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Water Quality and Streainvertebrate Assessment Richards Creek

Executive Summary

An environmental ranitoring project was conducted by four students in the Natural Resource
Protection Program at Vancouver Island Univer§itiJ) on Richards Creek in the Cowichan
Valley, BC. Four stations were monited that were establishedoy previous projects. This
project isa continwation of previousassessments completed YU and the Department of

Fisheries and Oceans.

The obgctive of this stream surveyasto assess current strearonditionand contribute to
existing datdor monitoling long-term stream healti.o conduct tis assessmentsamplingwas
completed during low water flow and high water flavents,on November 22015 and
November 24, 2015espectively Basic hydrology, water quality parareed, microbiologyand

stream invertebrate communitieere analyzedh this project.

Water samples were analyzéd .S Environmental Lab@tory in Vancouver, B.C. and by
students inthe Vancouver Island University Laboratory. The data was then compared to BC
Water Quality GuidelinesRISC 1998. With the exception of dissolved oxygeneviound that

all the nutrientsand metals were belothe applicable guidelinedn the microbiology samples,

the high amount of fecal coliforms reflected the agriculture in the darea. invertebrate
communities suggested that the stream is relatively healthy. All statiorzsdlegentdiversity of
stream invertebrate tax@uring sampling, two Coho salmor®iicorhynchus kisut¢ghwere

observed in the stream indicating the stream was capable of sustaining salmonid life.
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1.0 Introduction

1.1Project Overview

This environmental monitoring project dRichards Creek, located in North Cowich&tC, ran
for four weeksfrom October 26to November 25 2015. Fourthird-year Bachelor oNatural
Resource Management and Protection students from Vancouver Usiaratsity conductedhis

projectunder the diretton of Dr. Eic Demers.

Richards Creek is a 1km long creek located south of Crofton thains fromthe Crofton
Reservoir into the northeastdenf Somenos Lake in DuncdAppendix|, Figure ). The creek
varies in width from2-18 m and hasa gradient that fluctuates from0<1-5.0%. Headwaters
originate from Mount Richards and Maple Mountaimd are fed into the stam via the Crofton
Reservoir. The stream then flows through lowlands occupied by agriculliearc Consultants
Limited 1999). The Crofton Reservoir is managed and maintained by the District of North
Cowichan as a source of potable waWateris discharge®0 m below the reservoir into Upper
Richards Creek and is regulated by a 5 cm pipe. Due to this outflater leaving the ke has
been recorde at lethal temperaturés the early summer months intesalmond bearing stream.
High temperatures areartially alleviated by groundwater springs feeding into the Upper
Richards Creek but the effect islimited during lowflowing summer months Lanarc

Consultants Limited 999).

1.2 Historical Review
Agriculture has modified the lowland portion of the basinfdoynersstraightening the creek to

flow along field edgesand byremoving important riparian vegetation ¢ime creek banks.
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Flooding of vegetable and hay fields in so@mreas extends up to 600wide, which is then
drained back into Richards Creekn other aregghe creek has been ditchas part of previous
agriculture drainage improvements. Habitat compemsatvas undertaken in 1983 by the
dredging ofthe less productiveportion of Lower Richards CreekiLé&narc Consultants Limited
1999). Above Richards Trail on the Van Eeuwen fgoroperty fences were installed along the
riparian corridor to prevent browsingank erosion, and istream cattle watering. A ap/ning
population of up to 700 @ho salmon(Oncorhyntus kisutch has been recordein Richards
Creek as well assmall populatios of chum (Oncorhynchus keja steelheadOncorhynchus
mykis3, cutthroat (Oncorhynchusclarkii) and rainbow trout(Oncorhynchus mykiss The
productivity of populations has been limited tack of appropriate spawning and rearing habitat
(Madrone Environmental Services Limite@15).Periodically, vater has beewithdrawnbelow
Richards Trail for the use of crop watering, which bassed intermittent anetducedstream

flow to minimal levels.

