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Introduction

Benthic macroinvertebrateespond to ecosystem changes faster than other membetbef
aquatic community and thereforare commonly used as indicator species to asskedealth
of aquatic ecosystem Trends and changes in aquatiacranvertebrate populations anth
their community structure can serve as indicators of sHertn streses that may ultimately
influence the aquatic community of Lake SuperiSimce 2004&£coSuperioEnvironmental
Programshas been acquing baseline data about the macroinvertebrate communities
unimpaired streams on the north shore of Lake Superioriamdstigatng the benthic
community structurein possibly impaired sites.

The goad of the current studywere fourfold: to assessix minimally-impactedstreamson the
north shore of Lake Superior their suitability as referenceonditionsites to re-evaluatethe
biological health obne streamconsidered possibly impaired in aaréer study to re-evaluate
two referenceconditionsitesthat hadpreviously been samplet determine theyearto-year
effect on the composition of the benthic macroinveklirate communiies and toasses®ne
urbantest site that waspossibly impaked.

Procedure

We examined all watersheds draining into Lake Superior between Thunder Bay and Sault Ste.
Marie to find riversand streams that were minimaHlympacted and of viaable size, stream

order, substrate andhat exhibited a range gbhysiographic feature@©eacon & Lavoie 2008)

The criteria used to determine whether or nottesam was minimallyimpactedare outlined

by the Ontario Benthos Biomonitoring Network (éset al.2005). The aquatic benthic
macroinvertebrate communities were sampled3&referencecondition streams between

2004 and 20009.

Six additionaminimally- impactedcandidatereferencecondition sitesvere samplediuring
September and October 20: OliverCreek(OCK1); SilverCreek(St1); Whitewood CreeKWH-



14); Whitefish Rive(WF4); KaministiquiaRiver(KAM1); and North River(NR1) (Figurel,
Appendix ).

Dublin Creek (DC) (Figurel, Appendx 1) wassampled in early October 20. The
macroinvertebrate communities were considered possibly impaired when surveyed %) 200
and a reevaluationof the benthic communities was recommended.
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Figure 1. Aquatic benthi macroinvertebrate sampling sites, 2010.

The Jackpine RivédR1) Figurel, Appendix Jwas sampled duringarly Octobe2010. This site
had been sampled in mifeptember of 2005, 2002008 and late September 20Q¢herefore,
we wantedto determine if any changes had occurred in community structure from-iear
year. We also samplethe Current Rivesite (CU14) (Figurel, Appendix Yduringlate
September2010. This site had been sampled mid-October of 2004the end of June 2005

late September 2008and 2009therefore,we hopedto determine if any changes had occurred
in community structuredue to seasoal variationandor from yearto-year.

Onereach of gperennialdrainage channebithin the city limits d ThunderBayp [ € 2 y Qa
Channel, LX) (Figurel, Appendix Ywhich receives water fror@liver Creek, a small stream
that is now mostly enclosed storm waterpipes, wassampled in miéSeptember aanurban
test site.



Benthic macroimertebrates were sampled atll sitesaccording to OBBN protocols (Jorstsl.
2005), using a travéihg kickand-sweep with a 50@nicron BDnet. Three sulsamples were
collected at each of the sites and each sample was preserved the field in96% &hanol.
Thesub-samples were¢hen sorted in the laboratory A minimum of 100 benthic
macroinvertebrates were randomly picked from each of the-satmples using a Nikon
SMZ1500 at 10X magnification. The macroinvertebrates were identified using taxdteysic
by Clarke (1981), Peckarsiyal. (1990), Merrittet 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, adlgoptera are particularly
sensitive to impaired water qualityandwere therefore identified to the Genus level when
possible(Appendces2-11).

