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Executive Summary
An annual environmental monitoring project was complet€2D16 by three students from

Vancouver Island Universit§/I1U) enrolled in the Bachelor of Natural Resource Protection
Program. The project took place at Richards Creek, located north of Duncan, British Columbia.
The monitoring program ran for th& 8onsecutive year and included the collaboration of the

Department of Fisheries and Oceans.

Richards Creek is part of an extensive watershed called the Cowichan River Watershed. This
watershed is essential habitat to many terrestrial and aquatic organdoding many varieties

of salmonids.

Four stations were monitored that were previously chosen for ease of access and to represent an
equal spacing along the 9.2 km stretch. The objective of the program was to contribute to the
annual data bank and asgbke site for the year for hydogy, water quality parameters and

invertebrate richness

Heavy rains in 2016 contributed to two high flow events which contrasts to previous years.

Previous years had a low flow and a high flow event.

Two sets of samplesere taken, one was analyzed at VIU and another was shipped to ALS
Environmental Laboratory in Burnaby, B@issolved oxygen was found at station 4 during

event 1 to be too low to sustain even invertebrate life for the second year in a row. Excess
nutrients were found within the streamsome areas. Turbidity was extremely high at station 1
during the first event may be relevant to heavy seasonal rains. All metals detected were below
British Columbia Water Quality Guidelines (RISC 1998). Invertelaatersity populations

were acceptable at statiohsnd 2 and good at station 3.
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1.0Introduction

1.1Richards Creek Monitoring Program Overvié2016)
Vancouver Island University (VIU) undergraduate students have added to previous years of data

collection (2008016)archived at VIU. The following pages document the 2016 environmental
monitoring program of Richards Credécatednorth-east ofDuncan, Bitish Columbia (BC)

This monitoring project took place in tmeonths of OctobeNovemberand Decembe2016).

The three field technicians were comprised of third year Bachelor of Natural ReBooteetion
(BNRP) students. Overall project superviswasadministeredy Dr. Eric DemersR.P. Bio,

whom instructedRMOT 306Environmental Monitoringnd direoed theprojectfor the region

This was the 9 consecutive yeaof data collection and analysfes this watershed

Two mountains draimto Richards Creek, Mount Richards and Maple Mount&ithards
Creek(Appendix I, Figure 1jyuns southwesterly betweegrofton Lake (elevation 142 m) dn
Somenos Lake (Somenos Mardavation 4.5 7.5 m) Richards Creek can vary in width
(weather/season dependent) froin20 m. Gradient levels of Richards Creek fluctuate from <
0.1-5.0%. Somenos Lake is 100 ha and Racds Creek is the largest tributary to flow into it
The tributary (Richards Creek) flovfsr 9.2 km and connects via Somehake and Somenos
Creek to the Cowichan River Watershed, this watershed provides an immense part of local
habitat for wildlife al has many uses for the human population in both the agricultural and
resdential sectors. Multiple speciesaifadromousalmonidssuch as cohadncorhynchus
kisutch), chum Oncorhynchus kejaand Steelheaddhcorhynchus mykissitilize the tributaries
of this watershed all months of the year for spawningaming/wintering. $menon

anadromous localized specigfssalmonidssuch as cutthroatout (Oncorhynchus clarkjispend
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their entire lives within the watershed (Guimond and Sheng, Bt#kshotet al. 201%. The

Cowichan River Watershed ultimately runs to sea south of the Strait of Georgia.

1.2 Historical and Potential Environmental Concerns of Richards Creek
Crofton Lake was the beneficiary of a dam built in 1956, originally the dandeggned to

release only marginal flow into Richards Creek (MOE 2009). This dam caused extremely low
summer flows within the tributary (Richards Creek) up until 2008 and called for action to be

taken to increase flowonditions related to rearing habitat trout and salmon (MOE 2009).