1.3Potential Environmental Concerns

The highdensity of agricultural land useurban areas (particularlgear bridges) and large
amounts of water licencesirrounding Richards Creelte a environmental concermitching
and watering of agrultural landshavelead to highnutrient rumff into Richards Creekin
addition loss of riparian vegetation due to cattieowsing and field widenindhas also
contributed to higinutrient ruroff. Low flow due to summer water withdrawal from the Crofton
Reservoir and decreased surface water flag fesulted in potentiallgthal water temperatures
and low dissolved oxygen ntent for salmonidand other aquatic lif@Vadrone Environmental

Services Limited2015;Lanarc Consultants Limitet999).Urban areas are a&ffted by disposal
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of garbageon steep banks near roadways that fall into the creek. This garbage mainly consists of

spray paint canisteend fast food waste.

2.0 Project Objectives

The objectiveof this assessment was contribute tesix years of preexising data collected from

VIU students anduild a longterm assessment of overall stream health. To add to this data,
water quality assessmemadinvertebrate sampling weoenducted to determine potential and
current environmental impacts on Richards Creek from neighbouring landausesdt stations
focused on monitoring hydrology, water quality, microbiology, and stream invertebrate
Laboratory analysis providddsightinto current stream health. The District of North Cowichan,
the Department of Fisheries and Oceaarsd agriculture landowners will be interested in the

results of this monitoringrogram

3.0 Methods

3.1 Sampling Stations

3.1.1Locations

The four sampling locationserebased on the previous yearsnebnitoring ancouver Island
University2014).These &tionswereoriginally selectedor accessibility habitat characteristics,
nearby areas of concern for potential effluent sourmmedsafetyof the crew.Residential area

or agrialtural fields surrouneld eachstation
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3.1.2Habitat Characteristics

Station1 waslocated on Escarpment Way, nésborne Bay Roafppendixl, Figure 3. The
sitewasat the first bridge on thiroad,approximately 130 nirom Osborne Bay Road. The site
was overgrown with evergreens and thick brustf various species. Thstream substrate
consistedof cobble,with few large rocks dispersed throughotlihe sampling site washallow
and had fastmoving waer. Thee wasresdential housing near the creekd one agricultural

field.

Station2 waslocated at the end of Rice Ro@8ppendix|, Figure 3. A 25 mpath on the left
hand side of cul-desacwas used to accesise creek.The substrate of the creek consisted
large boulders, cobbles, and large woodyprde This station was in a gully, not nearan

agriculture field, andhada relatively large riparian buffer

Station3 waslocated at the bridgerossing 6 Richards Trail Appendix|, Figure 4. For easier
accessthestationwaslocated on the west side of the bridge. Shbstrate of the creek consisted
of large cobbles but also hattl cement slabs near the culveridge from roadwork or farmers
Agriculture fields surrouned this stationas well as a single trdme of varioustree and brush

species.

Station 4 waslocated at the bridge crossing on Herd Road, near Coastal Animal Services
(Appendix|, Figure 5. The statiorwaslocated on the wst side under the bridge. There was

cleared gravel area unddretbridge and the watevasdeepwith alow gradient.The subiate
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consistedof small cobblesThis site area waat theend of agriculture fieldshada relatively

small riparian areaandduckweedwas present during the first sampling event.

3.1.3Sampling Frequency
Sampling occurredwice within a twoweek space in betweesampling eventen November 2
and 24th To produce the most representative results,fitlse water sampling evergccurred

during low flow, and the second sample event occurred during high flow

Triplicate stream invertebrate samples were colledtethg the first sampling eveat stations

1, 2 and 3Microbiology water samples were also only collected during tsedampling event

and were taken at all four sites. All other data, hydrology measurement and VIU and ALS
Laboratory water samples, was collected during both sampling events and were taken at various
sites. At station 1, VIU and ALS samples were collectdd station 2 only VIU samples were
collected, at station 3 hydrology, VIU and ALS samples were collected and at station 4 VIU and

ALS water samples were collectedcluding a replicate sample to be analyzed at.VIU

3.2Basic Hydrology

Many of the water quality parameters discussed below are dependent on stream discharge for
proper interpretation.tBam disbarge wasalculated once atation3 andwasdetermined by

the float method. The float methodnsists of calculating the crossctional aregm?) of the

stream at a specific point, measuring the mean water velfig) and completing a simple

calculation to determine dischar(ra®'s).
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3.3 Water Quality

Mostwater quality parameters wemeeasured during both sampling eveiitsis wasto compare
the parameters between high and low flow events. The wgaiglity parameters that were
measured includevatertemperature®C), dissolved oxygerfDO mg/L), conductiity (uS/cm),
pH, turbidity (NTU), total alkalinity (mg/Las CaCQ), hardness (mg/Las CaCQ), nitrate
(mg/L), andphosphatdmg/L). Water samples were also collected to determing &nd fecal

coliforms (CFU/100mL).