The aquatic benthic macroinvertebrate community was assessed according to-tag27

Reference Condition Appach (RCA) as outlined in the Ontario Benthos Biomonitoring Network
Protocol Manual (Jone=t al. 2005). The OBBN is a partnership ledhgyOntario Ministry of

the Environmentan® Y A NR Y YSy G /Iyl RF Q& 902t 23A0Ff az2yAl
(EMAN. The 27Taxa 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. Thtic indicesused to characterize the benthic communities

include: Total Abundance, Richness, Dipteran Richness, Insect Richnessy SiépsoL Y RS E
{KIyy2y Qa8 5AOSNBEAGE LHBR% Baninants{vaEpheetoptéra . A 2 G A O
Odonata Trichoptera (EOT), % Ephemeroptera Plecoptera Trichoptera (EPT), % Chironomids, %
Crustacea, % Dipterans, % Gastropods, % Mollusca, %iNt@Eman Ingcts, % Odonates, %
Pelecypods, and % Oligochaetes (Worms).

The OBBMiotic indices Tablel) (Jones etl. 2006) used to analyse the 2faxaidentified from
the candidate sites provide an insight into present and past conditionsresqred by the
aquatic macroinvertebrate communities. Some of thetic indices figh% Wormshigh %
Chironomids) are useful fadentifying sites that are heavily impacted by nutrient enrichment.
In extreme casesutrient enrichment will cause preature eutrophication resulting in low
dissolved oxygen in the water, with consequent degradation of the habBathworms and
chironomids are tolerant of lovoxygen concentrationand become the dominant organisms in
eutrophic ecosystemsChironomids @ also highly tolerant of toxic chemicals; therefore, they
can survive and become dominant in conditions that kill other organismbiding worms



Table 1. Biotic Indices: Calculations and descriptions

Subcatagory Index How_to Calculate: Indication
. o ABUNDANCE Sum of Organisms possibly impaired if extremely low or high value
Richness/Diveristy
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;), 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(p; * In(p;) where p; =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 (Sum of Amphipoda+Decapoda+Isopoda + associated with eutrophic conditions, but
MOLLUSCA Gastropoda + Pelecypoda) /Abundance*100 present in many habitats
% CRUSTACEANS (Sum of Amphipoda+Decapoda+Isopoda) associated with eutrophic conditions, but
/abundance*100 present in many habitats
%EPHEMEROPTERA Sum of Ephemeroptera /abundance*100 :Ez E;ebeiltt:tr the value the higher the quality of
%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) associated with eutrophic conditions, but
/abundance*100 present in many habitats
%ODONATES (Sum of Anisoptera and Zygoptera) the greater the value the higher the quality of
/abundance*100 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
(Sum of Chironomidae+Culicidae possibly impaired if extremely low or high value
+Ceratopogonidae
%DIPTERA +Tipulidae+Tabanidae+Simuliidae +misc
Dipterans) / Total Abundance* 100
(Sum of abundance of Chironomidae+Culicidae|possibly impaired if extremely low or high value
+Ceratopogonidae
+Tipulidae+Tabanidae+Simuliidae+Odonates
%INSECTS (Zygoptera and Anisoptera) + Coleoptera +
Ephemeroptera + Hemiptera + Lepidoptera +
Megaloptera + Plecoptera + Trichoptera + misc
Dipterans)/ Total Abundnce* 100%
(Sum of Zygoptera + Anisoptera + Coleoptera +|a high value indicates higher water quality than
Ephemeroptera + Hemiptera + Lepidoptera + |a lower value
%NON-DIPTERIAN INSECTS Megaloptera + Plecoptera + Trichoptera)/Total
Abundance* 100
%EPT (Sum of Ephemeroptera + Plecoptera + a high value indicates higher water quality than
Trichoptera) / Abundance * 100 a lower value
(Sum of Ephemeroptera + Anisoptera + a high value indicates higher water quality than
%EOT Zygoptera + Trichoptera) / Total Abundance * |a lower value
100
%DOMINANT Abundance of the Most Common Taxon / the dominance of a pollution tolerant group
Tolerance abundance * 100 indicates an impaired site

HILSENHOFF'S BIOTIC
INDEX

=SUM(x..t)/Total abundance where X;
=abundance of each taxa and t; = tolerance
value for each taxa.

