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ôyþ›†þy!‘þöì•þ� ²ÕÄyöìr�þ’þ� �þÄyöìBþ� !æþÎ�þyöìîûîû� ë!˜� ö†þyöìly�
e«ô•þy!¡†þy�¥ëû�•þöìî�•þy�‡y!l†þ�þy�~ôl�¥öìî–�
†þÄy!lhßìyîû�!æþÎ�þyîû
¥ÄyD�xl�îÄy†þ�ŒHOBŠ�!æþÎ�þyîû
¥zr�þyîûly¡�þ›yGëûyîû�!æþÎ�þyîû�ŒIPFŠ
ß›O�!æþÎ�þyîû�
�þþ›�!æþÎ�þyîû
~‡l�†þÄy!lhßìyîû�!æþÎ�þyöìîûîû�îyöì��þ�~†þ�%þ�öî!¢îû�!˜öì†þÐ�
Öîû&�þy�†þÄy!lhßìyîû� !˜öìëû�†þîûöì•þ�ly�‹þy¥zöì¡� þ›öìîûîû�˜%öì�þy�
xþ›¢l�öîöìSé�!löì•þ�þ›yöìîûlÐ�IPF îÄî¥yîû�†þîûöì¡�¤yöìí�
¡yˆyöìly�þ›y¥zþ›�ëy��öì¡�~ëûyîû�¤y²Õy¥z�ö˜ëû�ö¤!�þ�‡%öì¡�
ö˜öìîlÐ�xyîû�ôöìl�îûy‡öìîl� !æþÎ�þyîû� ‹þ¡öìî�24�x�7–�
�þÄyBþ�öôöìr�þöìlª�îyöì˜�î¦þ�†þîûyîû�̃ îû†þyîû�öl¥zÐ

3Š�îy!¡öì•þ�̂ ySé�¥öìîÚ�ly!†þ�ôy!�þ�¡yˆöìîÚ
!¤öìôr�þ�ôy‡yöìlyîû�þ›y!•þ�îy!¡öì•þ¥z�ˆySéþ›y¡y�¥ëûÐ�!†þv�
ôy!�þöì•þ�xyöìîûy� èþyöì¡y� ¥ëûÐ� ²ÕÄyöìr�þ’þ�xÄyöì†þyëûy!îûëûyô�
†þîûyîû� �lÄ� !îöì¢£ìèþyöìî� ÷•þ!îû� ôy!�þ� þ›yGëûy� ëyëûÐ�
öë=öì¡yîû� ¤î� öíöì†þ� î’þü� =”� �öì¡� =öì¡� ëyëû� lyÐ�
•þySéy’þüy�~=öì¡yöì•þ�ˆyöìSéîû�²Ìöìëûy�l#ëû�þ›%!ÜT=”�xyöìSé–�
!†þS%é�†þôy!¢Åëûy¡�ôy!�þ��öì¡îû�xÁÔcéŸéÇþyîûöìcîû�ôyeyöì†þ�
¤yôÄyîßiyëû�îûy‡öì•þ�þ›yöìîûÐ�¤î�!ô!¡öìëû�~¥z�†þôy!¢Åëûy¡�

ôy!�þ=öì¡y� ²ÕÄyöìr�þ’þ� �þÄyBþ� †þîûyîû� �lÄ� ¤îöì‹þöìëû�
’þzþ›öìëyˆ#Ð�
!†þv� ˜yô�þyG� Gþ›îû� !˜öì†þÐ� ˜%¥z� æ%þöì�þîû� �þÄyBþ� †þîûöì•þ�
˜%¥zéŸé!•þl� ¥y�yîû� �þy†þy� ‡îû‹þ� þ›öì’þü¥z� ëyöìîÐ� •þöìî� !†þ�
†þîû”#ëûÚ�Öîû&�†þîûöì•þ� þ›yöìîûl�xyþ›lyîû�îyˆyöìlîû�ôy!�þ�
!˜öìëûÐ� ²Ìíöìô� î’þü� ö“þ¡y� öèþöì.� îyˆyöìlîû� ôy!�þ�þyöì†þ�
V%þîûV%þöìîû� †þöìîû� öæþ¡%lÐ� •þyîûþ›îû� ôy!�þ�þy� þ›!îûÜñyîû� †þöìîû�
!llÐ�ôy!�þ�öíöì†þ�²Õy!Þ�þ†þ–�l%!’þü–�¥z„öì�þîû��%þ†þöìîûy–�¢yô%öì†þîû�
ö‡y¡–�ö¢†þ’þüéŸéîy†þ’þü�xy¡y˜y�†þöìîû�öæþ¡%lÐ�~îyîû�~†þ�þy�
†þ’þüyëû�ôy!�þ�þyöì†þ�xÒ�x„yöì‹þ�ˆîûô�†þîû&lÐ�ˆîûô�†þîûyîû�
æþöì¡� ôy!�þöì•þ� íy†þy� æþyDy¤–� îÄy†þöì�þ!îûëûy–� xl%�#î–�
öþ›y†þy�ôy†þ’þü–�•þyöì˜îû�!’þô�¡yèþÅy�!þ›’þzþ›y�lÜT�¥öìëû�ëyöìî–�
þ›îûî•þÅ#†þyöì¡�ö†þyöìly�¤ô¤Äy�¥öìîlyÐ�x!èþKþ•þy�öíöì†þ�
~†þ�þy�þ›îûyô¢Å�!˜¥z–�îûy§¬y‰öìîû�“%þöì†þ�†þ’þüyëû�ôy!�þ�èþy�yîû�
†þy��öˆyþ›öìl�†þîûöìîl–�l•%þîy�ˆ,¥¢y!hsý�!î!‰ø•þ�¥Gëûyîû�
•%þô%¡�¤½þyîlyÐ
~îyîû�ôy!�þ� öîû!’þÐ� �þÄyöìBþ�~†þ�¥z!Méþ� þ›%îû&� †þöìîû� ôy!�þ�þy�
!î!Séöìëû�!˜l–�•þyîû�Gþ›îû�xyöìîûy�~†þ�¥z!Méþ�îy!¡îû�ö¡ëûyîû�
!˜l–�ly¥öì¡��öì¡îû�¤‚ß›öì¢Å�~öì¡�ôy!�þ�=¡öìîÐ�îy!¡îû�
î˜öì¡�‡%î�öSéy�þ�îy!¡îû�þ›yíîû�îÄî¥yîû�†þîûöì•þ�þ›yöìîûl–�
ëyîû�öþ›y£ìy!†þ�lyô�2mm sand gravel–�xyôyîû�ôöì•þ�
~îû� †þyëÅ†þy!îû•þy� îy!¡îû� öíöì†þ� öî!¢Ð� •þyîûþ›îû� �þÄyöìBþ�
™#öìîû�™#öìîû��¡�“þy¡%lÐ�îy!¡�þyöì†þ�¥y¡†þy�¥yöì•þ�x„y‹þöì’þü�
!˜öìëû�îy!¡îû�‡„yöì���öìô�íy†þy�~ëûyîû�îyî¡öì†þ�îyîû�†þöìîû�
!˜lÐ� ‹þy!¡öìëû� !˜l� !æþÎ�þyîûÐ� •þyîûþ›îû� xyîyîû� îy!†þ�
!�!l¤þ›e�!löìëû�èþyîöì•þ�î!¤Ð
4Š�†þ•þ�Gëûyöì�þîû�¡y¥z�þ�¡yˆöìîÚ
~†þ�þy�²ÕÄyöìr�þ’þ��þÄyBþ�ö˜‡öì¡�~¥z�²ÌÙÀ�þy�öîy™¥ëû�l•%þl�
¥!îöìÞ�þîû�ôyíyëû�¤îyîû�xyöìˆ�xyöì¤œ�¥Ä„y�²ÕÄyöìr�þ’þ��þÄyBþ�
†þîûöì¡� ’þzIµ¡� ¡y¥z�þ� ¡yöìˆ–� !†þv� Gëûy�þ�þy� •þyîû�
�Iµöì¡Äîû�¤)‹þ†þ�lëûÐ�òGëûy�þó�öîyVþyëû�¡y¥z�þ�þy��µy¡yöì•þ�
†þ•þ�þy�!î˜%Äê�¢!_«îû�²Ìöìëûy�l�¥öìFSéÐ�•þöìî�îy¡î�öíöì†þ�
!lˆÅ•þ�xyöì¡y� !†þ� !˜öìëû� ôyþ›öìîyÚ� ö˜‡öìîl� öëöì†þyöìly�
îy¡öìîîû� îyöì:�~†þ�þy� ¡%öìôöìlîû� ŒlmŠ� þ›!îûôyþ›� ö¡‡y�
xyöìSéÐ�~îyîû�xyîû�~†þ�þy�öSéyR�xBþ�†þ£ìöì•þ�¥öìîÐ�!¥öì¤î�
†þîûöì•þ� ¥öìî�xyþ›lyîû� �þÄyöìBþîû� ²Ì!•þ� !¡�þyîû��öì¡� †þ•þ�
¡%öìôl�xyöì¡y� þ›yöìFSéÐ�~†þ�þy�’þz˜y¥îû”� !˜öìëû�öîyVþyöì¡�
îÄyþ›yîû�þy� ö¤y�y� ¥öìîÐ� ™îûy� ëy†þ–� ~†þ�þy� 9� Gëûyöì�þîû�
îy¡öìîîû�ˆyöìëû�ö¡‡y�ö˜‡öì¡l�850lm–�xyþ›lyîû�˜%¥z�

æ%þ�þ��þÄyöìBþ��¡�™öìîû�55!¡�þyîûÐ�•þy¥öì¡�²Ì!•þ�!¡�þyîû��¡�
†þ•þ�¡%öìôl�xyöì¡y�þ›yöìFSéÚ�850÷55=�15ƒ5�¡%öìôl�
²Ì!•þ�!¡�þyîûÐ�~îyîû�öôy�þyô%!�þ�ö¡y�öíöì†þ�¥y¥z�¡y¥zöì�þîû�
ôyþ›†þy!‘þ�þy�~îû†þôƒƒƒ

10�éŸé�15�¡%öìôlù!¡�þyîû�= ö¡y�¡y¥z�þ
20�éŸé�40�¡%öìôlù!¡�þyîû�= �!ô!’þëûyô�¡y¥z�þ
40��¡%öìôlù!¡�þyîû�= �¥y¥z�¡y¥z�þ

!†þ�ˆySé�†þîûöì•þ�‹þyl–�•þyöì˜îû�‹þy!¥˜y�!†þ–�ö¤¥z�xl%ëyëû#�
~îyîû� !¥öì¤î� †þöìîû� !ll� ö†þôl� ¡y¥z�þ� ‹þyl� xyþ›!lÐ�
xyôyîû�ôöì•þ�Öîû&öì•þ�ô™Äþ›siy�¤îöì‹þöìëû�èþyöì¡y–�!ô!’þëûyô�
¡y¥z�þ�!˜öìëû¥z�ly¥ëû�Öîû&�†þîû&lÐ�xöìlöì†þ�¡%öìôlùöìßñyëûyîû�
¥z!Méþ� !˜öìëûG�xyöì¡yîû� þ›!îûôyþ›�†þöìîûlÐ�xyöìîûy�~!ˆöìëû�
íy†þy� ¥!îÞ�þîûy� (PAR Photosynthetic Active 

Radiation)� !˜öìëûG�xyöì¡yîû� !î‹þyîû�†þöìîûlÐ�²ÕÄyöìr�þ’þ�
�þÄyöìBþîû� �lÄ� îylyöìly� †þôy!¢Åëûy¡� ¡y¥zöì�þ� ö¤¤öìîîû�
’þzöìÍÔ‡G� íyöì†þÐ� !†þv� xyôîûy� Öîû&öì•þ¥z� xD#†þyîûîkþ�
!îKþyöìlîû� †þ‹þ†þ‹þy!löì•þ� xyþ›y•þ•þ� ôyíy� ˆ¡yöìîy� lyÐ�
™yöìþ›�™yöìþ›�’þz§¬!•þ�†þîûy�ëyöìî–�~†þ�¡yöìæþ�‹þ„yöì˜�’þz‘þöì•þ�
öˆöì¡�îÄíÅ�¥Gëûyîû�²Ì‹%þîû�¤½þyîlyÐ�
xyîû� ˜%öì�þy� !�!l¤�îöì¡�îûy!‡�¡y¥z�þ� ¤Áºöì¦þÐ�¡y¥zöì�þîû�
~†þ�þy�²Ìöìëûy�l#ëû�÷î!¢ÜTÄ�¥¡�ò†þy¡yîû�ö�þÁ›yöìîû‹þyîûó–�
ëy�ôyþ›y�¥ëû�ö†þ¡!èþl�ŒKŠ�!˜öìëûÐ�²ÕÄyöìr�þ’þ��þÄyöìBþîû��lÄ�
6500K�îy�•þyîû�öî!¢�¡y¥z�þ�‹þy¥zÐ�6500K ~îû�l#öì‹þ�
lyôöì¡�xyöì¡yöì•þ�¡y¡öì‹þ�èþyî�îy’þüöì•þ�íyöì†þ–�Gþ›öìîû�
’þz‘þöì¡�îyöì’þü�l#öì¡îû�þ›!îûôy”Ð�xyþ›y•þ˜,!ÜTöì•þ�xyôîûy�öë�
¤y˜y� Œcool whiteŠ� ~¡¥z!’þ� îy¡î� îy� !�þ’þzî� ö˜!‡�
ö¤¤öìîîû� †þy¡yîû� ö�þÁ›yöìîû‹þyîû� 6500K–� ¤%•þîûy‚�
¤y™yîû”�¤y˜y�~¡¥z!’þ�îy¡î�îy�!�þ’þzöìî¥z�²ÕÄyöìr�þ’þ��þÄyBþ�
îy!löìëû�öæþ¡öì•þ�þ›yöìîûlÐ
~îûþ›îû¥z�xyöì¤�¡y¥z�þ�†þ•þÇþ”��µ¡öìî�ö¤¥z�²ÌÙÀÐ��µ¡%†þ�
ly� öôy�þyô%!�þ� SéëûéŸéxy�þ� ‰r�þyÐ� •þöìî� æþöì�þy!þ›!îûëû’þ�
öôlöì�þl� †þîûy�þy� ’þz!‹þ•þÐ� xy�� îy!’þü� xy!Sé� •þy¥z� ˜%þ›%îû�
˜%óöì�þy� öíöì†þ� îûy•þ�xy�þ�þy�¡y¥z�þ��µy¡y¡yô–�xyîû� †þy¡�
îûyöì•þ�!æþîûöìîy�•þy¥z�•þyîûþ›îû�¡y¥z�þ��µ¡yöìîy–�~�!�!l¤�ly�
†þîûy¥z�èþyöì¡yÐ�~†þ�þy�!l!˜ÅÜT�¤ôëû�!‘þ†þ�†þîû&l�ö¤¥z�¤ôëû�
öôöìl�¡y¥z�þ��µ¡ylÐ
5Š�†þyîÅl�’þy¥zéŸéx:y¥z’þ�!†þ�¡yˆöìîÚ
öë‡yl� öíöì†þ¥z� þ›’þYl� ly� ö†þl–� ²ÕÄyöìr�þ’þ� �þÄyöìBþ�
²Ìö ìëûy�l#ëû� ’þ z þ›†þîûö ì”îû� •þy!¡†þyëû� ~¥z� †þyîÅl�
’þy¥zéŸéx:y¥zöì’þîû�lyô�íyöì†þ¥zÐ�xyîû�~¥z�~†þ�þy��yëûˆyëû�
l•%þl� ²ÕÄyöìr�þ’þ� �þÄyBþ� ö²Ìô#� ~öì¤� ö¥„y‹þ�þ� ‡yëûÐ� †þyîÅl�
’þy¥zéŸéx:y¥z’þ�‡îû‹þ�¤yöìþ›Çþ�îÄyþ›yîûÐ�¤%•þîûy‚�xlÄ�îûyhßìy�
ö˜‡öì•þ�¥öìîÐ�!†þ�xlÄ�îûyhßìy�xyöìSéÚ Do it Yourself 

