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LONG-TERM TRENDS IN ECOSYSTEM HEALTH: 
QUANTITATIVE ANALYSIS OF RIVER BENTHIC INVERTEBRATE 

COMMUNITIES, PEACE AND ATHABASCA RIVERS

STUDY PERSPECTIVE

An important objective of the Northern River Basins 
Study is to examine the relationships between 
industrial development and the health of the Peace,
Athabasca and Slave River systems. Data obtained 
over the course of the study will provide a database 
that can be used to assess the cumulative effects of 
man-made developments on the aquatic 
environment of these rivers. Benthic invertebrates 
are bottom-dwelling organisms that are very 
sensitive to environmental change and are 
considered good indicators of aquatic ecosystem 
health. A review of existing monitoring programs 
which use benthic invertebrates as indicators of 
ecosystem health was undertaken to both document 
any long-term trends in invertebrate communities, 
and recommend modifications to these continuing 
programs.

This project assessed the long-term trends in
ecosystem health of the Peace and Athabasca rivers by evaluating changes in the composition of invertebrate 
communities in relation to effluent loading. Existing long-term data sets for benthic invertebrates were 
compiled and their sampling procedures reviewed for deficiencies. Where the sampling procedures were 
sufficiently similar, quantitative statistical analyses (e g., time series analyses) was performed on the data to 
determine whether patterns in benthic community structure were consistent with those predicted impacts from 
point-source inputs.

Data on benthic invertebrate community structure for the Peace and Athabasca rivers were compiled from 
a large number of sources, including government and industry. The database used for this project extends 
from 1960 to 1992. Initial analysis attempted to identify changes in invertebrate community structure using 
time series analysis to investigate time-related trends in the large data set. However, this approach was 
inappropriate because of marked differences in the sampling techniques used. Instead, invertebrate 
community classification was compared using cluster analyses of average taxonomic abundance for each 
community. Results of cluster analyses indicated that benthic invertebrate community structure in the 
Athabasca River near Hinton and Whitecourt, and in the Wapiti River near Grande Prairie, appears little 
affected by municipal and pulp mill effluents. In many cases, upstream sites formed strong clusters with sites 
located immediately below point-source inputs. However, this apparent minimal impact may be due to 
complex interactions between the many compounds present in effluent, the low concentration of effluent in 
river water (<1 % river volume on average), or other abiotic factors (e.g., scouring of river ice, spring flooding) 
which mask the effect of the effluents.

This project summarizes the changes in taxonomic composition of benthic invertebrate communities from 
long-term study sites in the Peace and Athabasca rivers. Experiments currently underway as part of another 
NRBS project are evaluating the effects of nutrients versus effluent additions on benthic communities. Further 
analysis of the Peace and Athabasca river data base may be useful in clarifying the potential effects of 
hydrological factors on benthic invertebrate community structure.

	�$�����������&��������

la) How has the aquatic ecosystem, including 
fish and/or other aquatic organisms, been 
affected by exposure to organochtorines 
or other toxic compounds?

13a) What predictive tools are required to 
determine the cumulative effects of man­
made discharges on the water and aquatic 
environment?

b) What are the cumulative effects of man­
made discharges on the water and aquatic 
environment?
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River Date Filename Code Site

4����� FG�GG�G0 ���#�G0"#�	 � 9O@��������$����������
����"�#����.��$��
!����

4����� FG�GG�G� ���#�G�"#�	 9O@��������$����������
����"�#����.��$��
!����

4����� FG�GG�G� ���#�G�"#�	 9O@��������$����������
����"�#����.��$��
!����

4����� F��*F�I0 #��	�I0�"#�	 FF �FG6BFHHF D�.����"� .��$��#/�	�
4����� F��*F�I0 #����I0�"#�	 FF �FG6B*F*F D�.����"�.��$��#/���
4����� FH�/G�I0 #��	�I0�"#�	 FF �FG6BFHHF D�.����"�.��$��#/�	�
4����� FH�/G�I0 #����I0�"#�	 FF �FG6B*F*F D�.����"�.��$��#/���
4����� F��*F�I0 #��	�I0�"#�	 FF �FG62/F*F D�.�9P�@��������$�#	�

	�
4����� F��*F�I0 #����I0�"#�	 FF �FG62/F/F D�.�9P�@��������$�#	�

��
4����� FH�/G�I0 #��	�I0�"#�	 FF �FG62/F*F D�.�9P�@��������$�#	�

	�
4����� FH�/G�I0 #����I0�"#�	 FF �FG62/F/F D�.�9P�@��������$�#	�

��

4����� F/�/��H* #��H*�	"#�	 � *� )4!�������4E�
�F�FP @��������$+

4����� F/�/G�H* #��H*�/"#�	 Q /� )&����D�.����6��
.������	����+

4����� F/�/A�H* #��H*�0"#�	 • 0� )��$��1�.����6��
.��+

4����� F/�/G�H* #��H*��"#�	 �� )1�.�����?6����	�
����
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Table 4 - continued.

River Date Filename Code Site

.��$� F��**�I0 ��	�I0��"#�	 FF �FG6B�HH�  ���������G�	�

.��$� F��**�I0 ����I0��"#�	 FF �FG6B�FF�  ���������G���

.��$� FH�/I�I0 ��	�I0�	"#�	 FF �FG6B�HH�  ���������G�	�

.��$� FH�/I�I0 ����I0�	"#�	 FF �FG6B�FF�  ���������G���

.��$� F��*F�I0 ����I0��"#�	 FF �FG6>/F*F D�.����"� .����������/�
��
D�.����"�.����������/�	�.��$� F��*F�I0 ��	�I0��"#�	 FF �FG6>*HHF

.��$� FH�/G�I0 ��	�I0�	"#�	 FF �FG6>*HHF D�.����"�.����������/�	�

.��$� FH�/G�I0 ����I0�	"#�	 FF �FG6>/F*F D�.����"�.����������/���

.��$� F��**�I0 �#���I0�"#�	 FF �FG6B/FA�  ��4�����������

.��$� F��**�I0 �#�*�I0�"#�	 FF �FG6B/F��  ��4���������	�

.��$� FH�/I�I0 �#�*�I0�"#�	 FF �FG6B/F��  ��4���������	�

.��$� FH�/I�I0 �#���I0�"#�	 FF �FG6B/FA�  ��4�����������

.��$� F��**�I0 �#	�I0��"#�	 FF �FG6B0HH� *�/�4���������������
�A�	�

.��$� F��**�I0 �#��I0��"#�	 FF �FG6B�FF� *�/�4���������������
�A���

.��$� FH�/I�I0 �#	�I0�	"#�	 FF �FG6B0HH� *�/�4���������������
�A�	�

.��$� FH�/I�I0 �#��I0�	"#�	 F9 �FG6B�9F� *�/�4���������������
�A���
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Table 5. Summary of benthic macroinvertebrate data files provided by Alberta Environmental 
Protection for the Peace River, u/s = upstream, d/s = downstream, STP = sewage treatment plant, 
Site = general site location as provided by source, lb = true left bank, rb = true right bank, C = centre, 
con = confluence. See appendices for additional details on sampling procedures. Date = 
month/day/year.

���'. �$+' ��&'*$/' �)-' ��+'

Peace 05/12/83 psrlb83s.wbl 00AT07FD5000 U/S con. with Smoky 
pi lb

Peace 05/12/83 psrrb83s.wbl 00AT07FD5010 U/S con. with Smoky 
pi rb

Peace 05/12/83 phrlb83s.wbl 00AT07HA2040 At Peace River U/S 
Heart River p2 lb

Peace 05/12/83 phrrb83s.wbl 00AT07HA2041 At Peace River U/S 
Heart River p2 rb

Peace 05/12/83 pdv83sp.wbl 00AT07FD2030 At Dunvegan
Peace 09/29/83 psrlb83f.wbl 00AT07FD5000 U/S con. with Smoky 

pi lb
Peace 09/29/83 psrrb83f.wbl 00AT07FD5010 U/S con. with Smoky 

pi rb
Peace 09/29/83 phrlb83f.wbl 00AT07HA2040 At Peace River U/S 

Heart River p2 lb
Peace 09/29/83 phrrb83f.wbl 00AT07HA2041 At Peace River U/S 

Heart River p2 rb
Peace 09/29/83 pdv83fl.wbl 00AT07FD2030 At Dunvegan

Peace 09/27/88 dunvegan.wbl 00AL07FD1500 Dunvegan (left)
Peace 09/28/88 carajou.wbl 00AL07HD1030 Near Carajou (centre)
Peace 09/28/88 lacrete.wbl 00AL07HF1350 Near LaCrete
Peace 09/28/88 notikewi.wbl 00AL07HC1200 U/S Notikewin River
Peace 09/29/88 peacept.wbl 00AL07KC1000 Near Peace Point 

(centre)
Peace 09/29/88 woodbuff.wbl 00AL07KA2000 Above Wood Buffalo
Peace 09/29/88 fortverm.wbl 00AL07HF1700 At Fort Vermillion
Peace 10/05/88 asmoky.wbl 00AL07FD4500 U/S Smoky

� �
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����� F��/A�IG ��	�IG��"#�	 FF@�FG>1*FFF @������	�
����� F��/A�IG ����IG��"#�	 FF@�FG>1**FF @��������
����� FH�/I�IG ��	�IG�	"#�	 FF@�FG>1*FFF @������	�
����� FH�/I�IG ����IG�	"#�	 FF@�FG>1**FF @��������
����� FG�/*�II ��	�II��"#�	 FF@�FG>1*FFF @������	�
����� FG�/*�II ����II��"#�	 FF@�FG>1**FF @��������
����� *F�F0�II ��	�II�	"#�	 FF@�FG>1*FFF @������	�
����� *F�F0�II ����II�	"#�	 FF@�FG>1**FF @��������

����� F��/A�IG ��	�IG��"#�	 F9 5FG>1*9�F F"/��$��D�.��	����
!�����	�

����� F��/G�IG ����IG��"#�	 FF 5FG>1**FF F"/��$��D�.��	����
!�������

����� FH�/I�IG ��	�IG�	"#�	 FF 5FG>1*F�F F"/��$��D�.��	����
!�����	�

����� FH�/I�IG ����IG�	"#�	 FF 5FG>1**FF F"/��$��D�.��	����
!�������

����� FG�/*�II ��	�II��"#�	 FF 5FG>1*F�F F"/��$��D�.��	����!�����
	�
F"/��$��D�.��	����
!�������

����� FG�/*�II ����II��"#�	 FF 5FG>1**FF

����� FH�/G�II ��	�II�	"#�	 FF 5FG>1*F�F F"/��$��D�.��	����
!�����	�

����� FH�/G�II ����II�	"#�	 99 59G>1**F9 F"/��$��D�.��	����
!�������

����� FH�/I�IG ���IG�	"#�	 FF 5FG>1*FFF �"/�$��D�.��	����
!�����)������+

����� FH�/G�II ���II�	"#�	 FF 5FG>1*FFF �"/�$��D�.��	����
!�����)������+
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Peace 07/26/88 p32d88su.wbl 00AL07HA2680 32 km D/S Daishowa