a low value implies low nutrient conditons.
Values above 6.0 are of concern




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

Family | Tolerance | Family | Tolerance
PLECOPTERA
Capniidae 1 Perlidae 1
Chloroperlidae 1 Perlodidae 2
Leuctridae 0 Pteronarcyidae 0
Nemouridae 2 Taeniopterygidae 2
Peltoperlidae ?
EPHEMEROPTERA
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
ODONATA
Aeshnidae 3 Gomphidae 1
Calopterygidae 5 Lestidae 9
Coenagrionidae 9 Libellulidae 9
Cordulegastridae 3 Macromiidae 3
Corduliiae 5
TRICHOPTERA
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
MEGALOPTERA
Corydalidae 0 [Sialidae | 4
LEPIDOPTERA
Pyralidae 5 | |
COLEOPTERA
Dryopidae 5 Psephenidae 4
Elmidae 4
DIPTERA
Athericidae 2 Psychodidae 10
Blephariceridae 0 Simuliidae 6
Ceratopogonidae 6 Muscidae 6
Blood-red Chironomidae 8 Syrphidae 10
Other (including pink) 6 Tabanidae 6
Chironomidae
Dolochopodidae 4 Tipulidae 3
Empididae 6
Ephydridae 6
AMPHIPODA
Gammaridae 4 [Talitridae | 8
ISOPODA
Asellidae 8 | |




Other biotic indies (high % EPT, low Hilsenhoff Biotic Index) help to confirm high water quality
at the site. Ephemeroptera, Plecoptera and Trichoptera (BiTintolerant of toxinand

require oxygen concentrations that are close to saturatidihe Hilsenhoff Biotic tex(HBI) is
calculatedusing tolerance values assigned to the various macroinvertebrate(Tatdes 1 & 2).
EPT have lomBIvalues, whereas worms and chironomids have Iigvalues. HBlalues
above6.0 are considered indicative of an impaired systasually because of organic
enrichmentwhich can cause eutrophicatiorEachbiotic index provides a separate insighto

the quality of the habitat. The combination of several indices makes it possible to evaluate the
relative, longterm health of thesite. However, not abiotic indices are necessary to

determine whether a site is impaired, or whether it should be considarsditablereference
conditionsite.

Theselectedbiotic indices used to evaluate trgitesg SNBY wA OKy Sa amsity{ KI yy2y(
Hilsenhoff Biotic Index, % Dominant, % EPT, % Chironomids, and % Walste®y.(These

biotic indices were compared witlata fromstreams on the north shore dbke Superior

(Deacon & Lavoiz005 Deacon & Lavoie 200Beacon% Lavoie 200Pto determine whether

the values obtained were high or low in relation to otliegionalreference condition sites

General physiographfeatures {able3) combined withbiotic indices(Tables 46) provided
sufficientmeansto evaluate whether the site was impaired or should be included in the OBBN
Reference Condition database

Observations
Candidate Reference Condition Sites

TheOliverCreeksite (OCK1) (Table4) had amoderae Richness9.0), high{ KI yy 2y Qa 1 {
Diversity (173), and moderateHilsenhoff Biotic Index5(39). The% Dominants39.6) and %
Chironomids 31.1) were moderately lowandthe % Worms 4.3) was moderate The % EPT

(40.6) wasalsomoderate The moderateHBland % EPIE considered indiative of a healthy
ecosystem but requires reevaluationin the future to ensure that the stream remains

unimpaired SiteOCK1L should be included in th©BBN Referendéonditiondatabase

TheSilver Creekite SH) (Table4) had ahighRichnessi0.9and{ KI yy 2y Q& 184, 5 A @S NJ
and a moderately higililsenhoff Biotic Index5(78). The% Dominants36.4) was moderately

low, but the % Chironomids7(7) wasextremely low The% Worms32.1) was very high The

% EPT46.6) wasmoderate The high% Worms could indicate impairmebécause worms are

tolerant of nutrient enrichment and eutrophic conditionghe moderately high HBI (but lower

than 6.0) and the moderat® EPT areonsidered idicative of & unusual, buhealthy



Table 3. Physiographic features of the streams sampled in Thunder Bay, Sept-Oct, 2010.

Hydraulic| Dissolved
Site Name Site Code Category| Head Oxygen Substrate Cover Algae Woody Debris| Detritus
(mm) | (ppm)

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/crustq 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/crustg present present
WEF-4-2 Pool 5 boulder, silt filaments/attached/slimes/crustg 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/crustq 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/crusty abundant present
North River NR-1-1 Riffle 15 111 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




Table 4. Selected mean Biotic Indices of the macroinvertebrate communities from candidate
reference condition sites, Thunder Bay, Ontario, 2010.