3.3.1Field Measurements
Temperature andissolved oxygenvere measured osite using an electroni©xyguard Handy

Polaris DO Meter.

3.3.2Water Sample Collection

Vancouver Island Universityvater samples wereollectedin plastic water bottle from the
university while ALS Laboratory vater sarples were collectedn sterile glass and plastic
containersprovided by the companylrhe water samples for testing total and fecal coliforms
were collected in sterile 16@L Whirlpak bags The water samples wereept in a refrigerator

for a maximum of 4 daysntil they wereanalyzed in the lab.

3.3.3VIU Laboratory Analyses
Turbidity, alkalinity, and hardnessereall tested for at Vancouver Island University using their
respetive HACH kits. To measure nitrate and phosphate a DR 2800 H3@#dtrophotometer

wasused
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To determine total and fecal colifas the "Total Coliforms ané&. coli membrane Filtration
Method"devebped by the USEPA (2003) was followed. This method invotliediltration ofa
100-mL samplethrough a 47em membrandilter, which wasthen placed onto a pettish with
an absorbent pad filled with-@oliBlue 24 Broth. The diswasthen incubated for 24 hours at

35°C andred (nonfecal) and blue(fecal) colony formingunits werecounted

3.3.4ALS Laboratory Analyses
Samples weralsosubmitted to ALS Laboraties in Vancouver, BC. This private |laprovided
analysis of general water quality parameters, nutrient analyses and a total metal Scamater

guality wasconducted on statioh, 3 and 4.

3.3.5Quality Assurance / Quality Control

To ensure dataollected wasaccurate and precise both Quality Assuramod Quality Control
measures wertaken. The Ambient Freshwater and Effluent Sampling Manual produced by the
Government of British Columbia (2003)agfollowed. In particular, gloves were alwaygorm

when handling and collecting samplaghe lah sample bottles wemnsed three times, samples

werestored properlyandblank and replicate samples wéagen, etc.

3.3.6Data Analyses, Comparison to Guidelines
All data collected wasompared to the @delines for Interpreting Water Quality Data prepared

by theRISC (1998).

3.4 Stream Invertebrates Communities
Invertebrate communities @&ichards Creek wersampled and analyzddr the first sampling

event The purpose of biological sampling wae get a general idea of ecosystem health
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Species weraused to assedbe pollutants in the stream by examinithg predominant taxa,

diversity, and abundance.

3.4.1Invertebrate Sample Collection

Sampling wasonducted once on November 2, 2015 imythe low flow of Richards Creelat
statiors 1,2, and3. Threesamplesveretaken for each statiom isimilar habitat and substrate
using the Hess sampleéBamples werglaced inplastic containes, which were stored inthe

fridge untillive lab analysisvas completed atancouver Island University.

3.4.2VIU Laboratory Analyse

The samples weranalyzedin a lab within 48 hours. In the lab, wefollowed the Pacific
Str eamke e p e r(RéogparandcMunta 198 he invetebrateswere identified to
Order orFamily andrecordedusing aninvertebrate survey fieldata sheefor each station.The
replicates for each station wetaken into account collectivelyDensity, polluton tolerance
index, EPT index angredoninant taxon rationndex wascalculated to determinghe overall
site assessment ratinghe ShannoiWeiner Index wagalculatedfor each statiorto determine

the species diversity in the community.

3.4.3Quality Assurance / Quality Control

To ensure quality assurantteeesamplesand a replicateveretaken at each statido increase
accuracy As a teamwe ensure gear wagproperly used andonfirmed all invertebrates were
collected into thelab sampling container. Proper sampy techniquesincludedl starting
downstreamand working upstreanand collectingeach sample independently to prevent the
sampls to be mixed with others. Waccuratelydetermine and notd the substrate typeo

correctly take the tplicate samples in similar areag\ll containers wergre-labela to ensure
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samples were@ut into the right container (DFO 200M). the lab, ve consuled anidentification
pamphlet to confirm proper identification of the invertebrat@&s. ensure quality control,atia

analysis wasarefully calculated and verified.