Peace 07/26/88 p32d88fl.wbl OOAL07HA268O
Pulp mill (B4R)
32 km D/S Daishowa

Peace 07/26/88 p33d88su.wbl 00AL07HA2700
Pulp mill (B4R)
33 km D/S Daishowa

Peace 10/04/88 p33d88fl.wbl 00AL07HA2700
Pulp mill (B4C)
33 km D/S Daishowa

Peace 07/26/88 p35d88su.wbl 00AL07HA2800
Pulp mill (B4C)
35 km D/S Daishowa

Peace 10/04/88 p35d88fl.wbl 00AL07HA2800
Pulp mill (B4L)
35 km D/S Daishowa 
Pulp mill (B4L)
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���	��A"� .�����������������	���������������.�����������	���%�5��"���	%���-� 	������������������
����	���������8�		���4���������	��5��"�������� ���������!��������4���������"� .����M�%�����	������
	�����������������������������"� .���������������������������	������	���������	��%�����������"� 1����M�
��������������"

!���� 1��� >�	����� .���

8�5��� FA�F��IG �#&�IG�	"#�	 *
 �������� FA�F��IG �#&�IG�/"#�	 /
 �������� FA�F��IG �#&�IG�0"#�	 0
 �������� FA�F��IG �#&�IG��"#�	 �
 �������� FA�F��IG �#&�IG��"#�	 �

8�5��� **�F��IG �#��IG�	"#�	 *
 �������� **�F��IG �#��IG�/"#�	 /
 �������� **�F��IG �#��IG�0"#�	 0
 �������� **�F��IG �#��IG��"#�	 �
 �������� **�F��IG �#��IG��"#�	 �

8�5��� FA�F��II �#&�II�	"#�	 *
 �������� FA�F��II �#&�II�/"#�	 /
 �������� FA�F��II �#&�II�0"#�	 0
 �������� FA�F��II �#&�II��"#�	 �
 �������� FA�F��II �#&�II��"#�	 �

8�5��� *F�F��II �#��II�	"#�	 *
 �������� *F�F��II �#��II�/"#�	 /
 �������� *F�F��II �#��II�0"#�	 0
 �������� *F�F��II �#��II��"#�	 �
 �������� *F�F��II �#��II��"#�	 �

8�5��� FA�FI�IH �#&�IH�	"#�	 *
 �������� FA�FI�IH �#&�IH�/"#�	 /
 �������� FA�FI�IH �#&�IH�0"#�	 0
 �������� FA�FI�IH �#&�IH��"#�	 �
 �������� FA�FI�IH �#&�IH���"#�	 ��
 �������� FA�FI�IH �#&�IH��"#�	 �
 �������� FA�FI�IH �#&�IH�A"#�	 A
 �������� FA�FI�IH �#&�IH�G"#�	 G

��



Table 6 - continued

!���� 1��� >�	����� .���

8�5��� *F�FI�IH �#��IH�	"#�	 *
 �������� *F�FI�IH �#��IH�	"#�	 *
 �������� *F�FI�IH �#��IH�/"#�	 /
 �������� *F�FI�IH �#��IH�0"#�	 0
 �������� *F�FI�IH �#��IH��"#�	 �
 �������� *F�FI�IH �#��IH���"#�	 ��
 �������� *F�FI�IH �#��IH��"#�	 �
 �������� *F�FI�IH �#��IH�A"#�	 A
 �������� *F�FI�IH �#��IH�G"#�	 G

 �������� F��FI�H/ �#��HF�	"#�	 *
 �������� F��FI�HF �#��HF�/"#�	 /
 �������� F��FI�HF �#��HF�0"#�	 0
 �������� F��FI�HF �#��HF��"#�	 �
 �������� F��FI�HF �#��HF���"�#��* ��
 �������� F��FI�HF �,#��HF��"#�	 �
 �������� F��FI�HF �#��HF�A"#�	 A
 �������� F��FI�HF �#��HF�G"#�	 G

8�5��� *F�FI�HF �#��HF�	"#�	 *
 �������� *F�FI�HF �#��HF�/"#�	 /
 �������� *F�FI�HF �#��HF�0"#�	 0
 �������� *F�FI�HF �#��HF��"#�	 �
 �������� *F�FI�HF �#��HF���"#�	 ��
 �������� *F�FI�HF �#��HF��"#�	 �
 �������� *F�FI�HF �#��HF�A"#�	 A
 �������� *F�FI�HF �#��HF�G"#�	 G

8�5��� F��FI�H* �#��H*�	"#�	 *
 �������� F��FI�H* �#��H*�/"#�	 /
 �������� F��FI�H* �#��H*�0"#�	 0
 �������� F��FI�H* �#��H*��"#�	 �
 �������� F��FI�H* �#��H*���"#�	 ��
 �������� F��FI�H* �#��H*��"#�	 �
 �������� F��FI�H* �#��H*�A"#�	 A
 �������� F��FI�H* �#��H*�G"#�	 G
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River Date Filename Site

McLeod 10/08/91 mwoc91sl.wbl 1
Athabasca 10/08/91 mwoc91s2.wbl 2
Athabasca 10/08/91 mwoc91s3.wbl 3
Athabasca 10/08/91 mwoc91s4.wbl 4
Athabasca 10/08/91 mwoc91s4a.wbl 4a
Athabasca 10/08/91 mwoc91s5.wbl 5
Athabasca 10/08/91 mwoc91s6.wbl 6
Athabasca 10/08/91 mwoc91s7.wbl 7

McLeod 04/08/92 mwap92sl.wbl 1
Athabasca 04/08/92 mwap92s2.wbl 2
Athabasca 04/08/92 mwap92s3.wbl 3
Athabasca 04/08/92 mwap92s4.wbl 4
Athabasca 04/08/92 mwap92s4a.wbl 4a
Athabasca 04/08/92 mwap92s5.wbl 5
Athabasca 04/08/92 mwap92s6.wbl 6
Athabasca 04/08/92 mwap92s7.wbl 7

Athabasca 10/08/92 mwoc92sl.wbl 1
Athabasca 10/08/92 mwoc92s2.wbl 2
Athabasca 10/08/92 mwoc92s3.wbl 3
Athabasca 10/08/92 mwoc92s4.wbl 4
Athabasca 10/08/92 mwoc92s4a.wbl 4a
Athabasca 10/08/92 mwoc92s5.wbl 5
Athabasca 10/08/92 mwoc92s6.wbl 6
Athabasca 10/08/92 mwoc92s7.wbl 7

�3





Table 7 - continued.

!���� 1��� >�	����� .���

 �������� *F�FG�HF ����HF�	"#�	 *
 �������� *F�FG�HF ����HF�/"#�	 /
 �������� *F�FG�HF ����HF�0"#�	 0
 �������� *F�FG�HF ����HF��"#�	 �
 �������� *F�FG�HF ����HF��"#�	 �
 �������� *F�FG�HF ����HF�A"#�	 A
 �������� *F�FG�HF ����HF�G"#�	 G

 �������� F��FG�H* ����H*�	"#�	 *
 �������� F��FG�H* ����H*�/"#�	 /
 �������� F��FG�H* ����H*�0"#�	 0
 �������� F��FG�H* ����H*��"#�	 �
 �������� F��FG�H* ����H*��"#�	 �
 �������� F��FG�H* ����H*�A"#�	 A
 �������� F��FG�H* ����H*�G"#�	 G

 �������� *F�FG�H* ����H*�	"#�	 *
 �������� *F�FG�H* ����H*�/"#�	 /
 �������� *F�FG�H* ����H*�0"#�	 0
 �������� *F�FG�H* ����H*��"#�	 �
 �������� *F�FG�H* ����H*��"#�	 �
 �������� *F�FG�H* ����H*�A"#�	 A
 �������� *F�FG�H* ����H*�G"#�	 G

 �������� F��FG�H/ ����H/�	"#�	 *
 �������� F��FG�H/ ����H/�/"#�	 /
 �������� F��FG�H/ ����H/�0"#�	 0
 �������� F��FG�H/ ����H/��"#�	 �
 �������� F��FG�H/ ����H/��"#�	 �
 �������� F��FG�H/ ����H/�A"#�	 A
 �������� F��FG�H/ ����H/�G"#�	 G
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���	��H"� .�����������������	���������������@��$������	������5��"-�=���%������2�����������	�.��������
5��"-���������������	�?� '������2�����������	�8���%������������4����������.��$��!�����"� >�	��������
�����������������,������%������ *HGF�*HH0"� 2������	�����������������������������������������������
������	������������#������		������#����������	�����	����������������������-� ����M���������-�����M�
��#�������-�	��M������	�������$-����M��������%������$-�����M�����	�����"� .���������������������������	�
�����	���������	��%�����������"� 1����M���������������"� 7��������� ����$�����������������������
	�������������	��"� 8�		�M���	����		����6��������������������	���#�������4�������������������5��"
*�M�������������-�N�M�����	��%������������������-���M���	��-�$��M�$�	�������-���M������������������"

!���� 1��� >�	����� .����

4�����?.��$��H?**�GF 4 �GF.*"4@* F"0���������		���F"/��������.��$�����" )7�M� G+
4����� FG�GG�G/4 �G/.*"4@* /"0���������		��*I"*� ��������		 )7�M� A+
4����� FA�GG�G�4 �G�.*"4@* /"0���������		��*I"*� ��������		 )7�M� A+
4����� FA�GG�G� 4 �G�./"4@* /"0���������		��*I"*� ��������		 )7�M� A+
4����� **�GG�G� 4 �G�.0"4@* /"0���������		��*I"*� ��������		 )7�M� A+
4����� *F�GG�G� 4 �G�.*"4@* /"0���������		��*I"*� ��������		 )7�M� I+
4����� *F�GG�GI 4 �GI.*"4@* /"0���������		��*I"*� ��������		 )7�M� G+
4����� *F�GG�IF 4 �IF.*"4@* /"0���������		��*I"*� ��������		 )7�M� I+
4����� *F�GG�I* 4 �I*.*"4@* /"0���������		��*I"*���������		 )7M� I+
4����� *F�GG�I/ 4 �I/.*"4@* /"0���������		��*I"*� ��������		 )7�� � I+
4����� *F�GG�I0 4 �I0.*"4@* /"0���������		��*I"*� ��������		 )7�M� I+
4����� *F�GG�I� 4 �I�.*"4@* /"0���������		��*I"*� ��������		 )7�� � I+
4����� *F�GG�IG 4 �IG.*"4@* /"0���������		��*I"*� ��������		 )7�M� I+
4����� *F�GG�IG 4 �IG.*"4@* /"0���������		��*I"*� ��������		 )7�M� I+
4����� *F�GG�II 4 �II.*"4@* /"0���������		��*I"*� ��������		 )7�M� I+
4����� *F�GG�HF4 �HF.*"4@* /"0���������		��*I"*� ��������		 )7�M� A+
4����� F��GG�H* 4 �H*.*"4@* /"0���������		���*I"*� ��������		 )7M� **+
4����� F*�GG�H/ 4 �H/.*"4@* /"0���������		��*I"*� ��������		 )7�M� **+
4����� **�GG�H/ 4 �H/./"4@* /"0���������		��*I"*� ��������		 )7�M� **+
4����� F/�GG�H0 4 �H0.*"4@* /"0���������		��*I"*� ��������		 )7�M� **+
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Figure 1. Location of tributaries and point source discharges to the Athabasca River, Alberta. 
Reproduced from Tones (1993).
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Figure 4. Location o f sampling sites used by Beak Consulting Ltd. in the Athabasca River at Hinton,
1972. Source: Beak (1972a).
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Figure 7. Location o f sampling sites used by Beak Consulting Ltd. in the Athabasca River at Hinton,
1977. Source: Beak (1978).
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Figure 10. Location of sampling sites used by Terrestrial & Aquatic Environmental Managers Ltd. in
the Athabasca River at Hinton, 1986. Source: Terrestrial & Aquatic Environmental Managers Ltd.
(1986a).
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Figure 12. Location of sampling sites used by Terrestrial & Aquatic Environmental Managers Ltd., in 
the Athabasca River at Hinton, 1990-1993. Source: Terrestrial & Aquatic � � � ��� �- ����0� Managers 
Ltd. (1991a, 1992b, 1993a, 1993b).

