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Introduction 

 

Benthic macroinvertebrates respond to ecosystem changes faster than other members of the 

aquatic community and therefore are commonly used as indicator species to assess the health 

of aquatic ecosystems. Trends and changes in aquatic macroinvertebrate populations and in 

their community structure can serve as indicators of short-term stresses that may ultimately 

influence the aquatic community of Lake Superior.  Since 2004 EcoSuperior Environmental 

Programs has been acquiring baseline data about the macroinvertebrate communities in 

unimpaired streams on the north shore of Lake Superior and investigating the benthic 

community structure in possibly impaired sites. 

 

The goals of the current study were fourfold: to assess six minimally-impacted streams on the 

north shore of Lake Superior for their suitability as reference condition sites, to re-evaluate the 

biological health of one stream considered possibly impaired in an earlier study,  to re-evaluate 

two reference condition sites that had previously been sampled to determine the year-to-year 

effect on the composition of the benthic macroinvertebrate communities, and to assess one 

urban test site that was possibly impaired. 

 

Procedure 

 

We examined all watersheds draining into Lake Superior between Thunder Bay and Sault Ste. 

Marie to find rivers and streams that were minimally- impacted and of variable size, stream 

order, substrate and that exhibited a range of physiographic features (Deacon & Lavoie 2008).  

The criteria used to determine whether or not a stream was minimally- impacted are outlined 

by the Ontario Benthos Biomonitoring Network (Jones et al. 2005).  The aquatic benthic 

macroinvertebrate communities were sampled at 32 reference condition streams between 

2004 and 2009.  

 

Six additional minimally- impacted candidate reference condition sites were sampled during 

September and October 2010: Oliver Creek (OCK-1); Silver Creek (SI-1); Whitewood Creek (WH-
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14); Whitefish River (WF-4); Kaministiquia River (KAM-1); and North River (NR-1) (Figure 1, 

Appendix 1).   

 

Dublin Creek (DC-1) (Figure 1, Appendix 1) was sampled in early October 2010.  The 

macroinvertebrate communities were considered possibly impaired when surveyed in 2009, 

and a re-evaluation of the benthic communities was recommended. 

 

 
Figure 1. Aquatic benthic macroinvertebrate sampling sites, 2010. 

 

The Jackpine River (JP-1) (Figure 1, Appendix 1) was sampled during early October 2010. This site 

had been sampled in mid-September of 2005, 2007, 2008, and late September 2009; therefore, 

we wanted to determine if any changes had occurred in community structure from year-to-

year.  We also sampled the Current River site (CU-14) (Figure 1, Appendix 1) during late 

September 2010.  This site had been sampled in mid-October of 2004, the end of June 2005, 

late September 2008, and 2009; therefore, we hoped to determine if any changes had occurred 

in community structure due to seasonal variation and/or from year-to-year. 

 

One reach of a perennial drainage channel within the city limits of Thunder Bay ό[ȅƻƴΩǎ 

Channel, LY-1) (Figure 1, Appendix 1) which receives water from Oliver Creek, a small stream 

that is now mostly enclosed in storm water pipes, was sampled in mid-September as an urban 

test site.  
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Benthic macroinvertebrates were sampled at all sites according to OBBN protocols (Jones et al. 

2005), using a travelling kick-and-sweep with a 500-micron D-net.  Three sub-samples were 

collected at each of the sites and each sub-sample was preserved in the field in 96% ethanol.  

The sub-samples were then sorted in the laboratory.  A minimum of 100 benthic 

macroinvertebrates were randomly picked from each of the sub-samples using a Nikon 

SMZ1500 at 10X magnification.  The macroinvertebrates were identified using taxonomic keys 

by Clarke (1981), Peckarsky et al. (1990), Merritt et al. (2008), and Wiggins (1996).  Most 

organisms were identified to Order or Family level to facilitate the determination of various 

biotic indices.  Orders such as Ephemeroptera, Plecoptera, and Trichoptera are particularly 

sensitive to impaired water quality, and were therefore identified to the Genus level when 

possible (Appendices 2-11). 

 

The aquatic benthic macroinvertebrate community was assessed according to the 27-taxa 

Reference Condition Approach (RCA) as outlined in the Ontario Benthos Biomonitoring Network 

Protocol Manual (Jones et al.  2005).  The OBBN is a partnership led by the Ontario Ministry of 

the Environment and 9ƴǾƛǊƻƴƳŜƴǘ /ŀƴŀŘŀΩǎ 9ŎƻƭƻƎƛŎŀƭ aƻƴƛǘƻǊƛƴƎ ŀƴŘ !ǎǎŜǎǎƳŜƴǘ bŜǘǿƻǊƪ 

(EMAN).  The 27-Taxa include: Amphipoda, Anisoptera, Bivalvia, Ceratopogonidae, 

Chironomidae, Coelenterata, Coleoptera, Culicidae, Decapoda, Ephemeroptera, Gastropoda, 

Hemiptera, Hirudinea, Isopoda, Lepidoptera, Megaloptera, Miscellaneous Diptera, Nematoda, 

Oligochaeta, Plecoptera, Simuliidae, Tabanidae, Tipulidae, Trichoptera, Trombidiformes, 

Turbellaria, and Zygoptera.  The biotic indices used to characterize the benthic communities 

include: Total Abundance, Richness, Dipteran Richness, Insect Richness, SimpsoƴΩǎ LƴŘŜȄΣ 

{ƘŀƴƴƻƴΩǎ 5ƛǾŜǊǎƛǘȅ LƴŘŜȄΣ IƛƭǎŜƴƘƻŦŦ .ƛƻǘƛŎ LƴŘŜȄ (HBI), % Dominants, % Ephemeroptera 

Odonata Trichoptera (EOT), % Ephemeroptera Plecoptera Trichoptera (EPT), % Chironomids, % 

Crustacea, % Dipterans, % Gastropods, % Mollusca, % Non-Dipteran Insects, % Odonates, % 

Pelecypods, and % Oligochaetes (Worms). 