The urban and agricultural footprint around Richards Creek contribute to excess nutrient loads
within the Somenos Basin which causes hypoxic water conditions (Guimond and Sheng 2005).
Although in decades past this tribytanay have provided optimum habitat for coho salmon
(Oncorhynchus kisutght is thought that low flows of Richards Creek contributed to a reversal

of flow and fry dieoff in Somenos Lake in 1998 (Guimond and Sheng 2005, Priekshot et al.

2015).

Under 10 yars have passed since Crofton became the beneficiary of a new water supply (MOE
2009), this reciprocated in allowance of up to-hwds of Crofton Lake reservoir to be released
into Richards Creek during low summer flows to positively augment salmobithhaThe

remaining onehird will be kept for Crofton to utilize as a baak water supply (MOE 2009).

The flow to Richards Creek has been regulated since these changes took effect by a 5cm

valve/pipe which discharges into the creek 60 m below theda#tet (MOE 2009).

Numerous rare or threatened plant species and communities are indigenous to the Somenos
Basin (Williams and Radcliffe 200Which compete with hearty introduced species (Williams

and Radcliffe 2001).
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1.3 Project Obijectives
Objectives bthe environmental monitoring project were to add to the datafsamied at VIU)

of collectedhydrologicalparameters and potential/actual environmental impacts from both, the
urban and agriculturgectors over the last decade. Data collectioncoagpleted at four

predetermined sites. At each site parameters and data was archived and analyzed for compilation
with the previous 9 years of study. The areas archived included water quality, hydrology,

microbiology and invertebrate richness

2.0Methods
2.1 SamplingSite, Frequencyand Stations

2.1.1Sampling Site (Richards Creek)
Richards CreekFigure 1 belowsampling &e is composed of four predeterminedt®ns

numbered from station (Lpstream) to station 4 (downstreafppendix |, Figure 1) The

stations were chosen in October and November 2008 by the original project team members to
provide adequate coverage dispersal of Richards Creek and to coincide with stations previously
utilized by the Department of Fisheries and Oceans (DFO) (VI8)20thesesites also provide
ease of access to sampling areas (safeegetation species variabilitgimilar substrate
compositios, potential effluent point sourcegarbyand adequate flofor study The upstream
stationg(station 1 2 and 3 of Richards Creek fh throughagriculturally/residentiallgoned

areas. Te lower reaches of statiorfldw througha riparian (marshland) area tligially comes

to a stagnargtandstill asit enters the mouth @&omenos Lake (Somenos Marsbiata

colledion location may vary slightly regarding coordinagggen that within9 years of this

program it has been permissible to move within 25 m of each site for aafégccessibility
reasoning.lt is important to note that during our site assessment wiestation photographs

were taken (earWDctober) flow was minimal. Heavy rains accumulated through the 2016
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program and made sampling conditions more hazardous with a much heavier volume of water

flowing downstreanduring data collectiom late-Octoberéarly-November

LatLon hddd"mm.mmm' WGS 84 % W123°40.200' W123°39.600° 'W123"39.000° § W123* 38.400°

g ar .r 17 &

- :
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Figure 1: Richards Creek Environmental Monitoring Site (Adapted from Garmin Basecamp Software 2016)
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2.1.2Sampling FrequencyData Collection @curred in Two Events)
TheRichards Creekield data phase transpiret two separate events (dates). The first field

Figure 14: Richards Creek Environmental Monitoring Site (Adapted from Garmin Basecamp
Software 2016ylate was October 29, 2016 and the second date was November 21, 2016. In
years past this represented w-ttow and a higkflow seasonal pattern. Data collection was
followed by corresponding lab days for analyses. The first data set was analijre®1U lab

on November 1, 2016 and the second data set was analyedVIU labon November 23,

2016.

2.1.3 Sampling Station 1
Station 1 (Appendix Il, Figure 23 located at UTM 105409520 mE, 452560 mN. his station

had a culvert crossing Escarpment Way. This station was approximately 8d@ikreastirom
Crofton Lake. Stream substrate at statiowhs granule (22 mm), with some examples tdrger
rocks Station 1 was shallo@l0 cm)in depth with fast flowing water. The southern bank of
station 1 was bordered with ~2 m of riparian vegetation followed by a residential home.