#0



Figure 13. Location o f sampling sites used by Beak Consulting Ltd. in the Wapiti and Smoky Rivers,
1975. Source: Beak (1976).
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Figure 16. Location of sampling sites used by Integrated Environmental Sciences Inc. in the 
Wapiti and Smoky Rivers, 1982. Source: Integrated Environmental Sciences Inc. (1983).
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Figure 19. Location of sampling sites used by Terrestrial & Aquatic Environmental Managers Ltd. in
the Wapiti and Smoky Rivers, 1987. Source: Terrestrial & Aquatic Environmental Managers Ltd.
(1988).
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of the quality criteria and "low quality" data sets met < 50% of the identified data criteria.
Our analysis of the Peace-Athabasca invertebrate data base (PAID) indicates that sampling 

procedures varied widely both historically (e.g., techniques used in 1970 versus those used in 1990's) 
and among researchers.
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Table 10 - continued. Part 1.3 - sites at Athabasca township and Alberta Pacific Forest Industries 
Inc.

Category Details

Years = 1990. Source: Alberta Environmental Protection (AEP) data base output. Note: the data 
base provided by AEP was not accompanied with report documents. Thus, information reviewed 
here is typically that present within the data base. However, general monitoring methods for rivers 
in the Alberta are described by Anderson (1990).

Sampling dates 
Sampling locations

Month/Day/Y ear.
Described in some detail.
Depth and velocity and substratum characteristics not provided.

Sample collector Always identified. Samples collected by 6 people. Complete

Sampler type and size 
Sampler mesh size 
Sample replication 
Sample preservative 
Sample sorting protocols 
Taxonomic resolution

descriptions of collectors in 1985, only initials used for 1991.
Neill cylinder sampler (area = 0.1 m2).
Finest mesh = 0.210 mm.
5 samples per location.
Unknown.
Two people identified.
Typically to genus or species. Chironomidae identified to Tribe, other 
dipterans to genus or Family.
Taxonomic resolution consistent among sampling sites and years. 
Nematoda identified typically as: Nematoda.
Taxonomic keys not listed.
Taxonomic identifications completed by one person.

Quality control/quality 
assurance measures

Information not provided.
General sampling and processing techniques highly consistent among 
sampling sites and years.

Overall quality High.
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Years = 1973 - 1975. Source: Exner and Reynoldson (1976).

Sampling dates 
Sampling locations

Month/Day/Y ear.
Described in detail typically with location map. Six sites in 1973, seven 
sites in 1974, six sites in 1975.

Sample collector 
Sampler type and size

Depth and velocity and substratum characteristics provided.
Assumed to be authors.
Single qualitative kick sample at each site in 1973.
Five replicate cylinder samples (0.1 m2) at each site in 1974 & 1975. 
Some details on cylinder sampler but reference to Reynoldson (1973) 
for details.

Sampler mesh size 
Sample replication

Mesh size =0.210 mm.
Unreplicated kick samples in 1973, 5 replicate samples per location in 
1974 & 1975.

Sample preservative 
Sample sorting protocols 
Taxonomic resolution

10% formalin.
Unknown.
Typically to genus or family.
Taxonomic resolution consistent among sampling sites. 
Taxonomic keys listed.
Samples sorted in the field.
Taxonomist not identified.

Quality control/quality 
assurance measures

Information not provided.
General sampling and processing techniques apparently consistent 
among sampling sites within a particular year.

Overall quality Moderate to low quality because: 1) initial focus on qualitative 
sampling techniques, 2) detailed descriptions of sample collection and 
processing protocols are not reported.

�"



Table 12 - continued.

Category Details
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Years = 1983,1987,1988. Source: Alberta Environmental Protection (AEP) data base output. 
Note: the data base provided by AEP was typically not accompanied with report documents. Thus, 
information reviewed here is typically that present within the data base.

Sampling dates 
Sampling locations

Typically Month/Day/Y ear.
Described in detail with sampling location code.
Depth and velocity and substratum characteristics not provided.

Sample collector 
Sampler type and size 
Sampler mesh size 
Sample replication 
Sample preservative 
Sample sorting protocols 
Taxonomic resolution

Full details - six collectors identified.
Neill cylinder sampler (area = 0.1 m2).
Finest mesh = 0.210 mm.
5 samples per location.
Unknown.
Unknown.
Good resolution (i.e., typically genus or species). Chironomidae 
identified to Tribe, other dipterans to genus or Family.
Taxonomic resolution consistent among sampling sites and years. 
Nematoda identified typically as: Nematoda.
Taxonomic keys not listed.
Three sample sorters identified.
Taxonomist identified for all sampling locations and dates. Three 
taxonomists identified.

Quality control/quality 
assurance measures

Information not provided.
General sampling and processing techniques highly consistent among 
sampling sites and years.

Overall quality Moderate to high quality. Good taxonomic resolution but insufficient 
descriptions of sample collection and processing protocols.
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Table 15. Benthic macroinvertebrate sampling protocols used by Sentar Consultants Ltd., Calgary, for
Alberta Newsprint Company and Millar Western Pulp Ltd. in the Athabasca River at Whitecourt.
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Year = 1972 & 1974. Sources: Beak (1972a, 1975b).

Sampling dates Month/Day/Year.
Sampling locations Described in some detail and accompanied with a map. Some details on

Sample collector 
Sampler type and size

water depth, velocity and substratum characteristics provided. 
Unknown.
Artificial substrata. Sampler dimensions described. Incubation period 
provided. Contents of each tray screened with 30 mesh/inch sieve after

Sampler mesh size 
Sample replication 
Sample preservative 
Sample sorting protocols 
Taxonomic resolution

removed from river. Size of substratum added to trays not provided. 
Surber samples (number of replicate samples not stated) taken at three 
sites. Samples preserved and processed as stated for tray samples. 
Surber mesh size unknown. Artificial substratum = N/A.
Nine sets of six trays.
Preserved in 5% formalin in field.
Unknown.
One sample from each location (i.e., site) selected for taxonomic 
identification.
Identification of larval Chironomidae based on mounting of

specimens.
Level of taxonomic resolution typically to genus and details for the

selected

Quality control/quality 
assurance

sample provided as an Appendix. Variation in density of specific taxa 
among replicates absent.
Level of taxonomic resolution typically reported to species or genus. 
Sample residue reported as fine pieces of wood and fine plant debris. 
Information on taxonomic resolution for early instars unknown. 
Variable taxonomic resolution. Groups of taxa divided into 3 general 
categories (i.e. Biotic index). Supporting information to justify these 
categories not provided.
Taxonomic keys not listed.
Taxonomist - Unknown. Samples processed by Beak staff.
Samples sorter - Unknown.
Not specified - probably poor.
General sampling and processing techniques apparently consistent 
among sampling sites.

Overall quality Low. Large improvement compared to techniques reported in Beak 
(1960). However, standardized techniques generally poor compared to 
present day standards.
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Table 16 - continued

Category Details
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Table 16 - continued

Category Details

Year = 1979. Source: Beak (1980a).

General comment - details on sampling sites and techniques are consistent with those reported by 
Beak (1978). However, additional laboratory processing information was provided. These include:

Sampling sites Artificial trays placed in water depths of approximately 1 m.
Sample processing Tray samples sieved through a Standard No. 30 (0.595 mm) sieve.

Overall quality

A total of 8 trays were disturbed by the general public, 
samples preserved in 10% formalin.
Modified Surber samples were collected. These samples were also 
sieved, stained and preserved.

Minor changes from previous years sampling design.'
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Table 16 - continued.

Category Details
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Table 16 - continued.

Category Details

Year = Spring 1989, Spring 1990, April 1991, April 1992, October, 1992, Sources: Terrestrial & 
Aquatic Environmental Managers Ltd. (1989a, 1991a, 1991b, 1992a, 1993b).

Sampling dates 
Sampling locations

Sample collector 
Sampler type and size 
Sampler mesh size 
Sample replication 
Sample preservative 
Sample sorting protocols

Taxonomic resolution

possible.

Quality control/quality 
assurance

Month/Day/Y ear.
Eight sampling sites that are described in detail and accompanied with 
a map. These sites comprise 3 upstream (i.e., reference sites and 5 
downstream sites. Downstream sites extend for a total of about 43 km. 
Detailed information on water depth, velocity and substratum 
characteristics provided. Note: two sites were removed from the study 
design because they represent areas where mixing of the effluent and 
river water is incomplete.
Terrestrial & Aquatic Environmental Managers Ltd. staff.
Neill sampler. Sampler dimensions provided (0.1m2).
Mesh size known (0.21 mm).
Five Neill samples for each site.
Preserved in 5 % formalin in field..
Samples sorted, identified and counted by A&E Aquatic Taxonomists. 
Samples washed through a #80 sieve prior to identification. All 
replicate samples sorted.
Identified samples preserved in 85% ethanol and stored in sealed vials. 
Samples sorted and identified by Dr. C. Low for all years. 
Identification of samples typically to species level.
High degree of consistency among replicates and sampling programs. 
Chironomids mounted in PVA stain and identified to genus where

Orthocladiinae chironomids identified to tribe. Other Tribes (e.g., 
Diamesinae, Tanypodinae) identified to genus or species.
Details on the level of taxonomic resolution included.
Some characteristics of sample residue reported.
Information on taxonomic resolution for early instars unknown.
Biotic index of Beak Consulting Ltd. not used.
Taxonomic keys provided.
Not specified but appears to be present within the sampling design. 
Sampling and processing techniques strongly consistent among 
sampling sites and years.

Overall quality High. Quality has increased markedly since 1960. Samples processed
over the last 11 years are characterised by a high degree of consistency 
among sites and years; include detailed descriptions of techniques used.
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Table 17 - continued.

Category Details

Year = 1975. Source: Beak (1976).

Sampling dates 
Sampling locations

Month/Day/Y ear.
Eight sampling sites
Sampling sites described in detail, map provided.
Some information on water depth, velocity and substratum characteristics 
provided.
Data collected by Beak Consulting Ltd.

Sample collector 
Sampler type and size

Identified as Beak Consulting.
Surber sampler, artificial substrata trays.
Surber sampler size 1.0 ft2, other details unknown.
Figure of artificial substrate included (4 week incubation period). 
Details of sampling procedure of artificial substrata included.

Sampler mesh size 
Sample replication

Surber mesh size unknown.
Six replicate Surber samples (samples subsequently pooled).
Pooling of Surber samples precludes the estimation of a density error term. 
Artificial substrate trays (one tray selected for detailed identification).

Sample preservative 
Sample sorting protocols

Formalin 10%.
Samples sorted, identified and counted by Beak Consulting staff. 
Some details on sample processing presented.
Preservative used on identified samples not provided.