 

The OBBN biotic indices (Table 1) (Jones et al. 2005) used to analyse the 27-taxa identified from 

the candidate sites provide an insight into present and past conditions experienced by the 

aquatic macroinvertebrate communities.  Some of the biotic indices (high % Worms, high % 

Chironomids) are useful for identifying sites that are heavily impacted by nutrient enrichment.   

In extreme cases, nutrient enrichment will cause premature eutrophication resulting in low 

dissolved oxygen in the water, with consequent degradation of the habitat.  Both worms and 

chironomids are tolerant of low-oxygen concentrations and become the dominant organisms in 

eutrophic ecosystems.  Chironomids are also highly tolerant of toxic chemicals; therefore, they 

can survive and become dominant in conditions that kill other organisms, including worms.  
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Table 1.  Biotic Indices:  Calculations and descriptions Table 1.  Biotic Indices: calculations and descriptions.

Subcatagory Index How  to Calculate: Indication

Richness/Diveristy 
ABUNDANCE

Sum  of Organisms possibly impaired if extremely low or high value

RICHNESS
Count of taxa found in a sample the greater the number of taxa the higher the 

quality of the habitat

INSECT RICHNESS

Count of Chironomidae+Culicidae 

+Ceratopogonidae +Tipulidae +Tabanidae 

+Simuliidae+Odonates(Zygoptera and 

Anisoptera) + Coleoptera + Ephemeroptera + 

Hemiptera + Lepidoptera  + Megaloptera + 

Plecoptera + Trichoptera + misc Dipterans 

the greater the number of taxa the higher the 

quality of the habitat

DIPTERIAN RICHNESS
Count of  Chironomidae+Culicidae 

+Ceratopogonidae+Tipulidae+Tabanidae+ 

Simuliidae

the greater the number of taxa the higher the 

quality of the habitat

SIMPSON'S INDEX

Proportion of species i  relative to the total 

number of species (p i ), squared                    

Squared proportions for all the species  

summed, and the reciprocal is taken

probability that two individuals will belong to the 

same taxon

SHANNON'S H' DIVERSITY

H'= -Sum(pi * ln(pi) where pi =proportion of the 

count of each taxa

high values indicate increased evenness of the 

counts among the taxa and higher quality 

habitat
Composition %AMPHIPODA Sum of amphipoda /abundance *100 asociated with eutrophic conditions

%CHIRONOMIDAE
Sum of Chironomidae /  Abundance*100 extremely abundant in highly eutrophic 

situations, but present in all habitats
%CRUSTACEANS and 

MOLLUSCA

(Sum of Amphipoda+Decapoda+Isopoda + 

Gastropoda + Pelecypoda) /Abundance*100

associated with eutrophic conditions, but 

present in many habitats

%CRUSTACEANS 
(Sum of Amphipoda+Decapoda+Isopoda) 

/abundance*100

associated with eutrophic conditions, but 

present in many habitats

%EPHEMEROPTERA
Sum of  Ephemeroptera  /abundance*100 the greater the value the higher the quality of 

the habitat

%GASTROPODS
Sum of  Gastropoda  /abundance*100 associated with eutrophic conditions, but 

present in many habitats

%HIRUDINEA
Sum of Hirudinea /abundance*100 associated with eutrophic conditions, but 

present in many habitats
%ISOPODA Sum of Isopoda /abundance*100 asociated with eutrophic conditions

%MOLLUSCA
(Sum of  Gastropoda + Pelcypoda) 

/abundance*100

associated with eutrophic conditions, but 

present in many habitats

%ODONATES
(Sum of  Anisoptera and Zygoptera) 

/abundance*100

the greater the value the higher the quality of 

the habitat

%OLIGOCHAETES
Sum of Oligochaetes /abundance*100 abundant in highly eutrophic situations, but 

present in many habitats
%PELECYPODA Sum of Pelecypoda /abundance*100 the greater the value the healthier the habitat