4.0 Results and Discussion

4.1 General Field Conditions

Field observations and the discharge measurements for Richards Creek suggest that the water
level was not at bank full during the first sampling event, but was during the second sampling

event.

The average maximum air temperature for November W&s @ith anavemlage minimum
temperature 00.3°C. The average mean temperature for November wés @d@ta for Nanaimo
Airport retrieved fromhttp://climate.weather.gc.ca/climateDat@otal rainfall during the 1@ay
period prior to the early sampling event on Novemh&025 was 61.7mm. The 1eday period
prior to the last sampling event on Noveml2dr, 2015,had a total precipitation amounf

44 mm.

4.2 Water Quality

4.2.1 Field Measurements

Water temperature averaged P@.Cand 46°C during the early and late November sampling
events, respectively (Tablg.IThe decrease in temperature corresponds with the decrease in air
temperatureuring the same period. Dissolved oxygen was above the minimum guideline of 9.0
mg/L for early fish life stages (RISC 1998) at all stations with the exception of station 4. Station

4 was well below the guideline with averages of 4.0 mgid 7.9 mg/L durig the firstand
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second sampling@vents,respectively (Table )1 These low levels suggest hypoxic conditions
during both sampling events likely due to minimal water flow. The increase in dissolvgenoxy

in the second sampling evazan be explaied by the increase in stream discharge.

Table 1 Field measurementakenfrom four gations at Richards Creek on November 2 and 24,
2015 All measurements were takavithin 5 cm belowthe surfacewith theexcepion of a lower
measuremertaken at station 4 to observe #ffectsof eutrophication near the surface.

Water Temperature

Station Dissolved Oxygen Discharge
(©) (mg/L) (m3/s)
November2, 2015
1 10.1 12.5 N/A
2 9.4 12.1 N/A
3 9.4 11.8 0.13
4 (surface) 11.3 3.7 N/A
4 (bottom) 10.8 4.3 N/A
November24,2015
1 6.9 11.2 N/A
2 5.6 13.1 N/A
3 5.6 13.5 0.71
4 (surface) 4.2 8.1 N/A
4 (bottom) 4.3 7.7 N/A

4.2.2 VIU Laboratory Analysis

Conductivity and hardness both decreased from the first éweghe second eveis expected
with the increase in discharge (Tablg €onductivity decreased from an average of 179 uS/cm
to 99 uS/cm and hardness decreased from 109.0 mg/L £&C48.8 mg/L CaC@ Water pH

ranged from 7.48.9 over both sampling events with a general dseréa pH from upstream to
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downstream. For unexplainable reasons, water pH was abnormally high (8.6 and 8.9) at station 1
during both sampling events, although results were still within the guideline & @5SC

1998).

Alkalinity changed from low acidensitivity in the first event (22 mg/L CaG)Q@o moderate acid
sensitivity inthe secondevent (14 mg/L CaC¢) (RISC 1998). Alkalinity remained relatively
constant from upstream to downstream during the first sampling event, while it increased from
upstream to downstream during the second sampling event. Turbidity increased from the first
event to the second event with average amounts of 4.57 NTU and 2.60 NTU. This difference is

explained by the increase in discharge from the first event to thedsecent.

Nitrate and phosphate were high in both sampling events, although both wereiritpeefirst

event. Nitrate haén average of 2.86 mg/L during the first event and 1.24 mg/L during the
second event. During the first event phosphate was amgeaf 0.25 mg/L and during the
secondevent it was an average of 0.20 mg/L. Both nitrate and phosphate generally increased
from upstream to downstream, which was anticipated by the obvious eutrophication of the lower

stream during the first sampling e¥en
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Table 2 Laboratory results for water samples taken from fourostaton Richards Creek during
November2 and 24 2015.

o Alkalinity o _ Hardness
_ Conductivity Turbidity Nitrate Phosphate
Station pH (mg/L (mg/L
(eS/cr (NTU) (mg/L) (mg/L)
CaCOy) CaCO0y)

November2, 2015

1 152 8.6 31 2.44 3.02* 85.5 0.07
2 175 8.0 26 2.72 3.64* 119.7 0.07
3 163 8.2 30 5.51 1.49 102.6 0.36
4 227 7.5 28 8.60 4.12* 136.8 0.51
4 (replicate) 225 7.0 25 6.62 2.48* 119.7 0.46
24 November 2015
1 75 8.9 8 2.21 0.88 42 0.13
2 94 8.5 13 1.69 1.52 47 0.07
3 100 8.1 16 2.57 1.33 48 0.15
4 133 7.5 19 4.67 1.16 59 0.56
4 (replicate) 124 7.2 21 3.16 1.30 57 0.35

*= over range

4.2.3ALS Laboratory Analysis
Water quality results from ALS Laboratory were compared to the BC Provincial water quality

guidelines for the protection of aquatic I{fEable 3.

