiler and Ucar (2020) and Tekesoglu and Ergun
(2021) in the rainbow trout (Oncorhynchus mykiss) culture; Tore (2006), Shalaby et al. (2021), Abbas et al. (2021) and Llanes
and Castro (2020) in the tilapia species culture; Kanyilmaz (2008) and Surmeli et al. (2020) in the carp (Cyprinus carpio) culture;
and Oz et al. (2021) in the water quality and growth parameters of electric blue hap (Sciaenochromis ahli) reported to provide
more positive parameters with addition of different zeolite rates. Zeolites have given very effective results for purposes such as
increasing of the fish growth parameters, because of controlling pollution in ponds in the aquaculture sector, of removing
nitrogenous compounds from hatchery, fish transport and aquarium water, of increasing ambient oxygen in aquarium and fish
transport, and of using them as feed additives. In addition, it has been considered that it will give very useful results in overcoming
the problem of feed raw material and cost, which is the main problem of fish culture.

In conclusion, we believe it will also contribute that as a local and natural product, the use of zeolites produced in
Turkey country as a feed additive in the aquaculture sector will contribute to the production of fish with lower costs, as well as
to the development of 2 different sectors (aquaculture and mining) in interaction with each other.
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