Northern banks of stan 1 were bordered with no riparian buffer and a large agricultural field.

2.1.4 Sampling Station 2
Station 2 (Appendix II, Figure 3) iwcated at UTM 10U 5408622 mE52083 mN. Station 2

was located at the end of Rice Road, a small hobby farm (IneiBaam) had rows dferry

bushes growing seen Figure 3station photograph. This station was approximately 3.5 km

south of Crofton Lake Stream substrate at station 2 consisted of granulen{th) and pebble

(4-64 mm). Station 2 was approximately 30 cm in depth and fast flowirig a water gauge

present The southern bank of Richards Creek at station 2 had a natural forested area perfect for
a riparian buffer zone. The northern bank had an invasive Engliskédeg heli¥ that had

completely taken over the baakd was absent any riparian zorlhe invasive planvas
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spreading to the other side of the stream via cement weir. Station 2 access wadradverff

Rice Road ands granted through private property.

2.1.5 Sampling Station 3
Station 3 (Appendix Il, Figure 4) location is UTM 10U 5408795 mE, 451331 mN and located at

a culvert crossing on Richards Trail. This station is approximately 4.2 km from Crofton Lake
stream substrate for station 3 consistepedfble (464 mm) and cobble (6-25.6 cm), it also

had large concrete slabs remaining from past infrastruciures. station had a sufficient riparian

buffer zone of indigenous species on its southern bank and was bordered by extensive agriculture

and a omplete lack of riparian area on its northern bank.

2.1.6 Sampling Station 4
Station 4 (Appendix Il, Figure 53 located at UTM 10U 5408795 mE, 451331 mN. This station

is located on a heavy traffic road (Herd Rd) at alave bridge crossingStation 4is
approximately 7.2 km from Crofton Lake and is 2.0 km upstream from Somenos Lake. The
substrate at this station was mud, silt and clay with some s&hth(r). The riparian zones at
this station were large but had invasive species such as Himalagabdary Rubus

armeniacus Richards Creeklt station 4 had population of duckweed_émna minoy and

massive algal bloomstagnanandcollecting on the surface atany areas.

2.2 Sample Collections: EquipmeMethods Storage and Shipment

2.2.1Hydrologyi Equipment, Methods
When conducting basic stream hydrology testing for this monitoring program the team used a

meter stick, a ping pong ball and a stopwatch. The meter stick was held level with the surface of
the stream with one end facing upstm and the other end facing downstream, the ping pong
ball was placed at the end of the meter stick upstream, the time it took for the ping pong ball to

reach the end of the meter stick downstream was recorded, this process was repeated three times

VANCOUVER ISLAND UNIVERSITY DECEMBER 2016

—



ANNUAL ENVIRONMENTAL MONITORING PROGRAM:HYDROLOGY, WATER QUALITY
AND INVERTEBRATE RICHNESS OF RICHARDS CREK
for each sample site on both events. The sets of three recorded times for each sitedvere use

mathematically measudi#scharge of RichardSreek at stations 1@2hd 3 Station 4 was the

mouth to Somenos Lake and was a stagnant body of water below testable limits.

Discharge represents the volume of water that flows through a cross section of a stream during a
set amount of time. Discharge and slope of a stream indiw@fetential for erosion, which in
turn affects the amount of sediment and organic material distributed throughout the stream

(Demers 2016).