The conductivity measurements from ALS Laboratory were consistent with the field
measurements obtainaglith the electronic probe. Conductivity increasednfraipstream to
downstream site durng both sampling events. In additjoconductivity was lower during the
last samping event by an average of 1&6/cmcompared td230 puS/cmin the first sampling

event.
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Total hardness and condivity followed similar trends. There was general increase from
upstream to downstream stations and a slight decrease between sampling events. Total hardness
decreased from the first event to the second evendaradged 82.eng/L of CaCQ (soft water)

and 48.6mg/L of CaCQ (hardwater),respectively.

VIU lab measurements of pH ranged fror8.B while the ALS Laboratory Results ranged from
6.81-7.56. At VIU, the pH during each sampling eveetreasedrom stationl to 4,while the

ALS results did not show the same trendhis discrepancy possibly reflects improper
calibration, differences in air space content among sampling containers and/or time elapsed
between sampling and laboratory analysiswever, bothanaly®s shoved Station 4 had the

lowestpH during both sampling everdsid was approximately neutral

During both sampling events, all nutrients were below applicable guidelines. Nitrate
concentrations during the first sampling event wieetveen 1.44 mg/L and 3.28 mg/L, and
between 0.533 mg/L artd09 mg/L during the last sampg event. Station 4 consistentigd the

highest nitrate concentrah during each sampling event.

Orthophosphate and phosphofalowed similar patternancreasingdownstreamyvith station 4

having the highest levels during each sampling ev@rinophosphat&vas abovethe detection

limit (i.e. <0.001 mg/L) at all stations. The highest level (0.0958 mg/L) occurred at station 4
during the first samplingvent, and the lowest level (0.0032 mg/L) occurred during the same
sampling event at station 1. The highest level for phosphorus during each sampling event was at

station 4 which were 0.139 mg(first event)and 0.159 mg/l(second event). Considering the
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high concentrations of both nitrate and phosphorus, these results ssiggjest 4 is the most

eutrophic part of the stream that veasnpled.

All metals were below detections limit or below applicable guidelitteshould be noted that
total metal anafsis measure the combined amount of metals dissolved in water and bound to
particles. In general, dissolved metals are moreab@lable than metals that are bound to

particles. The dissolved fractions of total metals in water are often lower than 100%.
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Table 3. ALS Laboratories water quality parameter analysis results taken from Richards Creek on November 2 and 24, 2015
BC Water Quality Guidelines