Site Sampling H Hilsenhoff's % % % %
Site Name Code Date Richnesg Diversity| Biotic Index | Dominants| % EPT| Chironomids| Worms| Crustaceal
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-J 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 7.7 321 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 strgawbablyprovided
favourable habitat andood for worms which respondebly increasing their numbersSite LEL
should be included in the OBBN Reference Condition datadmaenaturallyoccurring
organically enriched stream, but requireseealuation in the future to ensure that the stream
remains unimpaired

The Whitewoa Creek site (WH4) (Table 4) had highRichness10.3,{ KI Yy 2y Q& | 4 5A¢
(1.76) andHilsenhoff Biotic Index6(15. A Hilsenhoff Biotic Index value above 6.0 is considered
indicative of an impaired community, usualjated to nutrientenrichmen. The % Dominants
(35.1) was moderately low and th# Chironomids (19) was low. The % ERBR(9 was
moderately lowwhereas the % Worms3(.8) wasvery high The substrate at Whitewood

Creek was dominated by bouldec®bbleand grave(Table 3) whah support an algal

community of slimescrustsand attached algaePossible nutrient input and low % cover
stimulate algal growthWorms were abundant probably because of the presence adehe

algae. Additional benthic macroinvertebrate studietiring2010indicated that Whitewood

Creek, along with Cedar Creek and Pitch C(akkkributaries of the Whitefish Riveexperience
minor impairment of water qualityn their lower reachespossibly caused hwyatershed
contributions andnonpoint sourcenutrient inputs further upstreamKoster & Deacon 20)1

The high HBI and the moderately low % EPT indicate that sité4/gkbbablyis impaired and
shouldnot be included in the OBBN Reference Condition database.

TheWhitefish Rive{WF4) (Table 4) had highRichnes¢11.7)andY2 RSNJ (1St & f2¢ { Kl
H' Diversity (1.31) The Hilsenhoff Biotic Inde&.27)washigh.The % Dominant$6.2) and he

% Chironomids65.2) were very high The % EPT4X) wasverylow and the % Worms/(2)

wasmoderate The hifg %Chironomidgossibly indicates a community from a nutriemth

habitat; howeverthe % Worms was only moderatehd substrate atWhitefish Rivers



dominated by boulders (Table 3) whishipport a rich algal community of filaments, attached,
slimes anccrusts Possiblythe presence of filamentous algae contributes to the abundance of
Chironomids.The high HBI and theerylow % EPT indicate that sKéF4 is impaired probably
because of nutrient input Site WH should not te included in the OBBNeRrence Condition
database but should be reevaluatedto confirm its impairment.

TheKaministiquiaRiversite KAM-1) (Table 4) had @ery highRichness12.0 and amoderate
{KIFyy2yQa |46). The\HiseaifBidtE Index®®, the % Domiants 67.1) and

the % Chironomids${.1) were high The % EP25.0), andthe % Worms (38) were

moderately low. The substrate aKaministiquieRiver is dominated by boulders (Table 3) which
support a rich algal community of filaments, attached, slirmmed crusts similar to the

Whitefish River site Again % Chironomids was high possibly because of the presence of
filamentous algae as noted at Whitefish Riv&ite KAM-1 is marginallyimpairedas indicated

by the high HBI and the moderately low % BRAshould not be included in the OBBN
Reference Condition databaséhe river should be reevaluatedto confirm its impairment.
TheNorth Riversite (NR-1) (Table3) had a moderat®ichnessq.0),{ KI yy2y Qa | 4 5A @S]
(1.495 anda moderately lowHilserhoff Biotic Index%.08). The% Dominants45.0), the %
Chironomids40.7) and the% EPTSQ.7) were moderate. e % Wormg0.4) was extremely

low. The moderately lowHBland moderate % ERiidicatea healthy ecosystemSiteNR1

should be included ithe OBBN Reference Condition database.