þ›kþ!•þöì•þ�†þyîÅl�’þy¥zéŸéx:y¥z’þ�îylyöìlyîû�˜%öì�þy�’þzþ›yëû�
xyöìSé–� ¤%ˆyîûéŸé¥zÞ�þ� !¤öìÞ�þô� xyîû� ¤y¥z!�þÆ†þ� xÄy!¤’þ� éŸé�
öî!†þ‚� ö¤y’þy� !¤öìÞ�þôÐ� ~Séy’þüy� !¡†%þ¥z’þ� †þyîÅl�
’þy¥zéŸéx:y¥z’þ–�CO ��þÄyîöì¡�þ–�CO �†þÄyl�¥z•þÄy!˜�!†þS%é�2 2

ö²Ìy’þyQG�îy�yöìîû�xÄyöìèþöì¡î¡�xyöìSéÐ�ëyîûy� ö†þyöìly�
Vþyöìô¡yöì•þ¥z� öëöì•þ� ‹þyl� ly� •þyîûy� ö‡„y�� †þöìîûl� ö†þyl�
ˆyöìSéîû�CO ��¡yöìˆlyÐ2

~†þ�þy� !�!l¤� Öîû&öì•þ¥z� þ›!îûÜñyîû� ¥öìëû� ëyGëûy� èþyöì¡y�
²Ìöì•þÄ†þ�ˆyöìSéîû�CO � �¡yöìˆ–�ˆySé� öî„öì‹þ�íy†þyîû�îû¤˜�2

¤‚@ýÌ¥� †þöìîû� öë� ¤yöì¡y†þ¤‚öìÙÕ£ì� þ›kþ!•þöì•þ� •þy� CO �2
îÄ!•þöìîûöì†þ�¤½þî�lyÐ�¤%•þîûy‚�CO ��¡yˆöìî¥zÐ�xyîû�•þyîû�2

!‹þe�ö¤ï�lÄ�/�¤O#î�þ›ye



~†þôye� æ%þ¡²Ì&èþ� þ›kþ!•þ� ö²Ì¢yîûy¥z�’þ� !¤!¡uþyîûÐ�
Öîû&�þy�xyþ›!l�¤%ˆyîûéŸé¥zÞ�þ�!†þ�¤y¥z!�þÆ†þ�xÄy!¤’þéŸéöî!†þ‚�
ö¤y’þy�!¤öìÞ�þô�!˜öìëû�Öîû&�†þîûöì•þ¥z�þ›yöìîûlÐ�!†þv�˜%öì�þy�
!¤öìÞ�þöìôîû¥z� !†þS%é�¤ô¤Äy�xyöìSéÐ�²Ìíöìô�¤%ˆyîû� éŸé�¥zÞ�þ�
!¤öìÞ�þöìôîû�†þíy�î!¡ƒƒƒ

éŸé� ¤%ˆyîû� ¥zÞ�þ� !¤öìÞ�þöìô� !îûéŸéxÄy†þ¢l�þy� xyôyöì˜îû�
†þöìr�þyöì¡�íyöì†þ�lyÐ�æþöì¡–�CO � �~îû�þ›!îûôy”�G‘þylyôy�2

†þöìîûÐ
éŸé�xyëû%�öôöìîûöì†þöì�þ�~†þéŸéö˜’þü�¤®y¥–�•þyîûþ›îû�xyîyîû�¤î�
îylyöì•þ�¥ëûÐ

~îyîû�xy!¤�¤y¥z!�þÆ†þ�xÄy!¤’þ�éŸé�öî!†þ‚�ö¤y’þy�!¤öìÞ�þöìôîû�
æþ„y†þ�öæþy„†þöìîûƒƒƒ
éŸé�‡%î�èþyöì¡y�!�!l¤�ë!˜�xyþ›!l�!¤öìÞ�þöìôîû�†þyëÅþ›kþ!•þ�
‡%î�èþyöì¡y�†þöìîû�öîyöìVþl�~î‚�e&!�þ� éŸé� !î‹%þÄ!•þ� !löì�¥z�
ôÄyöìl��!˜öì•þ�þ›yöìîûlÐ
éŸé�ôyöì¤�xhsý•þ�~†þîyîû�!¤öìÞ�þô�!îûÞ�þy�þÅ�†þîûyîû��lÄ�¤ôëû�
!˜öì•þ�¥öìîÐ
!†þv�!l/¤öì¨öì¥�˜%öì�þy�!¤öìÞ�þô�!˜öìëû¥z�²ÕÄyöìr�þ’þ��þÄyöìBþîû�
²Ìyí!ô†þ�þ›y‘þ�þy�’þz•þöìîû�ëyëûÐ�¤ôëû�!ll�ly�îSéîû�ö˜öì’þü†þ–�
‹þ¡%†þ�ly�DIY CO2�!¤öìÞ�þô–�•þöì¡�•þöì¡��þy†þy��ôyöì•þ�
íy†%þl�!¤!¡uþyöìîûîû��lÄÐ
²Ì¤D•þ�’þzöìÍÔ‡Ä�!¡†%þ¥z’þ�†þyîÅl�’þy¥zéŸéx:y¥z’þ�îöì¡�öë�
!�!l¤�þy�îy�yöìîû�!î!e«�¥ëû�ö¤!�þ�•þîû¡�CO ��lëû–�†þyîûl�2

!¡†%þ¥z’þ�CO �²Õy!Þ�þöì†þîû�öîy•þöì¡�èþöìîû�öî‹þy�ëyëû�lyÐ�2

~¥z�¤ôßi� þ›öìlÄ�ô)¡•þ�@Õ%�þyîûy¡!’þ¥y¥z’þ�lyöìôîû�~†þ!�þ�
îûy¤yëû!l†þöì†þ�†þyîÅl�ö¤y¤Å� !¥öì¤öìî�îÄî¥yîû�†þîûy�¥ëûÐ�
~‡l� öî¢� !†þS% é� xy!�þ Åö ì†þ¡� @Õ%�þyîûy¡!’þ¥y¥z’þöì†þ�
†þy!¤Åöìlyöì�!l†þ� Œëy� †þÄyl¤yöìîûîû� †þyîû”� ¥öì•þ� þ›yöìîûŠ�
!¥öì¤öìî�î”Åly�†þöìîûÐ�~îûþ›îû�xyþ›!l�V%„þ!†þ�ölöìîl�!†þ�ly�
ö¤�þy�xyþ›lyîû� Gþ›öìîû¥z� Séy’þüy� èþyöì¡yÐ�xyîû� G¥z�CO �2
�þÄyîöì¡�þ� öë� öSéöì¡� öèþy¡yöìly� ö‡¡ly� ö¤†þíy� î¡y¥z�
îyà¡ÄÐ�
•þy¥öì¡�!†þ�CO � �Séy’þüy�²ÕÄyöìr�þ’þ��þÄyBþ�¥öìîlyÚ�ˆyöìSéîû�2

†þyîÅl�’þy¥zéŸéx:y¥zöì’þîû� ‹þy!¥˜yîû�•þyîû•þôÄ�xyöìSéÐ� !†þS%é�
¢_«�öþ›y_«�ˆySéþ›y¡y�xyöìSé�ëyîûy�†þô�CO � �†þ!uþ¢öìl�2

xyîûyôöì¤�†þy!�þöìëû�!˜öì•þ�þ›yöìîûÐ�öîöìSé�öîöìSé�ö¤¥z�¤ôßi�
ˆySéþ›y¡y�!˜öìëû�ë!˜�~†þ�þy��þÄyBþ�îylyl�~î‚�÷™ëÅ�™öìîûl�
•þöìî�¤ôëû�xyþ›lyîû��þÄyöìBþ�èþyîû¤yôÄ�~öìl�!˜öì•þ¥z�þ›yöìîûÐ�
!†þv�CO � �ö˜öìîyly�xí‹þ�xyôyîû�¤î%��†þyöìþ›Å�þ�¡yˆöìî�2

