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// �)�X�Q�G�D�P�H�Q�W�D�O���)�X�Q�G�D�P�H�Q�W�D�O���)�X�Q�G�D�P�H�Q�W�D�O���)�X�Q�G�D�P�H�Q�W�D�O���)�X�Q�G�D�P�H�Q�W�D�O���)�X�Q�G�D�P�H�Q�W�D�O���)�X�Q�G�D�P�H�Q�W�D�O���)�X�Q�G�D�P�H�Q�W�D�O���S�U�R�W�H�F�W�L�R�Q���R�I���W�K�H���D�T�X�D�W�L�F���S�U�R�W�H�F�W�L�R�Q���R�I���W�K�H���D�T�X�D�W�L�F��

�H�Q�Y�L�U�R�Q�P�H�Q�W���L�V���H�V�V�H�Q�W�L�D�O���V�X�V�W�D�L�Q�D�E�O�H���Z�D�W�H�U���H�Q�Y�L�U�R�Q�P�H�Q�W���L�V���H�V�V�H�Q�W�L�D�O���V�X�V�W�D�L�Q�D�E�O�H���Z�D�W�H�U��
�P�D�Q�D�J�H�P�H�Q�W�����P�D�Q�D�J�H�P�H�Q�W����

// �5�H�T�X�L�U�H�V���W�K�D�W���D���5�H�T�X�L�U�H�V���W�K�D�W���D���6�W�U�D�W�H�J�\���I�R�U���3�U�R�W�H�F�W�L�R�Q���R�I���W�K�H���6�W�U�D�W�H�J�\���I�R�U���3�U�R�W�H�F�W�L�R�Q���R�I���W�K�H��
�$�T�X�D�W�L�F���(�Q�Y�L�U�R�Q�P�H�Q�W�$�T�X�D�W�L�F���(�Q�Y�L�U�R�Q�P�H�Q�W�E�H���G�H�Y�H�O�R�S�H�G���D�V���S�D�U�W���R�I���E�H���G�H�Y�H�O�R�S�H�G���D�V���S�D�U�W���R�I��
�Z�D�W�H�U���P�D�Q�D�J�H�P�H�Q�W���S�O�D�Q�Q�L�Q�J���Z�D�W�H�U���P�D�Q�D�J�H�P�H�Q�W���S�O�D�Q�Q�L�Q�J��
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// Protection of the aquatic environment will Protection of the aquatic environment will 
occur through maintaining, restoring or occur through maintaining, restoring or 
enhancing current conditions.  enhancing current conditions.  
•• conditions in new approvals or licences;conditions in new approvals or licences;
•• ensuring compliance with conditions of existing ensuring compliance with conditions of existing 

approvals and licences; approvals and licences; 
•• giving Director ability to cap further water giving Director ability to cap further water 

allocation or use; allocation or use; 
•• 10% 10% ‘‘holdbacksholdbacks’’ in water allocations transferred in water allocations transferred 

under a licence; under a licence; 
•• licences to divert water to create wetland habitat. licences to divert water to create wetland habitat. 
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•• What makes life different from nonWhat makes life different from non --
life?life?
// Complex living systems (such as you, me, Complex living systems (such as you, me, 

ecosystems, and even social organizations ecosystems, and even social organizations 
such as companies) maintain their state of such as companies) maintain their state of 
‘‘alivenessaliveness ’’ by using complex by using complex feedback feedback 
systems.systems.
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•• All parts of a living system (organism or All parts of a living system (organism or 
ecosystem) work together to maintain their ecosystem) work together to maintain their 
organization by opposing change with every organization by opposing change with every 
means at their disposal.means at their disposal.