Reevaluationof a Passibly Impaired Site

The Dublin Creek site (EX¢(Table5) had a moderatly highRichness9.7) and ahigh
{KFyy2yQa I7Y9. The\HiseaifBidte Indexf® wasmoderate The %
Dominants 87.6) wasmoderately lowas was the % Chironomida7(1). The % EP#5.6) was
moderateandthe % Worms 17.1) was high The moderate HBI and % EPT indicate that site
DC1 was uimpairedin 201Q however,Dublin Creekvas considered impaired when surveyed

in 2009 (Deacon & Lavoie 2010)he substratewhich consistprimarily of cobble and sanas

well as areas of bedrock and bouldessassimilar between the years; however, the algal
community differed. Only slimesd crusts were present in 2010 (Table 3), whereas the algae
included filaments, attached, slimes and crusts in2@Meacon & Lavoie 20)L.0Possibly the
reduction in the diversity and abundance of the alga@2010 reducedhe abundance of the
Chironomidsand Wormswhichthrive in algalrich habitats because the algae provithem

shelter as well as foodFlowdiffered at the time of samplingluring 2009 comparetb 2010,

as indicated by the differences in the hydraulic head in the respective riflge 1 had a
hydraulic head of 9mm and Rifflavas7mm in 2009 (Deacon & Lavoie 2010), whereas Riffle 1
was 25mm and Riffle 2 was 40mm in 20T&b{e3). Lower stream flow during 2009 probably

9



Table 5. Selected mean Biotic Indices of the macroinvertebrate communities from Dublin Creek,
Thunder Bay, Ontario, 2010.

Site | Sampling H' Hilsenhoff's % % % %

Site Name Code Date Richness | Diversity | 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 conditiongreduced velocitypossiblyhigher water temperatures, higher

nutrient concentrationsjor the algaewhich in turn promoted thevery high Chironomids

(64.9) andhigh %9Worms (18.3) that was noted in the macroinvertebrate communitiesble

5). The absence of filamentous algae in 2010 may have contributed to the dramatic decline in
the % Chibnomids (27.1) (Tablg). The % Worm§17.1) remained similapossibly indicating

that algal slimes and crusts affabie abundance ofvorms more than filaments and attached
algae. The moderate HBI and % EPT indicate itikaD&1 should nev be includel in the OBBN
Rderence Condition databaselhis example of dramatic change in macroinvertebrate
communitesbetween years underscores the importance of sgeewaluationto ensure proper
identificationof the condition of asite.

Year-to-Year

The Jagbine River siteTable6) was sampled ®ctober 2010. This site had been sampled in
mid-September of 2005, 2002008 and late September 200¢herefore, we hoped to
determine if any changes had occurred in community structure dugetirto-year
fluctuations

The 60ctaber 2010 macroinvertebrate community at JP(Tablet) had a moderatly low
RichnessT7)and{ KI yy 2y Q& 1.3. ThéHi#EENNG Bidtié Ind@5(73 and the %
Dominants 47.4) were moderate The% Chionomids 23.7) waslow. The % EP%4.6) and%
Worms (5.7) were high. Apparently J® was unimpairedas indicated by the moderatealue
for HBland high value fo6 EPT

In 2005 Site JP was considered unimpaired, but unusual because of a high %n8{8r3)

(Table 6). This site had a similar commusitycturein 2007, but the % Worms was even
higher(11.6)(Table 6). The % Worms decreased in 2208)(Table 6); however, the HBI
exceeded 6.0 which is considered an indication of possible impatrnia 2009 Site JP

returned to a community structure very similar to that first observed in 200%h was
unimpaired, butwith ahigh % Wormg¢9.9) (Table 6) In 2010 Site J® had the lowest HBI and
highest % EPT foumd the Jackpine Rivéo date; however, the % Wormgl5.7)was also the
highestof the five years of surveillance to daf€able 6). A low HBI and a high % EPT indicate

10



Table 6. Selected mean Biotic Indices of the macroinvertebrate communities from year-to-year
reference condition sites, 2004 to 2010.