2.2.2Water Quality(VIU) i Equipment Methods,Storageand Analysis
Water qualityparameters wereollected in thdield using500 mllabelledplastic water bottles

on both eventStations 14). Samplebottleswererinsed three times before collection. The
samples wereollected from within station streams using gumboots, submerging the bottles just
below the surfacandfacing upstream Care was taken not to disturb stream
substrate/sedimentdce packs were prFozen and put in a site cooler to ensure samples stayed
at appropriate temperature variatigast°C) during collectiontransporiand storage Once all
sampla were collected they were storedainefrigeratofor no more than 72 houlsefore

analyses Field parameters were collected with a digital Oxygudaddy Polaris DO Met to
gatherwater temperatusH°C), dissolved oxygn (DO mg/L) and saturation (%Pperlab

sessions were held in November to analyze the following water parameters: conductivity
(uS/cm), pH, turbidity (NTU), total alkalinity (mg/as CaC@), hardness (mg/L as CaGQ

nitrate (mg/L) and phosphate (mg/Lpuring operlaba DR 2800 HACH Spectrophotometer

was used to measure phosphate and nitrate levels in all VIU saniphisdity was tested to the
nearest 0.01 NTU (Nephelometricrbidity Units) using a HACH 2100 Potable Turbidimeter

(Demers 2016). Totalkalinity (as CaCe) was tested to the nearest 0.01 mgging HACH
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AL-DT digital titration methodDemers 2016) Hardness wasestedusing the appropriate

HACH Kkit.

2.23 Water Quality (ALS)i EquipmentMethods,Storageand Shipment
A separate set of water samp{éssamples totalvere collected to ship to ALS Laboratory

located at 8081 Lougheed Highway, Burnaby, BBamples shipped to ALS wetested for
Conductivity, pH, total hardness, nutrients and total mefd® stations sampled in 2016 were
stations 2, 3 and 4Three of thevater samples were collected2B0 ml serile-glass labeled
containers from within the stream wearing gumboats ubmerging the containgust under
the surfacavhile facing upstreamThe team wasareful not to disturlstream
substrate/sediment§ he 3 sampletaken forALS testingin the glass containers consisted of
analyses of @nductivity, pH, total hardres and nutrient levels. An additional sample was taken
in 250 ml plastic containdor detection of total metals. After collection of each sample
preservatives were added in the fapfmitric andsulphuricacidsand inversed five times to
ensure completmixing (Demers 2016)Nitric acid was added to the 250 ml amber glass jars
(nutrients) and sulphuric acid was addedhe 250 ml plastic container (metal®emers 2016)
Once collection of water was complete at each station they were added talthiteio®oler for

transport to a refrigerator to ensure samples stayed at the appropriate temperature (~4°C).

2.24 Quality Assurance and Quality ContfdVater Quality)
During all sampling, storage, shipping and analyses The Ambient Freshwatefflaadt

Sampling Manual was followed. This manual was published by the Government of British
Columbia in 2003.Numerousmeasurementseretaken to ensure quality assurance and quality
control (QA & QC) were as follows: Gloves used in the field andendb, rinsing of bottles

three times to ensure previous samples had no effect on following ones, storage and transport

principles were followed regarding temperature aipdblank/replicate samples ahys
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accompanied project samples (VIU 2018Yatersanples shipped to ALS laboratorie®nt
throughchain of custodyprocesdor both sampling even(®\ppendix IV, Figures 284). A
replicate sample was taken at station 1 on both sampling events to ensure a regimented sampling

pattern for 2016 A trip blank filled with distilledwater was brought along on both sampling

events to detect possible site contamination between station samples.

2.2.5Microbiologyi EquipmentMethods,Storage and Analysis
Microbiology collection and analyses we@mpleted aly on the first sampling evérto

determine total coliform and fecal caiims (CFU/100 ml) Only three stations were chosen to
represent these numbers (stations 1,2 amehBh has been contradictory from previous years
Water samples were takenstrile 100 mL Whirlpak bags and transported/stored in the site
cooler with the VIU samples until open lab times commenddgk samples were taken with the
bagopeningfacing upstreanat the time of submersiaand collection In openrlab on the ¥ of
November, 2016 the samples were tested using ticeliBlue24 membrane filtration method