Taxonomic resolution Samples sorted and identified by Beak Consulting staff. 
Identification of selected samples typically to species level.
Some details on sample residue characteristics reported. 
Information on taxonomic resolution for early instars unknown. 
Biotic index of Beak Consulting Ltd. used as well as more detailed

Quality control/quality 
assurance

species lists.
Detailed information on taxonomic keys provided.
Not specified. General sampling and processing techniques apparently 
consistent among sampling sites.

Overall quality Improved data quality due to: 1) addition of detailed sampling procedures,
2) comparison of Surber, modified Surber and artificial substrata in terms of 
sample variation. However, difficulties in sample replication remain.
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Table 17 - continued.

Category Details
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Year = 1980. Source: Beak (1981).

Sampling dates 
Sampling locations

Month/Day/Y ear.
Eight sampling sites (increase from 7 locations in 1978 (Beak 1979a). 
Sampling sites described in detail, map provided.
Additional details on water depth, velocity and substratum 
characteristics provided.
Data collected by Beak Consulting Ltd.

Sample collector 
Sampler type and size

Identified as Beak Consulting.
Surber sampler, artificial substrata trays.
Detailed description of construction of artificial substrata.
(4 week incubation period).
Details of sampling procedure for retrieval of artificial substrata 
included.

Sampler mesh size 
Sample replication

Surber mesh size provided.
Six true replicate Surber samples. Replicate samples were not 
subsequently pooled.
Six artificial substrate trays per site (4  substrata selected for detailed 
identification).

Sample preservative 
Sample sorting protocols

10% formalin, addition of rose bengal stain.
Samples sorted, identified and counted by Beak Consulting staff. 
Additional details on sample processing techniques presented. 
Preservative used on identified samples not provided.

Taxonomic resolution Samples sorted and identified by Beak Consulting staff 
Identification of selected samples typically to species level.
Sample residue characteristics reported.
Information on taxonomic resolution for early instars unknown. 
Biotic index of Beak Consulting Ltd. used as well as detailed species

Quality control/quality 
assurance

lists provided.
Detailed information on taxonomic keys provided.
Some details included. General sampling and processing techniques 
consistent among sampling sites. Report states the importance of 
consistency in processing of Surber samples and tray samples.

Overall quality Marked improvements in data quality due: 1) increases numbers (N = 4) 
of artificial substrata samples that were identified in detail, 2) all six 
Surber samples identified to a higher taxonomic level, 3) addition 
descriptions of sampling procedures.
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Table 17 - continued.

Category Details
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Year = 1983, 1985, 1987. Sources: Integrated Environmental Sciences Inc. (1984b, 1986b),
Terrestrial & Aquatic Environmental Managers Ltd. (1988).

General comments: field sampling and laboratory sample processing techniques were highly consistent 
between 1983 - 1987. However, major shifts between these and previous years include:
1) sole use of Neill benthic samplers compared to previous multiple sampler use (i.e., artificial 
substrata, Surber samplers and Neill samplers),
2) reduction in sample replication (reduction from 10 Neill and/or Surber samples in 1982 to 5 replicate 
Neill samples in 1983 - 1987).

Benthic sample processing techniques also differed between 1983-1985 and 1987. In 1987, samples 
were sorted and identified by Dr C. Low. Previously, samples were presumably processed by staff from 
Integrated Environmental Sciences Inc. and Terrestrial & Aquatic Environmental Managers Ltd. This 
change was accompanied with concomitant changes in sample processing techniques.

General sampling procedures are summarized below:

Sample collector

Sampler type and size 
Sample replication 
Sample preservative 
Sample sorting protocols 
Taxonomic resolution

Quality control/quality 
assurance

Data collected by Integrated Environmental Sciences Inc.,
Terrestrial & Aquatic Environmental Managers Ltd.
Five cylinder sampler (0.1 m2) only.
Five true replicate Neill samples per location.
5% formalin.
See above.
See above comments. Sample residue characteristics reported.
Information on taxonomic resolution for early instars unknown. 
Sub-sampling of naiads presumed for 1983 & 1985. Orthoclad chironomids 
identified to genus in 1987 but not in 1983 and 1985.
Detailed species and information on taxonomic keys provided.
Some details included. References to protocols used previously (e.g. Beak 
1979a, 1981). General sampling and processing techniques consistent 
among sampling sites. Evidence for strong concordance between 
chironomid identification based on gross morphology versus mounting of 
specimens.

Overall quality High. Increased data quality due to identification of orthocladiinae
chironomids typically to genus. Highly consistent techniques among years 
with the exception of changes in sample processing in 1987. Improvement 
in quality control/quality assurance for chironomid identification.
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2�1.1 Time series analysis

Time series analysis is a particularly useful tool for investigating temporal trends in large data 
sets (see Anderson 1976, Box and Jenkins 1976, Green 1979, Chatfield 1984, Van Latesteijn and 
Lambreck 1986, Kite 1989,1991, Norris and Georges 1993). An important advantage of time series 
over many other statistical analyses is that this approach does not assume that observations (i.e., 
data) are independent of each other. In fact, the problem of autocorrelation due to non­
independence of observations is a fundamental problem with the analysis of many biological data 
sets because dependent variables measured at any one time or place may be correlated highly with 
variables measured previously (i.e., they are autocorrelated).

The time series model assumes that a time series X, can be represented by the linear additive 
model:

where Pt is a periodic or cyclic component, Tt is a trend component, and Rjis a stochastic 
component.

Time series has a number of advantages over simple linear regression because a temporal 
pattern can be partitioned into three components (i.e., trend, periodicities, autoregressive), leaving a 
residual term. Trends are generally associated with long-term temporal changes in the time series, 
such as that produced by global warming, whereas periodicities often result from daily or seasonal 
changes. The autoregressive component represents the tendency for the magnitude of an event to be 
dependent upon the magnitude of previous events; it has been described as a memory effect (Kite 
1991). An important strength of a time series approach is that the trend could indicate a long-term 
pattern whereas the autoregressive component could provide important information on the impact of 
changes in secondary effluent treatment and/or bleaching processes on invertebrate communities.

Time series analyses can be best performed when the data set contains a large number of 
observations that have been measured at regular intervals. The problem of missing values within 
the time series can be partially overcome by interpolating using cubic spline-fitting techniques (Box 
and Jenkins 1976).

2.1.2 Classification using cluster analysis

In its broadest sense, classification represents a suite of tests that assign entities into classes or 
groups (Gauch 1982). Classification techniques are commonly used by benthic ecologists to 
describe spatial and temporal patterns in macroinvertebrate communities, typically as a first step to 
develop a mechanistic understanding of the factors producing such patterns (Norris et al. 1982, 
Wright et al. 1984, Osborne and Davies 1987, Moss et al. 1987, Ormerod and Edwards 1987, 
Scrimgeour 1989, Terrestrial and Aquatic Environmental Managers 1990, Shaw et al. 1990,

Xt = Pt+T t + Rt
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2.2 QUANTITATIVE ANALYSIS OF MACROINVERTEBRATE
COMMUNITIES FROM THE ATHABASCA RIVER
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occasions in winter 1992 (winter collection No. 1 was 8-14 January, winter collection No. 2 was 23- 
25 October and 7 November). In contrast to sites in the Athabasca River at Whitecourt, effluent 
from the Grande Prairie sewage treatment plant enters the river upstream of the pulp mill discharge.
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Benthic communities were sampled at Hinton twice annually between 1983 -1987 and 1989-1992 
by Alberta Environmental Protection (1983 data) and Terrestrial & Aquatic Environmental 
Managers Ltd. (Saskatoon) (1984-1987,1989-1992 data). Macroinvertebrates were collected with a 
Neill cylinder sampler (area =0.1 m2, mesh size = 0.21-0.25 mm), processed using similar 
techniques and identified to similar taxonomic levels. Thus, sample techniques for these two 
sources were sufficiently similar to allow the data to be pooled and analyzed as a single data set.

Benthic macroinvertebrate communities in the Athabasca River at Whitecourt were sampled 
twice annually (i.e., spring and fall) at 7 -10 sites between 1987 - 1992 by Sentar Consulting Ltd. 
(Calgary) on behalf of Alberta Newsprint Company and Millar Western Pulp Ltd. (Fig. 27). Benthic 
macroinvertebrates were collected using a Neill cylinder sampler (area =0.1 m2, mesh size = 0.25 
mm). Sampling protocols for all sites were highly consistent among and within years (See section
1.4 - Data base quality). Cluster analyses were performed separately for spring and summer 
(Analysis 1) and fall benthic collections (Analysis 2) because of the large number of objects 
comprising the data set (i.e., site*season* year combinations).

In contrast to sampling schedule in the Athabasca River, benthic macroinvertebrates were 
collected from the Wapiti River in fall 1987,1988, 1990, in spring 1991 and on two occasions in 
winter in 1992. Cluster analysis was performed using all benthic sampling dates because of the 
relatively low number of samples that comprise this data set.

Cluster analyses were performed on each of the three data sets using mean taxonomic 
abundance for each community. Benthic macroinvertebrate communities are typically diverse 
including numerous rare species (i.e., that have a low frequency of occurrence or are common but 
are present in low densities). For the purpose of statistical analyses, clustering was conducted using 
mean abundance for taxonomic groups that satisfied the following two criteria: (1) occurred in 
greater than 10% of the samples or (2) accounted for > 1% of total mean faunal density at a given 
site. When taxonomic groups failed to meet these criteria we decreased the level of taxonomic 
resolution by clumping species groups until the new group satisfied these criteria. For example, in 
the Athabasca River the ephemeropteran genus of Ephemerella consists of a large number of 
species: Ephemerella ('Prunella) colaradensis. Ephemerella ('Prunella) doddsi. Ephemerella 
(Prunella) grandis. Ephemerella (Prunella) grandis ingens. Ephemerella (Prunella) grandis ingens. 
and Ephemerella (Prunella) spinifera (Cash et al. 1994). Many of these species, however, occur at 
low densities and frequencies at sites immediately upstream and downstream of the Weldwood of 
Canada Ltd. pulp mill at Hinton between 1983 -1992. Because the species level of taxonomic 
resolution failed to meet the two criteria they were subsequently grouped together to form a single 
group described as Ephemerella (Prunella). While this results in a small loss of taxonomic 
resolution it overcomes the inherent problem of weighing rare taxa equally with those that occur 
more frequently. Taxonomic groups for each of the three data sets used for cluster analyses (i.e., 
Hinton, Whitecourt (spring and fall collections analyzed separately), Wapiti River) are provided in 
Tables 20 -23. Zooplankton data were included in cluster analyses when available. Zooplankton 
data were included only when data were available at each time interval at all sites within the three 
main data sets. A complete list of all benthic macroinvertebrate taxa observed in the Athabasca 
River is provided in Appendix 48.
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Table 22. Standardized listing o f benthic macoimvertebrate taxa used in clustering analyses for the
Athabasca River at Whitecourt for fall, 1987 -1992.