Site | Sampling H' Hilsenhoff's % % % %
Site Name Code Date Richness|Diversity | 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 algaeThe sibstrate at the Jackpine River is dominated by gravel, cobble and
boulders which supposta community of slime and crust algae (TableAparently 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 notedrmy the period

from 2005 to 2Q0; therefore, the observed changes may be related to normal variation within
a healthy ecosystem with algae. Annual sampling should continue at siteoJellow any

further changes in the macroinvertebrate community

The Current Rivesite (CU14)was sample®1 September 200. This site had been sampled in
mid-October of 2004, the end of June 2Q0&e September 200&nd 2009 therefore, we
hoped to determine if any changes had occurred in community structure daedason and/or
yearto-yearfluctuations

The21 September 200 macroinvertebratecommunityat CU14 (Table6) had an extremely
highRichnes§13.7) and{ K| yy 2 y Q& 2.08. TheHiBhhok Biali@Indéxs(55 was
moderate The % Dominant2{.1) was lowandthe % Chironomids24.6) was moderatelyow.
The % EPB1.8 andthe % Worms&.3) were moderate ApparentlyCU14 was unimpaired as
indicated by the moderatealuesfor HBland % EPT

Ste CU14 wassuspected omoving towarddmpaiment in 2009 (Deacon & Lavoie 2010)
however,CU14 wasconsidered healthyn 2004 with a moderate HBI (5.43) and a moderate %
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EPT (48.6) (Tab&. The sitehen deteriorated slightly idune2005 as indicated by a higher
HBI(6.22) and lower % EPT (30(Rable6). The HBI was also high (6.03) and the % EPT (31.5)
moderately low inSeptember2008 (Tablé&), which was similar to 2005The moderately high
HBI (6.41) and the moderately low % EPgd.7)that were determined in 2008hdicatedthat

the sitewas deteriorating However,another possibilityesponsiblefor the change in the
macroinvertebrate communitgtructurewas thatlower flow conditionsduring2009promoted
anincrease ofilamentous, attached, slime and crust algetehe samplingsite (Deacon &
Lavoie 201Q)asnoted abovein Dublin Creek Precipitation during September and August of
2009 was 73mm, whereas the amount was 181.6mm in 2010 (Environment C2088a&
2010). Algae provide different habitatwhich supportassociateccommunities of
macroinvertebratesparticularly chironomids and worm$o evidence of watershed alteration
or of toxic input which could cause differential mortaliparticularly ofchironomids was noted
for the period from 2004 to 2010Annual smpling has pravided a rang®f habitat conditions
whichaffectsthe biotic indices obtained for G4, probably because of changes in the algal
communities Annuakamplingshould ontinue at site Ctl4 to observeany furthervariation

Urban Test Sit@010

The[ € 3 ¢hannesite L¥1) had anoderatdy lowRichness®.0),verylow{ KI yy 2y Qa | ¢
Diversity 0.77), and a extremelyhigh Hilsenhoff Biotic IndeX (74) (Tabled4). The % Dominants

(76.7) wasalso extremehhigh; however, the % Chiromoids (L2.6) wasmoderatelylow and %

EPT(@.6) wasextremelylow. The % Worm$(1) wasmoderate Low Richnes®iversityand

high % Dominantare considered indicative of@ossiblyimpaired aquatic environment which

allows only specialized taxa to siw& and thrive.Crustacea, which include Amphipoda and
Isopoda, were abundant at tIvas indiated by an extremely higho Crustacean@8.0)(Table

4). Crustacea are scavengehat thrive in areas witlextremeorganic enrichmentsuch as the
abundant deritus (Table 3andsubmergent and emergemhacrophytes tha2 O OdzNJ Ay [ @ 2 y ¢
Channel.Crustacea were rare to absent at th# of the other sitesampled during 2010

(Tables 46), probably because dhe lack ofmacrophytesat these locations

% EPT waextremely low at L-Y possibly becae of low oxygen concentrationsowever,
dissolved oxygen was 15.7pmn 17 September. Dissolved oxygen could have lmeear

during warmer periods and low flow conditions in the summ@ixygen concentrations

probally fall below the lower tolerance threshold level for EPT; therefore, the EPT are depleted
How, however probablyhelpsto maintain oxygen concentrations at a lealovethe lower
tolerance level of thehironomids worms and Crustacea. The chironosnahd wormssurvive

but the Crustaea are dominant because of adequateygen concentrationand extreme

organic enrichment
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Toxic contaminants seeimgly are insignificark y [ & 2 Y QSite LYK sifugt&lfnaar the
Y2dzi K 2F [ &2y @amptieKihtytyeNeebidhhcBitiNdSloddway. Thewatershed