~¥z�m¨µ�öíöì†þ�öîöìîûyöì•þ�¥öìîÐ

6Š�æþy!�þÅ¡y¥z�yîû�!˜öì•þ�¥öìî�ly!†þÚ
�#îhsý� !�!l¤� ë‡l–� •þ‡l� •þyöì†þ� ö‡öì•þ� ö•þy� !˜öì•þ¥z�
¥öìîÐ�ôySé�þySé�íy†þöì¡�•þyöì˜îû�ô¡ô)e�xî¢Ä¥z�ˆyöìSéîû�
‡yîyîû�Œîy�¤yîûŠ� !¥öì¤öìî�†þy��†þöìîû� !†þv�öî!¢îûèþyˆ�
öÇþöìe¥z�•þy�ëöìíÜT�lyÐ��öì¡îû�•þ¡yëû�¤î%öì��öôy’þüy�‰l�
öVþyþ›Vþy’þü� ö˜‡öì•þ� ¥öì¡� ˆyöìSéîû� ‹þy!¥˜y� ô•þ� ‡yöì˜Äîû�
öëyˆyl�ö•þy�!˜öì•þ¥z�¥öìîÐ
ˆyöìSéîû�î,!kþîû��lÄ�öôy�þyô%!�þ�†%þ!’þü�îû†þöìôîû�‡!l��öôï¡�
²Ìöìëûy�l�¥ëû–�ëyîû�!•þlöì�þ�ˆySé��¡�xyîû�îy•þy¤�öíöì†þ�
ö�yˆy’þü� †þöìîû� ölëûÐ� ö¤=öì¡y� ¥¡� x!:öì�l� ŒOŠ–�
¥y¥zöì’Èþyöì�l�ŒHŠ�xyîû�†þyîÅl�ŒCŠÐ
îy!†þ�‡!l�=öì¡yöì†þ� ‹þy!¥˜y�xl%ëyëû#�xyîyîû�˜%óóèþyöìˆ�
èþyˆ�†þîûy�ëyëûÐ�öë�¤ôßi�öôïöì¡îû�‹þy!¥˜y�xöìl†þ�öî!¢–�
ëyöì˜îû�xèþyöìî�ˆyöìSéîû��#îl‹þe«�¤Á›)”Å�¥öìîly–�ëyöì˜îû�
xèþyî�xlÄ� ö†þyöìly� !î†þÒ� ’þzþ›y˜yl� !˜öìëû� þ›)îû”� †þîûy�
¤½þî� lëû–� •þyöì˜îû� î¡y� ¥ëû� xþ›!îû¥yëÅ� ‡!l�� îy�
ôÄyöìe«y!l’þz!�þ Æöìëûr�þ� �macronutrients�Ð� Séó�þy�
öôï¡öì†þ� öæþ¡y� ¥ëû� ôÄyöìe«yéŸé!l’þz!�þÆöìëûöìr�þîû� ôöì™Ä–�
ly¥zöì�þÆyöì�l� ŒNŠ–� æþ¤æþîûy¤� ŒPŠ–� þ›�þy!¢ëûyô� ŒKŠ–�
†þÄy¡!¤ëûyô�ŒCaŠ–�ôÄyˆöìl!¤ëûyô�ŒMgŠ–�¤y¡æþyîû�ŒSŠÐ�
~Séy’þüy� ö¡y¥y–� •þyôy–� ˜hßìy–� öîyîûl–� ö¤y!’þëûyô–�
ô!¡îöì’þlyô–�ôÄyDy!l��¥z•þÄy!˜� !†þS%é�‡!l�G�ˆyöìSéîû�
þ›%!ÜTöì•þ�¤yôylÄ�þ›!îûôyöìl�²Ìöìëûy�l�¥ëû–�~öì˜îû�~†þ¤yöìí�
ôy¥zöìe«y�!l’þz!�þÆöìëûr�þ�^ (micronutrients)� �î¡y�¥ëûÐ�
²ÕÄyöìr�þ’þ� �þÄyöìBþ� æþy!�þÅ¡y¥z�yîû� ö’þy!�‚� î¡öì•þ� ~¥z�
ôÄyöìe«y�~î‚�ôy¥zöìe«y�!l’þz!�þÆöìëûr�þöì˜îû�†þíy¥z�î¡y�¥ëûÐ
•þy¥öì¡� !†þèþyöìî� ö˜öìîl� æþy!�þÅ¡y¥z�yîûÚ� ˜%öì�þy� ’þzþ›yëûÐ�
¤¥��þy�îy�yîû�‹þ¡!•þ�ö†þyöìly�²ÕÄyöìr�þ’þ��þÄyöìBþ�îÄî¥yîû�
†þîûyîû�ôÄyöìe«y�G�ôy¥zöìe«y�æþy!�þÅ¡y¥z�yîû�ö†þly�~î‚�ö¤¥z�
îÊÄyöìuþîû�!löì˜Å¢�xl%ëyëû#�ö’þy!�‚�†þîûyÐ�!m•þ#ëû�þ›í�þy�¥¡�
Estimative Index�xl%ëyëû#� ¡Äyîöìîû�þ!îûöì•þ� îÄî¥*•þ�
!†þS%é�îûy¤yëû!löì†þîû�ôy™Äöìô�̂ yöìSéîû�!l’þz!�þÆöìëûöìr�þîû�‹þy!¥˜y�
öô�þyöìlyÐ� þ›�þy!¢ëûyô� ’þy¥z¥y¥zöì’Èþyöì�l� æþ¤öìæþ�þ�
ŒKH PO Š–� þ›�þy!¢ëûyô� ¤y¡öìæþ�þ� ŒK SO Š� ~î‚�2 4 2 4

þ›�þy!¢ëûyô� ly¥zöì�þÆ�þ� ŒKNO Š–� ¤y™yîû”•þ� ~¥z� !•þl!�þ�3

îûy¤yëû!l†þ� ëíye«öìô� æþ¤öìæþ�þ–� þ›�þy!¢ëûyô� ~î‚�
ly¥zöì�þÆyöì�öìlîû� ö¤y¤Å� !¥öì¤öìî� îÄî¥*•þ� ¥ëûÐ� þ›kþ!•þ!�þ�
~†þ�%þ��!�þ¡�~î‚�îû¤yëû!l†þ=!¡�ö�yˆy’þü�†þîûy�xyöìîûy�
öî!¢��!�þ¡Ð�îûy¤yëû!l†þ�ö†þlyîû�!†þS%é�xy¥z!l��!�þ¡•þyG�
xyöìSéÐ�•þöìî�îû¤yëûl�~î‚�̂ !”öì•þîû�lÄ)l•þô�Kþyl�íy†þöì¡�
~î‚� x!•þ� xî¢Ä¥z� ˆySéöì†þ� þ›ëÅöìîÇþ”� †þöìîû� •þyîû�
!l’þz!�þÆöìëûöìr�þîû� ‹þy!¥˜y�î%Vþöì•þ� !¢‡öì¡�~¥z� þ›kþ!•þ�öî¢�
†þyëÅ†þîûÐ�¤y×ëû†þyîû#G�îöì�þÐ�Estimative Index�þ›Sé¨�
¥öì¡�~î‚�!löì�îû�æþy!�þÅ¡y¥z�yîû�!löì�¥z�îylyöì•þ�‹þy¥zöì¡�
öî¢� !†þS%é� Göìëûî¤y¥zöì�þîû� xl¡y¥zl� ¤y!èþÅ¤� xyöìSé�
xyþ›lyöì†þ� ¤y¥yëÄ� †þîûyîû� �lÄ–� =ˆ¡� †þöìîû� ö˜‡öì•þ�
þ›yöìîûlÐ
7Š�†þöìþ›ìÅyöìîû¢öìlîû��¡�ö˜öìîy�ly�xyuþyîû@ýÌy’þzöìuþîûÚ
xyôyöì˜îû�ö˜öì¢�²ÕÄyöìr�þ’þ��þÄyöìBþîû�~¥z� !˜†þ�þy�ôöìl�¥ëû�
¤îöì‹þöìëû�xîöì¥!¡•þÐ�xöìl†þ�~!ˆöìëû�íy†þy�¥!îÞ�þG�öë�
�¡�îÄî¥yîû�†þîûöìSél�ö¤¥z�¤Áºöì¦þ�xîˆ•þ�llÐ�îy!†þ�¤î�
!�!löì¤îû�ôöì•þy��¡G�!†þv�²ÕÄyöìr�þ’þ��þÄyöìBþîû�¤yæþöì¡Äîû�

~†þ!�þ� x!•þ� ²Ìöìëûy�l#ëû� ôyþ›†þy!‘þÐ� ²ÕÄyöìr�þ’þ� �þÄyöìBþ�
¤æþ¡�¥öì•þ�öˆöì¡�•þy¥z��öì¡îû�!†þS%é�þ›Äyîûy!ô�þyîû�¤Áºöì¦þ�
~†þ�%þ�ö�öìl�ölGëûy�²Ìöìëûy�lÐ�öëôl�éŸé��öì¡�oî#è)þ•þ�
¡î”–�öôï¡–�xyëûöìlîû�öôy�þ�þ›!îûôy”– Total Dissolved 

Solids (TDS)�~¥z�ôylöì†þ�!löì˜Å¢�†þöìîûÐ�~Séy’þüy�xyöìSé�
�öì¡îû� ö�lyöìîû¡�¥y’þÅöìl¤�ŒGHŠ–�†þyîÅöìl�þ�¥y’þÅöìl¤�
ŒKHŠ�~î‚�xÁÔc�G�Çþyîûöìcîû�¤)‹þ†þ�PHÐ�
!†þv�~†þ˜ô�öˆy’þüyîû�¥!îÞ�þîûy�ëyîûy�¤öìî�²ÕÄyöìr�þ’þ��þÄyBþ�
Öîû&� †þöìîûöìSél�îy� †þîûöì•þ� ‹þy¥zöìSél�•þyîûy� !†þ� †þîûöìîlÚ�
•þyîûy�†þöìëû†þ!�þ�!î£ìëû�ôyíyëû�îûy‡%l–�̂ ySé�¥y’þÅ�Gëûy�þyöìîûîû�
Œ‡îû�¡Š�öíöì†þ�¤æþ�þ�Gëûy�þyîû�Œô,˜%�¡Š�öî!¢� þ›Sé¨�
†þöìîûÐ�xyþ›lyîû�~¡y†þyîû��¡�ë!˜�x!•þ!îû_«�¥y’þÅ�¥ëû�
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�¡� îÄî¥yîû� †þöìîûl� •þyîûy� �¡� öíöì†þ� ö†Ïþy!îûlù�
ö†ÏþyîûxÄy!ôl� !†þèþyöìî� •þy’þüyöìîl� ö¤¥z� !î£ìëû!�þ� ôyíyëû�
îûy‡%lÐ�xÄy!r�þ�ö†Ïþy!îûl�îÄî¥yîû�†þîûöì•þ�þ›yöìîûlÐ�xyöìˆîû�
îûyöì•þ� ™öìîû� îûy‡y� �öì¡� ¤yîûyîûy•þ� ~ëûyîûöìÞ�þyl� ‹þy!¡öìëû�
îûy‡öì¡� ö†Ïþy!îûöìlîû� ¤ô¤Äy� xöìl†þ�þy¥z� öôöì�þ� ~î‚�
þ›öìîûîû!˜l�ö¤¥z��¡�!˜öìëû�Gëûy�þyîû�ö‹þO�†þîûöì•þ�þ›yöìîûlÐ
!†þv�þ›’þüyöì¢yly�~†þ�%þ�†þîûöì•þ¥z�¥öìî�ö¤¥z�îÄþ›yöìîû�¤öì¨¥�
öl¥zÐ�
•þy¥öì¡� ~¥z� öˆ¡� ²ÕÄyöìr�þ’þ� �þÄyöìBþîû� î%!lëûy!˜� ‹þy!¥˜y�
=öì¡yîû� þ›!îû‹þëûÐ�ë•þ˜)îû�¤½þî��!�þ¡•þy�~!’þüöìëû� !î£ìëû�
=öì¡y� xyöì¡y‹þlyîû� ö‹þÜTy� †þîû¡yô–� ëyîûy� ²Ìíôîyîû�
²ÕÄyöìr�þ’þ��þÄyBþ�†þîûöì•þ�‹þy¥zöìSél�Ö™%ôye�•þyöì˜îû��lÄÐ

xyöìîûy�!†þS%é�!î£ìëû�ö�öìl�îûy‡%lÐƒƒƒƒ
²ÕÄyöìr�þ’þ� �þÄyöìBþîû� !î£ìöìëû� �yly� ~‡yl� öíöì†þ� Öîû&Ð�
²ÕÄyöìr�þ’þ��þÄyöìBþ�¤æþ¡�¥öì•þ�öˆöì¡�²Ì!•þ!lëû•þ�!löì�öì†þ�
xyþ›öì@ýÌ’þ�†þîûöì•þ�¥öìî�~î‚�ö¤¥z�lÄ� þ›’þüyöì¢yly�~î‚�
�ylyîû�ö‹þÜTy�‹þy!¡öìëû�öëöì•þ�¥öìîÐ�
è%þ¡�†þîûöì•þ�öôy�þyG�èþëû�þ›yöìîlly–�!†þv�ö†þl�¥¡�ö¤�þy�
�ylyîû�ö‹þÜTy�†þîû&lÐ
²ÕÄyöìr�þ’þ� �þÄyöìBþ� îûy•þyîûy!•þ� ¤æþ¡�¥Gëûy�þy� ‡%î� †þ!‘þlÐ�
x!èþKþ•þy�x�Ål�†þîûyîû�ö‹þÜTy�†þîû&lÐ�Öîû&öì•þ¥z�ößñöìþ›îû�
!þ›Séöìl� ly� ö˜ïöì’þü� ˆyöìSéîû� ö@ýÌyíöì†þ� ™öìîû� îûy‡öì•þ�~î‚�
ˆySéöì†þ� î%Vþöì•þ� ö‹þÜTy� †þîû&lÐ� ¤!‹þöìlîû� îÄyöì�þ� !löìëû�
ö‡¡öì•þ� lyôöì¡¥z� ö¤Mé%éþ!îû� †þîûy� ëyëû� ly–� ö¤¥z�lÄ�
ö‡¡öì•þ��ylöì•þ�¥ëûÐ�Öîû&öì•þ¥z�îÊÄyuþ�îÊÄyuþ�†þöìîû�ôyíy�ly�
‰y!ôöìëû�†þyëÅ²Ì”y¡#�!löìëû�èþyîy�þy�öî!¢�̃ îû†þy!îûÐ�

öôöìSéyî¥zöìëûîû� ²Ìíô� þ›öìîÅ� ~•þ�þy¥z� ly¥ëû� íy†þÐ� ö˜¢#�
!îöì˜!¢�ôyöìSéîû�xyîû�•þyöì˜îû�xyîy¤è)þ!ôîû�¥y¡¥!†þ†þ•þ�
¤Áºöì¦þ�xyöìîûy�ö¡‡y!¡!‡�þ›’þüyîû��lÄ�~î‚�xyþ›lyöì˜îû�
x!èþKþ•þy� ¤îyîû� ¤yöìí� èþyˆ� †þöìîû� ölGëûyîû� �lÄ�
þ›y¥zöìîû�þ¤ó�ö’þl�öæþ¤î%†þ�@ýÌ&öìþ›îû�¤˜¤Ä�¥öì•þ�xyôsf”�
�yly¥zÐ�

ö¤ïôÄ�¤îû†þyîû

öôöìSéyî¥z��öôöìSéyî¥z��öôöìSéyî¥z��öôöìSéyî¥z��öôöìSéyî¥z��öôöìSéyî¥z��öôöìSéyî¥z

