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TÓM�TẮT

Nghiên�cứu�này�nhằm�đánh�giá�tập�tính�ăn�và�lượng�vi�nhựa�ăn�vào�của�3�loài�cá�bống�phân�bố�ở�đầm�Thị�Nại,�
tỉnh�Bình�Định.�Mỗi�loài�được�thu�30�cá�thể�từ�ngư�dân�để�nghiên�cứu.�Trong�đó,�20�cá�thể�của�mỗi�loài�được�giải�
phẫu�để�xác�định�thức�ăn�tự�nhiên�và�10�cá�thể�còn�lại�được�tách�lấy�ống�tiêu�hóa�và�phân�tích�sự�tích�tụ�vi�nhựa.�
Kết�quả�cho�thấy,�mặc�dù�tính�ăn�của�3�loài�cá�là�khác�nhau�nhưng�tần�suất�xuất�hiện�của�mùn�bã�hữu�cơ�trong�dạ�
dày�của�các�loài�đều�cao�hơn�so�với�các�loại�thức�ăn�khác.�Lượng�vi�nhựa�ăn�vào�không�khác�nhau�có�ý�nghĩa�thống�
kê�giữa�3�loài,�dao�động�từ�6,50�đến�9,20�vi�nhựa/cá�thể;�từ�0,58�đến�1,16�vi�nhựa/g�khối�lượng�cơ�thể;�và�từ�31,47�
đến�57,55�vi�nhựa/g�khối�lượng�ống�tiêu�hóa.�Cả�3�loài�cá�đều�ăn�vào�phần�lớn�là�vi�nhựa�dạng�sợi�(75,38�-�82,50%)�
có�kích�thước�từ�500-2000�µm�(59,09�–�65,75%).�Từ�những�kết�quả�thu�được�có�thể�nhận�định�rằng,�tập�tính�ăn�
khác�nhau�của�3�loài�cá�bống�trong�nghiên�cứu�này�không�ảnh�hưởng�đến�lượng�vi�nhựa�ăn�vào�và�vi�nhựa�trong�
mùn�bã�hữu�cơ�là�nguồn�vi�nhựa�tích�lũy�chính�trong�hệ�tiêu�hóa�của�3�loài�này.�Cần�có�nhiều�nghiên�cứu�thêm�để�
xác�định�rõ�hơn�các�tác�động�sinh�học�và�sinh�thái�của�các�vi�nhựa�đối�với�cá.
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ABSTRACT�

7KLV�VWXG\�DLPHG�WR�HYDOXDWH�IHHGLQJ�KDELWV�DQG�PLFURSODVWLF�LQJHVWLRQ�RI�WKUHH�JRE\�VSHFLHV�GLVWULEXWHG�

in�Thi�Nai� lagoon,�Binh�Dinh� province.� Thirty� individuals� of� each� species� from�¿shermen� for� study.�Twenty�
ZHUH� GLVVHFWHG� WR� LGHQWLI\� QDWXUDO� IRRG� DQG� WKH� RWKHU� WHQ� ZHUH� XVHG� WR� GHWHUPLQH� PLFURSODVWLF� DFFXPXODWLRQ�

in�digestive� system.�The� results� showed� that� feeding�habits� of� these� three� ¿sh� species�were� different,� but� the�
occurrence�frequency�of�organic�matter�in�the�digestive�system�of�¿sh�was�higher�than�that�of�other�natural�food.�
The�concentration�of� ingested�microplastics�was�from�6.50� to�9.20�particles/¿sh,� from�0.58� to�1.16�particles/g�
wet�body�weight�and�from�31.47�to�57.55�particles/g�digestive�tract�weight�and�did�not�signi¿cantly�differ�among�
these�¿sh�species.�These�three�¿sh�species�mostly�ingested�microplastic�¿bers�(75.38�–�82.50%)�with�most�size�of�
500-2000�µm�(59.09�–�65.75%).�Our�¿ndings�indicate�that�the�different�feeding�habits�of�the�three�goby�species�in�
WKLV�VWXG\�GR�QRW�DIIHFW�WKH�DPRXQW�RI�LQJHVWHG�PLFURSODVWLFV�DQG�WKH�PLFURSODVWLFV�LQ�RUJDQLF�PDWWHU�DUH�WKH�PDLQ�

VRXUFH�RI�PLFURSODVWLFV�DFFXPXODWHG�LQ�WKH�GLJHVWLYH�V\VWHP�RI�WKHVH�WKUHH�VSHFLHV��7KUHH�VWXGLHV�DUH�QHHGHG�WR�

better�characterize�the�biological�and�ecological�impacts�of�microplastics�on�¿sh.