%TIPULIDAE
Sum  of Tipulidae /abundance*100 possibly impaired if extremely high value, but 

present in many habitats

%TABANIDAE
Sum  of Tabanidae /abundance*100 possibly impaired if extremely high value, but 

present in many habitats

%SIMULIDAE
Sum  of Simuliidae /abundance*100 possibly impaired if extremely high value, but 

present in many habitats

%DIPTERA

(Sum of Chironomidae+Culicidae 

+Ceratopogonidae 

+Tipulidae+Tabanidae+Simuliidae +misc 

Dipterans) / Total Abundance* 100

possibly impaired if extremely low or high value

%INSECTS

(Sum of abundance of Chironomidae+Culicidae 

+Ceratopogonidae 

+Tipulidae+Tabanidae+Simuliidae+Odonates 

(Zygoptera and Anisoptera) + Coleoptera + 

Ephemeroptera + Hemiptera + Lepidoptera  + 

Megaloptera + Plecoptera + Trichoptera + misc 

Dipterans)/ Total Abundnce* 100%

possibly impaired if extremely low or high value

%NON-DIPTERIAN INSECTS

(Sum of Zygoptera + Anisoptera + Coleoptera + 

Ephemeroptera + Hemiptera + Lepidoptera  + 

Megaloptera + Plecoptera + Trichoptera)/Total 

Abundance* 100

a high value indicates higher water quality than 

a lower value

%EPT
(Sum of Ephemeroptera + Plecoptera + 

Trichoptera) /  Abundance * 100 

a high value indicates higher water quality than 

a lower value

%EOT

(Sum of Ephemeroptera + Anisoptera + 

Zygoptera + Trichoptera) / Total Abundance * 

100 

a high value indicates higher water quality than 

a lower value

Tolerance
%DOMINANT

Abundance  of the  Most Common Taxon  / 

abundance * 100 

the dominance of a pollution tolerant group 

indicates an impaired site

HILSENHOFF'S BIOTIC 

INDEX

=SUM(xi.ti)/Total abundance  where xi 

=abundance of each taxa and ti = tolerance 

value for each taxa.

a low value implies low nutrient conditons.  

Values above 6.0 are of concern
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Family Tolerance Family Tolerance

Capniidae 1 Perlidae 1

Chloroperlidae 1 Perlodidae 2

Leuctridae 0 Pteronarcyidae 0

Nemouridae 2 Taeniopterygidae 2

Peltoperlidae ?

Baetidae 4 Metretopodidae 2

Baetiscidae 3 Oligoneuriidae 2

Capnidae 7 Polymitarcyidae 2

Ephemerellidae 1 Potomanthidae 4

Ephemeridae 4 Siphloneuridae 7

Heptageniidae 4 Trycorythidae 4

Leptophlebiidae 2

Aeshnidae 3 Gomphidae 1

Calopterygidae 5 Lestidae 9

Coenagrionidae 9 Libellulidae 9

Cordulegastridae 3 Macromiidae 3

Corduliiae 5

Brachycentridae 1 Molannidae 6

Glossosomatidae 0 Odontoceridae 0

helicopsychidae 1 Philopotamidae 3

Hydropsychidae 4 Phryganeidae 4

Hydroptilidae 4 Polycentropodidae 6

Lepidostomatidae 1 Psychomyiidae 2

Leptoceridae 4 Rhyacophiliidae 0

Limnephilidae 4 Sericostomatidae 3

Corydalidae 0 Sialidae 4

Pyralidae 5

Dryopidae 5 Psephenidae 4

Elmidae 4

Athericidae 2 Psychodidae 10

Blephariceridae 0 Simuliidae 6

Ceratopogonidae 6 Muscidae 6

Blood-red Chironomidae 8 Syrphidae 10

Other (including pink) 

Chironomidae

6 Tabanidae 6

Dolochopodidae 4 Tipulidae 3

Empididae 6

Ephydridae 6

Gammaridae 4 Talitridae 8

Asellidae 8

PLECOPTERA

EPHEMEROPTERA

ODONATA

TRICHOPTERA

MEGALOPTERA

 ISOPODA

LEPIDOPTERA

COLEOPTERA

DIPTERA

AMPHIPODA

 

Table 2. Tolerance Values (Hilsenhoff 1988) used in the calculation of the Hilsenhoff Biotic 

Index. 
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Other biotic indices (high % EPT, low Hilsenhoff Biotic Index) help to confirm high water quality 

at the site.  Ephemeroptera, Plecoptera and Trichoptera (EPT) are intolerant of toxins and 

require oxygen concentrations that are close to saturation.  The Hilsenhoff Biotic Index (HBI) is 

calculated using tolerance values assigned to the various macroinvertebrate taxa (Tables 1 & 2).  

EPT have low HBI values, whereas worms and chironomids have high HBI values.  HBI values 

above 6.0 are considered indicative of an impaired system, usually because of organic 

enrichment which can cause eutrophication.  Each biotic index provides a separate insight into 

the quality of the habitat.  The combination of several indices makes it possible to evaluate the 

relative, long-term health of the site.  However, not all biotic indices are necessary to 

determine whether a site is impaired, or whether it should be considered a suitable reference 

condition site. 

 

The selected biotic indices used to evaluate the sites ǿŜǊŜΥ wƛŎƘƴŜǎǎΣ {ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜrsity, 

Hilsenhoff Biotic Index, % Dominant, % EPT, % Chironomids, and % Worms (Table 1). These 

biotic indices were compared with data from streams on the north shore of Lake Superior 

(Deacon & Lavoie 2005; Deacon & Lavoie 2008; Deacon & Lavoie 2009) to determine whether 

the values obtained were high or low in relation to other regional reference condition sites.  

General physiographic features (Table 3) combined with biotic indices (Tables 4-6) provided  

sufficient means to evaluate whether the site was impaired or should be included in the OBBN 

Reference Condition database. 

