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1. INTRODUCTION

,W� LV� DQ�XQHTXLYRFDO� IDFW� WKDW�$PD]RQLDQ� WURSLFDO�

IRUHVW� LV� WKH� ODUJHVW� UHPDLQLQJ�SULPDU\� IRUHVW� LQ� WKH�

ZRUOG��7KH� HFRV\VWHP� LQ� WKH� UHJLRQ� LV� H[WUHPHO\�

FRPSOH[�ZLWK�KLJK�ELRGLYHUVLW\� �3HUHV� HW� DO�� �������

Conservation and protection of the dynamic forest 

DQG�ULYHU� UHJLRQV� LV�H[WUHPHO\� LPSRUWDQW�QRW�RQO\� IRU�

WKH�QDWXUDO� HQYLURQPHQWV�� EXW� DOVR� IRU� WKH� HFRQRP\�

DQG�VRFLDO�GHSHQGHQFH�RI�EHQHILWV�IURP�VXFK�DEXQGDQW�

QDWXUDO�HQYLURQPHQWV�

,PSRUWDQW�QDWXUDO�SDUDPHWHUV�WKDW�DIIHFW�VWDWXV�RI�WKH�

QDWXUDO�HQYLURQPHQWV� LQFOXGH� OLJKW� �QDWXUDO� VXQOLJKW���

VRLO��DQG�ZDWHU��ZKLFK�DEXQGDQWO\�H[LVW� LQ�WKH�$PD]RQ�

UHJLRQ��6RODU�HQHUJ\� LV� WKH�SULPDU\�HQHUJ\�VRXUFH�IRU�

WKH�PDMRULW\�RI� OLYLQJ�RUJDQLVPV�LQ�ERWK�WHUUHVWULDO�DQG�

DTXDWLF�HFRV\VWHPV��DQG�GULYHV�WKH�GLXUQDO�DQG�VHDVRQDO�

F\FOHV� RI� ELRJHRFKHPLFDO� SURFHVVHV� �0RQWHLWK�	�

8QVZRUWK��������,Q�SDUWLFXODU��LQ�VLWX�OLJKW�GDWD�UHPDLQV�

one of the most underappreciated data measurements 

DOWKRXJK�KDYLQJ�D�VLJQLILFDQW� LPSDFW�RQ� WKH�SK\VLFDO��

FKHPLFDO� DQG�ELRORJLFDO�SURFHVVHV� LQ� WKH�HFRV\VWHP�

�-RKQVHQ��������6RLO�SURYLGHV�WKH�IXQGDPHQWDO�EDVLV�IRU�

DOO�WHUUHVWULDO�OLYLQJ�RUJDQLVPV�LQFOXGLQJ�WKH�$PD]RQLDQ�

IRUHVWV� DV�ZHOO� DV� OLIH�VXVWDLQLQJ� LQIUDVWUXFWXUH� IRU�

KXPDQ�VRFLHW\��:DWHU�LV�WKH�PRVW�HVVHQWLDO�VLQJOH�HQWLW\�

WR�FRQVWLWXWH�DOO�RUJDQLVPV�IURP�D�VLQJOH�FHOO�WR�WKH�HDUWK��

8QGHUVWDQGLQJ�RI� LPSRUWDQFH�DQG�UROHV�RI�HDFK�IDFWRU�

DQG�LQWHUDFWLRQ�RI�VXFK�FRPSOH[�G\QDPLFV�LQ�WKH�QDWXUDO�

environments can serve as fundamental platform for 

QDWXUDO�VFLHQWLVWV��SDUWLFXODUO\�IRU�\RXQJ�VFLHQWLVWV�VXFK�

DV�XQLYHUVLW\�VWXGHQWV�

7KH�REMHFWLYH�RI�WKLV�ZRUNVKRS�ZDV�WR�SURYLGH�KDQG�

RQ�VFLHQWLÀF�DQG�HQYLURQPHQWDO�HGXFDWLRQ�IRU�XQLYHUVLW\�

VWXGHQWV�LQ�0DQDXV��$PD]RQDV��%UD]LO�WKURXJK�SUDFWLFDO�

ILHOG�PHDVXUHPHQWV�XVLQJ� WKH� WKUHH�PRVW� LPSRUWDQW�

parameters in the natural ecosystem composed of 

QDWXUDO� VXQOLJKW�� VRLO�� DQG�ZDWHU��7KH�ZRUNVKRS�ZDV�

GLYLGHG�LQWR�D�VHULHV�RI� OHFWXUHV�� LQ�VLWX�ÀHOG�VDPSOLQJ��

DQG�GDWD�SURFHVVLQJ��DQDO\VLV�DQG�LQWHUSUHWDWLRQ�ZLWK�WKH�

Report
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XOWLPDWH�JRDO�RI�HPSRZHULQJ�WKH�XQGHUJUDGXDWH�VWXGHQWV�

ZLWK� UHVHDUFK�FHQWHUHG�HQYLURQPHQWDO� HGXFDWLRQ�DQG�

H[SHULHQFH�RI�GHYHORSLQJ�LQWHUQDWLRQDO�FROODERUDWLRQ�

1.1. Practical Science and Environmental 
Education Workshop

7KH�ZRUNVKRS�ZDV� FRQGXFWHG� DW� WKH� ,QVWLWXWR�

6RND�$PD]{QLD� �,6$�� DQG� ODERUDWRULHV� RI� ,QVWLWXWR�

)HGHUDO� GH� (GXFDomR�� &LrQFLD� H�7HFKQRORJLD� GR�

$PD]RQDV��,)$0���0DQDXV��$PD]RQDV��%UD]LO�IURP�

0DUFK� �� WKURXJK�0DUFK� ���� ������7KH�ZRUNVKRS�

VFKHGXOH�LV�VXPPDUL]HG�LQ�7DEOH���

Table 1. Workshop schedule
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2. MATERIALS & METHODS