Keywords:�Microplastic,�Thi�Nai�lagoon,�goby�species,�feeding�habits,�microplastic�accumulation.
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1.�INTRODUCTION

3ODVWLF� SROOXWLRQ� KDV� EHHQ� SDLG� DWWHQWLRQ� WR�

ZRUOGZLGH��+XPDQ�DZDUHQHVV�DQG�FRQFHUQV�DERXW�

PLFURSODVWLF�SROOXWLRQ�DUH�LQFUHDVLQJ��HVSHFLDOO\�

PLFURSODVWLF� SROOXWLRQ� LQ� DTXDWLF� HQYLURQPHQW��

0LFURSODVWLF�DFFXPXODWLRQ�LQ�DTXDWLF�RUJDQLVPV�

KDV� EHHQ� UHSRUWHG�E\�PDQ\� UHVHDUFKHUV�DURXQG�

WKH�ZRUOG�IRU�D�ORQJ�WLPH�DV�ZHOO�DV�UHFHQWO\�E\�

VFLHQWLVWV� LQ� 9LHWQDP�� 0LFURSODVWLFV� KDV� EHHQ�

IRXQG�LQ�PDQ\�RUJDQLVPV�DW�GLIIHUHQW�QXWULWLRQDO�

OHYHOV� VXFK� DV� ]RRSODQNWRQ��� LQYHUWHEUDWHV����

¿sh.�� 7KHUH� DUH� PDQ\� VWXGLHV� FRQGXFWHG� DQG�

IRXQG�PLFURSODVWLFV� LQ� DTXDWLF� DQLPDOV� VXFK�DV�

LQ� FODP� Mytilus� galloprovincialis� LQKDELWLQJ�
LQ� HVWXDULHV� RI� � 7DJXV�� 3RUWXJDO� DQG� 3R� ULYHU��

,WDO\��� FUDE�Neohelice� granulata� LQ� HVWXDULHV� LQ�
6RXWKZHVW�$WODQWLF�2FHDQ���or�in�24�¿sh�species�
LQ� HVWXDULHV� LQ� %UD]LO��� R\VWHU� Crassostrea�
virginica�DQG�FUDE�Panopeus�herbstii�LQ�HVWXDULHV�
LQ� )ORULGD��� ,Q� 9LHWQDP�� VRPH� UHVHDUFKHUV�

KDYH� UHFRUGHG� PLFURSODVWLF� FRQWDPLQDWLRQ� LQ�

PROOXVFV� VXFK� DV� Anadara� granosa�� Anadara�
subcrenata� LQ� 7KL� 1DL� ODJRRQ�� %LQK� 'LQK�
SURYLQFH������ �Mactra� grandis��Callista� lilacina��



��

48<�1+21�81,9(56,7<
6&,(1&(-2851$/�2)

KWWSV���GRL�RUJ����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16(5),������

Marcia� hiantina� LQ�&X�0RQJ� ODJRRQ�� 3KX�<HQ�

SURYLQFH������� small�¿sh�species� in� coastal�areas�
RI�%LQK�'LQK�SURYLQFH��� RU�Meretrix� lyrata� � LQ�
+R� &KL� 0LQK� FLW\���� ,Q� JHQHUDO�� WKHVH� DXWKRUV�

PRVWO\� IRFXVHG� RQ� GHWHUPLQLQJ� PLFURSODVWLF�

FRQWDPLQDWLRQ� LQ� VWXGLHG� DQLPDOV�� EXW� GLG� QRW�

DVVHVV� UHODWLRQVKLSV� EHWZHHQ� IHHGLQJ� KDELWV�

DQG� PLFURSODVWLFV� LQJHVWLRQ� RI� WKHVH� DQLPDOV��

7KHUHIRUH�� XQGHUVWDQGLQJ� RI� VXFK� UHODWLRQVKLSV�

LV�VWLOO�OLPLWHG�

$� ODUJH� DPRXQW� RI� SODVWLFV� DQG�

PLFURSODVWLFV�GLVFKDUJHG� IURP�KXPDQ�DFWLYLWLHV�

LQ�ERWK�ODQGV�DQG�VHDV�DUH�DFFXPXODWHG�LQ�FRDVWDO�

DUHDV�LQ�WKH�ZRUOG����,Q�WKH�VDPH�VLWXDWLRQ��FRDVWDO�

areas�or�lagoons�(including�Thi�Nai)�in�Vietnam�
DUH�DOVR�DFFXPXODWHG�PLFURSODVWLFV�ZLWK�GLIIHUHQW�

FRQFHQWUDWLRQV�����

7KL�1DL�LQ�%LQK�'LQK�SURYLQFH�LV�WKH�VHFRQG�

ODUJHVW� ODJRRQ� LQ� 9LHWQDP� DIWHU� 7DP� *LDQJ� ±�

&DX�+DL��7KXD�7KLHQ�+XH�SURYLQFH��7KL�1DL�KDV�

D� GLYHUVLW\� RI� HFRV\VWHPV� VXFK� DV� PDQJURYHV��

VHDJUDVV��HWF���ZKHUH�PDQ\�RUJDQLVPV�LQFOXGLQJ�

¿sh� inhabit,� feed� and� reproduce.� Fish� species�
FRPSRVLWLRQ� LQ� WKLV� ODJRRQ� UHFHQWO\� LQFUHDVH��

EXW� WKH\� GLYHUVH� UHODWLYHO\�� ZLWK� ��� VSHFLHV�

including� 7� goby� species� (Vo� and� Nguyen).���
$PRQJ�JRE\�VSHFLHV�LQ�7KL�1DL�ODJRRQ��WURSLFDO�

sand�goby�(Acentrogobius�caninus���PDQHG�JRE\�

(Oxyurichthys�microlepis)�and�redspot�arrow¿n�
goby� (Oxyurichthys� tentacularis�� DUH� �� VSHFLHV�
WKDW�FRPPRQO\�DSSHDU�DQG�DUH�FROOHFWHG�WR�VXSSO\�

ORFDO�FRQVXPHUV��7KLV�VWXG\�IRFXVHG�RQ�DVVHVVLQJ�

IHHGLQJ� KDELWV� DQG� PLFURSODVWLF� LQJHVWLRQ��

DQG� H[DPLQHG� PLFURSODVWLF� FKDUDFWHULVWLFV�

DFFXPXODWHG� LQ� WKH� GLJHVWLYH� WUDFWV� RI� WKHVH� ��

JRE\�VSHFLHV�WR�FRQWULEXWH�WR�PLFURSODVWLF�VRXUFH�

identi¿cation.�

2.�METHODS�

2.1.�Fish�collection�and�treatment

Tropical� sand� goby� (Acentrogobius� caninus���
maned� goby� (Oxyurichthys� microlepis��
and� redspot� arrow¿n� goby� (Oxyurichthys�
tentacularis)� were� collected� from� ¿shermen�
LQ�7KL�1DL� ODJRRQ��ZLWK���� LQGLYLGXDOV�RI�HDFK�

VSHFLHV�WR�EH�H[DPLQHG�IRU�IHHGLQJ�KDELWV�DQG����

IRU�PLFURSODVWLF�DFFXPXODWLRQ��

)LVK� ZHUH� IUR]HQ� DW� WKH� FROOHFWLRQ� VLWHV�

and� brought� to� lab.� In� the� laboratory,�¿sh�used�
for� microplastic� examination� (10� individuals/
VSHFLHV��ZHUH�WUHDWHG�ZLWKLQ�WKH�GD\�RU�IUR]HQ�LQ�

WKH�IULGJH�IRU�ODWHU�DQDO\VLV��)LVK�IRU�H[DPLQDWLRQ�

of� feeding� habits� (20� individuals/species)�were�
treated�within�the�day�or�¿xed�in�5%�formol�for�
ODWHU�DQDO\VLV�

Figure�1.�6DPSOH�FROOHFWLRQ�VLWHV�LQ�7KL�1DL�ODJRRQ�

2.2.�Feeding�habit�examination�

)LVK�LQGLYLGXDOV�ZHUH�GLVVHFWHG�WR�H[DPLQH�QDWXUDO�

IRRG� LQ�WKHLU�GLJHVWLYH�WUDFWV��6WHUHRPLFURVFRSH�

0HLML� (075��� DQG� ELQRFXODU� PLFURVFRSH�

2O\PSXV� &;��� ZHUH� XVHG� WR� DQDO\VH� DQG�

LGHQWLI\�WKH�IRRG��%DVHG�RQ�WKH�DQDO\VLV�UHVXOWV��

occurence�frequency�of�food�items�(Oi%)�in�the�
digestive�tracts�of�¿sh�was�calculated�according�
WR�WKH�PHWKRG�RI�+\VORS���

Oi%� =� (Number� of� digestive� tracts�
FRQWDLQLQJ�IRRG�LWHP�L�7RWDO�QXPEHU�RI�GLJHVWLYH�

WUDFWV�FRQWDLQLQJ�IRRG��[�����

2.3.�Microplastic�contamination�examination�

Each� ¿sh� individual� was� weighed,� measured�
and� washed� using� water� ¿ltered� through� the�
glass� ¿ber� ¿lters� GF/A�with� pore� sizes� of� 1.6�
μm,�then�dissected�to�remove�the�digestive�tract.�
1H[W�� WKH� GLJHVWLYH� WUDFW� ZDV� SXW� LQWR� D� JODVV�
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EHDNHU� FRQWDLQLQJ� ��� PO� ���� .2+�� FRYHUHG�

E\�DOXPLQXP�IRLO�DQG�SODFHG�LQ�DQ�LQFXEDWRU�DW�

��� R&�IRU����KRXUV�DFFRUGLQJ�WR� WKH�PHWKRG�RI�

$OH[DQGUH� HW� DO����7KH� VDPSOHV� DIWHU� LQFXEDWHG�

were�¿ltered�through�1�mm�mesh�sieve�to�collect�
microplastic�particles�1-�5�mm�on� the�sieve� (if�
DQ\��� 7KH� VDPSOHV� XQGHU� WKH� VLHYH� ZHUH� WKHQ�

¿ltered� through� a�250�µm�mesh�sieve,� and� the�
PDWHULDO�RQ�WKH�VLHYH�ZDV�ULQVHG�LQWR�D�EHDNHU�WR�

perform�the�overÀow�technique�using�a�saturated�
1D&O� VROXWLRQ� ZLWK� �� UHSOLFDWHV�� )LQDOO\�� WKH�

sample� solution�was�¿ltered� through� a� 1.6�µm�
GF/A�¿lters�according�to� the�method�of�Emilie�
HW�DO����to�remove�microplastics.�The�¿lters�were�
VWRUHG� LQ� FOHDQ� 3HWUL� GLVKHV� DQG� SXW� LQ� URRP�

FRQGLWLRQ�IRU�ODWHU�VWHUHRVFRSLF�REVHUYDWLRQ�

Put� the� ¿lters� under� the� Leica� S9i�
VWHUHRPLFURVFRSH� WR� REVHUYH� DQG� LGHQWLI\�

PLFURSODVWLFV� XVLQJ� /$6;� VRIWZDUH��

Microplastics� were� identi¿ed� with� 3� shapes�
DV� GHVFULEHG� E\� (PLOLH� HW� DO����such� ase� ¿bers,�
IUDJPHQWV� DQG� SHOOHWV�� 0LFURSODVWLFV� RQ� WKH�

¿lters�were�measured�and�photographed.