of L¥1, which isapproximately 3.7k lies entirely within an urban environment which is

highly modified Part of the flow is underground in pipdsyt the last2.5km of the channel

flows above groundthrough an area which was oncdrain switching yarcandan area

surrounded by light industryWater atL¥1 should contain the combid toxic chemicals that
enter the entire channefrom urban switching yard and industrialinoff. Theextremely high
percentage of Crustaceas well as the presence @amoderate % Wormat site LYL mean that

the concentration of toxic chemicalshslow lethal concentrations for these organismgither
toxic chemicals are not entering the channel or toxieroicals argaken up by thesediment

and/or thevegetation withinthe channel. Submergent and emergent aquatic vegetation are
excellent at removing contaminants from aquatic systems. Heavy metals and toxic chemicals
are boundwithin, andto, the plants hus preventing movement of the dangerous substances
GAGKAY GKS SY@ANRYYSY(o® ¢KS FodzyRFYd @S3aSial i
the water which protects the aquatic benthic macroinvertebrates.

The invasiverayfish,Orconectes rusticusas found in the pool asite LY1. O. rusticushas also
been found in the Mcintyre River near Lakehead Univevelitich indicates that this species is
established and spreading in the Thunder Bay District

Ste L¥1isimpairedas indicated by the extrenighigh HBI and the extremely low % EPT;
therefore, should not be included in the OBBN Reference Condition datablmestream
should be reevaluatedto confirm its impairment.

Conclusion

The first goal of this project was to locate referemoadition sites for minimallyimpacted
streams along the north shore of Lake SuperiotiverCreek QCK1), Silver Creek (8I) and
North Rive(NR1) siteswarrant inclusion in th@©BBN Referendcéonditiondatabase

The Kamnmistiquia River was one of thermdidate reference sites evaluated, but was considered
impaired. Flow in he KaministiquieRiver is regulatedt the Silver Falls Daon Dog Lakéo
generate hydroelectricity. The damlixatedapproximately25km north of the KAM 1 site.
Periodic low hw during the summer months when water is artificially retained behind the dam
mayenhancethe algal community, especially the filamentous alg&#amentous algae
apparently providedeal habitat for chironomids A high % Chironomids contributesadigh
HBIwhichindicatedthat KAM1 was impaired TheKaministiquiaRiver is the firshighly

regulated stream that was evaluatéa our study
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The second goal of this project wasreevaluateDublin Creek (D€) whichhad previously

been considereghossbly 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 DE1 should now be included in the OBBN Reference Condition database. Th

example of dramatic change in macroinvertebrate communities between years (from 2009 to
2010) underscores the importance of siteaealuation to ensure proper identification of the
condition of a site.

Thethird goal of this project wag sample benliic 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. Jackpgiieer (JFAL) and Current
River (Ctl4)are continuing tadispay variability butin 2010the macroinvertebrate
communiies in both gesindicated that these streams were correctly designated as reference
condition sitesThe high % Worms at-1As probably related to the algal slimes and crusts
found on the boul@rs in that stream. Low flow in €14 probablyincreaseghe algd
populationwhich in turn affects the % Chironomid#pparently algal slimes and crusts support
worms, whereas filamentous algae support an abundance of chirongmsdsoted at Dublin
Creek Sampling should continue on an annual basis at botH€and JA to follow yearto-

year variability

The fourthgoalof this projectwasto assessnacroinvertebrate communities ianurban site

that waspossibly impactedThe[ & 2 Y Q & site K ¥1Yiyi8daired as indicated bghe low
Richnesglow { K I Yy 2Dv€Xsity the @xtremelyhigh HBJIthe extremely high % Dominants

and the extremelyow %EPT. Isopods and amphipods (Crustacea) are the dominant taxa in LY

1, probably because organanrichmentanddissolved oxygen levels adeal ! f § K2 dzAK [ &2 Y
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.

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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Céapﬂend a7 September 2010.

6s

Lyon

North River NR- sampled 8 October 2010.
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Whitefish River WF-4 sampled 28 September 2010.

Whitewood River WH-14 sampled 12 October 2010.
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