(VIU 2008). Water was extracted from sample bags with a pipette in 25 ml increments and
filtered through a membrane filtexquipped wittrsample paper absorbent padsyssted with

broth) and3 mm grid lines Using a vacuunpressurized hand puniittration was complete and

the pads were transferred to a petri dish for incubation (VIU 2Q08)n completion of an
incubation period with an air incubator capablepérating at 35°C = 0.5 °C, results were

posted on a VIU website for further analyses. Since only 25 ml samples were used the sum of
coliform units (CFU) was than multiplied by 4 to give results corresponding to 100 ml of station

water. Filtration blankswere used at a frequency of 10% for samples taken.
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2.2.6Quality Assurance and Quality Contf{Microbiology)
QA & QC for microbiology was assured by using sterile, sealed bags that were transported and

stored in the siteaoler for no more than 72 hour¥he sampling, storing and analyses methods
have been the same for the previous 9 years consecutively to eysiute gathered are
consistent, dditionally theapparatus used was rinsed with sterile water betaweohing

betwea station analyses.

2.2.7Invertebrate Sampling Equipment, Methods, Storage
Invertebate collection occurredn the first sampling everdnly, using aHess samplerHess

samples are used to measure invertebrate population/divenditye stream byimiting areas to
besampled This is doneby ensuring similar substrates aampled for species. Water should

not flow over the top of the Hess sampler so stream conditions and location of the samples

be verified and specimens cannot escape collec@mte placed isubstrat§Hesssampleryand
securedthelarge rocks were removed and braised with the hand to dislodge specimens which in
turn were caught in the poelyottle codend(downstream) After being collected inhe codend
thespecimens were transferred imigps which werd&ept inthe iced sitecooler The specimens

were stored in a fridge with the water samples until the firsttgdeanalyses (November 1,

2016). Sampling of invertebrates is a good indicator of ealestream ecosystem healithe

datawas recorded on invertebrate field data sheets (Appendix Ill, Figur24)¥®r stationd, 2

and 3.

2.2.81 Invertebratd_ab Analysis
Invertebrate analysis occurred after the firstgiamg event only in the VIU labLab analysis of

invertebrates occued within 4 days from procuremenAnalyzing invertebrates was
accomplished by data collection of taxa populations and the diversity of these populations.

Within the VIU lab we utilized The Streamkeepers Handbook: A Practical Guide to Stream and
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WetlandCare, along with supplementary dichotomous keys to ensure accurate identification of
all specimenso Order or Family The ShannotWeiner Index was calculated for each station
using the invertebrate field data sheets and the data from density, pothlgi@mte index, EPT

index andpredominant taxa ration indext his data compiled determined species diversity in

station communitiegVIU 2015)

2.2.9Quality Assurance and Quality Control (Invertebrates)
Quiality Assuranceluring invertebrate sampling washieved byaking triplicate samples at

each station in similar substrates to provide an accurate representation of invertebrate population
and diversity for the overall site (Richards Creekhorbughly rinsng out the Hess sampler and
sampling cupéelpedto make sure there was no possibilitygofing a false representation of

species population and diversity. Téwgs were sealed and placed in the ccaeiclearly

labeled saluringanalysis there was no possibility of crossing diierdata fronsampling

stations Sampling techniques taken to ensure accurate data included taking the first sample
downstream and working upstream to minimize disruption of natural habitat and get ateaccura
population accounting for adtationsgiving averagesQuality control was achievday ensuring

all mathematics were double checked (Appendix I, Figure84) %o receive a better

representationf the invertbrates presentWe located similar substrates to maintain quality

control throughout the varying saihe stations.
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3.0Results and Discussion of Analyses

3.1 General Site Timings, Dates and Conditions
As stated in 2.1.2he datavas collected during two sampling events.yéars past it was a high

flow sampling event and a low flow sampling event. The project site encountered heavy rains in
2016 during the months of October and November thus the second sampling event was of higher
flow volume.