0LFURSODVWLF�FRQFHQWUDWLRQ�ZDV�FRQVLGHUHG�

DV� QXPEHU� RI� PLFURSODVWLFV� SHU� LQGLYLGXDO��

QXPEHU�RI�PLFURSODVWLFV�SHU�JUDP�RI�ZHW�ERG\�

ZHLJKW�DQG�QXPEHU�RI�PLFURSODVWLFV�SHU�JUDP�RI�

digestive�tract�weight�of�¿sh.

7R� FRQWURO� PLFURSODVWLF� FRQWDPLQDWLRQ�

IURP� WKH� VXUURXQGLQJ� HQYLURQPHQW� GXULQJ�

VDPSOH�WUHDWPHQW�DQG�REVHUYDWLRQ��ZH�IROORZHG�

WR� VXJJHVWLRQV� RI�*(6$03��� VXFK� DV� FOHDQLQJ�

WKH�ZRUNLQJ�DUHD�ZLWK�DOFRKRO�EHIRUH�REVHUYDWLQJ�

DQG�WUHDWLQJ�VDPSOHV��ZHDULQJ�FRWWRQ�FORWKHV�DQG�

UXEEHU�JORYHV��HWF��,Q�DGGLWLRQ��DW�HDFK�SHULRG�RI�

VDPSOH�REVHUYDWLRQ�DQG� WUHDWPHQW��ZH�SODFHG�D�

new�¿lter�in�a�Petri�dish�nearby�the�place�we�were�
ZRUNLQJ� WR� FKHFN� PLFURSODVWLF� FRQWDPLQDWLRQ��

During�the�steps�on�sample,�we�did�not�¿nd�any�
microplastics�on�the�control�¿lter�papers.

2.4.�Data�analysis

0LFURVRIW� ([FHO� ����� ZDV� XVHG� WR� FDOFXODWH�

WKH� QHFHVVDU\� SDUDPHWHUV� DQG� PDNH� GLDJUDPV��

$QRYD�VLQJOH�IDFWRU�LQ�0LFURVRIW�([FHO������ZDV�

DSSOLHG� WR� FRPSDUH� VRPH� SDUDPHWHUV� EHWZHHQ�

studied�¿sh�species.�

3.�RESULTS�AND�DISCUSSION

3.1.�Results�

3.1.1.�Feeding�habits�of�¿sh

)HHGLQJ�KDELWV�RI�WURSLFDO�VDQG�JRE\��PDQHG�JRE\�

and�redspot�arrow¿n�goby�was�different�(Table�1).�
7KH� IRRG� VSHFWUXP� RI� WURSLFDO� VDQG� JRE\�ZDV�

PRVW� GLYHUVH�� ZLWK� �� JURXSV� RI� SUH\� IRXQG� LQ�

the�digestive�tracts�of�¿sh,�of�which�occurrence�
frequency�of�organic�matters,�¿sh,�seaweeds�and�
VKULPSV�ZDV�KLJKHU�WKDQ�WKDW�RI�RWKHUV��1DWXUDO�

IRRG�RI�PDQHG�JRE\�RQO\�FRPSULVHG�WZR�JURXSV�

of�prey�which�are�organic�matters�and�¿sh,�with�
the� dominance� of� organic� matters� (92.86%� in�
RFFXUUHQFH� IUHTXHQF\��� DQG� QDWXUDO� IRRG� RI�

redspot�arrow¿n�goby�included�3�groups�which�
DUH�RUJDQLF�PDWWHUV,�¿sh�and�seaweeds�with�the�
SUHGRPLQDQFH� RI� RUJDQLF� PDWWHUV�� 7KXV�� LW� FDQ�

EH�VHHQ�WKDW�RUJDQLF�PDWWHUV�DUH�GRPLQDQW�LQ�WKH�

QDWXUDO�IRRG�VSHFWUXP�RI���VWXGLHG�JRE\�VSHFLHV��

Table�1.�1DWXUDO�IRRG�RI�WKUHH�JRE\�VSHFLHV�

.LQGV�RI�IRRG 2FFXUUHQFH�IUHTXHQF\�RI�IRRG�

(%)

0DQHG�

JRE\

(n=20)

5HGVSRW�

arrow¿n�
JRE\�

(n=20)

7URSLFDO�

VDQG�

JRE\�

(n=20)

2UJDQLF�

PDWWHUV ����� ����� �����

)LVK ���� ����� �����

6HDZHHGV ���� ����� �����

6QDLOV ���� ���� ����

6KULPSV ���� ���� �����

=RRSODQNWRQV ���� ���� ����

3.1.2.�Microplastic�accumulation�in�¿sh�

0LFURSODVWLF� FRQFHQWUDWLRQ� LQ� �� JRE\� VSHFLHV�

LV� H[SUHVVHG� DV� QXPEHU� RI� PLFURSODVWLFV� SHU�

LQGLYLGXDO��QXPEHU�RI�PLFURSODVWLFV�SHU�JUDP�RI�
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ZHW� ERG\� ZHLJKW� DQG� QXPEHU� RI� PLFURSODVWLFV�

per�gram�of�digestive�tract�weight�of�¿sh�(Table�2).��
7KH� UHVXOWV� VKRZHG� WKDW� WKH� FRQFHQWUDWLRQ� RI�

PLFURSDVWLF� LQJHVWHG� E\� �� JRE\� VSHFLHV� YDULHG�

IURP� ����� WR� ����� PLFURSODVWLFV�LQGLYLGXDO��

����� WR� ����� PLFURSODVWLFV�J� ZHW� ERG\� ZHLJKW�

DQG� ������ WR� ������ PLFURSODVWLFV�J� ZHLJKW�

of� digestive� tract.� There� was� not� signi¿cant�
GLIIHUHQFH�RI�PLFURSODVWLF�FRQFHQWUDWLRQ�EHWZHHQ�

three�goby�species�(p�>�0,05).�

Table�2.�&RQFHQWUDWLRQ�RI�LQJHVWHG�PLFURSODVWLF�LQ�WKUHH�JRE\�VSHFLHV�

)LVK�VSHFLHV 1XPEHU�RI�PLFURSODVWLFV�

LQGLYLGXDO

1XPEHU�RI�

PLFURSODVWLFV�J�ZHW�

ERG\�ZHLJKW

1XPEHU�RI�

PLFURSODVWLFV�J�GLJHVWLYH�

WUDFW�ZHLJKW

Maned�goby�(n=10) ������“�����D �����“�����D ������“������D

Redspot�arrow¿n�goby��
(n=10) �����“�����D �����“�����D ������“������D

Tropical�sand�goby�(n=10) �����“�����D �����“�����D ������“������D

Note:�The�different�letters�indicate�signi¿cant�differences�for�each�parameter�(p�<�0.05).

7KH� ZHLJKW� RI� WURSLFDO� VDQG� JRE\� ZDV�

highest� (13.79� g/¿sh),� followed� by� maned�
goby�(10.81�g/¿sh)�and� redspot�arrow¿n�goby��
(5.70�g/¿sh)�(p�<�0,05)�(Table�3).�However,�the�
DPRXQW� RI� LQJHVWHG� PLFURSODVWLFV� SHU� JUDP� RI�

wet�body�weight�was�not�signi¿cantly�different�
between�three�studied�species�(Table�2).�Similarly,�
WKH� ZHLJKW� RI� GLJHVWLYH� WUDFWV� RI� WURSLFDO� VDQG�

JRE\�ZDV�GLIIHUHQW�IURP�RWKHUV��EXW�WKH�DPRXQW�

RI�LQJHVWHG�PLFURSODVWLFV�SHU�JUDP�RI�ZHLJKW�RI�

digestive� tracts� was� not� signi¿cantly� different�
EHWZHHQ�WKUHH�JRE\�VSHFLHV��7KHUHIRUH��LW�FDQ�EH�

said�that�¿sh�size�and�weight�of�digestive�tract�of�
¿sh�are�not�the�main�factors�governing�amount�

RI�microplastics�ingested�by�¿sh.�This�is�clearly�
LQGLFDWHG� WKURXJK� WKH� FRUUHODWLRQ� EHWZHHQ� WKH�

QXPEHU�RI�PLFURSODVWLFV�LQJHVWHG�DQG�ZHW�ERG\�

weight�or�digestive�tract�weight�of�¿sh�(Table�3).�
Speci¿cally,�the�correlation�between�the�number�
of�microplastics�and�wet�body�weight�of�¿sh�was�
negative� for�maned� goby� and� redspot� arrow¿n�
goby� with� the� coef¿cient� from� -0.49� to� -0.24�
ZKLOH� WKHUH� ZDV� QR� FRUUHODWLRQ� EHWZHHQ� WKHVH�

two�parameters�for�tropical�sand�goby�(r�=�0.08);�
WKH� QHJDWLYH� FRUUHODWLRQ� ZDV� UHFRUGHG� EHWZHHQ�

QXPEHU�RI�PLFURSODVWLFV�DQG�ZHLJKW�RI�GLJHVWLYH�

tract�of�¿sh�(coef¿cienW�IURP�������WR��������

Table�3.�The�correlation�between�wet�body�weight,�digestive� tract�weight�of�¿sh�and�amount�of�microplastics�
LQJHVWHG�LQ�WKUHH�JRE\�VSHFLHV�

)LVK�VSHFLHV :HW�ERG\�

weight�of�¿sh�
(g)

'LJHVWLYH�WUDFW�

weight�of�¿sh�
(g)

&RUUHODWLRQ�

EHWZHHQ�QXPEHU�

RI�PLFURSODVWLFV�

DQG�ZHW�ERG\�

weight�of�¿sh�(r)

&RUUHODWLRQ�

EHWZHHQ�QXPEHU�

RI�PLFURSODVWLFV�

DQG�GLJHVWLYH�WUDFW�

weight�of�¿sh�(r)

Maned�goby�(n=10) ������“�����E �����“�����E ����� �����

Redspot�arrow¿n�goby��(n=10) �����“�����F �����“�����E ����� �����

Tropical�sand�goby�(n=10) ������“�����D �����“�����D ���� �����

Note:�The�different�letters�indicate�signi¿cant�differences�for�each�parameter�(p�<�0.05).
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7KH� VKDSH� GDWD� RI� PLFURSODVWLFV� ZHUH�
pooled� for� 10� ¿sh� of� each� species.� The�
UHVXOWV� VKRZHG� WKDW� WKHUH� ZHUH� WZR� VKDSHV� RI�
PLFURSODVWLFV� IRXQG� LQ� WKH� GLJHVWLYH� WUDFWV� RI�
three� studied�¿sh� species,� that�were�¿bers� and�
fragments,� of� which� ¿bers� were� dominant�
in� all� goby� species� (Figure� 2).� Speci¿cally,�
microplastic�¿bers�accounted�for�from�79.03%�to�
82.50%�while�the�ratio�of�microplastic�fragments�
was�from�17.50%�to�20.97%.