•• This special ability to This special ability to activelyactively resist change is resist change is 
the the essentialessential quality that defines life from nonquality that defines life from non--
lifelife
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�´�´ �5�H�V�L�V�W�L�Q�J���F�K�D�Q�J�H���D�O�O�R�Z�V���O�L�Y�L�Q�J���V�\�V�W�H�P�V���W�R���5�H�V�L�V�W�L�Q�J���F�K�D�Q�J�H���D�O�O�R�Z�V���O�L�Y�L�Q�J���V�\�V�W�H�P�V���W�R��
// �P�D�L�Q�W�D�L�Q���V�W�D�E�L�O�L�W�\�����O�L�Y�L�Q�J���V�\�V�W�H�P�V���D�U�H�P�D�L�Q�W�D�L�Q���V�W�D�E�L�O�L�W�\�����O�L�Y�L�Q�J���V�\�V�W�H�P�V���D�U�H

�X�O�W�U�D�V�W�D�E�O�H�X�O�W�U�D�V�W�D�E�O�H�Z�K�H�Q���W�K�H�\���D�U�H���K�H�D�O�W�K�\�����Z�K�H�Q���W�K�H�\���D�U�H���K�H�D�O�W�K�\����
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�R�U���V�K�X�W���G�R�Z�Q�����O�L�Y�L�Q�J���V�\�V�W�H�P�V���G�H�V�W�D�E�L�O�L�]�H�����R�U���V�K�X�W���G�R�Z�Q�����O�L�Y�L�Q�J���V�\�V�W�H�P�V���G�H�V�W�D�E�L�O�L�]�H����
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// �(�J�(�J�����0�H�Q�G�L�Q�J���D���V�N�L�Q���F�X�W�����0�H�Q�G�L�Q�J���D���V�N�L�Q���F�X�W



5�
����15�
����1

-- 7
�

���!0�
�
7
�

���!0�
�
 DD�
�

��!1!	��!6���!��
!��	���
�

��!1!	��!6���!��
!��	��
���
�����
��
// (�
(�
 DD�
�

��	�

�!���

�	���	
���1���!
!	����
���
�

��	�

�!���

�	���	
���1���!
!	����
��

// �����!�����	�
!��	�����!
�
�
�1�����
�

�������!�����	�
!��	�����!
�
�
�1�����
�

��
!1!	��!���

�	�<�������	
���1�����
��	�"�<1���!1!	��!���

�	�<�������	
���1�����
��	�"�<1���
����
����
 DD�
�

����"�!1!	��0�
�

����"�!1!	��0

���� 0���
���	��0���
���	�� �!��!� 
�	������
�������

��
�	������
�������

��



5�
����15�
����1

•• The living and nonThe living and non--living components of living components of 
the Battle River ecosystem have evolved the Battle River ecosystem have evolved 
together over thousands of years.together over thousands of years.
// Ecosystems and organisms have evolved Ecosystems and organisms have evolved 

feedback systems that:feedback systems that:
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•• Thus, through feedback, living systems Thus, through feedback, living systems 
// moderate the hydrology of the Battle Rivermoderate the hydrology of the Battle River

// provide stability during environmental change provide stability during environmental change 
(such as drought or flood)(such as drought or flood)
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FLUSHING

� Flushes out sediments 
and debris

� Flushes out vegetation 
& nutrients 

� Flushes out 
pollutants 

� Cleans spawning 
beds 

Water Quality Water Quantity Fish & Inverts

CHANNEL 
MAINTENANCE

� Blows out blockages

� Carves deep narrow 
channel

� Reduces evaporation 

� Floods floodplains

� Shade reduces evap.

� Roots stabilize banks 

RIPARIAN 
REGENERATION

� Roots/microbes filter 
water

� Regenerates riparian veg

������� ��3
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Battle River near the Saskatchewan border
 Monthly Runoff Volumes

0

10

20

30

40

50

60

JA
N

FEB
M

AR

APR
M

AY
JU

NE
JU

LY

AUG 
SEPT

OCT
NOV
DEC

Month

V
ol

um
e 

of
 W

at
er

, c
ub

ic
 

m
et

re
s 

pe
r 

se
co

nd
1990 -  flood year    1996 - average year    
2001 - dry year 1930 - driest on record
Instream Objective(�%�'!&��#-8!��(9!(�%�'!&��#-8!��(9!(�%�'!&��#-8!��(9!