 

Observations 

 

Candidate Reference Condition Sites 

 

The Oliver Creek site (OCK-1) (Table 4) had a moderate Richness (9.0), high {ƘŀƴƴƻƴΩǎ Iϥ 

Diversity (1.73), and moderate Hilsenhoff Biotic Index (5.39).  The % Dominants (39.6) and % 

Chironomids (31.1) were moderately low, and the % Worms (4.3) was moderate.  The % EPT 

(40.6) was also moderate.  The moderate HBI and % EPT is considered indicative of a healthy 

ecosystem, but requires re-evaluation in the future to ensure that the stream remains 

unimpaired.  Site OCK-1 should be included in the OBBN Reference Condition database. 

 

The Silver Creek site (SI-1) (Table 4) had a high Richness (10.3) and {ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜǊǎƛǘȅ όмΦ81), 

and a moderately high Hilsenhoff Biotic Index (5.78).  The % Dominants (36.4) was moderately 

low, but the % Chironomids (7.7) was extremely low.  The % Worms (32.1) was very high.  The 

% EPT (45.6) was moderate.    The high % Worms could indicate impairment because worms are 

tolerant of nutrient enrichment and eutrophic conditions.  The moderately high HBI (but lower 

than 6.0) and the moderate % EPT are considered indicative of an unusual, but healthy 
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Table 3.  Physiographic features of the streams sampled in Thunder Bay, Sept-Oct, 2010. 

Site Name Site Code Category

Hydraulic 

Head       

(mm)

Dissolved 

Oxygen    

(ppm)

Substrate Cover Algae Woody Debris Detritus

Dublin Creek DC-1-1 Riffle 25 NA cobble, sand 25-49 slimes/crusts absent present

DC-1-2 Pool 5 sand, cobble slimes/crusts present abundant

DC-1-3 Riffle 40 cobble, boulder slimes/crusts present abundant

Jackpine River JP-1-1 Riffle 90 NA boulder, cobble 0-24 slimes/crusts present abundant

JP-1-2 Pool 0 cobble, boulder slimes/crusts present abundant

JP-1-3 Riffle 100 boulder, cobble slimes/crusts absent abundant

Current River CU-14-1 Riffle 23 9.3 cobble, sand 0-24 attached/slimes/crusts present abundant

CU-14-2 Pool 1 boulder, silt attached/slimes/crusts present abundant

CU-14-3 Riffle 30 cobble, gravel attached/slimes/crusts present present

Lyon's LY-1-1 Pool 4 15.7 cobble, sand 50-74 filaments/attached/slimes/crusts present abundant

LY-1-2 Riffle 17 cobble, sand attached/slimes/crusts present abundant

LY-1-3 Riffle 8 cobble, sand attached/slimes/crusts present abundant

Oliver Creek OCK-1-1 Riffle 15 11.8 boulder, cobble 75-100 slimes/crusts present present

OCK-1-2 Pool 10 boulder, cobble slimes/crusts present abundant

OCK-1-3 Riffle 15 boulder, cobble slimes/crusts present abundant

Silver Creek SI-1-1 Riffle 15 12.3 gravel, cobble 75-100 slimes/crusts present present

SI-1-2 Pool 5 gravel, cobble slimes/crusts present abundant

SI-1-3 Riffle 5 boulder, gravel slimes/crusts present present

Whitewood Creek WH-14-1 Riffle 15 12.4 cobble, gravel 0-24 attached/slimes/crusts absent present

WH-14-2 Pool 5 gravel, silt slimes/crusts present abundant

WH-14-3 Riffle 20 boulder, cobble attached/slimes/crusts absent present

Whitefish River WF-4-1 Riffle 25 11.9 boulder, sand 0-24 filaments/attached/slimes/crusts present present

WF-4-2 Pool 5 boulder, silt filaments/attached/slimes/crusts present abundant

WF-4-3 Riffle 30 boulder, sand filaments/attached/slimes/crusts present present

Kamanistiquia R KAM-1-1 Pool 5 11.3 boulder, bedrock 0-24 filaments/attached/slimes/crusts present present

KAM-1-2 Riffle 10 boulder, cobble filaments/attached/slimes/crusts present present

KAM-1-3 Riffle 10 boulder, cobble filaments/attached/slimes/crusts abundant present

North River NR-1-1 Riffle 15 11.1 boulder, cobble 75-100 slimes/crusts present abundant

NR-1-2 Pool 0 boulder, cobble slimes/crusts present abundant

NR-1-3 Riffle 15 boulder, cobble attached/slimes/crusts present abundant  
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Table 4.  Selected mean Biotic Indices of the macroinvertebrate communities from candidate 
reference condition sites, Thunder Bay, Ontario, 2010. 

Site Name

Site 

Code

Sampling 

Date Richness

H' 

Diversity

Hilsenhoff's 

Biotic Index

% 

Dominants % EPT

% 

Chironomids

% 

Worms 

% 

Crustacea

Lyon's LY-1 17-Sep-10 7.0 0.77 7.74 76.7 0.6 12.6 5.1 78.0

Oliver Creek OCK-1 1-Oct-10 9.0 1.73 5.39 39.6 40.6 31.1 4.3 0.0

Silver Creek SI-1 8-Oct-10 10.3 1.81 5.78 36.4 45.6 7.7 32.1 0.3

Whitewood Creek WH-14 12-Oct-10 10.3 1.76 6.15 35.1 32.9 19.7 31.8 0.0

Whitefish River WF-4 28-Sep-10 11.7 1.31 6.27 65.2 14.7 65.2 7.2 0.7

Kamanistiquia R KAM-1 12-Oct-10 12.0 1.46 6.20 57.1 25.0 57.1 3.8 2.4

North River NR-1 8-Oct-10 9.0 1.45 5.08 45.0 52.7 40.7 0.4 0.0

 

ecosystem.  The abundance of alder and willow leaves in the stream probably provided 

favourable habitat and food for worms which responded by increasing their numbers.  Site LC-1 

should be included in the OBBN Reference Condition database as a naturally-occurring 

organically enriched stream, but requires re-evaluation in the future to ensure that the stream 

remains unimpaired.  