BC Max First Sampling - November 2™ 2013 Second Sampling - November 24* 2013

Variable gl 1 3 4 1 3 4
General/Physical
Conrductivity 169 217 274 108 139 177
Hardness (as CaCO3) 693 76.9 99.6 357 4R.5 61.6
i 6.5.5.0 7.2 7.56 6.81 737 7.52 7.09
Nutrients
Ammonia, Total (as N) 0.0233 0.0106 0.0828 0.0131 0.0053 0.0889
Nitrate (as N) 200 1.72 1.44 3.28 0.533 0811 1.09
Nitrite {(as N) 0.06 0.0057 0.0032 0.0302 0.0011 0.0011 0.0166
Total Nitrogen 214 2.16 435 0.792 1.08 21
Orthophosphate-Dissolved (as P) 0.0032 0.0871 0.0958 0.0044 0.0222 0.07%6
Phrospharus (P)-Total 0.0172 0.109 0.139 00112 0.0267 0.159
Total Mctals
Aluminum (Al)-Total 0.1 «<0.20 0.37 0.4 <0.20 0.25 0.85
Antimony (Sh)-Total 0.02 <0.20 <0.20 «0.20 <0.20 <0.20 <0.20
Arsenic (As)-Total 0.005 «<0.20 <0.20 <020 <0.20 «<0.20 <0.20
Barium (Bz) Totul 5 0.018 0.017 0.023 0.01 0.013 0018
Beryllium (Be)-Total 0.0053 <0.0050 «<0.0050 «<0.0050 «<0.0050 «<0.0050 <0.0050
Bismuth (Bi)-Total <0.20 <0.20 «<0.20 <0.20 <0.20 «<0.20
Boron (B) Total 12 <0.10 «<0.10 <0.10 <0.10 «<0.10 «<0.10
Cadmium (Cd)-Total 0.00002 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Calcium (£a)-Total 213 219 10 113 15 18.4
Chromium (Cr)-Total 0.001 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Cobalt (Co)-Total 0.1} <0.010 <0.010 <0.010 <0.010 «<0.010 <0.010
Copper (Cu)-Total <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Iron (Fe) Total 1 0.435 0.461 0.673 0212 0.259 0.926
Lead (22)-Total <0.050 <0.050 «<0.050 «<0.050 <0.050 <0.050
Litkium (Li)-Total 0.87 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Magnesium (Mg)-Total ER 5.36 5.97 1.84 27 3.7%
Manganese (Mp)-Total 1.1.1.6 0.0968 0.0273 0.0627 0.0277 0.0245 0.0527
Molybdenum (Mo) -Total 2 <0.030 «<0.030 <0.030 «<0.030 «<0.030 <0.030
Nickel (Ni) Total 0.065 <0050 <0.050 <0.050 <0050 <0.050 «<0.050
Prosphorus (P)-Tatal <0.30 <0.30 <0.30 <0.30 <0.30 <0.30
Potassium (K) Tatal «<2.0 <2.0 23 <2.0 <2.0 <2.0
Selenium (Se)-Total 0.002 «<0.20 <0.20 <0.20 <0.20 «<0.20 <0.20
Silicon (Si)-Total 6.46 7.57 7.03 4.1 4.94 5.79
Silver (Ag)-Total 0.0001 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Sodium (Na). Total 10.7 10.6 118 52 58 83
Strontium (Sg)-Total 0.0734 0.0955 0.125 0.0349 0.0529 0.0826
Thallium (F)) Total <0.20 «0.20 «<0.20 «<0.20 «0.20 «0.20
Tin (Sg) Total <0.030 «<0.030 «<0.030 «<0.030 <0.030 <0.030
Titanium (Ti) Total 0012 0.02 0.021 0.011 0.013 0.038
Varadium (V) - Total <0.030 «<0.030 <0.030 «<0.030 «<0.030 <0.030
Zinc (Zn)-Total 0.033 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 0.0089
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4.2.4 Microbiology

All water samples collected from Richards Creek contained fecat@mtecal coliforms (Table

3). The total coliform numbenmserelow at statios 1 and2 andsignificantly higher astatiors 3

and 4. A possible explanation for this result is thegtmer levels of turbidity in the areas with
higher coliform countsStation4 had 24 timesa numberof fecal coliforms as the three other
stations. This may be due to the close proximity of station 4 to farm land and the lack of riparian
buffer.

Table 3 Fecal and noffiecal coliform counts from water samples taken from RichardslC
November 2, 2015.

Colony Units Station 1 Station 2 Station 3 Station 4
CFUs/100ml water

Fecal Coliform 76 52 76 200
(Blue)

Non-Fecal Coliform 844 84 2040 1016
(Red)

Total 920 136 2116 1216

4.2.5Quality Assurance/ Quality Control

For the nitrate parameter measured, in the &v&nt four out of the five measurements were

over range indicating that the amount that was found in the sample could be higher than what the
machine was outputting. Ideally, the sample and the replibatddsbe comparable and there
should not be a notable difference. In the replicate sample during the first sampling event at
station 4, there was a substantial difference in the nitrate. The sample was 39.85% higher than
the replicate. In the second saling event, turbidity was 32.44% higher than the replicated and
phosphate was 37.5% higher than the replicate. This could have occurred because station 4 had
the most variability due to the higkutrophicationtherefore, the depth the sample was taken

could have a great effect.
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4.3 Stream Invertebrate Communities