2.1. Light Measurements
1DWXUDO� VXQOLJKW�ZDV�PHDVXUHG�XVLQJ� DQ�$SRJHH�

,QVWUXPHQWV� KDQGKHOG� TXDQWXP�PHWHU� �0;����;��

I L W W HG � WR � D � ��� � FP� ZDWHU � VXEPHUV LE OH � VHQVRU�

ZDQG� �$0������� DQG� DOO� UDGLDQFH�PHDVXUHPHQWV�

FRQGXFWHG�LQ�VSRW�PRGH��7KH�VHQVRU�FROOHFWV�FRVLQH�

FRUUHFWHG� TXDQWD� ��PRO� P -2 s -1�� ZLWK� D� VSHFWUDO�

UHVSRQVH�RI� �����²�����QP�� IRU� SKRWRV\QWKHWLFDOO\�

DF W LYH � U DG LD W LRQ � �3$5� � LQ � WKH � D L U � DQG � ZD WH U��

0HDVXUHPHQWV�ZHUH� FRQGXFWHG� DW� IRXU� VDPSOLQJ�

VWDWLRQV� LQ� WKH� IRUHVW� �GHVFULEHG� EHORZ��� DQG� DW�

IRXU� VDPSOLQJ� VWDWLRQV� LQ� WKH� ULYHU� �VHH� )LJ�� �E���

'DWD� FROOHFWHG� LQ� WKH� ULYHU�ZHUH� FRUUHFWHG� XVLQJ�

WKH� VXJJHVWHG� LPPHUVLRQ� IDFWRU � FRUUHFW LRQ� E\�

PXOWLSO\LQJ� YDOXHV� E\� ������ 4XDQWXP� GDWD�ZHUH�

measured in triplicate at each location in addition 

WR�ZHDWKHU�FRQGLWLRQV��*36�ORFDWLRQ�DQG� ORFDO� WLPH�

�$07��
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&ROOHFWHG� GDWD�ZDV� ODWHU� SURFHVVHG� WR� FDOFXODWH�

GLXUQDO� YDULDELOLW\� >E�t�@�� GDLO\� LQVRODWLRQ� >Q s@��

H[WLQFWLRQ� FRHIILFLHQW� >Kd@� DQG�RU� HXSKRWLF� GHSWK�

[Zeu@�DV�IROORZV��.LUN�������

E(t) = Enoonsin(πt/N) （(T���）

ZKHUH�E� t�� LV� 3$5� TXDQWD� ��PRO� P -2)  at  t ime t 

�KRXUV���Enoon�LV�3$5�TXDQWD�DW�QRRQ��W�LV�KRXUV�DIWHU�

VXQULVH��KRXUV��DQG�1�LV�GD\�OHQJWK�IURP�VXQULVH�WR�

VXQVHW��KRXUV��

Qs=∫　E(t)dt N
0

（(T���）

ZKHUH�Q s� LV� WKH� GDLO\� 3$5� LQVRODWLRQ� ��PRO�P -2 

GD\���1�LV�GD\�OHQJWK�IURP�VXQULVH�WR�VXQVHW��KRXUV��

and E�t��LV�3$5�TXDQWD���PRO�P-2��DW�WLPH�W�KRXUV��

Ez = E₀e-kz （(T���）

ZKHUH�E]� LV� 3$5� TXDQWD� ��PRO�P -2�� DW� GHSWK� �]��

LQ� FHQWLPHWHUV� �FP���(�� LV� 3$5�TXDQWD� ��PRO�P-2) 