 

The Whitewood Creek site (WH-14) (Table 4) had a high Richness (10.3), {ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜǊǎƛǘȅ 

(1.76) and Hilsenhoff Biotic Index (6.15).  A Hilsenhoff Biotic Index value above 6.0 is considered 

indicative of an impaired community, usually related to nutrient enrichment.  The % Dominants 

(35.1) was moderately low and the % Chironomids (19.7) was low.  The % EPT (32.9) was 

moderately low, whereas the % Worms (31.8) was very high.  The substrate at Whitewood 

Creek was dominated by boulders, cobble and gravel (Table 3) which support an algal 

community of slimes, crusts and attached algae.  Possible nutrient input and low % cover 

stimulate algal growth.  Worms were abundant probably because of the presence of these 

algae.  Additional benthic macroinvertebrate studies during 2010 indicated that Whitewood 

Creek, along with Cedar Creek and Pitch Creek (all tributaries of the Whitefish River) experience 

minor impairment of water quality in their lower reaches, possibly caused by watershed 

contributions and nonpoint source nutrient inputs further upstream (Foster & Deacon 2011).  

The high HBI and the moderately low % EPT indicate that site WH-14 probably is impaired and 

should not be included in the OBBN Reference Condition database. 

 

The Whitefish River (WF-4) (Table 4) had a high Richness (11.7) and ƳƻŘŜǊŀǘŜƭȅ ƭƻǿ {ƘŀƴƴƻƴΩǎ 

H' Diversity (1.31).  The Hilsenhoff Biotic Index (6.27) was high. The % Dominants (65.2) and the 

% Chironomids (65.2) were very high.  The % EPT (14.7) was very low and the % Worms (7.2) 

was moderate.  The high % Chironomids possibly indicates a community from a nutrient-rich 

habitat; however, the % Worms was only moderate. The substrate at Whitefish River is 



9 
 

dominated by boulders (Table 3) which support a rich algal community of filaments, attached, 

slimes and crusts.  Possibly, the presence of filamentous algae contributes to the abundance of 

Chironomids.  The high HBI and the very low % EPT indicate that site WF-4 is impaired, probably 

because of nutrient input.  Site WF-4 should not be included in the OBBN Reference Condition 

database, but should be re-evaluated to confirm its impairment. 

 

The Kaministiquia River site (KAM-1) (Table 4) had a very high Richness (12.0) and a moderate 

{ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜǊǎƛǘȅ όмΦ46).  The Hilsenhoff Biotic Index (6.20), the % Dominants (57.1) and 

the % Chironomids (57.1) were high.  The % EPT (25.0), and the % Worms (3.8) were 

moderately low.  The substrate at Kaministiquia River is dominated by boulders (Table 3) which 

support a rich algal community of filaments, attached, slimes and crusts, similar to the 

Whitefish River site.  Again, % Chironomids was high possibly because of the presence of 

filamentous algae as noted at Whitefish River.  Site KAM-1 is marginally impaired as indicated 

by the high HBI and the moderately low % EPT and should not be included in the OBBN 

Reference Condition database.  The river should be re-evaluated to confirm its impairment. 

The North River site (NR-1) (Table 3) had a moderate Richness (9.0), {ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜǊǎƛǘȅ 

(1.45) and a moderately low Hilsenhoff Biotic Index (5.08).  The % Dominants (45.0), the % 

Chironomids (40.7) and the % EPT (52.7) were moderate.  The % Worms (0.4) was extremely 

low.  The moderately low HBI and moderate % EPT indicate a healthy ecosystem.  Site NR-1 

should be included in the OBBN Reference Condition database. 

 

 

Re-evaluation of a Possibly Impaired Site 

 

The Dublin Creek site (DC-1) (Table 5) had a moderately high Richness (9.7) and a high 

{ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜǊǎƛǘȅ όмΦ71).  The Hilsenhoff Biotic Index (5.55) was moderate.  The % 

Dominants (37.6) was moderately low as was the % Chironomids (27.1).  The % EPT (45.6) was 

moderate and the % Worms (17.1) was high.  The moderate HBI and % EPT indicate that site 

DC-1 was unimpaired in 2010; however, Dublin Creek was considered impaired when surveyed 

in 2009 (Deacon & Lavoie 2010).  The substrate, which consists primarily of cobble and sand as 

well as areas of bedrock and boulders, was similar between the years; however, the algal 

community differed.  Only slimes and crusts were present in 2010 (Table 3), whereas the algae 

included filaments, attached, slimes and crusts in 2009 (Deacon & Lavoie 2010).  Possibly the 

reduction in the diversity and abundance of the algae in 2010 reduced the abundance of the 

Chironomids and Worms, which thrive in algal-rich habitats because the algae provide them 

shelter as well as food.   Flow differed at the time of sampling during 2009 compared to 2010, 

as indicated by the differences in the hydraulic head in the respective riffles.  Riffle 1 had a 

hydraulic head of 9mm and Riffle 2 was 7mm in 2009 (Deacon & Lavoie 2010), whereas Riffle 1 

was 25mm and Riffle 2 was 40mm in 2010 (Table 3).  Lower stream flow during 2009 probably  
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Table 5.    Selected mean Biotic Indices of the macroinvertebrate communities from Dublin Creek, 
Thunder Bay, Ontario, 2010. 