Hydracarina Brillia
Ostracoda Cardiocladius
Capniidae Eukiefferiella
Chloroperlinae Heleniella
Haploperla Nanocladius
Perlidae Parakiefferiella
Perlodidae Parametriocnemus
Cultus Rheocricotopus
Isogenoides Synorthocladius
Isoperla Tvetenia
Pteronarcyidae Corynoneura
Taeniopterygidae Thienemanniella
Ephemeroptera Chironomini
Ameletus Cryptochironomus
Baetidae Cyphomella
Heptageniidae Microtendipes
Heptagenia Phaenopsectra
Rhithrogena Polypedilum
Ephemerella (Drunella) Robackia
Tricorythodes Tanytarsini
Leptophlebiidae Cladotanytarsus
Trichoptera Micropsectra
Brachycentrus Rheotanytarsus
Glossosoma Sublettea
Arctopsyche Tanytarsus
Cheumatopsyche Tipulidae
Hydropsyche Hexatoma
Lepidostoma Ceratopogoninae
Oecetis Chelifera
Limnephilidae Hemerodromia
Coleoptera Callicorixa
Diamesa Sigara
Potthastia Enchytraeidae
Monodiamesa Naididae
Tanypodinae Tubificidae
Thienemannimyia Mollusca
Orthocladiinae Nematoda
Orthocladiini & 
Metriocnemini

Polycelis
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These patterns in macroinvertebrate community structure are markedly different to our initial 
expectations. We predicted that the statistical analyses would reveal marked differences in 
macroinvertebrate communities present at sites located upstream compared to downstream of point 
source outfalls and those collected immediately before compared to after effluent release. In 
contrast, we observed no clear distinction between communities from upstream versus downstream 
of the outfall or from before or after the mill upgrade. This suggests that benthic community 
structure is highly variable among seasons and years. Despite the absence of consistent separations 
between samples collected upstream and downstream of the outfall or before or after mill upgrades, 
subtle differences in community structure do exist on individual sampling dates. For example, there 
is typically a separation of benthic communities on the basis of location within spring and fall 
collections. Thus, for any date, communities collected upstream separated from communities 
downstream of the mill. In many cases however, these differences are small compared with among 
year variation. While the mechanisms producing high seasonal and annual variation among 
upstream and downstream sites requires further investigation, it may be related to variation in 
hydrologic characteristics.

Benthic m acroinvertebrate communities in the Athabasca River at Whitecourt. The Athabasca 
River at Whitecourt receives effluent inputs from Alberta Newsprint Company, Millar Western Pulp 
Ltd. and Township of Whitecourt. We predicted that benthic macroinvertebrate communities in the 
Whitecourt area would differ based on proximity to inputs. We expected that samples collected in 
the fall would form several clusters consisting of: 1) Sites 5,6, 8, and 9 in 1987 (i.e., pre-operation 
of Millar Western Pulp Ltd.), 2) Sites 6, 8 and 9 in 1989 (i.e., post-operational sites located 
downstream of Millar Western Pulp Ltd.), 3) Sites 1 and 2 (i.e., upstream of all discharges) between 
1989 -1992; if the effects of point source inputs are localized Site 11 (i.e., 20, 24 and 34 km 
downstream of the sewage treatment discharge, Millar Western Pulp Ltd., and Alberta Newsprint 
Company, respectively) should cluster with Sites 1 and 2 between 1989 -1992 and 4) Sites 3-10 
(i.e., sites downstream of Alberta Newsprint Company, Millar Western Pulp Ltd. and sewage 
inputs) between 1989 -1992.

Cluster analysis of spring and summer benthic macroinvertebrate communities from the 
Athabasca River near Whitecourt produced four clusters at the 1.4 level of dissimilarity (Fig. 26). 
Cluster 1 consisted almost exclusively of macroinvertebrate communities collected during spring, 
1991, while Cluster 2 consisted predominantly of benthic communities collected during the spring 
of 1990 and 1992. Similarly, 13 of the 15 benthic communities comprising Cluster 3 and 12 of the 
14 communities comprising Cluster 4 were collected in the summer and spring, respectively (Fig. 
26). As observed for the Athabasca River near Hinton, there was no marked separation in benthic 
macroinvertebrate communities among sites located upstream or downstream of effluent releases.
In fact, benthic macroinvertebrate communities at Sites 5, 6, 8, and 9 in pre-operational years of 
Millar Western Pulp Ltd were similar to those observed after effluent release (i.e., post-operational 
years). Similar trends in benthic macroinvertebrate communities were also observed with respect to 
sites located upstream compared to downstream of mill discharges.
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Figure 27. Results of cluster analysis of fall benthic macroinvertebrate communities in the 
Athabasca River at Whitecourt, Alberta. Description of site labels: fl = fall; other abbreviations as 
described in Fig. 25. Vertical dashed line = dissimilarity coefficient of 1.2.
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The simplest explanation for the absence of identifiable effects on benthic invertebrate 
communities downstream of municipal and pulp mill discharges is that the contaminants are present 
in concentrations that are below threshold levels that would exert identifiable effects. The absence 
of marked affects on community structure may not be surprising because of the dramatic 
improvements in secondary effluent treatment systems including extended aeration activated sludge 
and aerated stabilization systems and changes pulp bleaching technologies. For example, process 
changes and recent upgrades at the Weldwood of Canada mill at Hinton between 1986 and 1992 has 
resulted in an approximate 50% reduction in BOD5, a 2.5 fold reduction in NH4+ and up to a 33% 
reduction in total phosphorus concentrations. In addition, effluent discharges for the Weldwood, 
Alberta Newsprint Company, Millar Western Pulp Ltd., and Weyerhaeuser Canada Ltd. are typically 
less than 1% of total river volume (Anderson 1989, Terrestrial and Aquatic Environmental 
Managers 1990, Anderson 1991, Tones 1993,1994). These changes in effluent characteristics may 
result in an overall increase in secondary production (e.g., Anderson 1989) but may occur 
independently of changes in community structure.

The absence of significant effects could also result from a diversity of other factors including: 
1) high natural variation in benthic community structure, 2) past and present sampling approaches 
that are inadequate to identify significant effects (e.g., poor field and laboratory protocols, incorrect 
spatial and temporal scales), 3) poor taxonomic resolution or 4) the highly complex nature of pulp 
mill effluent. Our evaluation of sampling protocols suggests that sampling approaches should be 
sufficient to identify impacts in the spring and fall if they exist. However, this result does not 
preclude the possibility that such effects are present but are masked by natural variability in 
invertebrate community characteristics. Moreover, our result does not preclude the presence of 
significant effects at other times of the year. However, adverse effects of pulp mill effluents on 
benthic communities, if present, should be apparent during the spring and fall when effluent to river 
volume ratios are often highest and because early aquatic larval instars and those immediately about 
to emerge (e.g., penultimate instars) and mate are most vulnerable.

The level of taxonomic resolution (i.e., species and genera level versus family level 
identification) is an important factor determining the ability to recognize an environmental impact 
because many effects can be species-specific. To overcome this potential problem we restricted our 
analysis to sampling occasions when sampling protocols and laboratory sample processing 
techniques were consistent and generally at the species or genera levels. This level of taxonomic 
resolution should be sufficient to identify significant effects of municipal and pulp mill effluents. 
Thus, it is unlikely that the absence of significant differences in benthic invertebrate community 
structure at sites located immediately upstream than downstream of point source inputs results from 
low taxonomic resolution.

Municipal sewage and pulp mill discharges may be exerting significant effects on benthic 
community structure but are masked by other factors. While the potential mechanisms that could 
mask effluent effects are currently unknown, the annual scouring effects of river ice break-up 
(Scrimgeour et al. 1994) and spring floods (Resh et al. 1988, Power et al. 1988, Scrimgeour et al. 
1988, Scrimgeour and Winterboum 1989) are likely involved.

The highly complex nature of pulp mill effluent has been widely documented (Walden 1976, 
Davis et al. 1988, Hall et al. 1991, Owens 1991, McCubbin and Folke 1993). Thus, it is possible 
that component of the effluent may be exerting substantial effects on benthic community structure
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8�9 APPENDICES

Appendices 2 to 47 inclusive provide data on benthic macroinvertebrate community structure for 
sites on the Peace and Athabasca rivers; because a printed copy of the data would be 
prohibatively large, the data is provided on disks bound as the last page of this report.

The disks contain five files:
1. Disk 1 of 2;

a. INSTALL.BAT, being 99 bytes in size
b. DISCLAIM.TXT, being 493 bytes in size
c. SPLICE.COM, being 1,300 bytes in size
d. NRBSPR56.E01, being 1,455,104 bytes in size

2. Disk 2 of 2;
a. NRBSPR56.E02, being 1,388,242 bytes in size

To install the data on a microcomputer, using DOS:

1. Copy the three files, INSTALL.BAT, DISCLAIM.TXT and SPLICE.COM to a 
directory on your hard drive.

2. Type splice d: where d: = the drive reading the floppy disk 1 of 2 (usually a:)
3. When presented with the message on the screen, remove disk 1 of 2 and insert disk 2 

of 2. The result will be file NRBSPR56.EXE (2,843,284 bytes) added to the 
directory.

4 Type install

The result will be a subdirectory NRBSPR56 containing subdirectories APP02 to APP47 
inclusive. The subdirectories will contain a total of 362 files using 8,040,579 bytes. All the 
files were prepared in Quattro Pro for windows and have extension WB1. Note that all file 
names are unique except for one; WAP91S1.WB1 occurs in APP07 and in APP44, although 
each occurance contributes a uniquely different spreadsheet.

There is no warranty expressed or implied for the use of this data; the Northern River 
Basins Study does not guarantee the accuracy of the data. The NRBS does not assume any 
liability for actions or consequences resulting from the use of the data; individuals using 
this database do so entirely at their own risk. The NRBS will not update the data except 
as deemed necessary for its own purposes.
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B. Review Report

Based on the information reviewed and statistically analyzed, produce a
comprehensive report on the long-term trends in ecosystem health in the Peace,
Athabasca and Slave rivers. The report will include:

1. A description and compilation of existing long-term data sets for the 
Peace, Athabasca and Slave rivers.

2. To the extent possible, a review of benthic sampling procedures used to 
produce each data set and the sampling deficiencies associated with them.

3. Where appropriate, quantitative statistical analyses (i.e., time series 
analyses) of long-term data sets.

EH. Reporting Requirements

1. Provide ten cerlox bound draft copies of the report to the component 
coordinator by 15 March 1994.

2. Three weeks after the receipt of review comments on the report, provide 
the component coordinator with five cerlox bound copies and two 
unbound, camera-ready originals of the final report. At the same time, 
provide the component coordinator with an electronic copy of the report, 
in Word Perfect 5.1 format, on 3.5 inch floppy discs, of the final report. 
Data from any tables, figures or appendices in the report are also to be 
submitted to the component coordinator on Lotus or Quattro Pro 
spreadsheets. The final report is to include an executive summary, table 
of contents, list of tables, list of figures, acknowledgement section and an 
appendix containing the Terms of Reference for this project.

IV. Project Administration

The Scientific Authority for this project is:

Dr. Garry Scrimgeour
National Hydrology Research Institute
11 Innovation Blvd., Saskatoon, Saskatchewan
S7N 3H5

Questions pertaining to this project of a scientific nature should be directed to him.
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FF 5FG 1**HF
FF 5FG 1**HF

1�.�������� *�$������%�����
1�.�������� *�$������%����
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F��*A�I�
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1�.�������� *�$������%�����
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1�.�������� *�$������%����

 ��������
 ��������

F��*A�I�
F��*A�I�

�/F��I��"#�	
�/F*�I��"#�	

FF 5FG 1*0HF
FF 5FG 1*0GF

1�.��������/F�$������%�����
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Appendix 2 - continued.