3.2Hydrology andwater Quality

The results from this monitoring program showed a wide variation in water quality parameters
from 2015 to 2016, some parameters tested showed similarities to previous testing while others
showed either an increase or decrease in results. A compafia@aiter quality parametetssted

in 2015 to 2016 followsgstarting next page)
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3.2.1Richards Creek Hydrology Analysis (2016)
Discharge

Discharge (measured in m3/second) was tested at station 1, 2 and 3 for both sampling events in
2016 and onltation 3 in 2015 as shown in Figure 10 below. Station 4 was not tested as flow
was below the testable limit. Discharge varied from station to station and between both sampling
events. The variability could have been due to heavy rainfall between sguengint one and

two in 2016. The outlet that controls flow to Richards Creek from Crofton Lake reservoir
upstream may have effected this parameter if the reservoir was at maximum capacity and water

was being released.

Richards Creek Fall Discharge
(2015Blue) (2016Red)

Discharge (m3/s)
o o o
o N N »

Sampling Event Dates per Annum Event 1 & Event 2

Figure 2: Richards Creek FalDischargei 2 Dated Samplingper Annum
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3.2.2VIU Water Quality
Water Temperature

Water temperature was measured and it was found that temperatures from both 2015 and 2016
remained within 42 °C for the first sample event as shown below in Figure 8.wHber

temperature recorded from the second sample event in 2015 is significantly lower than all other
samples and in 2016 it was uniform. Winter/fall storm systems from the Pacific Ocean can cause

temperature fluctuations in the air which effects shabodies of water.

Richards Creek Fall Water Temperature
(2015- Blue) (2016- Red)
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Figure 3: Richards Creek Fall Water Temperatuiie2 Dated Samplings per Anhum

VANCOUVER ISLAND UNIVERSITY 1 DECEMBER 2016
14

—



ANNUAL ENVIRONMENTAL MONITORING PROGRAM:HYDROLOGY, WATER QUALITY
AND INVERTEBRATE RICHNESS OF RICHARDS CREK
Dissolved Oxygen
Dissolved oxygeriDO) was tested and it was found that there was a decrease from 2015 results

to 2016 data collected (shavrigure Selow) from all stations except statiosdowed a higher

level of dissolved oxygen from the second sampling event from 2016 compared to 2015.
Stations 13 showed high enough DO to support all life stages of fish both years and events (BC
Water Quality Gidelines). Station 4 on the first sampling event both years showed hypoxic
conditions incapable of sustaining even invertebrates. Station 4, sampling event 2 in both years
recovered significantly with values capable of sustaining all life stages ofTfish.could cause

population degradation of numerous species during early fall seasons.

Richards Creek Fall Dissolved Oxygen
(2015- Blue) (2016- Red)
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Conductivity
Conductivity results in Figure 7 show there is an increase from satownstream through

stations 2, 3 and 4 during both years when compared. There is a significant increase in
parameter levels from sampling event 1 in 2015 in comparison to results found in 2016. The

second sampling events in both years of testing sfewling traits.

Richards Creek Fall Conductivity
(2015- Blue) (2016- Red)
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pH
As seen in Figure 1 belowe overall pHévels tested in 2016 were lower (more acithen

levels tested in 2015 by approximat8lf-1.0 pH units. This was a treiadl eachstation and
occurred during both sampling events. There wasgoeption othis at station 2 during the
first samplingevent wherethe pH leves were very closeThe pH levels in 2016 were within the

criteria limits for aquatic life, which range from 6960 (RISC 1998).

Richards Creek Fall pH
(2015- Blue) (2016- Red)
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Figure 6: Richards Creek Fall Dischargé 2 Dated Samplings per Annum
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Total Alkalinity

Alkalinity was found in 2015 and 2016 to increase from station 1 to 4 downstream on both

sampling events (shown in Figure 6). There was a different trend seen in sampling event one

from 2015 where meased alkalinity remainedtable for allfour sample station® comparison

to a spike at station 4 in 2016. An alkalinity level of less tham@AL represents water with

Al owd sensitivity to acidification (RI SC 1998
stations except station 1 have over 20mg/L. Station 1 is only slightly under 20mg/L. Samples

from 2015 show that all stations dugievent one had results above 20 mg/L and all stations

during event two had results below 20 mg/L.