Site Name

Site 

Code

Sampling 

Date Richness

H' 

Diversity

Hilsenhoff's 

Biotic Index

% 

Dominants % EPT

% 

Chironomids

% 

Worms 

% 

Crustacea

Dublin Creek DC-1 09-Oct-09 7.3 1.00 6.69 64.9 12.5 64.9 18.3 0.0

Dublin Creek DC-1 6-Oct-10 9.7 1.71 5.55 37.6 45.6 27.1 17.1 0.0

 

produced ideal conditions (reduced velocity, possibly higher water temperatures, higher 

nutrient concentrations) for the algae which in turn promoted the very high % Chironomids 

(64.9) and high % Worms (18.3) that was noted in the macroinvertebrate communities (Table 

5).  The absence of filamentous algae in 2010 may have contributed to the dramatic decline in 

the % Chironomids (27.1) (Table 5).  The % Worms (17.1) remained similar, possibly indicating 

that algal slimes and crusts affect the abundance of worms more than filaments and attached 

algae.  The moderate HBI and % EPT indicate that site DC-1 should now be included in the OBBN 

Reference Condition database.  This example of dramatic change in macroinvertebrate 

communities between years underscores the importance of site re-evaluation to ensure proper 

identification of the condition of a site. 

 

Year-to-Year 

 

The Jackpine River site (Table 6) was sampled 6 October 2010.  This site had been sampled in 

mid-September of 2005, 2007, 2008, and late September 2009; therefore, we hoped to 

determine if any changes had occurred in community structure due to year-to-year 

fluctuations. 

 

The 6 October 2010 macroinvertebrate community at JP-1 (Table 6) had a moderately low 

Richness (7.7) and {ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜǊǎƛǘȅ ό1.36).   The Hilsenhoff Biotic Index (5.73) and the % 

Dominants (47.4) were moderate.  The % Chironomids (23.7) was low. The % EPT (54.6) and % 

Worms (15.7) were high.  Apparently JP-1 was unimpaired, as indicated by the moderate value 

for HBI and high value for % EPT.   

 

In 2005 Site JP-1 was considered unimpaired, but unusual because of a high % Worms (9.3) 

(Table 6).  This site had a similar community structure in 2007, but the % Worms was even 

higher (11.6) (Table 6).  The % Worms decreased in 2008 (2.4) (Table 6); however, the HBI 

exceeded 6.0 which is considered an indication of possible impairment.  In 2009 Site JP-1 

returned to a community structure very similar to that first observed in 2005 which was 

unimpaired, but with a high % Worms (9.9) (Table 6).  In 2010 Site JP-1 had the lowest HBI and 

highest % EPT found in the Jackpine River to date; however, the % Worms (15.7) was also the 

highest of the five years of surveillance to date (Table 6).  A low HBI and a high % EPT indicate  
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Table 6.  Selected mean Biotic Indices of the macroinvertebrate communities from year-to-year 
reference condition sites, 2004 to 2010. 

Site Name

Site 

Code

Sampling 

Date Richness

H' 

Diversity

Hilsenhoff's 

Biotic Index

% 

Dominants % EPT

% 

Chironomids

% 

Worms 

% 

Crustacea

Jackpine River JP-1 20-Sep-05 8.0 1.52 5.76 40.9 49.7 34.1 9.3 0.0

Jackpine River JP-1 15-Sep-07 8.7 1.38 5.85 53.4 47.6 34.2 11.6 0.0

Jackpine River JP-1 21-Sep-08 11.7 1.86 6.03 36.3 31.5 35.4 2.4 0.0

Jackpine River JP-1 26-Sep-09 8.0 1.60 5.67 36.5 41.5 36.5 9.9 0.0

Jackpine River JP-1 06-Oct-10 7.7 1.36 5.73 47.4 54.6 23.7 15.7 0.0

Current River CU-14 14-Oct-04 10.7 1.85 5.43 32.1 48.6 29.5 5.4 0.0

Current River CU-14 29-Jun-05 12.3 1.93 6.22 30.5 30.2 29.1 4.8 0.0

Current River CU-14 18-Sep-08 11.7 1.86 6.03 36.3 31.5 35.4 2.4 0.0

Current River CU-14 30-Sep-09 9.7 1.24 6.41 65.3 18.7 65.3 4.1 0.0

Current River CU-14 21-Sep-10 13.7 2.02 5.55 27.1 41.8 24.6 6.3 0.0

 

high water quality.  A high % Worms usually indicates low water quality, or an abundance of 

slime or crust algae.  The substrate at the Jackpine River is dominated by gravel, cobble and 

boulders which supports a community of slime and crust algae (Table 3).  Apparently the % 

Worms increases when slimes and crusts are present in streams on the north shore of Lake 

Superior.  No evidence of watershed alteration or of toxic input was noted during the period 

from 2005 to 2010; therefore, the observed changes may be related to normal variation within 

a healthy ecosystem with algae.  Annual sampling should continue at site JP-1 to follow any 

further changes in the macroinvertebrate community. 