River Date Filename Code Site

Athabasca 10/08/85 h201b85f.wbl 00AL07AD1370 D/S Hinton 20 km bridge lb
Athabasca 10/08/85 h20rb85f.wbl 00AL07AD1390 D/S Hinton 20 km bridge rb
Athabasca 10/08/85 h301b85f.wbl 00AL07AD1460 30 km D/S of Hinton lb

Athabasca 05/15/84 h50rb84s.wbl 00AL07AD1670 50 km D/S of Hinton rb
Athabasca 05/15/84 h501b84s.wbl 00AL07AD1660 50 km D/S of Hinton lb

Athabasca 10/07/85 h50rb85f.wbl 00AL07AD1670 50 km D/S of Hinton rb
Athabasca 10/07/85 h501b85f.wbl 00AL07AD1660 50 km D/S of Hinton lb

Athabasca 10/08/85 h61b85fl.wbl 00AL07AD1200 6 km D/S of Hinton lb
Athabasca 10/09/85 h6rb85fl.wbl 00AL07AD1220 6 km D/S of Hinton rb

Athabasca 05/19/83 hrb83sp.wbl 00AL07AD1010 U/S of Hinton rb
Athabasca 09/12/83 hrb83fl.wbl 00AL07AD1010 U/S of Hinton rb

Athabasca 05/16/84 hrb84sp.wbl 00AL07AD1010 U/S of Hinton rb
Athabasca 05/16/84 hlb84sp.wbl 00AL07AD1020 U/S of Hinton lb

Athabasca 06/12/85 hrb85sp.wbl 00AL07AD1010 U/S of Hinton rb
Athabasca 10/09/85 hlb85fl.wbl 00AL07AD1020 U/S of Hinton lb
Athabasca 10/09/85 hrb85fl.wbl 00AL07AD1010 U/S of Hinton rb

Athabasca 05/21/86 hrb86sp.wbl 00AL07AD1010 U/S of Hinton rb
Athabasca 09/02/86 hrb86fl.wbl 00AL07AD1010 U/S of Hinton rb
Athabasca 05/27/87 hrb87sp.wbl 00AL07AD1010 U/S of Hinton rb
Athabasca 09/09/87 hrb87fl.wbl 00AL07AD1010 U/S of Hinton rb
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 �������� FI�/G�I� �F�*�I��"#�	 FF 5FG�@*FFF F"��$��1�.� ���  ���������	�
 �������� FI�/G�I� �F���I��"#�	 FF 5FG�@*FIF F"��$��1�.� ���  �����������
 �������� FI�/G�I� �	��*�I�"#�	 FF 5FG�@*0FF *"��$��1�.����  ���������	�
 �������� FI�/G�I� �	����I�"#�	 FF 5FG�@*0IF *"��$��1�.� ���  �����������
 �������� FI�/G�I� �/��*�I�"#�	 FF 5FG�@*�FF /"��$��1�.� ���  ���������	�
 �������� FI�/G�I� �/����I�"#�	 FF 5FG�@*�IF /"��$��1�.����  �����������
 �������� FI�/G�I� �0��*�I�"#�	 FF 5FG�@*HFF 0"��$��1�.����  ���������	�
 �������� FI�/G�I� �0����I�"#�	 FF 5FG�@*HIF 0"��$��1�.����  �����������

 �������� FI�/G�I� �	���I��"#�	 FF 5FG@2/0FF D�.���� ���������	�
 �������� FI�/G�I� �����I��"#�	 FF 5FG@2/0�F D�.���� �����������
 �������� *F�FH�H* ���H*�	"#�	 ( *� )��$��1�.�� ��1��������$+
 �������� *F�FH�H* ���H*�/"#�	 ( /� )0�$��D�.���� 5�� ��

��������+
 �������� *F�FH�H* ���H*�0"#�	 P 0� )*$��1�.� ��� 5�� ��

��������+
 �������� *F�*F�H* ���H*��"#�	 P �� )**�$��1�.���� 5� ��

��������+
 �������� *F�*F�H* ���H*��"#�	 �� )��$��1�.����5�@�����

!����+
 �������� *F�*F�H* ���H*�A"#�	 ! A� )0�$��1�.�� ����		��%�!����+



Appendix 5. Summary and benthic macroinvertebrate data files provided by Alberta 
Environmental Protection for the Athabasca River at Fort McMurray. U/S = upstream, D/S = 
downstream, STP = sewage treatment plant, Site = general site location as provided by source, lb 
= true left bank, rb = true right bank, conf = confluence. See appendices for additional details on 
sampling procedures. Date = month/day/year.

River Date Filename Code Site

Athabasca 08/31/87 ftO-ldsf.wbl 00AL07DA0620 0.1 km D/S of Ft. 
McMurray STP outfall lb

Athabasca 08/31/87 ft0-5usf.wbl • 00AL07D A0610 0.5 km U/S of Ft. 
McMurray STP outfall lb

Athabasca 08/31/87 ftlOdsf.wbl 00AL07DA0820 10 km D/S of Ft. 
McMurray STP outfall lb

Athabasca 08/31/87 ftldsf.wbl 00AL07DA063 1.0 km D/S of Ft. 
McMurray STP outfall lb

Athabasca 05/26/83 fthr83sp.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 09/22/83 fthr83fl.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 05/15/84 fthr84sp.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 09/11/84 fthr84fl.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 05/27/85 fthr85sp.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 09/09/85 fthr85fl.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 05/29/86 fthr86sp.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 09/04/86 fthr86fl.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 06/04/87 fthr87sp.wbl OOAL07CC0500 U/S of Horse River 
(Ft. McMurray)

Athabasca 08/31/87 fthr87fl.wbl 00AL07CC0500 U/S of Horse River 
(Ft. McMurray)
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5������.	��� FH�*/�HF 	�HF�	�	"#�	 *� )8����������%�+
5������.	��� FH�*/�HF =�HF�/�	"#�	 � /� )D�.� �����	����		+
5������.	��� FH�*/�HF =�HF�0�	"#�	 � 0� )1�.������	����		+
5������.	��� FH�*/�HF =�HF���	"#�	 � �� )D�.� .��	����,�!����+
5������.	��� FH�*/�HF =�HF���	"#�	 � �� )D�.�1����#����!����+

5������.	��� F��*A�HF 	�HF�	��"#�	 \ *� )8����������%�+
5������.	��� F��*A�HF =�HF�/��"#�	 � /� )D�.������	����		+
5������.	��� F��*A�HF =�HF�0��"#�	 � 0� )1�.������	����		+
5������.	��� F��*A�HF =�HF����"#�	 � �� )D�.� .��	����,�!����+
5������.	��� F��*A�HF =�HF����"#�	 � �� )D�.�1����#����!����+
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4�����

!����

FG�NN�G0 ���#�G0"#�	 � 9O@��������$����������
���"�#����.��$�

4�����

!����

FG�GG�G� ���#�G�"#�	 9O@��������$����������
���"�#����.��$�

4�����

!����

FG�GG�G� ���#�G�"#�	 9O@��������$����������
���"�#����.��$�

4����� F��*F�I0 #��	�I0�"#�	 99 �FG6BFHHF D�.����"� .��$��#/�	�
4����� F��*F�I0 #����I0�"#�	 FF �FG6B*F*F D�.����"� .��$��#/���
4����� FH�/G�I0 #��	�I0�"#�	 FF �FG6BFHHF D�.����"� .��$��#/�	�
4����� FH�/G�I0 #����I0�"#�	 FF �FG6B*F*F D�.����"� .��$��#/���
4����� F��*F�I0 #��	�I0�"#�	 FF �FG62/F*F D�.�9P�@��������$�#	�*
4����� F��*F�I0 #����I0�"#�	 FF �FG62/F/F D�.�9P�@��������$�# 	�
4����� FH�/G�I0 #��	�I0�"#�	 FF �FG62/F*F D�.�9P�@��������$�#	� �

4����� FH�/G�I0 #����I0�"#�	 FF �FG62/F/F D�.�9P�@��������$�# 	�

4����� F/�/��H* #��H*�	"#�	 ( *� )4!�������4E�
�F�FP @��������$+

4����� F/�/G�H* #��H*�/"#�	 R /� 9����D�.����6��
.������	����+

4����� F/�/A�H* #��H*�0"#�	 0� )��$��1�.����6��
.��+

4����� F/�/G�H* #��H*��"#�	 �� )1�.�����?6����	�
����+

4����� F/�/��H* #��H*��"#�	 P �� )F"��$��1�.����
�?6����	����-�5@+

4����� F/�/A�H* #��H*�A"#�	 A� )4!������!!�
����%���5@�����+



�99'*-���3�!� ()*+�

���'. �$+' ��&'*$/' �)-' ��+'

Wapiti 02/26/91 wap91s7.wbl ! 7 (WR 5-10 km D/S 
of P&G effluent)

Wapiti 02/26/91 wap91s8.wbl “ 8 (WRU/S of Bear 
River)

Wapiti 02/26/91 wap91s9.wbl - 9 (10 km U/S of mouth)
Wapiti 02/26/91 wap91sl0.wbl 10 (WR 0.5 km U/S 

of mouth)
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@�	�#�@������������
	�

@�	�#�@������������
	�

@�	�#�@������������
��

@�;����������%�
)�#�0�+��0� 	�

.��$� F��**�I0 ���	�I0�"#�	 FF �FG6B/F0�

.��$� FH�/I�I0 ���	�I0�"#�	 FF �FG6B/F0�

.��$� FH�/I�I0 �����I0�"#�	 FF �FG6B/F��

.��$� F��FH�I0 ��;	�I0�"#�	 FF �FG6B/F*�

.��$� F��FH�I0 ��;��I0�"#�	 FF �FG6B/F/� @�;����������%�
)�#�0�+��0� ��

.��$� FH�/G�I0 ��;	�I0�"#�	 FF �FG6B/F*� @�;����������%�
)�#�0�+��0� 	�

.��$� FH�/G�I0 ��;��I0�"#�	 FF �FG6B/F/� @�;����������%�
)�#�0�+��0� ��

.��$� F��*F�I0 ��#	�I0�"#�	 FF �FG6>*FFF D�.����"�4��������� 	�

.��$� F��*F�I0 ��#��I0�"#�	 FF �FG6>*F*F D�.����"�4��������� ��

.��$� FH�/G�I0 ��#	�I0�"#�	 FF �FG6>*FFF D�.����"�4��������� 	�

.��$� FH�/G�I0 ��#��I0�"#�	 FF �FG6>*F*F D�.����"�4��������� ��

.��$� F��**�I0 ��	�I0��"#�	 FF �FG6B�HH�  ���������G�	�

.��$� F��**�I0 ����I0��"#�	 FF �FG6B�FF�  ���������G���

.��$� FH�/I�I0 ��	�I0�	"#�	 FF �FG6B�HH�  ���������G�	�

.��$� FH�/I�I0 ����I0�	"#�	 FF �FG6B�FF�  ���������G���
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.��$� F��*F�I0 ����I0��"#�	 FF �FG6>/F*F D�.� ���"� .����������/�
��
D�.����"� .����������/�
	�
D�.����"� .����������/�
	�
D�.����"� .����������/�
��
 ��4�����������

.��$� F��*F�I0 ��	�I0��"#�	 FF �FG6>*HHF

.��$� FH�/G�I0 ��	�I0�	"#�	 FF �FG6>*HHF

.��$� FH�/G�I0 ����I0�	"#�	 FF �FG6>/F*F

.��$� F��**�I0 �#���I0�"#�	 FF �FG6B/FA�

.��$� F��**�I0 �#�*�I0�"#�	 FF �FG6B/F��  ��4���������	�

.��$� FH�/I�I0 �#�*�I0�"#�	 FF �FG6B/F��  ��4���������	�

.��$� FH�/I�I0 �#���I0�"#�	 FF �FG6B/FA�  ��4�����������

.��$� F��**�I0 �#	�I0��"#�	 FF �FG6B0HH� *�/�4���������������
�A�	�

.��$� F��**�I0 �#��I0��"#�	 FF �FG6B�99� *�/�4���������������
�A���

.��$� FH�/I�I0 �#	�I0�	"#�	 FF �FG6B0HH� *�/�4���������������
�A�	�

.��$� FH�/I�I0 �#��I0�	"#�	 FF �FG6B�FF� *�/�4���������������
�A���



Appendix 9. Summary and benthic macroinvertebrate data files provided by Alberta 
Environmental Protection for the Peace River. U/S = upstream, D/S = downstream, STP = 
sewage treatment plant, Site = general site location as provided by source, lb = true left bank, rb 
= true right bank, con = confluence. See appendices for additional details on sampling 
procedures. Date = month/day/year.