-�

���'�����(#�

���
���D (����� �������:; � � E!�$�� ��!&P

*�����D ������6� 7�<� � � E!�$�� ��!&P

P�������"�	��
�	������������!6�

�;�6 � � E!�����=7 � � E!



���*%�%)(�7���(�9���(����*%�%)(�7���(�9���(�

�0�G����1 �����	
�


<0��
���
�
�����
���	
�


�0��,��

�����

	�
�
���2����!�

��������"�<�
!

"0����<
	�	6�����!�2��
����!

�0��


�������.

�0�'��!�

���

��!�"
��
	

(�%�'!&��(�%�'!&��(�%�'!&��
#-8!��(9!#-8!��(9!#-8!��(9!



���*%�%)(�7���(�9���(����*%�%)(�7���(�9���(�

-- '��	�
�'��	�
� "�.
.��"�!�
����������!1!	���"�.
.��"�!�
����������!1!	���
!���
��!!���
��!



POOR 
FLUSHING

� Sediments & debris infill 
channel

� Nutrients & vegetation 
accumulate 

� Pollutants 
accumulate 

� Spawning beds 
smothered 

Water Quality Water Quantity Fish & Inverts

CHANNEL 
INFILLING

� Blockages form

� Infilling creates wide, 
shallow channel

� Increases evaporation 

� No floods

� No shade, more evap.

� Banks collapse & erode 

RIPARIAN 
DEGENERATION

� No roots/microbes to 
filter water

� Riparian veg dies out

��	����3
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�´�´ �$�V���H�F�R�V�\�V�W�H�P���V�H�U�Y�L�F�H�V���R�I���R�X�U���U�L�Y�H�U�V���K�D�Y�H���$�V���H�F�R�V�\�V�W�H�P���V�H�U�Y�L�F�H�V���R�I���R�X�U���U�L�Y�H�U�V���K�D�Y�H��
�G�H�W�H�U�L�R�U�D�W�H�G�����Z�H���K�D�Y�H���W�U�D�G�L�W�L�R�Q�D�O�O�\���U�H�V�S�R�Q�G�H�G���G�H�W�H�U�L�R�U�D�W�H�G�����Z�H���K�D�Y�H���W�U�D�G�L�W�L�R�Q�D�O�O�\���U�H�V�S�R�Q�G�H�G��
�Z�L�W�K���P�R�U�H���H�Q�J�L�Q�H�H�U�L�Q�J���L�Q�W�H�U�Y�H�Q�W�L�R�Q�����Z�L�W�K���P�R�U�H���H�Q�J�L�Q�H�H�U�L�Q�J���L�Q�W�H�U�Y�H�Q�W�L�R�Q����

�´�´ �(�J�(�J����
// �P�R�U�H���G�D�P�V���W�R���F�R�P�S�H�Q�V�D�W�H���I�R�U���O�R�V�W���V�W�R�U�D�J�H�����P�R�U�H���G�D�P�V���W�R���F�R�P�S�H�Q�V�D�W�H���I�R�U���O�R�V�W���V�W�R�U�D�J�H����
// �P�R�U�H���U�L�S�P�R�U�H���U�L�S�����U�D�S�S�L�Q�J���W�R���F�R�P�S�H�Q�V�D�W�H���I�R�U���O�R�V�W���F�K�D�Q�Q�H�O���U�D�S�S�L�Q�J���W�R���F�R�P�S�H�Q�V�D�W�H���I�R�U���O�R�V�W���F�K�D�Q�Q�H�O��

�L�Q�W�H�J�U�L�W�\���D�Q�G���K�L�J�K�H�U���I�O�R�R�G���U�L�V�N�����L�Q�W�H�J�U�L�W�\���D�Q�G���K�L�J�K�H�U���I�O�R�R�G���U�L�V�N����
// �P�R�U�H���L�Q�W�H�Q�V�L�Y�H���Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���W�R���G�H�D�O���Z�L�W�K���S�R�R�U�H�U���P�R�U�H���L�Q�W�H�Q�V�L�Y�H���Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���W�R���G�H�D�O���Z�L�W�K���S�R�R�U�H�U��

�Z�D�W�H�U���T�X�D�O�L�W�\�Z�D�W�H�U���T�X�D�O�L�W�\
// alternative water supplies to compensate for alternative water supplies to compensate for 

decreased water quantity.decreased water quantity.
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•• Interventions often further deteriorate Interventions often further deteriorate 
remaining ecosystem servicesremaining ecosystem services

•• Downward spiral: generates an everDownward spiral: generates an ever--
increasing need for costly engineering increasing need for costly engineering 
intervention intervention 
// to compensate for ongoing reductions in to compensate for ongoing reductions in 

water quality and availability.water quality and availability.
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�´�´ �1�D�W�X�U�D�O���)�O�R�Z�V���L�Q���W�K�H���%�D�W�W�O�H���5�L�Y�H�U�1�D�W�X�U�D�O���)�O�R�Z�V���L�Q���W�K�H���%�D�W�W�O�H���5�L�Y�H�U
// �6�H�D�V�R�Q�D�O�O�\�����W�K�H���%�D�W�W�O�H���5�L�Y�H�U���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���6�H�D�V�R�Q�D�O�O�\�����W�K�H���%�D�W�W�O�H���5�L�Y�H�U���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G��

�E�\���O�R�Z���\�H�D�U�E�\���O�R�Z���\�H�D�U�����U�R�X�Q�G���I�O�R�Z�V�����S�X�Q�F�W�X�D�W�H�G���E�\���K�L�J�K�H�U���U�R�X�Q�G���I�O�R�Z�V�����S�X�Q�F�W�X�D�W�H�G���E�\���K�L�J�K�H�U��
�I�O�R�Z�V���L�Q���W�K�H���V�S�U�L�Q�J���U�X�Q�I�O�R�Z�V���L�Q���W�K�H���V�S�U�L�Q�J���U�X�Q�����R�I�I���V�H�D�V�R�Q���R�I�I���V�H�D�V�R�Q��

// The BattleThe Battle’’s flow can also vary widely from s flow can also vary widely from 
year to year.  year to year.  

// Its flow in flood years is several times higher Its flow in flood years is several times higher 
to that in drought years, when there is almost to that in drought years, when there is almost 
no flow at all.no flow at all.
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Battle River near the Saskatchewan border
 Annual Runoff Volumes

0

100,000

200,000

300,000

400,000

500,000

600,000

1984 1986 1988 1990 1992 1994 1996 1998 2000

Year

V
ol

um
e 

of
 W

at
er

, 
cu

bi
c 

de
ca

m
et

re
s

Consumed     Recorded



(�	������!0���
���"����.!(�	������!0���
���"����.!
Battle River near the Saskatchewan border

 Monthly Runoff Volumes
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Upland: depleted
Riverbank: largely intact

Upland: very depleted
Riverbank: very depleted

Upland: variable
Riverbank: variable
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High spring flow
• flushes out sediments, 
weeds and other detritus
• scours spawning beds
• introduces nutrients to 
floodplain

Low spring flow

• sediments, nutrients and other 
pollutants remain

• spawning beds choked with 
sediments

• natural fertilization of floodplain 
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Higher Summer/Fall/Winter Flows

• Maintains higher dissolved oxygen 
levels

• More stable temperature

• Dilution of contaminants

Lower Summer/Fall/Winter Flows

• Lower dissolved oxygen levels

• Larger fluctuations in water temperature

• Promotes growth of nuisance species

• Concentration of contaminants is greater
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Fecal coliforms - Open Water Season
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Fecal coliforms - Ice Covered Season
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Chlorophyll a - Open Water Season
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Chlorophyll a - Ice Covered Season
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Dissolved oxygen - Open Water Season
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Dissolved Oxygen - Ice Covered Season
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