ö²Ì¢yîûy¥z�’þ�†þyîÅl�’þy¥z�x:y¥z’þ�!¤öìÞ�þöìôîû�
xyl%¤y!D†þ�¤îûOyô�Œ!‹þe�ö¤ï�lÄ�/�˜#þ›�¤y’þzŠ



¤y¥zöì†þ¡  îy¥z lëû– ly¥zöì�þÆyöì�lœ­
ö¡‡yîû�Öîû&öì•þ¥z�îöì¡�îûy!‡–�•þíy†þ!í•þ�ö²Ìy�¥!îöìÞ�þîû�
öíöì†þG� ~¥z� ö¡‡y�þy� ²Ì™yl•þ� •þyöì˜îû� �lÄ� ëyîûy� ~¥z�
ôySéöìþ›y£ìyîû� �ˆöì•þ� ¤˜Ä� xyˆ•þÐ� ëyöì˜îû� ¥zöìFSé� lyly�
îûöì.îû�ôySé�îûy‡yîû–�xyîû�ö¤¥z�¥zöìFSé�þ›)îû”�~îû��lÄ¥z�ëyîûy�
l#¡�¡y¡�ôyöìSéîû�ö˜y†þyöìl�!ˆöìëû�!èþ’þü��ôylÐ
ö¡‡y�!¡!‡îû�xöìèþÄ¤�ö†þyöìly�†þyöì¡¥z�ö•þôl�öl¥z–�•þy¥z�
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!¤kþyhsý�!l¡yôÐ�~¥z�²Ì¤öìD�~†þ�þy�‰�þlyîû�†þíy�’þzöìÍÔ‡�
†þîûöì¡�ô¨�¥ëû�lyÐ
‰�þly�þy� ‰öì�þ!Sé¡� xyôyîû� îy!’þüîû� †þySéy†þy!Sé� ~†þ�þy�
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For Creation and Maintenance of Natural Pond, Artificial Pond, 
Lily Pool, Koi Pond and other Aquascapping, Landscaping,
creation of Urban Forest, Orchard, Kitchen Garden, Roof Garden

Contact

BioMates
6/7 Bijoygarh, Kolkata 700032. Dial: 9874357414/9477275731
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÷ôly†þ�ö˜

“If there is magic on this planet, it’s contained in water.” 
― Lorene Eisley
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î•þÅôyl�!˜öìl�~ôl�ôê¤öì²Ìô#�¤‚‡Äyëû�!îîû¡Ð�†þyîû”�~¥z�
¥Éöì˜îû� îy!¤¨y� ~öìuþ!ô†þ� !¤†þ!¡’þ–� ëy� þ›,!íî#îû� xyîû�

!èþöìQy!îûëûy èþyöì¡y öl¥z

!îû‹þy’þÅ�æÊþy!ª¤�îy�þÅl

�l�¥Äy!l‚¤�öß›†þ

ôyl!‹þöìe�ö¡†þ�!èþöìQy!îûëûy�

�

þ›y!‡îû�ö‹þyöì‡�!èþöìQy!îûëûy�ö¡†þ ö¡öì†þîû�²Ìy†,þ!•þ†þ�þ›yí%öìîû�ˆ‘þl



ö†þyíyG� þ›yGëûy� ëyëû� lyÐ� ¥y�yîû� ¥y�yîû� îSéöìîûîû�
!îî•þÅöìlîû�æþöì¡�~‡yl†þyîû� î•þÅôyl�îy!¤¨y� þ›„y‹þöì¢yîû�
öî!¢�²Ì�y!•þîû� îû‚éŸéöîîû‚öìëûîû� öl!�þèþ� !¤†þ!¡’þÐ� !†þv�
!îˆ•þ� ¤_îû� îSéö ìî ûî û� ôyl%ö ì£ ìî û� xþ›!îûlyô˜¢Å#�
!e«ëûy†þ¡yöìþ›�ö¤¥z�ö¤ï¨ëÅ�xy��x•þ#•þÐ�¥y!îûöìëû�öˆöìSé�
200éŸé~îû� öî!¢� ²Ì�y!•þ� Œöî¤îû†þy!îû� ôöì•þ� ¤‚‡Äy�þy�
xyöìîûy�xöìl†þ�xöìl†þ�öî!¢–�80éŸé90%Š�!�þô!�þô�†þöìîû�
ö†þylôöì•þ�!�þöì†þ�xyöìSé�¥yöì•þ�öˆyly�†þöìëû†þ!�þ�²Ì�y!•þÐ�
!îÖkþ•þy� ¥y!îûöìëûöìSé� îàÐ� ‡y˜ÄyèþÄy¤–� îy¤ßiyl� î˜öì¡�
•þyîûy�¥y!îûöìëûöìSé� !l�ßº�÷î!¢ÜTÄÐ�öèþöìD� þ›öì’þüöìSé�¤ô@ýÌ�
¥Éöì˜îû� îyÝ•þsfÐ� ~ôl� îà� !èþöìQy!îûëûyl� !¤‹þ!¡’þ� ëy�
xy�G�xÄyöì†þyëûy!îûëûyöìô�öþ›y£ìy�¥ëû�•þyöì˜îû�xyîû�ö†þyl�
x!hßìc¥z� öl¥z�•þyöì˜îû�xy!˜�îy¤ßiyöìlÐ� !†þv�ö†þl�~¥z�
™ç‚öì¤îû��ëûˆylÚ�ö¤�¥z!•þ¥y¤��ylöì•þ�¥öì¡�xyôyöì˜îû�
!þ›!Séöìëû� öëöì•þ� ¥öìî� !‘þ†þ� ~†þöì¢y� îSéîû� xyöìˆÐ� ˆ•þ�
¢•þy·#îû�²Ìíôyöì™ÅÐ
¥É˜�xy!îÜñyöìîûîû� þ›öìîû�ö†þöì�þ�öˆöìSé�¤y•þéŸé¤y•þ�þy�˜¢†þ–�
¤y¡�þy� 1920–� xy!æÊþ†þyîû� ú� xMéþ¡� •þ‡l� ’þzˆyuþyÐ�
’þzˆyuþy�•þ‡l�!îÊ!�þ¢�¤yÁËyöì�Äîû� �˜‡öì¡Ð�†þöì¡y!lëûy¡�
²Ìè%þîûy�èþyîöì¡l�~öì•þy�î’þü�ôyöìþ›îû�¥É˜�þ›öì’þü�xyöìSé�ôySé�
‹þy£ì�†þîûöì¡�ö†þôl�¥ëûÚ�~öì•þy� !î¢y¡�¥Éöì˜�íyöì†þ�ö•þy�
!†þS%é�öSéy�þ‡yöì�þy� !¤‹þ!¡’þ�ëyöì˜îû�ly�xyöìSé�‡y˜Ä=l�ly�
xyöìSé�ô%lyæþy—�~öì†þîyöìîû�öî†þyîû�ôySé�îy Trash fish�
•þy¥z� ö¤¥ Trash fish ö˜îû� î’þü� ôyöìSéîû�‡y˜Ä�îy!löìëû�
ö˜Gëûy� ö¥y†þ� xyîû� Séy’þüy� ö¥y†þ� !†þS%é� î’þü� ôySé� ëyöì˜îû�
xíÅ÷ìl!•þ†þ�ô)öì¡Ä�²Ì‹%þîûÐ�!†þv�!†þ�ôySé�Séy’þüy�ëyëûÚ�²Ìhßìyî�
~öì¡y�!•þ¡y!þ›ëûy�~î‚�ly¥z¡�þ›y‹þÅ�ŒLates niloticusŠ�
Séy’þüyîûÐ�
!†þv� •þ‡l†þyîû� ÷îKþy!l†þéŸéxy!™†þy!îû†þöì˜îû� ~†þy‚öì¢îû�
!îöìîûy!™•þyîû�†þyîûöì”�ö¤�ëyeyëû�ly¥z¡�þ›y‹þÅ�Séy’þüy�¥öì¡y�
lyÐ�Séy’þüy�¥öì¡y�!•þl�™îûöìlîû�!•þ¡y!þ›ëûy�ôySéÐ�ëíye«öìô�
Red breasted tilapia ŒCoptodon rendalliŠ–�Red 

belly tilapiaŒC.zillliŠ� G� ly¥z¡� !•þ¡y!þ›ëûy�
ŒOrechoromis niloticusŠÐ�Séy’þüy�öþ›öìëû¥z�~¥z�!•þl!�þ�
²Ì�y!•þîû�ôySé�¥yô¡y�Öîû&�†þîûöì¡y�öl!�þèþ�!¤‹þ!¡’þöì˜îû�
’þzþ›îûÐ� èþyˆ� î¤yöì¡y� ‡yîyîû�G�îy¤ßiyöìlÐ�Öîû&� ¥öì¡y�
öl!�þèþ�ôyöìSéîû�îyF‹þy�™öìîû�‡yGëûy�~î‚�!löì�öì˜îû�o&•þ�
î‚¢î,!kþÐ�

ô%lyæþyîû� ßºy˜� þ›yGëûy� ôyl%£ì� � ~¥z� ™ç‚¤¡#¡y� ö‹þyöì‡îû�
¤yôöìl�ö˜öì‡G�öël�ö˜‡öì¡y�ly�îîû‚�Öîû&�¥öì¡y�xyöìîûy�
ôyîûyd†þ�~†þ�þ›!îû†þÒlyÐ�¤y¡�þy�1954éŸé55–�Uganda 

Game Fisheries Department � ŒUGFDŠ�
!èþöìQy!îûëûyîû� ¤‚¡@À� Kyoga ¥Éöì˜� öSéöì’þü� !˜¡� èþëûBþîû�
îûyÇ%þöì¤�ôySé�ly¥z¡�þ›y‹þÅ�Œëyöì˜îû�÷˜‰ÅÄ�Séëû�æ%þ�þ�G�G�l�
200�ö†þ!��þ›ëÅhsý�¥öì•þ�þ›yöìîûŠÐ
²Ìíô�!˜öì†þ�~îû�²Ìèþyî�ö¤èþyöìî�ö‹þyöì‡�ly�þ›’þüöì¡G�™#öìîû�
™#öìîû� ~îû� ²Ìèþyî� Öîû&� ¥öì¡yÐ� ²Ìíô� þ›)”Åîëûßñ� ly¥z¡�
þ›yöì‹þÅîû� ö˜‡y� þ›yGëûy� öˆ¡� 1979� ¤yöì¡–� ö†þ!lëûyîû 
Nyanza� ’þzþ›¤yˆîû#ëû� xMéþöì¡Ð� 2éŸé3� îSéöìîûîû� ôöì™Ä�
’þ zˆyuþyîû� �¡èþyö ìˆ� ~î‚� 4éŸ é5� îSéö ìî ûî û� ôöì™Ä�
•þyl�y!lëûyîû�Mwanza�’þzþ›¤yˆîû#ëû�xMéþöì¡�þ›)”Å�îëûßñ�
ly¥z¡� þ›yöì‹þÅîû� x!hßìc� ²Ìôy!”•þ� ¥öì¡y–� ¤y¡�þy� •þ‡l�
1984éŸé85Ð� þ›öìîûîû� îSéîû¥z� xíÅyêþ1985éŸé86� lyˆy˜�
!èþöìQy!îûëûy�¥Éöì˜�²Ìíô�îyîû�ly¥z¡�þ›yöì‹þÅîû�îyF‹þy�þ›yGëûy�
öˆ¡Ð�ö¤�þy¥z�¥öì¡y�ßiyl#ëû��#îl�÷î!‹þe�™ç‚öì¤îû�‹þîûô�

¤ôëûÐ� þ›îûî•þÅ#� ˜¢�îSéöìîû�~†þ!�þ� ²Ì�y!•þîû� ôySé� þ›%öìîûy�
¥Éöì˜îû��#î�÷î!‹þeÄ�40% !î¡%®�†þöìîû�!˜¡Ð�ly¥z¡�þ›y‹þÅ�
Séy’þüyîû� xyöìˆ� !èþöìQy!îûëûy� ¥Éöì˜� öôy�þyô%!�þ� èþyöìî� ¤y•þ�
™îûö ìlîû� !¤†þ!¡’þ� î¤îy¤� †þîûö ì•þyÐ� ëíye«öìô–�
Herbivore Œ¢y†þy¥y!îû–� ô%¡•þ/� �¡�� ¢ÄyG¡y�
öèþy�#Š–�Detrivore�Œôëû¡y�‡y˜†þŠ–�Zooplankton-

vore� Œ²Ìy”#†þ”y� ‡y˜†þŠ–� InsectivoreŒþ›•þDè)þ†þŠ–�
Molluscivores� Œ¢yô%†þéŸé!Vþl%†þ� ‡y˜†þŠ–� Picivore�
ŒôySéöì‡yîûŠ–�~î‚� �Pawn eaters�Œ!‹þ‚!’þüöì‡yîûŠÐ�!†þv�
ly¥z¡� þ›yöì‹þÅîû� xyˆôöìl� Picivore– Pawn eaters– 
Detrivore ~î‚�Molluscivores îûy�¤îöì‹þöìëû� öî!¢�
Çþ!•þ@ýÌhßì� ¥öì¡yÐ� �~†þ!˜öì†þ�ly¥z¡� þ›y‹þÅ� öëôl�•þyöì˜îû�
‡y˜Ä�èþyˆ�î¤yöì¡y��ö•þô!l�•þyöì˜îûöì†þG�™öìîû�™öìîû�ö‡öì•þ�
¡yˆöì¡yÐ� ~¥z� ‹þyîû� ™îûöìlîû� ôySé� ‡y˜Ä� ¤‚@ýÌöì¥îû� �lÄ�
þ›yí%öìîû�~¡y†þyëû�ly�öíöì†þ�ö‡y¡y��öì¡�íy†þöì•þy�æþöì¡�
~öì˜îû� ™öìîû� ‡yGëûy� ly¥z¡� þ›yöì‹þÅîû� þ›öìÇþ�xöìl†þ� öî!¢�
¤¥�� ¥öì¡yÐ� •%þ¡lyô)¡†þ� èþyöìî� Insectivore–�
Herbivore– Zooplanktonvore îûy� þ›yíöìîûîû�‡„yöì��
¡%!†þöìëû�öíöì†þ� !†þS%é�þy�¥öì¡G�îûÇþy�öþ›¡Ð� �!†þv�~öì•þ�
ö¢£ì�îûÇþy�¥öì¡y�lyÐ�~¥z�ôySé=!¡�~öì†þ�xþ›öìîûîû�’þzþ›îû�
!lèþÅîû¢#¡�¥öìëû�öë�îyÝ•þsf�îû‹þly�†þöìîû!Sé¡�•þy�¤Á›)”Å�
lÜT�¥öìëû�öˆ¡Ð��’þz˜y¥îû”�!¥öì¤öìî�î¡y�ëyëû�Detrivore�
îûy�¤‚‡Äyëû�x•þÄhsý�†þöìô�ëyGëûyîû�÷�î�þ›‹þl¢#¡��þ›˜yíÅ�
¥Éöì˜îû��öì¡îû� l#öì‹þ¥z� þ›‹þöì•þ�íy†þöì¡y� ëy��¡öì†þ�o&•þ�
˜%!£ì•þ�†þöìîû�•%þ¡öì¡y�~î‚�~îû�æþöì¡G�îà�ôySé�ôîûöì•þ�
¡yˆöì¡yÐ�~èþyöìî�~†þ�þy�™ç‚öì¤îû�chain effect ÷•þ!îû�
¥öì¡yÐ
ëy¥zöì¥y†þ–�ly¥z¡�þ›yöì‹þÅîû�xyˆôöìl�ôyl%öì£ìîû�~†þ�þy�¤%!î™y�
¥öì¡y–� ly¥z¡� þ›yöì‹þÅîû� xíÅ÷ìl!•þ†þ� ô)¡Ä� ²Ì‹%þîûÐ� •þy¥z�

xy!æÊþ†þyîû�ôöì•þy�ˆîû#î�ô¥yöì˜öì¢îû�ßiyl#ëû�îy�yöìîû�ö¤¥z�
ô¥y‰Å� ö¤¥z� ôySé� !îöì†þyöì¡y�lyÐ� � !îöì†þyöì¡y� ¥z’þzöìîûyþ›éŸ�
éxyöìô!îû†þyîû�îy�yöìîû—�’þzF‹þô)öì¡ÄÐ�æþöì¡�‹þ�þ�¡!˜�¥y¡�
!æþîûöì•þ� ¡yˆ¡� !èþöìQy!îûëûyîû� ö�öì¡öì˜îûÐ� •þy¥z� ö˜öì‡�
ôyl%£ì� o&•þ� èþ#’þü� †þîûöì•þ� ¡yˆöì¡y� !èþöìQy!îûëûy� ¥Éöì˜îû�
‹þy!îûþ›yöì¢Ð�¥Éöì˜îû�‹þyîûþ›yöì¢�ˆöì’þü�’þz‘þöì•þ�¡yˆ¡�~öì†þîû�
þ›îû�~†þ�ôê¤�î¨îû–��öìô�’þz‘þ¡�ôê¤�²Ì!e«ëûy†þîû”�!¢Ò�
G�!îöì˜öì¢�‹þy¡yöìlîû�îÄî¤yÐ�†þy�þy�¥öì•þ�¡yˆöì¡y��D¡�
ˆöì’þü�’þz‘þöì•þ�¡yˆ¡��lî¤!•þ�G�‡yôyîûÐ�ö˜‡öì•þ�ö˜‡öì•þ�
†þöìëû†þ� îSéöìîûîû� ôöì™Ä¥z� �l¤‚‡Äy� öþ›ï„öìSé� öˆ¡� 30�
!ô!¡ëûöìlîû�†þySéy†þy!SéÐ�~î‚�•þy�²Ì!•þ�îSéîû�ˆöì’þü�3% 
¥yöìîû� îy’þ üö ì•þ� íy†þöì¡yÐ� ~îû� æþöì¡� Öîû&� ¥öì¡y�
overfishing æþöì¡� †þôöì•þ� íy†þöì¡y� ly¥z¡� þ›yöì‹þÅîû�
¤‚‡ÄyÐ� lîç¥z� ~îû� ˜¢öì†þîû� ö¢£ì� !˜öì†þ� ~öì†þ� î’þü�
xy†þyöìîûîû�ly¥z¡� þ›y‹þÅ� !îîû¡�¥öìëû� þ›’þüöì¡yÐ�ö�öì¡öì˜îû�
�yöì¡�þ›’þüöì•þ�¡yˆöì¡y�ôyVþy!îû��G�öSéy�þ�xy†þyöìîûîû�ly¥z¡�
þ›y‹þÅÐ� xy!íÅ†þ� •þy’þülyëû� •þyöì˜îûöì†þ¥z� ™îûy� ‹þ¡öì¡y�
þ›%öìîûy˜öìôÐ� æþöì¡� ~†þ�þy� ¤%!î™y� ¥öì¡y� ly¥z¡� þ›yöì‹þÅîû�
þ›þ›%öì¡¢l�o&•þ�†þôöì•þ�¥öì•þ�¡yˆöì¡yÐ
~!˜öì†þ�•þ•þ!˜öìl–�lˆîûyëûöìlîû� ‹þyöìþ›� !þ›öì£ì�öëöì•þ�Öîû&�
†þöìîûöìSé� � ¥Éöì˜îû� ‹þy!îûþ›yöì¢îû� ßºyèþy!î†þ� îyÝ•þsfÐ�
ˆySéþ›y¡y� ö†þöì�þ� ÷•þ!îû� ¥öìëûöìSé� !î¢y¡� !î¢y¡�‡yôyîûÐ�
æþöì¡�¡y!æþöìëû�¡y!æþöìëû�öîöì’þüöìSé�è)þ!ôÇþëûÐ�‹þyöì£ìîû�†þyöì��
îÄî¥*•þ�¤yîûéŸé!î£ì�î,!ÜTîû��öì¡îû�¤yöìí�!ôöì¢�™%öìëû�þ›’þüöì•þ�
¡yˆöì¡y� ¥Éöì˜îû� �öì¡Ð� ¤yöìí� öëyˆ� ¥öì¡y� lˆîûyëûöìlîû�
†%þæþ¡�ôyl%öì£ìîû�÷•þ!îû�î�ÅÄ–�²Õy!Þ�þ†þ–�íyôöìÅy†þ¡�¥z•þÄy!˜Ð�

¤öìî�!ôöì¡�öë�¤ô¤Äy�=öì¡y�ö˜‡y�!˜¡�éŸé�
1� ¥Éöì˜îû� �¡� ö‰y¡y� ¥öìëû� ¤)öìëÅîû� xyöì¡y� ²Ìöìî¢� îû&kþ�
†þîûöì¡y�–�æþöì¡�öl!�þèþ�̂ ySéþ›y¡y�ôöìîû�öëöì•þ�¡yˆöì¡yÐ�
2�!¤†þ!¡’þöì˜îû�!îÊ!’þ‚�@ýÌy’þzuþ�Çþ!•þ@ýÌßi�¥öì•þ�¡yˆöì¡y�–�
æþöì¡�•þyöì˜îû�¤‚‡Äy�xyöìîûy�†þöìô�öëöì•þ�íy†þöì¡yÐ�
3��æþ¤öìæþ�þ��y•þ#ëû�î�ÅÄ�Algae bloom †þöìîû�!˜¡Ð�ë„yîû�
¤!Á¿!¡•þ� ¤%öìëyˆ� !l¡� xyöìîûy� ~†þ!�þ invasive 

introduced weed–� †þ‹%þ!îûþ›ylyÐ� o&•þ� èþöìîû� öëöì•þ�
íy†þöì¡y�!èþöìQy!îûëûy�¥Éöì˜îû�‹þy!îûþ›y¢Ð�2001�~�öþ›ï„öìSé�
~ôl�~†þ�þy�xîßiyîû� ¤,!ÜT� ¥öì¡y� ë‡l� !èþöìQy!îûëûy� ¥É˜�
ë•þ˜)îû� ö‹þy‡�ëyëû�ë•þ˜)îû�Ö™%¥z�†þ‹%þ!îûþ›ylyÐ��¡�ö˜‡y�
ëyëû�lyÐ�~îû�!†þS%é�¤%æþ¡�G�†%þæþ¡�̃ %¥z�¥öì¡y�éŸé
²Ìíô•þ/�†þ‹%þ!îûþ›ylyîû�ö¤ï�öìlÄ�overfishing ~�èþ„y�þy�
þ›’þüöì¡yÐ� æþöì¡� !†þS%é� !†þS%é� ²Ì�y!•þ� ë„yîûy� ~öì†þîyöìîû�
!î¡%!®îû�ô%öì‡�˜„y!’þüöìëû�!Sé¡�•þ„yîûy�†þ‹%þ!îûþ›ylyöì†þ�xy×ëû�
†þöìîû�ôyl%£ì�G�ly¥z¡�þ›yöì‹þÅîû�xye«ô”�˜%öì�þy¥z�²Ì!•þöìîûy™�
†þöìîû�!�þöì†þ�íy†þöì¡yÐ�
!m•þ#ëû•þ/�†þ‹%þ!îûþ›yly�îÄî¥yîû�†þöìîû�¥hßì!¢Ò�Öîû&�¥öì¡yÐ�
æþöì¡�ú�xMéþöì¡�!î†þÒ�†þôÅ¤‚ßiyl�÷•þ!îû�¥öì¡yÐ
•,þ•þ#ëû•þ–� ¥Éöì˜îû� ‹þy!îûþ›yöì¢îû� ö˜¢=öì¡y�~öì•þy!˜l� þ›îû�
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