River Date Filename Code Site

Peace 05/12/83 psrlb83s.wbl 00AT07FD5000 U/S con. with Smoky 
pi lb

Peace 05/12/83 psrrb83s.wbl 00AT07FD5010 U/S con. with Smoky 
pi rb

Peace 05/12/83 phrlb83s.wbl 00AT07HA2040 At Peace River U/S 
Heart River p2 lb

Peace 05/12/83 phrrb83s.wbl 00AT07HA2041 At Peace River U/S 
Heart River p2 rb

Peace 05/12/83 pdv83sp.wbl 00AT07FD2030 At Dunvegan
Peace 09/29/83 psrlb83f.wbl 00AT07FD5000 U/S con. with Smoky 

pi lb
Peace 09/29/83 psrrb83f.wbl 00AT07FD5010 U/S con. with Smoky 

pi rb
Peace 09/29/83 phrlb83f.wbl 00AT07HA2040 At Peace River U/S 

Heart River p2 lb
Peace 09/29/83 phrrb83f.wbl 00AT07HA2041 At Peace River U/S 

Heart River p2 rb
Peace 09/29/83 pdv83fl.wbl 00AT07FD2030 At Dunvegan

Peace 09/27/88 dunvegan.wbl 00AL07FD1500 Dunvegan (left)
Peace 09/28/88 carajou.wbl 00AL07HD1030 Near Carajou (centre)
Peace 09/28/88 lacrete.wbl O0ALO7HF135O Near LaCrete
Peace 09/28/88 notikewi.wbl 00AL07HC1200 U/S Notikewin River
Peace 09/29/88 peacept.wbl 00AL07KC1000 Near Peace Point 

(centre)
Peace 09/29/88 woodbuff.wbl 00AL07KA20OO Above Wood Buffalo
Peace 09/29/88 fortverm.wbl 00AL07HF1700 At Fort Vermillion
Peace 10/05/88 asmoky.wbl 00AL07FD4500 U/S Smoky
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����� F��/A�IG ��	�IG��"#�	 FF@�FG>1*FFF @������	�
����� F��/A�IG ����IG��"#�	 FF@�FG>1**FF @��������
����� FH�/I�IG ��	�IG�	"#�	 FF@�FG>1*FFF @������	�
����� FH�/I�IG ����IG�	"#�	 FF@�FG>1**FF @��������
����� FG�/*�II ��	�II��"#�	 99@�FG>1*FFF @������	�
����� FG�/*�II ����II��"#�	 FF@�FG>1**FF @��������
����� *F�F0�II ��	�II�	"#�	 FF@�FG>1*FFF @������	�
����� *F�F0�II ����II�	"#�	 FF@�FG>1**FF @��������

����� F��/A�IG ��	�IG��"#�	 FF 5FG>1*F�F F"/��$��D�.��	����
!�����	�

����� F��/G�IG ����IG��"#�	 FF 5FG>1**FF F"/��$��D�.��	����
!�������

����� FH�/I�IG ��	�IG�	"#�	 FF 5FG>1*F�F F"/��$��D�.��	����
!�����	�

����� FH�/I�IG ����IG�	"#�	 99 5FG>1**FF F"/��$��D�.��	����
!�������

����� FG�/*�II ��	�II��"#�	 FF 5FG>1*F�F F"/��$��D�.��	����
!�����	�

����� FG�/*�II ����II��"#�	 FF 5FG>1**FF F"/��$��D�.��	����
!�������

����� FH�/G�II ��	�II�	"#�	 FF 5FG>1*F�F F"/��$��D�.��	����
!�����	�

����� FH�/G�II ����II�	"#�	 FF 5FG>1**FF F"/��$��D�.��	����
!�������

����� FH�/I�IG ���IG�	"#�	 FF 5FG>1*FFF �"/�$��D�.��	����
!�����)������+

����� FH�/G�II ���II�	"#�	 FF 5FG>1*FFF �"/�$��D�.��	����
!�����)������+
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����� FG�/G�II �0�II��"#�	 FF 5FG� /*�F 0�$��D�.�1�����#��
��	����		�)@*5+

����� *F�F��II �0�II�	"#�	 FF 5FG� /*�F 0�$��D�.�1�����#��
��	����		�)@*5+

����� FG�/G�II ���II��"#�	 FF� 5FG� /*FF ��$��D�.�1�����#��
��	����		�)@*!+

����� *F�F��II ���II�	"#�	 FF 5FG� /*FF ��$��D�.�1�����#��
��	����		�)@*!+

����� FG�/A�II �/�II��"#�	 9F 59G� //99 /�$��1�.�1�����#��
��	����		�)@/!+

����� *F�F��II �/�II�	"#�	 FF 5FG� //FF /�$��1�.�1�����#��
��	����		�)@/!+

����� FG�/G�II ���II��"#�	 FF 5FG� /AFF ��$��1�.�1�����#��
��	����		�)@/5+

����� *F�F��II ���II�	"#�	 FF 5FG� /AFF ��$��1�.�1�����#��
��	����		�)@/5+

����� FG�/G�II �G�II��"#�	 FF 5FG� /A/F G�$��1�.�1�����#��
��	����		�)@/�+

����� *F�F��II �G�II�	"#�	 FF 5FG� /A/F G�$��1�.�1�����#��
��	����		�)@/�+

����� FG�/A�II �	G�II��"#�	 FF 5FG� /A�F *G�$��1�.�1�����#��
��	����		�)@05+

����� *F�F��II �	G�II�	"#�	 FF 5FG� /A�F *G�$��1�.�1�����#��
��	����		�)@05+

����� FG�/A�II �/F�II��"#�	 FF 5FG� /AAF /F�$��1�.�1�����#��
��	����		�)@0!+

����� *F�F��II �/F�II�	"#�	 FF 59G� /AAF /F�$��1�.�1�����#��
��	����		�)@0!+



Appendix 9 - continued

River Date Filename Code Site

Peace 07/26/88 p32d88su.wbl 00AL07HA2680 32 km D/S Daishowa 
Pulp mill (B4R)

Peace 07/26/88 p32d88fl.wbl 00AL07HA2680 32 km D/S Daishowa 
Pulp mill (B4R)

Peace 07/26/88 p33d88su.wbl 00AL07HA2700 33 km D/S Daishowa 
Pulp mill (B4C)

Peace 10/04/88 p33d88fl.wbl 00AL07HA2700 33 km D/S Daishowa 
Pulp mill (B4C)

Peace 07/26/88 p35d88su.wbl 00AL07HA2800 35 km D/S Daishowa 
Pulp mill (B4L)

Peace 10/04/88 p35d88fl.wbl 00AL07HA28OO 35 km D/S Daishowa 
Pulp mill (B4L)



 ������,�*F"� .�����������������	���������������.�����������	���%�5��"� ��	%���-� 	����������
������������	���������8�		���4���������	��5��"� ������� ���������!��������4���������-� *HIG�*HII"�
.�������M�5��������� .��	����)*HII-� *HIH+"� ����M���������-� ����M���#�������-� .���M���#�%��
�����������	���-� .����M�%�����	������	�����������������������������-� 	��M������	�������$-����M������
��%������$-� �����M�����	�����"� .���������������������������	������	���������	��%�����������"
1����M���������������"

!���� 1��� >�	����� .���

8�5��� FA�F��IG �#&�IG�	"#�	 *
 �������� FA�F��IG �#&�IG�/"#�	 /
 �������� FA�F��IG �#&�IG�0"#�	 0
 �������� FA�F��IG �#&�IG��"#�	 �
 �������� FA�F��IG �#&�IG��"#�	 �

8�5��� **�F��IG �#��IG�	"#�	 *
 �������� **�F��IG �#��IG�/"#�	 /
 �������� **�F��IG �#��IG�0"#�	 0
 �������� **�F��IG �#��IG��"#�	 �
 �������� **�F��IG �#��IG��"#�	 �

8�5��� FA�F��II �#&�II�	"#�	 *
 �������� FA�F��II �#&�II�/"#�	 /
 �������� FA�F��II �#&�II�0"#�	 0
 �������� FA�F��II �#&�II��"#�	 �
 �������� FA�F��II �#&�II��"#�	 �

8�5��� *F�F��II �#��II�	"#�	 *
 �������� *F�F��II �#��II�/"#�	 /
 �������� *F�F��II �#��II�0"#�	 0
 �������� *F�F��II �#��II��"#�	 �
 �������� *F�F��II �#��II��"#�	 �



 ������,� **"� .�����������������	���������������.�����������	���%�5��"� ��	%���-�  	����������
������������	���������8�		���4���������	��5��"� ������� ���������!��������4���������-� *HIH��
*HHF"� .�������M�5��������� .��	����)*HHF�-� *HH*�+"� ����M���������-� ����M���#�������-� .���M�
��#�%�������������	���-� .����M�%�����	������	�����������������������������-�	��M������	�������$-����
M��������%������$-� �����M�����	�����"� .���������������������������	������	���������	��%�
����������"� 1����M���������������"

!���� 1��� >�	����� .���

8�5��� FA�FI�IH �#&�IH�	"#�	 *
 �������� FA�FI�IH �#&�IH�/"#�	 /
 �������� FA�FI�IH �#&�IH�0"#�	 0
 �������� FA�FI�IH �#&�IH��"#�	 �
 �������� FA�FI�IH �#&�IH��"#�	 ��
 �������� FA�FI�IH �#&�IH��"#�	 �
 �������� FA�FI�IH �#&�IH�A"#�	 A
 �������� FA�FI�IH �#&�IH�G"#�	 G

8�5��� *F�FI�IH �#��IH�	"#�	 *
 �������� *F�FI�IH �#��IH�/"#�	 /
 �������� *F�FI�IH �#��IH�0"#�	 0
 �������� *F�FI�IH �#��IH��"#�	 �
 �������� *F�FI�IH �#��IH��"#�	 ��
 �������� *F�FI�IH �#��IH��"#�	 �
 �������� *F�FI�IH �#��IH�A"#�	 A
 �������� *F�FI�IH �#��IH�G"#�	 G