MXVW� EHORZ�ZDWHU� VXUIDFH� DQG� N� LV� WKH� DWWHQXDWLRQ�

FRHIILFLHQW��FP-1���

Zeu = 4.6/k （(T���）

ZKHUH�Zeu� LV� WKH� HXSKRWLF� GHSWK�� RU� WKH� GHSWK� OD\HU�

ZKLFK�(���3$5��IDOOV�WR����RI�WKH�VXUIDFH�YDOXH�DQG�

N�LV�WKH�DWWHQXDWLRQ�FRHIILFLHQW��P-1��

2.2. Soil Samples
6RLO� VDPSOHV�ZHUH� FROOHFWHG� IURP� IRXU� GLIIHUHQW�

ORFDWLRQV�ZLWKLQ� ,6$�FDPSXV�����GHQVH�XSODQG� IRUHVW�

ZLWK� DEXQGDQW�RUJDQLF�PDWWHU� �PDWD�GHQVD��� ��� WKLQ�

XSODQG�IRUHVW�ZLWK�LQVXIÀFLHQW�RUJDQLF�PDWWHU��FDSRHLUD���

���XSODQG�IRUHVW�ZLWK�SUHVHQFH�RI� ,QGLDQ�%ODFN�(DUWK�

�,%(��RU�ELRFKDU��Terra Preta de Índio���DQG����ORZODQG�

IRUHVW�ZLWK�VHDVRQDO�ÁRRGLQJ��EDL[LR���$W�HDFK�VDPSOLQJ�

ORFDWLRQ����VXE�VDPSOHV�ZHUH�FROOHFWHG�XVLQJ�D�VKRYHO�

IURP�WKH�WRS�������FP�GHSWK�DQG�FRPELQHG�LQ�D�EDJ�WR�

UHSUHVHQW�VRLO�VDPSOH�RI�WKH�ORFDWLRQ��7KH�FROOHFWHG�VRLO�

VDPSOHV�ZHUH�GULHG�LQ�DQ�RYHQ�DW��� °&�IRU�RYHUQLJKW��
DQG�VLHYHG�E\���PP�VLHYH� IRU� VRLO�S+�DQG�DYDLODEOH�

SKRVSKRUXV��3��DQDO\VHV�

2.2.1. Soil pH
)LIWHHQ�JUDPV�RI�GU\�VRLO�VDPSOH�ZHUH�ZHLJKWHG�XVLQJ�

DQ�HOHFWULF�EDODQFH�LQWR����P/�FHQWULIXJH�WXEH�DQG����P/�

RI�GLVWLOOHG�ZDWHU�ZDV�DGGHG�WR�WXEH�LQ�WULSOLFDWH��7XEHV�

ZHUH�VKDNHQ�YLJRURXVO\�IRU����PLQ�PDQXDOO\��7XEHV�ZHUH�

OHW�VLW�LQ�WXEH�UDFN�IRU����PLQ��DQG�VRLO�S+�ZDV�PHDVXUHG�

XVLQJ�D�S+�PHWHU�

2.2.2. Soil Available Phosphorus
6RLO� DYDLODEOH� 3� ZDV� H[WUDFWHG� XVLQJ�0HKOLFK�

��H[WUDFWLQJ�VROXWLRQ��ZKLFK�ZDV�SUHSDUHG�E\�VXOIXULF�

DFLG��+2624��DQG�K\GURFKORULF�DFLG��+&O�� WR�PDNH�WKH�

ÀQDO�VROXWLRQ�FRQFHQWUDWLRQV�RI��������PRO�+2624�/²��and 

�����PRO�+&O�/²���0HKOLFK��������)LYH�JUDPV�RI�GU\�VRLO�

VDPSOH�ZHUH�ZHLJKWHG�XVLQJ�WKH�HOHFWULF�EDODQFH�LQWR����

P/�FHQWULIXJH�WXEH�DQG����P/�RI�0HKOLFK���VROXWLRQ�ZDV�

DGGHG�WR�WXEH�LQ�WULSOLFDWH��7XEHV�ZHUH�VKDNHQ�YLJRURXVO\�

IRU����PLQ�PDQXDOO\��7XEHV�ZHUH�OHW�VLW�LQ�WXEH�UDFN�IRU�

���PLQ��DQG�VXSHUQDWDQW�ZDV�ÀOWHUHG�WKURXJK�:KDWPDQ�

1R����HTXLYDOHQW�ILOWHU�SDSHU��3KRVSKRUXV�FRQFHQWUDWLRQ�

LQ�WKH�ÀOWUDWH�ZDV�GHWHUPLQHG�XVLQJ�3�SDFNWHVW��.\RULWVX�

&KHPLFDO�FKHFN�/DE��&RUS���-DSDQ��E\�PRO\EGHQXP�EOXH�

PHWKRG��6RLO�DYDLODEOH�3�ZDV�FDOFXODWHG�E\�XVLQJ� WKH�

IROORZLQJ�HTXDWLRQ�

Soil available P (mg kg -1) = 
P concentration in filtrate (mg L -1) × (0.02 L/0.005 kg)（(T���）

2.3. Aquatic Environment
7KH� VXUYH\�ZDV� FRQGXFWHG� LQ� WKH� FHQWHU� RI� WKH�

$PD]RQ� EDVLQ�ZKHUH� 6ROLP}HV�5LYHU� DQG�1HJUR�

5LYHU�PHUJH� LQ�0DQDXV��%UD]LO� �)LJ���D���7KH�ZDWHU�

DQG�]RRSODQNWRQ�VDPSOHV�ZHUH�FROOHFWHG�IURP������ WR�
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������RQ��WK�0DUFK������GXULQJ�WKH�ULVLQJ�ZDWHU�SHULRG�

�UDLQ\�VHDVRQ��DW�IRXU�VLWHV�DFURVV�WKH�ULYHUV�� WKH�FHQWHU�

RI�$PD]RQ�5LYHU��6W�����6��� °��������6��:���� °
�������’���$PD]RQ�5LYHU�VLGH�RI�WKH�FRQÁXHQFH��6W�����6�

03°�������’��:����°�������’���6ROLP}HV�5LYHU�VLGH�RI�
WKH�FRQÁXHQFH��6W�����6���°�������’��:����°�������’) 
DQG�WKH�FHQWHU�RI�6ROLP}HV�5LYHU��6W�����6���°�������
��
W 059°�������
���)LJ���E��

Figure 1. Location of water and zooplankton sample collection. (a) the Amazon Basin in 
South America. (b) sampling sites across the two rivers: the center (St. 1) of the Negro 
River, the confluence (St. 2 & 3), and the center (St. 4) of the Solimões River.

Solimões
River

Negro
River

0.5 km

St.1
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Fig. 1. Location of water and zooplankton sample collection. (a) the Amazon 

Basin in South America. (b) sampling sites across the two rivers: the center (St. 

���VM�[OL�5LNYV�9P]LY��[OL�JVUÅ\LUJL��:[���������HUK�[OL�JLU[LY��:[�����VM�[OL�:V-

limões River.

2Q�HDFK�VDPSOLQJ�VLWH��VXUIDFH�ZDWHU�ZDV�FROOHFWHG�

E\�D�EXFNHW�DQG�VLHYHG� WKURXJK������P�Q\ORQ�PHVK�

WR� UHPRYH�GHEULV�� DQG� WKHQ� WUDQVSRUWHG� WR� WKH� ILHOG�

ODERUDWRU\��7KH� WHPSHUDWXUH�RI� DLU� DQG� ULYHU� VXUIDFH�

ZDWHU�ZDV�PHDVXUHG�DW� WKH� WLPH�RI� ILHOG�VDPSOLQJ�E\�

D�PHUFXU\� WKHUPRPHWHU� �6KLQZD�5XOHV�&R���/WG����

7ULSOLFDWH�ZDWHU�VXEVDPSOHV�IRU�S+�ZHUH�PHDVXUHG�XVLQJ�

D�S+�PHWHU��7KUHH�UHSOLFDWH�DOLTXRWV�RI�ZDWHU�VDPSOHV�

IRU�VXVSHQGHG�VROLG� �66��FRQFHQWUDWLRQV�ZHUH� ILOWHUHG�

RQWR�SUH�ZHLJKWHG������P�JODVV�PLFURÀEHU�ÀOWHUV��*)�$��

:KDWPDQ�&R���/WG����7KH�ILOWHUV�ZHUH�RYHQ�GULHG�DW���

°&�IRU�RYHU����KRXUV��WKHQ�ZHLJKHG�E\�D�PLFUREDODQFH��
7KH�66�FRQFHQWUDWLRQ�ZDV�HVWLPDWHG�E\�WKH�GLIIHUHQFH�LQ�

WKH�ÀOWHU�ZHLJKW�EHIRUH�DQG�DIWHU�VDPSOH�ÀOWUDWLRQ�

=RRSODQNWRQ� VDPSOHV�ZHUH� FROOHFWHG�E\� D� VLQJOH�

YHUWLFDO�KDXO�IURP�WKH����P�GHSWK�WR�WKH�VXUIDFH��XVLQJ�

D�SODQNWRQ�QHW� �PHVK�VL]H������P��GLDPHWHU����FP��

OHQJWK�����FP��HTXLSSHG�ZLWK�D�IORZPHWHU��5LJR�&R���

/WG����7KH�FROOHFWHG�VDPSOHV�ZHUH� LPPHGLDWHO\� IL[HG�

LQ� ���EXIIHUHG� IRUPDOLQ²ZDWHU� VROXWLRQ��8QGHU� D�

GLVVHFWLQJ�PLFURVFRSH��]RRSODQNWRQ�ZDV�LGHQWLÀHG�XVLQJ�

PRUSKRORJLFDO� FKDUDFWHULVWLFV� DQG�FRXQWHG� LQWR� IRXU�

JURXSV��FRSHSRGV��FODGRFHUDQV��ÀVK�ODUYDH��LQVHFW�ODUYDH�

DQG�RWKHUV�

 

3. RESULTS

)LJ���D���E���F��DQG��G�VKRZ�OLJKW�PHDVXUHPHQW�RQ�WKH�

UHVHDUFK�ERDW�DW� WKH�FRQÁXHQFH�RI�1HJUR�DQG�6ROLP}HV�

5LYHU�� VRLO� VDPSOH� FROOHFWLRQ� LQ� WKH� IRUHVW��ZDWHU�

VDPSOH�PHDVXUHPHQW�LQ�WKH�ODERUDWRU\�DW�,)$0��DQG�DOO�

SDUWLFLSDQWV�DQG�VWDII�LQ�WKH�WUDLQLQJ�ZRUNVKRS�
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Figure 2. Images of (a) light intensity measurement on the research boat at the confluence of
Negro and Solimões River, (b) soil sample collection in the forest, (c) water sample
measurement in the laboratory in Institute Federal Amazonian, and (d) all participants and staff
in the training workshop.