4.3.1 Total Density

Based on the Pacific Streamkeepers Handbook, a site assessment rating was given for each
station out of a maximum rating of 4.00 based on the streams waadity anddiversity
(Taccognaand Munro 1995) Table 4shows the invertebrate taxa found and site assessment
results. Station 1 had the lowest site assessment rating; it was assessed as a 2.25 reflecting a
imarginal 0 site and had Z2a(fgurée hv Statiane2bwasn3.00 dens
ifacceptabl ed and hkhand Staion @ dad ghe thest sitefassesdn@nt mting

assessed at 3.50 suggesting the site was HfAac

419/nt. Invertebrate Survey Field mBheets can be found in Appentix

4.3.2 Taxon Richness and Diversity

ShannorWeiner Diversity Index was calculated to illustrate the species diversity in each of the
areas. Station had a diversity index of 0.564tation 2 had a divwsity index of0.731 and
station 3had a diversity index of 0.626. Station 2 had the highest diversigx imdicating this

area hadhe highest species richne8&ith more diversity there is wider range of species

therefore, there is less competition between species

Factors that could affect the results from the sites include the substrate composition. Station 1
had a substrate that mostly consisted of mud, with little to no rocks. Station 2 had a cobble
substrate with large woody debris. Station 3 halibstate of cobble and largsoulders with

lots of cover and shade.
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Table 4.Total abundance, diversity and site assessment rating of invertebrates found in Richards
Creek from triplicate samples from three stations taken on November 2, 2015.

Pollution Tolerance Invertebrate Taxa Station 1 Station 2 Station 3
Category 1 Caddisfly Larva 1 2
Pollution Mayfly Nymph 15 28
Intolerant Stonefly Nymph 1 10 20
Aquatic Beetle 3 1
Category 2 Aquatic Sowbug 1
Somewhat
Pollution Clam, Mussel 1
Tolerant CraneflyLarva 3 13 4
Scud (amphipod) 15 3 10
Aquatic Worm (oligochaete) 18 1 40
Cpa;ﬁgggﬁ 3 Blackfly Larva 1
Tolerant Midge Larva (chironomid) 3 5 6
Pouch and Pond Snails 1
Total Abundance 42 51 113
Density (number/rf) 155 188 419
Site Assessment Rating 2.25 3 3.5
450 .
Caddisfly
400 Mayfly
350 Stonefly
E .
= 300 Aquatic Beetle
g 250 m Aquatic Sowbug
< 200 B = Clam, Mussel
"% 150 n ;:rar;efly Lahr-va d
&) 100 m Scud (amphipod)
m Aquatic Worm
50 . m Blackfly Larva
0 i ' ) ' ) ' mMidge Larva
Station 1 Station 2 Station 3

Figurel. Density per metreof taxa found in Richards Creek from triplicate samples from
Stations 1, 2 and 3 taken on November 2, 2015.

Decembef015 18 Vancouver Island University



Water Quality and Streainvertebrate Assessment Richards Creek

5.0 Conclusions and Recommendations

After acquiring the datdrom the fieldand analyzing theesults we conclude that Richards
Creek is relatively healthy. Most of the parameters were within the guigdétine healthy
stream, although th@Wer portion of the creek had less dissolved oxygenname nitrate and
phosphateesulting indecreasetiealth We have fourecommendations for Richards Creek that
may increase the health of this salmmearing stream. Firsiyater removal and drainagéould

be more restrictive for agricultural purposespreventextremely low water flow and higher
temperatures in the stream. Secoadargerriparian buffer should be established in the lower
portions of the creek tprevent runoff anaeutrophicationin the lower portions of the stream
The positive effects of a ripam buffer were shown station2, which had the largest riparian
buffer and the healthiest samples taken during each sampling €hedt. we recommend that
landowners bordering the creek build profmrdng to prevent livestock from entertaining and
contaminating the creekFinally, to continue this ongoing project, monitoring should be
conducted on an annual basis to monitor trends and changes and so the stream can remain

healthy.
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8.0 Appendces

Appendix I. Map and photographs showing site locations and station conditions

J

Figure 2 Site conditions asamplingstation1l on Richards Créeat the Escarpment Way
crossing(Heidi Richardsop

Ly
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Figure 3 Site conditions atanplingstation2 off of Rice RoadHeidi Richardsohp
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Figure 5 Site conditions agampling statiot on Herd Roa@Heidi Richardsop
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Appendix It Invertebrate Survey Fieldata Sheets. Samples collected at stations 1, 2 and 3 on
Richards Creek on November 2, 2015.
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