8�5��� F��FI�HF �#��HF�	"#�	 *
 �������� F��FI�HF �#��HF�/"#�	 /
 �������� F��FI�HF �#��HF�0"#�	 0
 �������� F��FI�HF �#��HF��"#�	 �
 �������� F��FI�HF �#��HF��"#�	 ��
 �������� F��FI�HF �#��HF��"#�	 �
 �������� F��FI�HF �#��HF�A"#�	 A
 �������� F��FI�HF �#��HF�G"#�	 G
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River Date Filename Site

McLeod 10/08/90 mwoc90sl.wbl 1
Athabasca 10/08/90 mwoc90s2.wbl 2
Athabasca 10/08/90 mwoc90s3.wbl 3
Athabasca 10/08/90 mwoc90s4.wbl 4
Athabasca 10/08/90 mwoc904a.wbl 4a
Athabasca 10/08/90 mwoc90s5.wbl 5
Athabasca 10/08/90 mwoc90s6.wbl 6
Athabasca 10/08/90 mwoc90s7.wbl 7



 ������,� */"� .�����������������	���������������.�����������	���%�5��"� ��	%���-�  	����������
������������	���������8�		���4���������	��5��"� ������� ���������!��������4���������-� *HH*��
*HH/"� .�������M� 5��������� .��	����)*HH/�-� *HH0�+"� ����M���������-� ����M���#�������-� .���M�
��#�%�������������	���-� .����M�%�����	������	�����������������������������-�	��M������	�������$-����
M��������%������$-� �����M�����	�����"� .���������������������������	������	���������	��%�
����������"� 1����M���������������"

8�5��� F��FI�H* �#��H*�	"#�	 *
 �������� F��FI�H* �#��H*�/"#�	 /
 �������� F��FI�H* �#��H*�0"#�	 0
 �������� F��FI�H* �#��H*��"#�	 �
 �������� F��FI�H* �#��H*��"#�	 ��
 �������� F��FI�H* �#��H*��"#�	 �
 �������� F��FI�H* �#��H*�A"#�	 A
 �������� F��FI�H* �#��H*�G"#�	 G

8�5��� *F�FI�H* �#��H*�	"#�	 *
 �������� *F�FI�H* �#��H*�/"#�	 /
 �������� *F�FI�H* �#��H*�0"#�	 0
 �������� *F�FI�H* �#��H*��"#�	 �
 �������� *F�FI�H* �#��H*��"#�	 ��
 �������� *F�FI�H* �#��H*��"#�	 �
 �������� *F�FI�H* �#��H*�A"#�	 A
 �������� *F�FI�H* �#��H*�G"#�	 G

8�5��� F��FI�H/ �#��H/�	"#�	 *
 �������� F��FI�H/ �#��H/�/"#�	 /
 �������� F��FI�H/ �#��H/�0"#�	 0
 �������� F��FI�H/ �#��H/��"#�	 �
 �������� F��FI�H/ �#��H/��"#�	 ��
 �������� F��FI�H/ �#��H/��"#�	 �
 �������� F��FI�H/ �#��H/�A"#�	 A
 �������� F��FI�H/ �#��H/�G"#�	 G
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 �������� *F�FI�H/ �#��H/�	"#�	 *
 �������� *F�FI�H/ �#��H/�/"#�	 /
 �������� *F�FI�H/ �#��H/�0"#�	 0
 �������� *F�FI�H/ �#��H/��"#�	 �
 �������� *F�FI�H/ �#��H/��"#�	 ��
 �������� *F�FI�H/ �#��H/��"#�	 �
 �������� *F�FI�H/ �#��H/�A"#�	 A
 �������� *F�FI�H/ �#��H/�G"#�	 G



Appendix 13. Summary and data files provided by Sentar Consulting Ltd. Calgary, Alberta for 
studies completed for Alberta Newsprint Corporation in the Athabasca River at Whitecourt, 
1989-1990. u/s = upstream, d/s = downstream, STP = sewage treatment plant, Site = general 
site location as provided by source, lb = true left bank, rb = true right bank, conf = confluence. 
See appendices for additional details on sampling procedures. Date = month/day/year.

River Date Filename Site

Athabasca 06/07/89 anju89sl.wbl 1
Athabasca 06/07/89 anju89s2.wbl 2
Athabasca 06/07/89 anju89s3.wbl 3
Athabasca 06/07/89 anju89s4.wbl 4
Athabasca 06/07/89 anju89s5.wbl 5
Athabasca 06/07/89 anju89s6.wbl 6
Athabasca 06/07/89 anju89s7.wbl 7

Athabasca 10/07/89 anoc89sl.wbl 1
Athabasca 10/07/89 anoc89s2.wbl 2
Athabasca 10/07/89 anoc89s3.wbl 3
Athabasca 10/07/89 anoc89s4.wbl 4
Athabasca 10/07/89 anoc89s5.wbl 5
Athabasca 10/07/89 anoc89s6.wbl 6
Athabasca 10/07/89 anoc89s7.wbl 7

Athabasca 05/07/90 anma90sl.wbl 1
Athabasca 05/07/90 anma90s2.wbl 2
Athabasca 05/07/90 anma90s3.wbl 3
Athabasca 05/07/90 anma90s4.wbl 4
Athabasca 05/07/90 anma90s5.wbl 5
Athabasca 05/07/90 anma90s6.wbl 6
Athabasca 05/07/90 anma90s7.wbl 7



Appendix 13 - continued

!���� 1���� >�	����� .���

 �������� *F�FG�HF ����HF�	"#�	 *
 �������� *F�FG�HF ����HF�/"#�	 /
 �������� *F�FG�HF ����HF�0"#�	 0
 �������� *F�FG�HF ����HF��"#�	 �
 �������� *F�FG�HF ����HF��"#�	 �
 �������� *F�FG�HF ����HF�A"#�	 A
 �������� *F�FG�HF ����HF�G"#�	 G



 ������,� *�"� .������������������	���������������.�����������	���%�5��"� ��	%���-�  	����������
������������	��������� 	������7�#���������������������� ���������!��������4���������-� *HH*��
*HH/"� .�������M�5���������.��	����)*HH/�-� *HH0�+"� ����M���������-� ����M���#�������-� .���M�
��#�%�������������	���-� .����M�%�����	������	�����������������������������-�	��M������	�������$-����
M��������%������$-� �����M�����	�����"� .���������������������������	������	���������	��%�
����������"� 1����M���������������"

!���� 1���� >�	����� .���

 �������� F��FG�H* ����H*�	"#�	 *
 �������� F��FG�H* ����H*�/"#�	 /
 �������� F��FG�H* ����H*�0"#�	 0
 �������� F��FG�H* ����H*��"#�	 �
 �������� F��FG�H* ����H*��"#�	 �
 �������� F��FG�H* ����H*�A"#�	 A
 �������� F��FG�H* ����H*�G"#�	 G

 �������� *F�FG�H* ����H*�	"#�	 *
 �������� *F�FG�H* ����H*�/"#�	 /
 �������� *F�FG�H* ����H*�0"#�	 0
 �������� *F�FG�H* ����H*��"#�	 �
 �������� *F�FG�H* ����H*��"#�	 �
 �������� *F�FG�H* ����H*�A"#�	 A
 �������� *F�FG�H* ����H*�G"#�	 G

 �������� F��FG�H/ ����H/�	"#�	 *
 �������� F��FG�H/ ����H/�/"#�	 /
 �������� F��FG�H/ ����H/�0"#�	 0
 �������� F��FG�H/ ����H/��"#�	 �
 �������� F��FG�H/ ����H/��"#�	 �
 �������� F��FG�H/ ����H/�A"#�	 A
 �������� F��FG�H/ ����H/�G"#�	 G



�99'*-��� �0�!()*+�*,'-

River Date Filename Site

Athabasca 10/07/92 anoc92sl.wbl 1
Athabasca 10/07/92 anoc92s2.wbl 2
Athabasca 10/07/92 anoc92s3.wbl 3
Athabasca 10/07/92 anoc92s4.wbl 4
Athabasca 10/07/92 anoc92s5.wbl 5
Athabasca 10/07/92 anoc92s6.wbl 6
Athabasca 10/07/92 anoc92s7.wbl 7





 ������,� *A"� 1������	������ �������������������������������������������@��$������	���%�5�������
���� ���������!���������������������#��������	��������-� *HG/"� .������M�@��$�)*HG/�+"� 2����
��	�����������������������������������������������������	������������#������		������#��������
��	�����	����������������������-� ����M���������-� ����M���#�������-�	��M������	�������$-����M������
��%������$-� �����M�����	�����"� 8�		�M���	����		������������������	���#�������4�	�#�������
�������5��-��������1�������"� *�M�������������"



Appendix 17. Data files of benthic macroinvertebrate data provided by Beak Consulting Ltd for 
the Athabasca River at Hinton and downstream locations, 1974. Source = Beak (1975a). Each 
file contains benthic macroinvertebrate data from several sites that were collected within a 
relatively discrete time period, u/s = upstream, d/s = downstream, lb = true left bank, rb = true 
right bank, conf = confluence. Mill = pulp mill at Hinton currently owned by Weldwood of 
Canada Ltd, Hinton Division. 1 = summary data.







Appendix 20. Data files of benthic macroinvertebrate data provided by Beak Consulting Ltd for 
the Athabasca River at Hinton and downstream locations, 1979. Source = Beak (1980a). Each 
file contains benthic macroinvertebrate data from several sites that were collected within a 
relatively discrete time period, u/s = upstream, d/s = downstream, lb = true left bank, rb = true 
right bank, conf = confluence. Mill = pulp mill at Hinton currently owned by Weldwood of 
Canada Ltd, Hinton Division. 1 = summary data.



 ������,�/*"� .��������������	������ �������������������������������������������=���%������
2�����������	�.��������=��"� �������� ���������!���������������������#��������	��������-� *HI�"�
.������M�=���%������2�����������	�.��������=��"� )*HI��+"�2������	�������������������
����������������������������������	������������#������		������#����������	�����	����������������
������-� ����M���������-� ����M���#�������-�	��M������	�������$-����M��������%������$-� ����M�
����	�����"� 8�		�M���	����		������������������	���#�������4�	�#��������������5��-��������
1�������"� *�M�������������"� .����	��������(� * �M� �"G�$�����������		����	������������%�-�F"��$��
������		-�0�M�*"��$��������		����	������������%�-���M�/"G�$��������		-� ��M�A"0�$��������		-�A� M�H�$��
���������		-�G�M�/*�$�����������		-� I�M��0�$��������		"� .�����(� =���%������2�����������	� .��������
=��"� )*HI�+"





Appendix 23�� Data files of benthic macroinvertebrate data provided by Terrestrial & Aquatic 
Environmental Managers Ltd. for the Athabasca River at Hinton and downstream locations, 1989� 

Source = Terrestrial & Aquatic Environmental Managers ?1989@ � �Each file contains benthic 
macroinvertebrate data from several sites that were collected within a relatively discrete time 
period, u/s = upstream, d/s = downstream, lb = true left bank, rb = true right bank, conf= 
confluence. Mill = pulp mill at Hinton currently owned by Weldwood of Canada Ltd, Hinton 
Division. See Appendix 21� for site locations.
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