((aa)) ((bb))

((cc)) ((dd))

SSoolliimmõõeess RRiivveerr

NNeeggrroo  RRiivveerr

Fig. 2. Images of (a) light intensity measurement on the research boat at the 
JVUÅ�\LUJL�VM�5LNYV�HUK�:VSPT�LZ�9P]LY���I��ZVPS�ZHTWSL�JVSSLJ[PVU�PU�[OL�MVYLZ[��
(c) water sample measurement in the laboratory at IFAM, and (d) all participants 
and staff in the training workshop.

3.1. Light Measurements: Forest
:HDWKHU�GXULQJ�TXDQWD�PHDVXUHPHQWV� LQ� WKH� IRUHVW�

ZDV�JHQHUDOO\�RYHUFDVW�� FORXG\� DQG�XQVWDEOH� LQ� WKH�

DIWHUQRRQ�GXULQJ� WKH�VXUYH\��0HDVXUHPHQWV� IURP� WKH�

FDSRHLUD� IRUHVW� VWDWLRQ� VKRZHG�a����� a��� DQG�a���

VSRW�PRGH�TXDQWD� ��PRO�P²� s²��� UHDGLQJV� IRU�'LUHFW�

6N\��7UDLO�&DQRS\�DQG�&DQRS\�� UHVSHFWLYHO\� �)LJ������

8VLQJ�(T������ WKH�SRWHQWLDO�GLXUQDO�YDULDELOLW\�DQG�VRODU�

LQVRODWLRQ�RI�VRODU�UDGLDQFH�IRU�HDFK�VWDWLRQ�ZDV�PRGHOHG�

DVVXPLQJ� DWPRVSKHULF� FRQGLWLRQV� UHPDLQHG� VWDEOH�

IRU�HDFK� ORFDWLRQ� �)LJ������6LPLODU�PHDVXUHPHQWV�DQG�

FDOFXODWLRQV�ZHUH�FRQGXFWHG�DW�WKH�PDWD�GHQVD�DQG�7HUUD�

3UHWD�GH�ÌQGLR�IRUHVW�VDPSOLQJ�VWDWLRQV��QRW�VKRZQ���$OO�

DLU�PHDVXUHPHQWV�FRQGXFWHG�GXULQJ� WKH�GD\� VKRZHG�

VHDVRQDOO\�ORZ�DQG�XQVWDEOH�VRODU�UDGLDQFH��EXW�UHYHDOHG�

FRQVLVWHQW�GLIIHUHQFHV�EHWZHHQ�GHQVH�FDQRS\�DQG�GLUHFW�

VN\�PHDVXUHPHQWV�

Fig. 3. Diurnal variability of the solar radiance from 
under the canopy ( ● ), along trail/canopy ( ▲ ) 
& and under direct sky surrounded by canopy 
( ■ ) based on spot-measurements of quanta 
(mmol m–2 sec–1) during soil sampling at Capoeira 
Forest on 07-Mar-23 around 14:10. White symbols 
represent hourly modeled quanta based on spot-
measurements (grey symbols) assuming a cloud 
free day. Weather conditions during the day were 
cloudy/overcast. Modelled estimate of the daily 
insolation (Qs) for the direct sky surrounded by 
canopy location was 1667 mmol m–2 day–1.
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3.2. Light Measurements: River
:HDWKHU� GXULQJ� WKH� ULYHU� VDPSOLQJ�ZDV�RYHUFDVW��

SDUWO\�FORXG\�DQG�UDLQ�WKURXJKRXW� WKH�a���PLQ�VXUYH\��

/LJKW�PHDVXUHPHQWV�FRQGXFWHG� LQ� WKH�$PD]RQ� ULYHU�

VKRZHG�GLVWLQFW� OLJKW�DWWHQXDWLRQ�SDWWHUQV�DW� WKH� WKUHH�

VWDWLRQV�VDPSOHG��)LJ������'HSWK�PHDVXUHPHQWV�RI�TXDQWD�

FRQGXFWHG�DW�WKH�5LR�1HJUR�VHFWRU��Kd� �������FP²���Zeu

 ����FP²��� VKRZHG�UHODWLYHO\�KLJK� OLJKW� WUDQVSDUHQF\�

FRPSDUHG�WR�WKH�0L[HG�VHFWRU��Kd� �������FP²���Zeu = 32 

cm²���DQG�5LR�6ROLPRHV�VHFWRU��Kd� �������FP²���Zeu = 17 

cm²����)LJ������7KH�YLVXDOO\�GDUN�FRORU�RI�WKH�5LR�1HJUR�

�ORZ�66��DQG�OLJKW�EURZQ�FRORU�RI�WKH�5LR�6ROLP}HV��KLJK�

66��ZDV�FRQVLVWHQW�ZLWK� WKH� OLJKW�DWWHQXDWLRQ�SDWWHUQV�

REVHUYHG�

Fig. 4. Diffuse attenuation (cm) of the solar 
radiance quanta (µmol m–2 sec–1) from the Rio 
Negro ( ○ ), Negro/Solimões Mixed ( ◇ ) & Rio 
Solimões sectors of the Amazon River (□ ) based 
on spot-measurements at depth on 08-Mar-23 
between 09:30 – 10:00 am. Weather conditions 
during the day was cloudy/overcast. The diffuse 
attenuation coefficients (Kd) and euphotic depth 
(Zeu) were 0.103 cm–2 (58 cm–2), 0.132 cm–2 (32 cm–

2) and 0.231 cm–2 (17 cm–2), respectively. Modelled 
estimate of the diurnal variability of solar radiance 
based on spot-measurement at 9:30 am ( ◆ ) is 
also shown (insert). The daily insolation (Qs) based 
on the spot-measurement was 3983 µmol m–2

day–1.