 

The Current River site (CU-14) was sampled 21 September 2010.  This site had been sampled in 

mid-October of 2004, the end of June 2005, late September 2008, and 2009; therefore, we 

hoped to determine if any changes had occurred in community structure due to season and/or 

year-to-year fluctuations. 

 

The 21 September 2010 macroinvertebrate community at CU-14 (Table 6) had an extremely 

high Richness (13.7) and {ƘŀƴƴƻƴΩǎ Iϥ 5ƛǾŜǊǎƛǘȅ ό2.02).  The Hilsenhoff Biotic Index (5.55) was 

moderate.  The % Dominants (27.1) was low and the % Chironomids (24.6) was moderately low. 

The % EPT (41.8) and the % Worms (6.3) were moderate.  Apparently CU-14 was unimpaired as 

indicated by the moderate values for HBI and % EPT.  

 

Site CU-14 was suspected of moving towards impairment in 2009 (Deacon & Lavoie 2010), 

however, CU-14 was considered healthy in 2004 with a moderate HBI (5.43) and a moderate % 
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EPT (48.6) (Table 6).  The site then deteriorated slightly in June 2005 as indicated by a higher 

HBI (6.22) and lower % EPT (30.2) (Table 6).  The HBI was also high (6.03) and the % EPT (31.5) 

moderately low in September 2008 (Table 6), which was similar to 2005.  The moderately high 

HBI (6.41) and the moderately low % EPT (18.7) that were determined in 2009 indicated that 

the site was deteriorating.   However, another possibility responsible for the change in the 

macroinvertebrate community structure was that lower flow conditions during 2009 promoted 

an increase of filamentous, attached, slime and crust algae at the sampling site (Deacon & 

Lavoie 2010),  as noted above in Dublin Creek.  Precipitation during September and August of 

2009 was 73mm, whereas the amount was 181.6mm in 2010 (Environment Canada, 2009 & 

2010).  Algae provide different habitats which support associated communities of 

macroinvertebrates, particularly chironomids and worms.  No evidence of watershed alteration 

or of toxic input, which could cause differential mortality particularly of chironomids, was noted 

for the period from 2004 to 2010.  Annual sampling has provided a range of habitat conditions 

which affects the biotic indices obtained for CU-14, probably because of changes in the algal 

communities.  Annual sampling should continue at site CU-14 to observe any further variation. 

 

Urban Test Site 2010 

 

The [ȅƻƴΩs Channel site (LY-1) had a moderately low Richness (7.0), very low {ƘŀƴƴƻƴΩǎ Iϥ 

Diversity (0.77), and an extremely high Hilsenhoff Biotic Index (7.74) (Table 4).  The % Dominants 

(76.7) was also extremely high; however, the % Chironomids (12.6) was moderately low and % 

EPT (0.6) was extremely low.  The % Worms (5.1) was moderate.  Low Richness, Diversity and 

high % Dominants are considered indicative of a possibly impaired aquatic environment which 

allows only specialized taxa to survive and thrive.  Crustacea, which include Amphipoda and 

Isopoda, were abundant at LY-1 as indicated by an extremely high % Crustaceans (78.0) (Table 

4).  Crustacea are scavengers that thrive in areas with extreme organic enrichment, such as the 

abundant detritus (Table 3) and submergent and emergent macrophytes that ƻŎŎǳǊ ƛƴ [ȅƻƴΩǎ 

Channel.  Crustacea were rare to absent at the all of the other sites sampled during 2010 

(Tables 4-6), probably because of the lack of macrophytes at these locations. 

 

 % EPT was extremely low at LY-1 possibly because of low oxygen concentrations; however, 

dissolved oxygen was 15.7ppm on 17 September.  Dissolved oxygen could have been lower 

during warmer periods and low flow conditions in the summer.  Oxygen concentrations 

probably fall below the lower tolerance threshold level for EPT; therefore, the EPT are depleted.  

Flow, however, probably helps to maintain oxygen concentrations at a level above the lower 

tolerance level of the chironomids, worms and Crustacea.  The chironomids and worms survive, 

but the Crustacea are dominant because of adequate oxygen concentrations and extreme 

organic enrichment. 