)LJXUH� ��� Shapes� of� microplastics� found� in� three�
goby�species.�

7he�¿bers�found�in�the�digestive�tracts�of�
three�studied�¿sh�species�mostly�had�the�length�of�
300�to�2500�µm,�especially�the�size�range�of�500�
to�2000µm,�excepting�a�high�ratio�of�¿bers�with�
the�length�of�2500-3000�µm�(13,64%)�observed�
in� tropical� sand� goby� (Figure� 3).� Speci¿cally,�
¿bers�with�the�length�of�500-2000�µm�accounted�
for� 65.75%� in�maned� goby,�63.27%� in� redspot�
arrow¿n�goby�and�59.09%�in�tropical�sand�goby�
while� other� ¿bers� only� accounted� for� 34.25%,�
36.73%�and�40.49%�in�these�three�goby�species,�
respectively� (Figure�4).� Fragments�observed� in�
the� digestive� tracts� of� three� goby� species� had�
the�area�of�45000�to�600000�µm��but�dominant�
in�range�of�45000�-�200000�µm�,�with�77.78%,�
69.23%� and� 71.43%� in� total� in� maned� goby,�
redspot� arrow¿n� goby� and� tropical� sand� goby,�
respectively�(Figure�5).�Thus,�it�can�be�seen�that�
the�studied�¿sh�species�ingested�microplastics�in�
small�size�rather�than�big�sizH�UDQJH�

)LJXUH� ��� The� length� distribution� of� microplastic�
¿bers.�

)LJXUH� ��� Percentage� of� microplastic� ¿bers� with�
length�of�500-2000µm�compared�to�others.�

)LJXUH� ��� The� area� distribution� of� microplastic�
IUDJPHQWV��

�����',6&866,21

�������)HHGLQJ�KDELWV�DQG�PLFURSODVWLF�LQJHVWLRQ�
of�¿sh�

$OWKRXJK�WKH�DYHUDJH�PLFURSODVWLF�FRQFHQWUDWLRQ�
in� each� ¿sh� species� is� different,� perhaps� this�
difference�is�not�large�enough�to�lead�to�signi¿cant�
GLIIHUHQFH��1DWXUDO�IRRG�VSHFWUXP�RI�WKUHH�VWXGLHG�
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JRE\� VSHFLHV� LV� GLIIHUHQW�� EXW� RUJDQLF� PDWWHUV�

DUH� WKH�GRPLQDQW�IRRG�RI�WKHVH�VSHFLHV��+HQFH��

LW� FDQ� EH� VSHFXODWHG� WKDW� WKH� PDLQ� VRXUFH� RI�

PLFURSODVWLFV�DFFXPXODWHG�LQ�WKH�GLJHVWLYH�WUDFW�

RI�WKHVH�JRE\�VSHFLHV�LV�IURP�RUJDQLF�PDWWHUV��,W�

FDQ�EH�VHHQ�WKDW�RFFXUUHQFH�IUHTXHQF\�RI�RUJDQLF�

PDWWHUV�LQ�WKH�GLJHVWLYH�WUDFWV�RI�PDQHG�JRE\�LV�

highest�(92,86%)�and�microplastic�concentration�
in� this� species� is� high� (9.20� microplastics/
LQGLYLGXDO�� ZKLOH� RFFXUUHQFH� IUHTXHQF\� RI�

RUJDQLF�PDWWHUV�LQ�WKH�GLJHVWLYH�WUDFWV�RI�WURSLFDO�

VDQG� JRE\� LV� MXVW� ����EXW�ZHLJKW� RI� GLJHVWLYH�

tract�of�this�species�1.5�times�signi¿cant�higher�
WKDQ�WKDW�PDQHG�JRE\��VR�WKH�DPRXQW�RI�RUJDQLF�

PDWWHUV� LQJHVWHG�E\� WURSLFDO� VDQG�JRE\�PD\�EH�

QHDUO\� VLPLODU� WR� PDQHG� JRE\� DQG� UHVXOWV� LQ� D�

UHODWLYHO\� KLJK� PLFURSODVWLF� LQWDNH� LQ� WURSLFDO�

sand� goby� (8.0� microplastics/individual).�
7KH� DPRXQW� RI� PLFURSODVWLFV� DFFXPXODWHG� LQ�

redspot�arow¿n�goby�is�low�(6.5�microplastics/
LQGLYLGXDO�� EHFDXVH� RFFXUUHQFH� IUHTXHQF\� RI�

RUJDQLF�PDWWHUV�LQ�WKLV�VSHFLHV�LV�MXVW�����ZKLOH�

LWV� GLJHVWLYH� WUDFW� ZHLJKW� LV� QRW� GLIIHUHQW� IURP�

PDQHG�JRE\�� WKDW�PHDQV�WKH�DPRXQW�RI�RUJDQLF�

matters�ingested�by�redspot�arow¿n�goby�is�less�
WKDQ�PDQHG�JRE\��,Q�DGGLWLRQ�WR�PDLQ�VRXUFH�RI�

microplastics�from�organic�matters,�¿sh�can�also�
LQGLUHFWO\� LQJHVW� PLFURSODVWLFV� DFFXPXODWHG� LQ�

their� other� foods� such� as� ¿sh,� shrimps,� snails,�
VHDZHHGV��:DONLQVKDZ�HW�DO����suggested�that�¿sh�
VSHFLHV� KDYLQJ� D� QDUURZ� IRRG� VSHFWUXP�ZRXOG�

EH�PRUH� OLNHO\� WR� GLUHFWO\� LQJHVW� PLFURSODVWLFV�

IURP� HQYLURQPHQW� WKDQ� LQGLUHFWO\� WKURXJK�SUH\�

such�as�in�¿sh�species�with�large�food�spectrum.�
7KLV� LV� VRPHZKDW� UHDVRQDEOH� ZLWK� RXU� UHVXOWV�

ZKHQ� FRPSDULQJ� WKH� IRRG� VSHFWUXP� RI� PDQHG�

JRE\� DQG� RWKHU� �� VSHFLHV� LQ� FRQVLGHUDWLRQ� RI�

WKH� FRUUHVSRQGLQJ� DPRXQW� RI� PLFURSODVWLF�

ingested.�However,� redspot� arrow¿n�goby� also�
KDV�D�QDWXUDO�IRRG�VSHFWUXP�QDUURZHU� WKDQ�WKDW�

RI� WURSLFDO� VDQG�JRE\�� EXW� WKH� FRQFHQWUDWLRQ�RI�

PLFURSODVWLFV� LQJHVWHG� E\� WKLV� VSHFLHV� LV� ORZHU�

WKDQ�WKDW�RI�PDQHG�JRE\��7KLV�PD\�EH�GXH�WR�WKH�

dominance�of�organic�matters�in�the�diet�of�¿sh�
DV�PHQWLRQHG�DERYH��

3.2.2.� Characteristics� of� microplastics�
accumulated�in�the�digestive�tracts�of�¿sh�

&RQFHQWUDWLRQ� RI� PLFURSODVWLFV� DFFXPXODWHG�

in� ¿sh� species� in� our� study� varied� from� 6.50�
WR� ����� PLFURSODVWLFV�LQGLYLGXDO�� ����� WR� �����

PLFURSODVWLFV�J� ZHW� ERG\� ZHLJKW� DQG� ������ WR�

������ PLFURSODVWLFV�J� GLJHVWLYH� WUDFW� ZHLJKW��

WKDW� LV� PXFK� KLJKHU� WKDQ� UHFRUGV� RI� *RSDO� HW�

DO���� in� 10�marine� ¿sh� species� in� Bengal� bay� -�
Bangladesh� (1.0-3.8� microplastics/individual,�
����������PLFURSODVWLFV�J�ZHW�ERG\�ZHLJKW�DQG�

����������PLFURSODVWLFV�J�GLJHVWLYH�WUDFW�ZHLJKW��

RU� WKH�VWXG\�UHVXOWV�RI�9HQGHO�HW�DO���� in�69�¿sh�
VSHFLHV�LQ�HVWXDULHV�in�Northeast�Brazil�(vary�1�to�
��DQG������PLFURSODVWLFV�LQGLYLGXDO�LQ�DYHUDJH���

:DQODGD� DQG� 6XZDUHH��� in� 7� ¿sh� species� in�
FRDVWDO� DUHDV� RI� 7KDLODQG� *XOI� DQG� $GDPDQ�

sea� (0� –� 0.4� microplastics/individual),� Sukree�
HW� DO���� LQ�Rastrelliger� brachysoma� LQ�7KDLODQG�
Gulf� (2.70� ±� 16.62� microplastics/individual).�
+RZHYHU��PLFURSODVWLF�FRQFHQWUDWLRQ�LQ�RXU�VWXG\�

LV�ORZHU�WKDQ�WKDW�UHSRUWHG�E\�$\X�HW�DO����in�9�¿sh�
VSHFLHV�LQ�FRDVWDO�DUHDV�RI�3DQWDL�,QGDK�.DSXN��

Indonesia� (varies� from� 4.9� to� 20� and� average�
RI� ������ PLFURSODVWLFV�LQGLYLGXDO��� 7KHUHIRUH��

microplastic� accumulation� level� in� ¿sh� species�
PHQWLRQHG�LQ�GLIIHUHQW�VWXGLHV�LV�QRW�VLPLODU�DQG�

WKDW� FDQ� EH� GXH� WR� GLIIHUHQW� FKDUDFWHULVWLFV� RI�

these�¿sh�species�but�may�be�also�governed�by�
HQYLURQPHQW�DW�VWXG\�ORFDWLRQV�����

The� dominance� of� ¿bers� compared� to�
IUDJPHQWV� LV� DOVR� REVHUYHG� LQ� RXU� VWXG\�� 7KH�

VLPLODU� UHVXOWV� DUH� UHSRUWHG� E\� *RSDO� HW� DO����

(¿bers� accounted� for� 53.4%),� Vendel� et� al.���
(¿bers�accounted�for�90%),�Ayu�et�al.���(89.63%�
of� ¿bers� in� total),� or� Wanlada� and� Suwaree���
(¿bers�accounted�for�57.14%�in�pelagic�¿sh�and�
82.76%�in�benthic�¿sh).�Likewise,�such�tendency�
LV� DOVR� IRXQG� LQ� PROOXVFV������� )LVK� RU� DTXDWLF�

animals� ingesting�amount�of� ¿bers�higher� than�
other�shapes�can�be�due�to�dominance�of�¿bers�
LQ�WKHLU�HQYLURQPHQW�FRPSDUHG�WR�RWKHUV��7KLV�LV�

VXSSRUWHG� E\� WKH� VWXG\� UHVXOWV� RI�9R�� DQG�/H���

with� predominance� of� ¿bers� in� surface� waters�
DQG�EHQWKLF�VHGLPHQWV�
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,Q� WKLV� VWXG\�� ZH� IRXQG� WKDW� WKH� VWXGLHG�

¿sh�species�PRVWO\�LQJHVWHG�PLFURSODVWLFV�LQ�WKH�
small� size� range� (500-2000� µm� for� ¿bers� and�
������ �� ������� �P�� IUR� IUDJPHQWV��� 6LPLODU�

UHVXOWV�DUH�DOVR�UHFRUGHG�E\�9R�DQG�9R���LQ�EORRG�

FRFNOH�GLVWULEXWHG�LQ�7KL�1DL�ODJRRQ��ZLWK�PRVW�

¿bers�long�from�500�to�2100�µm.�However,�the�
DUHD� RI� IUDJPHQWV� REVHUYHG� E\� WKHVH� DXWKRUV�

LV� ELJJHU� WKDQ� WKDW� LQ� RXU� VWXG\�� *RSDO� HW� DO����

IRXQG� WKDW�����RI�PLFURSODVWLFV�REWDLQHG�IURP�

10�studied�¿sh�species�had�the�size�of�less�than�
�����P�ZKLOH�RQHV� IURP�����±�������P�ZHUH�

IRXQG� ZLWK� ORZ� SHUFHQWDJH�� 7KXV�� LW� FDQ� EH�

VHHQ� WKDW� DTXDWLF� FUHDWXUHV� RIWHQ� LQJHVW� D� ODUJH�

SURSRUWLRQ�RI�PLFURSODVWLFV�LQ�VPDOO�VL]H�UDQJH��

7KLV�PD\�EH�GXH�WR�DFFXPXODWLRQ�FRQFHQWUDWLRQ�

RI� VPDOO�VL]HG�PLFURSODVWLFV� LQ� WKHLU�KDELWDWV� LV�

KLJKHU�WKDQ�WKDW�RI�ODUJH�VL]HG�PLFURSODVWLFV��7KH�

HYLGHQFHV�RI�WKLV�FDQ�EH�IRXQG�LQ�WKH�VWXG\�UHVXOWV�

RI� 9R�� DQG� /H���� +RZHYHU�� GHVSLWH� LQJHVWLQJ�

VPDOO�VL]HG� PLFURSODVWLFV�� VL]H� UDQJH� WRJHWKHU�

ZLWK�FRUUHVSRQGLQJ�SHUFHQWDJH�RI�PLFURSODVWLFV�

accumulated� in� different� ¿sh� species� differ,�
ZKLFK�FDQ�EH�JRYHUQHG�E\�WKHLU�IHHGLQJ�KDELWV�

4.�CONCLUSION

Feeding�habits�of�maned�goby,�redspot�arrow¿n�
JRE\� DQG� WURSLFDO� VDQG� JRE\� DUH� GLIIHUHQW� EXW�

RFFXUUHQFH� IUHTXHQF\� RI� RUJDQLF� PDWWHUV� LV�

KLJKHU�WKDQ�WKDW�RI�RWKHU�IRRG�LQ�WKH�GLHWV�RI�WKHVH�

VSHFLHV��

7KH� FRQFHQWUDWLRQ� RI� PLFURSODVWLFV�

DFFXPXODWHG� LQ� WKUHH� VWXGLHG� JRE\� VSHFLHV� LV�

not� signi¿cantly� different� and� vary� from� 6.50�
WR� ����� PLFURSODVWLFV�LQGLYLGXDO�� ����� WR� �����

PLFURSODVWLFV�J�ZHW� ERG\�ZHLJKW�� DQG� ������ WR�

������PLFURSODVWLFV�J�GLJHVWLYH�WUDFW�ZHLJKW�

Three� studied� goby� ¿sh� species� ingest� a�
large�amount�of�500�-�2000�µm�¿bers.

)HHGLQJ�KDELWV�GRHV�QRW�DIIHFW�DPRXQW�RI�

LQJHVWHG� PLFURSODVWLFV� DQG� WKH� PDLQ� VRXUFH� RI�

PLFURSODVWLFV�DFFXPXODWHG�LQ�WKUHH�VWXGLHG�JRE\�

VSHFLHV�LV�PRVWO\�IURP�RUJDQLF�PDWWHUV��
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