3.3. Soil pH and Available Phosphorus
6RLO�S+�LQ�PDWD�GHQVD��FDSRHLUD��7HUUD�3UHWD�GH�ÌQGLR��

DQG�EDL[LR�ZHUH�������������������DQG�������UHVSHFWLYHO\�

�)LJ������6RLO�S+�LQ�FDSRHLUD�ZDV�VLJQLÀ�FDQWO\�ORZHU�DQG�

WKDW� LQ�EDL[LR�ZDV�VLJQLILFDQWO\�KLJKHU� WKDQ�WKDW� LQ� WKH�

RWKHU�ORFDWLRQV��p���������

6RLO�DYDLODEOH�3�LQ�PDWD�GHQVD��FDSRHLUD��7HUUD�3UHWD�

GH�ÌQGLR��DQG�EDL[LR�ZHUH�������������������DQG������PJ�

NJ-1��UHVSHFWLYHO\��)LJ������6RLO�DYDLODEOH�3�LQ�7HUUD�3UHWD�

GH�ÌQGLR�ZDV�VLJQLILFDQWO\�KLJKHU� WKDQ�WKDW� LQ�FDSRHLUD�

DQG�EDL[LR��p���������

Fig. 5. Soil pH and available phosphorus 
of 4 sampling locations. The same letters 
represent no significant differences among 
different sampling locations for pH (lowercase) 
and available P (uppercase) (one-way ANOVA, 
Tukey–Kramer, p < 0.05).

3.4. Environmental Parameters Across Two 
Rivers
7KH�WHPSHUDWXUH�RI�DLU�DQG�ULYHU�VXUIDFH�ZDWHU�UDQJHG�

IURP���� WR����DQG� IURP���� WR����� UHVSHFWLYHO\� �)LJ��

�D���)URP�1HJUR��VW�����WR�6ROLP}HV�5LYHU��VW������ULYHU�

VXUIDFH�WHPSHUDWXUH�VKRZHG�D�GHFUHDVLQJ�WUHQG�

6XVSHQGHG�VROLG�FRQFHQWUDWLRQ�DW� VW����������DQG���

ZHUH����± ���������± ���������± �����������± �����

J�':�/²���UHVSHFWLYHO\��)LJ���E���DQG�WKH�YDOXHV�DW�6W����

DQG���LQ�6ROLP}HV�5LYHU�ZHUH�VLJQLÀ�FDQWO\�KLJKHU�WKDQ�



57 プランクトン工学研究 第 3 号（2023）

WKDW�RI�VW����DQG��� LQ�1HJUR�5LYHU��RQH�ZD\�$129$��

7XNH\².UDPHU��p����������5LYHU�ZDWHU�S+�DW�VW����������

DQG���ZHUH����± ��������± ��������± ��������± �����

UHVSHFWLYHO\��)LJ���F���DQG�WKH�YDOXH�DW�6W����LQ�WKH�FHQWHU�

RI�1HJUR�5LYHU�ZDV�VLJQLÀ�FDQWO\�ORZHU�WKDQ�WKDW�RI�RWKHU�

WKUHH�VLWHV��RQH�ZD\�$129$��7XNH\².UDPHU��p���������

Figure 3. Spatial variations in (a) air and surface water
temperature, (b) suspended solid concentration, and (c) pH at
the center (St. 1) of the Negro River, the confluence (St. 2 & 3),
and the center (St. 4) of the Solimões River. Error bars show
Standard deviations (N=3). Letters above plots indicate
significant differences (one-way ANOVA, Tukey–Kramer, p <
0.05).
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Fig. 6. Spatial variations in (a) air and surface 

water temperature, (b) suspended solid 

concentration, and (c) pH at the center (St. 

1) of the Negro River, the confluence (St. 2 

& 3), and the center (St. 4) of the Solimões 

River. Error bars show standard deviations 

�5$����3L[[LYZ�HIV]L�WSV[Z�PUKPJH[L�ZPNUPÄ�JHU[�

differences (one-way ANOVA, Tukey–Kramer, 

p < 0.05).

7KH� UHODWLYHO\�KLJKHU�DEXQGDQFH� ������� LQGV��P²�) 

RI�PHVR]RRSODQNWRQ�ZDV� REVHUYHG� DW� VW�� �� WKDQ� DW�

RWKHU� VLWHV��ZKLOH� WKH� ORZHU� DEXQGDQFH� ����� LQGV��

m²���ZDV� IRXQG�DW� VW�� �� �)LJ���D���&ODGRFHUDQV�ZHUH�

GRPLQDQW�� FRQWULEXWLQJ�ZLWK�����²������ WR� WKH� WRWDO�

PHVR]RRSODQNWRQ�DEXQGDQFH�DW�DOO�VLWHV�H[FHSW� IRU�VW��

���)LJ���E���&RSHSRGV�ZHUH�DSSHDUHG�IURP�DOO�VLWHV�DQG�

FRQWULEXWHG�����²������RI�WKH�WRWDO�DEXQGDQFH�

Figure 4. Spatial variations in (a) abundance and (b) composition
of mesozooplankton at the center (St. 1) of the Negro River, the
confluence (St. 2 & 3), and the center (St. 4) of the Solimões River.
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Fig. 7. Spatial variations in (a) abundance 

and (b) composition of mesozooplankton 

at the center (St. 1) of the Negro River, the 

JVUÅ�\LUJL��:[���������HUK�[OL�JLU[LY� �:[�����

of the Solimões River.

4. DISCUSSION

4.1. Light measurements
7KH�GDLO\�DQG�DQQXDO�DYHUDJH��FOLPDWRORJ\��RI�VRODU�
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LUUDGLDQFH�LQ�0DQDXV��%UD]LO� LV�a����:�P²��DQG�a�����

kW m²�� �3LQNHU�	�/DV]OR��������'XULQJ�WKH� WZR�GD\V�

RI�PHDVXUHPHQWV�LQ�WKH�IRUHVW�DQG�ULYHU�WKH�ZHDWKHU�ZDV�

RYHUFDVW�ZLWK�UDSLGO\�FKDQJLQJ�FORXG�FRQGLWLRQV�DQG�RF�

FDVLRQDO�UDLQIDOO� OLPLWLQJ�RXU�PHDVXUHPHQW�FDSDELOLWLHV��

$OWKRXJK�PHDVXUHPHQWV�ZHUH�QRW�XQGHU�FOHDU�VN\�FRQ�

GLWLRQV��ZH�ZHUH�DEOH�WR�FDSWXUH�WKH�GLIIHUHQFH�EHWZHHQ�

XQGHU�WKH�FDQRS\��DORQJ�WKH�WUDLO�FDQRS\�DQG�XQGHU�RSHQ��

GLUHFW�VN\��)LJ�����7KH�UHVXOWV�VXJJHVW�WKDW�WKH�YHJHWDWLRQ�

�DQG�VRLO��GXULQJ�WKH�SUHVHQW�VWXG\�XQGHU�WKH�FDQRS\�DQG�

DORQJ�WUDLOV�UHFHLYHV�OHVV�WKDQ�KDOI�RI�WKH�DYDLODEOH�VRODU�

UDGLDWLRQ�GXULQJ�WKH�GD\��+RZHYHU��SUHYLRXV�VWXGLHV�KDYH�

VKRZQ�VRODU�LUUDGLDQFH�DERYH�WKH�FDQRS\�WR�EH�DURXQG����

²�����WLPHV�KLJKHU�WKDQ�ZLWKLQ�WKH�FDQRS\�WKDW�FDQ�KDYH�

D�VLJQLILFDQW� LPSDFW�RQ�WKH�WRWDO�FDUERQ�XSWDNH�RI�QHZ�

JURZWK�YHUVXV�ROG�JURZWK�RI� WKH�IRUHVW� �6DOHVND�HW�DO��

�������,Q�WKH�IXWXUH��LW�ZRXOG�EH�DGYLVDEOH�IRU�UHVHDUFK�

HUV�DW�,6$�WR�FRQVLVWHQWO\�PHDVXUH�VRODU�UDGLDWLRQ�LQ�FRQ�

MXQFWLRQ�ZLWK�RQJRLQJ�WUHH�JURZWK�H[SHULPHQWV�WRZDUGV�

HYDOXDWLQJ� WKH�SRWHQWLDO�FDUERQ�GLR[LGH�VHTXHVWUDWLRQ�

SRWHQWLDO�DQG�FRQWULEXWLRQ�RI�WKH�UHJLRQDO�UDLQIRUHVW�

0HDVXUHPHQWV�RI�QDWXUDO�GRZQZHOOLQJ�TXDQWD�DWWHQX�

DWLRQ�DFURVV�WKH�$PD]RQLDQ�ULYHU��)LJ�����ZHUH�H[WUHPH�

O\�LQWHUHVWLQJ�GXH�WR�WKH�VLJQLÀ�FDQW�GLVFUHSDQF\�EHWZHHQ�

WKH�5LR�1HJUR� �ORZ�760�� DQG�5LR�6ROLP}HV� �KLJK�

760���7KH����OLJKW��TXDQWD��SHQHWUDWLRQ�GHSWK��FP��LQ�

WKH�5LR�1HJUR�DQG�5LR�6ROLP}HV�ZHUH����FP�DQG����FP�

�)LJ������UHVSHFWLYHO\��3UHYLRXV�VWXGLHV�RI�OLJKW�DWWHQXD�

WLRQ�LQ�WKH�$PD]RQ�5LYHU�VKRZHG�VLPLODU����SHQHWUDWLRQ�

GHSWK�UHDFKLQJ�OHVV�WKDQ���P�GHSWK�LQ�WKH�5LR�6ROLP}HV�

�&RVWD�HW�DO���������)XUWKHU��&RVWD�HW�DO���������UHSRUW�

HG�WKDW�ERWK�ULYHUV�KDG�UHODWLYHO\�ORZ�FRQFHQWUDWLRQV�RI�

chlorophyll a�SLJPHQWV��ZKLOH�760�ZDV�VLJQLILFDQWO\�

KLJKHU� LQ�5LR�6ROLP}HV�DQG�FRORUHG�GLVVROYHG�RUJDQLF�

PDWWHU�DEVRUSWLRQ�ZDV�VLJQLÀ�FDQWO\�KLJKHU�LQ�5LR�1HJUR��

UHVSHFWLYHO\�� ,Q� WKH� IXWXUH�� LW�ZRXOG�EH� LQWHUHVWLQJ� WR�

PHDVXUH�WKH�LQKHUHQW�RSWLFDO�ZDWHU�SURSHUWLHV��LQ�DGGL�

WLRQ�WR�OLJKW�PHDVXUHPHQWV��LQ�WKH�ULYHU�

4.1. Forest Soil
6RLO� LQ� WKH� WURSLFDO�IRUHVW� LQFOXGLQJ�$PD]RQLDQ�IRU�

HVW�LV�JHQHUDOO\�YHU\�DFLGLF�� WKXV�VRLO�S+�FDQ�EH�DV�ORZ�

DV����������0F*UDWK�HW�DO���������ZKLFK�FRUUHVSRQGHG�

ZLWK�VRLO�S+�RI�WKH�XSODQG�IRUHVW�VDPSOLQJ�ORFDWLRQV�LQ�

WKLV�ZRUNVKRS��PDWD�GHQVD��FDSRHLUD��DQG�7HUUD�3UHWD�GH�

ÌQGLR���$�VOLJKWO\�KLJKHU�VRLO�S+�LQ�7HUUD�3UHWD�GH�ÌQGLR�

WKDQ�RWKHU�XSODQG�IRUHVW�ZDV�SUREDEO\�GXH�WR�WKH�SUHV�

HQFH�RI�,%(��*ODVHU�DQG�%LUN�������ZKLFK�ZDV�UHPDLQ�

LQJ�FDUERQL]HG�PDWHULDOV� IURP�OLYLQJ�DQG�DJULFXOWXUDO�

DFWLYLWLHV�RI�DQFLHQW�KXPDQ�VHWWOHPHQW��$�VLJQLILFDQWO\�

KLJKHU�VRLO�S+�LQ�EDL[LR�ZDV�SUREDEO\�GXH�WR�UHGR[�Á�XF�

WXDWLRQ�FDXVHG�E\�VHDVRQDO�Á�RRGLQJ�E\�IRUPDWLRQ�RI�GLV�

VROYHG�IHUURXV�VXOIDWH�GXULQJ�UHGXFWLRQ��DQG�R[LGDWLRQ�RI�

WKH�IHUURXV�VXOIDWH�WR�IHUULF�R[LGH�DQG�VXOIXULF�DFLG�DW�WKH�

VRLO�VXUIDFH�IROORZHG�E\�GUDLQDJH�RI�WKH�DFLG�Á�RRGZDWHU�

�YDQ�%UHHPHQ�������

6RLO�DYDLODEOH�3� LV�XVXDOO\�YHU\� ORZ� LQ� WKH� WURSLFDO�

IRUHVW�EHFDXVH�3�LV�À�[HG�E\�DOXPLQXP��$O���DQG�RU�LURQ�

�)H��R[LGH�PLQHUDOV� LQ�VRLO��$YDLODEOH� �0HKOLFK���H[�

WUDFWDEOH��3� LQ� WKH�XSODQG�IRUHVW�VDPSOLQJ� ORFDWLRQV� LQ�

WKLV�ZRUNVKRS�ZDV�LQ�VLPLODU�UDQJHV�IRXQG�LQ�OLWHUDWXUH�

�0F*UDWK�HW�DO���������1RWHZRUWK\�ZDV�KLJKHU�DYDLO�

DEOH�3� LQ�7HUUD�3UHWD�GH�ÌQGLR�SUREDEO\�FDXVHG�E\� WKH�

SUHVHQFH�RI�,%(��*ODVHU�DQG�%LUN��������(YHQ�VOLJKWO\�

KLJKHU�VRLO�S+�FDQ�FDXVH�GLVVROXWLRQ�RI�$O��DQG�)H�R[LGH�

PLQHUDOV�UHOHDVLQJ�3�WR�VRLO�

,W�DSSHDUV�WKDW�VRLO�VDPSOLQJ�DQG�DQDO\VHV�RI�VRLO�S+�

DQG�DYDLODEOH�3�ZHUH�SURSHUO\�SHUIRUPHG�EHFDXVH� WKH�

VWDQGDUG�GHYLDWLRQ�RI�ERWK�GDWD�ZHUH�YHU\�ORZ��SDUWLFX�

ODUO\�VRLO�S+��6LQFH�DQDO\VLV�RI�VRLO�DYDLODEOH�3�ZDV�GRQH�

XVLQJ�3�SDFNWHVW��ZKLFK�ZDV�TXDOLWDWLYHO\�PHDVXUHG�E\�



59 プランクトン工学研究 第 3 号（2023）

EOXH�FRORU�GHYHORSPHQW�XVLQJ�FKDUW��WKH�VWDQGDUG�GHYLD-

WLRQ�RI�VRLO�DYDLODEOH�3�ZDV�UHODWLYHO\�KLJK��KRZHYHU�VWLOO�

LQ�DQ�DFFHSWDEOH�UDQJH��1HYHUWKHOHVV��WKH�PRVW�LPSRUWDQW�

ZDV�WKDW�ERWK�VRLO�S+�DQG�DYDLODEOH�3�GDWD�VKRZHG�GLI-

IHUHQFHV�E\�VDPSOLQJ� ORFDWLRQV��ZKLFK� LV� UHODWLYHO\� LQ�

DFFRUGDQFH�ZLWK�K\SRWKHVHV�

4.3. Aquatic Environmentl
7KH�$PD]RQ�5LYHU�LV�WKH�ODUJHVW�DQG�PRVW�GHQVH�ULYHU�

QHWZRUN�LQ� WKH�ZRUOG�DQG�GLVFKDUJHV�FRQWLQHQWDO�ZDWHU�

WR�WKH�RFHDQV��ZKLFK�LV�����RI�WKH�WRWDO�JOREDO�DPRXQW�

�6LROL�������� ,Q� WKH�FHQWHU�RI� WKH�$PD]RQ�EDVLQ�� WKH�

PXGG\�ZKLWH�ZDWHU�RI� WKH�6ROLP}HV�5LYHU�PHHWV�ZLWK�

WKH�EODFN�ZDWHU�RI� WKH�1HJUR�5LYHU��FUHDWLQJ�D�YLVLEOH�

ERXQGDU\��7KH�EODFN�ZDWHU�RI�WKH�1HJUR�5LYHU�LV�GHULYHG�

IURP�WKH�KLJK�FRQFHQWUDWLRQ�RI�KXPLF�VXEVWDQFHV��ZKLOH�

WKH�ZKLWH�ZDWHU�RI� WKH�$PD]RQ�5LYHU� LV�GHULYHG�IURP�

KLJKO\�VXVSHQGHG�LQRUJDQLF�PDWHULDOV��-XQN�HW�DO���������

7KHVH�FKDUDFWHULVWLFV�RI�HDFK�ULYHU�SUREDEO\�PDGH�FOHDU�

GLIIHUHQFHV�LQ�S+�DQG�66�FRQFHQWUDWLRQ�DPRQJ�WKH�VWXG\�

VLWH� LQ� WKH�SUHVHQW�VWXG\��6XUIDFH�ZDWHU� WHPSHUDWXUH� LQ�

1HJUR�5LYHU�ZDV�UHODWLYHO\�KLJKHU�WKDQ�6ROLP}HV�5LYHU�

LQ� WKH�SUHVHQW�VWXG\��ZKLFK�LV�FRQJUXHQW�ZLWK�SUHYLRXV�

UHVHDUFK�UHSRUWLQJ�KLJKHU�WHPSHUDWXUHV�E\��℃�DQG����℃ 

LQ� WKH�1HJUR�5LYHU� �)UDQ]LQHOOL�������1DNDMLPD�HW�DO��

�������7KH�ZDUPHU�ZDWHU�LQ�WKH�1HJUR�5LYHU�PD\�UHVXOW�

IURP�LWV�GDUNHU�FRORU�DQG�VORZHU�FXUUHQW�VSHHG�FRPSDUHG�

WR�WKH�6ROLP}HV�5LYHU��)UDQ]LQHOOL��������,Q�WKH�SUHVHQW�

VWXG\��PHVR]RRSODQNWRQ�ZDV�PRUH�DEXQGDQW�LQ�WKH�1H-

JUR�5LYHU�DQG�WKH�FRQÁXHQFH�WKDQ�LQ�WKH�6ROLP}HV�5LYHU��

ZKLFK�LV�FRQJUXHQW�ZLWK�D�SUHYLRXV�UHSRUW�E\�1DNDMLPD�

HW�DO����������7KH�SODQNWRQ�QHW�XVHG�LQ�WKH�SUHVHQW�VWXG\�

ZDV�QRW�VWULFWO\�GHVLJQHG�IRU�WKH�LFKWK\RSODQNWRQ�FROOHF-

WLRQ��XVXDOO\�D�QHW�ZLWK�D�ODUJHU�PRXWK�DQG�PHVK�RSHQLQJ�

LV�XVHG���7KHUHIRUH��DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�IDFW�

WKDW�RXU�GDWD�PD\�KDYH�XQGHUHVWLPDWHG�WKH�DEXQGDQFH�RI�

ÀVK�ODUYDH�

4.4. Environmental Educationl
5HVHDUFKHUV�DQG�HGXFDWRUV�KDYH� LGHQWLILHG� VHYHUDO�

HGXFDWLRQDO�FRQWH[WV� WKDW�HPSRZHUHG�IXWXUH�VFLHQWLVWV�

�VWXGHQWV�� WRZDUGV�DFKLHYLQJ�VXVWDLQDEOH�GHYHORSPHQW�

JRDOV��6'*V���$FHYHGR�'XTXH�HW�DO���������$OWKRXJK�

WKH� DFTXLVLWLRQ�RI� VFLHQWLILF�NQRZOHGJH� UHPDLQV� WKH�

SULPDU\�IXHO�HPSRZHULQJ�VWXGHQWV� WR�FRQWULEXWH� WR�HQ-

YLURQPHQWDO� VXVWDLQDELOLW\�HIIRUWV��KDQGV�RQ�SUDFWLFDO�

H[SHULHQFH�UHPDLQV�WKH�PRVW�HIÀFLHQW�VRXUFH�RI�LQVSLULQJ�

SDUWLFLSDWLRQ��6LJDKL�	�6]QHOZDU��������$OWKRXJK�WKH�

IRFXV�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�VKDUH�KDQGV�RQ�SUDFWL-