 



13 
 

Toxic contaminants seemingly are insignificant ƛƴ [ȅƻƴΩǎ /ƘŀƴƴŜƭΦ  Site LY-1 is situated near the 

ƳƻǳǘƘ ƻŦ [ȅƻƴΩǎ /ƘŀƴƴŜƭ ǿƘŜǊŜ ƛt empties into the Neebing-McIntyre floodway.  The watershed 

of LY-1, which is approximately 3.7km2, lies entirely within an urban environment which is 

highly modified.  Part of the flow is underground in pipes, but the last 2.5 km of the channel 

flows above ground through an area which was once a train switching yard and an area 

surrounded by light industry.  Water at LY-1 should contain the combined toxic chemicals that 

enter the entire channel from urban, switching yard and industrial runoff.  The extremely high 

percentage of Crustacea, as well as the presence of a moderate % Worms at site LY-1 mean that 

the concentration of toxic chemicals is below lethal concentrations for these organisms.  Either 

toxic chemicals are not entering the channel or toxic chemicals are taken up by the sediment 

and/or the vegetation within the channel.  Submergent and emergent aquatic vegetation are 

excellent at removing contaminants from aquatic systems.  Heavy metals and toxic chemicals 

are bound within, and to, the plants thus preventing movement of the dangerous substances 

ǿƛǘƘƛƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ  ¢ƘŜ ŀōǳƴŘŀƴǘ ǾŜƎŜǘŀǘƛƻƴ ƛƴ [ȅƻƴΩǎ /ƘŀƴƴŜƭ ǇǊƻōŀōƭȅ ǎŜǊǾŜǎ ǘƻ ǇǳǊƛŦȅ 

the water which protects the aquatic benthic macroinvertebrates. 

 

The invasive crayfish, Orconectes rusticus was found in the pool at site LY-1.  O. rusticus has also 

been found in the McIntyre River near Lakehead University which indicates that this species is 

established and spreading in the Thunder Bay District. 

 

Site LY-1 is impaired as indicated by the extremely high HBI and the extremely low % EPT; 

therefore, should not be included in the OBBN Reference Condition database.  The stream 

should be re-evaluated to confirm its impairment.   

 

 

Conclusion 

 

The first goal of this project was to locate reference condition sites for minimally -impacted 

streams along the north shore of Lake Superior.  Oliver Creek (OCK-1), Silver Creek (SI-1) and 

North River (NR-1) sites warrant inclusion in the OBBN Reference Condition database. 

 

The Kaministiquia River was one of the candidate reference sites evaluated, but was considered 

impaired.  Flow in the Kaministiquia River is regulated at the Silver Falls Dam on Dog Lake to 

generate hydroelectricity.  The dam is located approximately 25km north of the KAM-1 site.  

Periodic low flow during the summer months when water is artificially retained behind the dam 

may enhance the algal community, especially the filamentous algae.  Filamentous algae 

apparently provide ideal habitat for chironomids.  A high % Chironomids contributes to a high 

HBI which indicated that KAM-1 was impaired.  The Kaministiquia River is the first highly 

regulated stream that was evaluated in our study. 
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The second goal of this project was to re-evaluate Dublin Creek (DC-1) which had previously 

been considered possibly impaired.  Changes in the algal community related to flow in the 

stream apparently affect the chironomid and worm communities.  Low flow promotes the 

growth of filamentous algae and an increase in the number of chironomids.  As flow increases 

the filamentous algae disappear and the number of chironomids decreases.  Worms remain 

constant when slime and crust algae are present.  The moderate HBI and % EPT in 2010 indicate 

that site DC-1 should now be included in the OBBN Reference Condition database.  This 

example of dramatic change in macroinvertebrate communities between years (from 2009 to 

2010) underscores the importance of site re-evaluation to ensure proper identification of the 

condition of a site. 

 

The third goal of this project was to sample benthic macroinvertebrates at two sites that had 

previously been sampled in an attempt to determine the effect of season/year on the 

composition of the benthic macroinvertebrate community.  Jackpine River (JP-1) and Current 

River (CU-14) are continuing to display variability, but in 2010 the macroinvertebrate 

communities in both sites indicated that these streams were correctly designated as reference 

condition sites. The high % Worms at JP-1 is probably related to the algal slimes and crusts 

found on the boulders in that stream.  Low flow in CU-14 probably increases the algal 

population which in turn affects the % Chironomids.  Apparently algal slimes and crusts support 

worms, whereas filamentous algae support an abundance of chironomids, as noted at Dublin 

Creek.  Sampling should continue on an annual basis at both CU-14 and JP-1 to follow year-to-

year variability. 

 

The fourth goal of this project was to assess macroinvertebrate communities in an urban site 

that was possibly impacted.  The [ȅƻƴΩǎ /ƘŀƴƴŜƭ site (LY-1) is impaired as indicated by: the low 

Richness; low {ƘŀƴƴƻƴΩǎ Iϥ Diversity; the extremely high HBI; the extremely high % Dominants; 

and the extremely low % EPT.  Isopods and amphipods (Crustacea) are the dominant taxa in LY-

1, probably because organic enrichment and dissolved oxygen levels are ideal.  !ƭǘƘƻǳƎƘ [ȅƻƴΩǎ 

Channel receives water from urban and light industrial sources, toxic inputs are not a factor 

affecting the aquatic macroinvertebrate communities. 
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Appendix 1. 

 
 Current River CU-14 sampled 21 September 2010. 

  

 
 Dublin Creek DC-1 sampled 6 October 2010. 
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 Jackpine River JP-1 sampled 6 October 2010.  

 

 
 Kaministiquia River KAM-1 sampled 12 October 2010. 
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Lyonôs Channel sampled 17 September 2010. 

 

 

 
 North River NR-1 sampled 8 October 2010. 
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 Oliver Creek OCK-1 sampled 1 October 2010. 

 

 

 
Silver Creek SI-1 sampled 8 October 2010. 
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Whitefish River WF-4 sampled 28 September 2010. 

 

 

 
Whitewood River WH-14 sampled 12 October 2010. 