FDO�ÀHOG�H[SHULHQFH�WR�,)$0�XQGHUJUDGXDWH�VWXGHQWV�DQG�

,6$�UHVHDUFKHUV��ZH�ZHUH�DEOH�WR�UHFHLYH�YDOXDEOH��VHOHFW��

IHHGEDFN�IURP�WKH�SDUWLFLSDQWV�DV�IROORZV�

“7KH�:RUNVKRS�ZDV�DQ� LQFUHGLEOH�H[SHULHQFH� LQ�DOO�

DVSHFWV��)LUVW��WKH�LQWHUGLVFLSOLQDU\�SDUWQHUVKLS�RI�,)$0��

6RND�8��DQG�,6$��DGGHG�QHZ�NQRZOHGJH�WR�WKH�VWXGHQWV�

WKDW�DWWHQGHG��7KH�ZRUNVKRS�ZDV�VDWLVIDFWRU\�UHJDUGLQJ�

WKH�VFKHGXOH�RI�WKH�FROODERUDWLRQ��,�DP�SURXG�IRU�EHLQJ�

VHOHFWHG�WR�WKH�ÀUVW�HGLWLRQ�RI�WKLV�HYHQW��DQG�JUDWHIXO�IRU�

all commitments of the teachers and staff involved for 

WKH�VXFFHVV�”�0U��%UXQR�GD�&RVWD�7DNDNL��,)$0��6WXGHQW�

“,�DFTXLUHG�D�ORW�RI�NQRZOHGJH�UHJDUGLQJ�WKH�PHWKRGV�
WKDW�ZHUH�XVHG�LQ�WKH�HQYLURQPHQWDO�DQDO\VHV��QHZ�PHWK-

RGV�DQG�ZLWK�VLPSOH�DQG�HIILFLHQW�HTXLSPHQW��ZKLFK�LV�

QHFHVVDU\�ZKHQ�GRLQJ�D�UHVHDUFK�LQ�WKH�$PD]RQ�UDLQIRU-

HVW�LQWHULRU��IRU�H[DPSOH��7KXV��HQYLURQPHQWDO�HGXFDWLRQ�

LV�SUHVHQW� LQ�DOO� WKH�GHYHORSHG�DFWLYLWLHV��VKRZLQJ� WKH�

LPSRUWDQFH�RI�PDLQWDLQLQJ�WKH�TXDOLW\�RI�RXU�WHUUHVWULDO��

DTXDWLF��DQG�DWPRVSKHULF�HQYLURQPHQW��7KH�WHDFKHUV�DUH�

DOZD\V�GLDORJXLQJ�DERXW�VRFLDO�DQG�HFRORJLFDO�YDOXHV��

ZLWK�DSSURDFKHV�WRZDUGV�WKH�FRQVHUYDWLRQ�RI� WKH�HQYL-

URQPHQW��D�SHUVSHFWLYH� WKDW�ZH�PXVW�KDYH� LQ�RUGHU� WR�

NHHS�RXU�ELRGLYHUVLW\�DOLYH�DQG�KHDOWK\��%XW�� WKLV�RQO\�

GHSHQGV�RQ�XV�DQG�WKH�NQRZOHGJH�ZH�KDYH�”�$QD�%HDWUL]�
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6RX]D�GRV�6DQWRV��,)$0��6WXGHQW�

“%UD]LO��GHVSLWH�EHLQJ�D�FRXQWU\�ZLWK�D�ODUJH�DPRXQW�
RI�FXOWXUHV��RIIHUV� IHZ�RSSRUWXQLWLHV� WR� LQWHUDFW�ZLWK�

SHRSOH�RI�RWKHU�HWKQLFLWLHV��,Q�PRUH�WKDQ�VHYHQ�\HDUV�RI�

DFDGHPLF�OLIH��,�KDYH�QRW�KDG�DQ\�RSSRUWXQLW\�WR�SDUWLF-

LSDWH� LQ�HYHQWV� WKDW�HQFRXUDJH�XV�WR�VSHDN�LQ�D�IRUHLJQ�

ODQJXDJH��7KH�:RUNVKRS�PDGH�WKLV�XQSUHFHGHQWHG�H[-

SHULHQFH�SRVVLEOH�IRU�PH��%HVLGHV�PDNLQJ�PH�IHHO�JUHDW�

joy for the student’V�KDSSLQHVV�”�0U��5RGULJR�,]XPL��,6$�

�*UDGXDWH�6WXGHQW�

7KH�RYHUDOO� IHHGEDFN�ZDV�KHOSIXO� LQ�GHWHUPLQLQJ�

WKH�QH[W�VWHSV�WR�WDNH�LQ�FRQWLQXLQJ�WKH�QH[W�ZRUNVKRS�

SODQQHG�IRU�)<������)XUWKHU�� WKH�LQWHUQDWLRQDO�FROODER-

UDWLRQ�VKRZHG�WKDW�LQ�SHUVRQ�H[FKDQJH��SDUWLFXODUO\�DIWHU�

WKH�JOREDO�SDQGHPLF��FRXSOHG�ZLWK�HQYLURQPHQWDO�HGXFD-

tion could open the doors for multi-lateral research col-

ODERUDWLRQV�EH\RQG�VWXGHQW�FHQWHUHG�OHDUQLQJ�DFWLYLWLHV��

,QGHHG��WKH�PRVW�LQVSLULQJ�DVSHFW�RI�WKH�LQWHUQDWLRQDO�H[-

FKDQJH�ZDV�WKH�LQWHUHVW�LQ�VRPH�RI�WKH�VWXGHQWV��DQG�LQ-

VWUXFWRUV��WR�SXUVXH�JUDGXDWH�VFKRRO�DQG�RU�D�SURIHVVLRQ�

LQ�HQYLURQPHQWDO� VFLHQFH��7KHVH�FRPPHQWV� IURP� WKH�

ZRUNVKRS�SDUWLFLSDQWV�VXJJHVWV�WKDW�WKH�VWXGHQWV�JDLQHG�

YDOXDEOH�KDQGV�RQ�SUDFWLFDO� H[SHULHQFH� WKDW� LQVSLUHG�

WKHP�WR�FRQWULEXWH�WR�VXVWDLQDEOH�GHYHORSPHQW�JRDOV�LQ�

WKH�IXWXUH�
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