Richards Creek Fall Total Alkalinity
(2015- Blue) (2016- Red)
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Figure 7: Richards Creek Fall Total Alkalinityi 2 Dated Samplings per Annum
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Hardness

Figure 5: Hardnes®Vels below shows water hardness parametdrsated a significant

decrease from sampling event one to sampling event two in 2016. This can be correlated with
the ALS results (see Talsld & 2. Sampling event 2 showed trending levels between both
years at all stations. 2015 water hardnessdestgdw a slight increase as you move downstream
to station 4. The hardness levels in 2016 from stations 1, 2 and 3 are below 60 mg/L, which is

considered Asofto water (RI'SC 1998). Station

mg/L.

Richards Creek Fall Hardness
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Turbidity
The turbidity levels varied considbly between sampling statio(fSgure 2 below)events and

years (201516). Between the tweampling evergtin 2016 there was considerable rainfalthe
area which can caugacreased levslof total suspended solidg SS)in the stream.This
provides an explanation to spikirigvels ofturbidity at station bn the second sampling event.
Overall the turbidy was lower in 2016vhen compared to 20Xfuring both sampling events

The exception to thim 2016wasat station 1duringsampling eveng.

Richards Creek Fall Turbidity
(2015- Blue) (2016- Red)
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Nitrate

Nitrate concentratiotevels tested in 2016 and shown in Figure 4 below were considerably lower
than levels detected in 2015. Nitrate levels decreased from station 1 downstream to stations 2, 3
and 4. Nitrate levels measured in 2016 did show a decrease between samplingnevants o

two, which may have been caused by the heavy rainfall between sampling events. The overall
decrease in nitrate concentration from 2015 to 2016 may be caused by agricultural practices
changing annually or from heavier rainfall levels in 2016 howewervidence has been

collected to support this. The overall nitrate concentration levels measured in 2016 fall well

below the water quality guidelines for aquatic life, which is 32.8 mg/L maximum (Demers

2016).
Richards Creek Fall Nitrate
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Phosphate

Phosphate levels measui@dgure 3 belowjfrom all stations showed a trending pattern between
samplingeventsthis year and last. Concentration levels increassehstream through all

stationsthe exception wastation 3where tlere was a 0.08.1 decrease in 2015 af@@16.

The increased concentration of phosphitenstream may be explained by gireximity

Richards Creek has witigricultural lanccoupledwith lack of riparianbuffer zonesPhosphate
concentrations great eart rtolpdhn c®. Gahosphgtédsoanidn d ii man
limiting factor in plant growth and eutrophic conditimasise an increase to biological growth

within the watershe(RISC 1998) Thisin turn reducsthe level of dissolved oxygeand could

explain the high algal presence at station 4

Richards Creek Fall Phosphate
(2015- Blue) (2016- Red)

0.6
0.5 A
0.4 4

0.3 -

Phosphate (mg/L)

0.2 1

) V.S 7S C2S ! NV V.S
SYFVY SOIVY STV SOV
FHELWEE  FE S PO W HE P E S
NN NN DD DD NN NN
A Vo YT Y AR Vo YTy

Sampling Event Dates per Annum Event 1 & Event 2
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3.2.2 ALS Water Quality
Water quality parameters of ALS lab results were compared with tHer8@ncid water quality

guidelines for the protectioof aquatic life Detectable nutrients were consistent with both

events and all stations, these included phosphorous (P), orthophosphate (as P) and Nitrate (as N).
Detectablamineralsietals in the A5 samples included aluminum (Abarium (Ba)calcium

(Ca), iron (Fe), magnesiunvigg), manganese (Mn), sodium (Na), silicon (Si), strontium (Sr) and

zinc (Zn).

Conductivity

When compared to VIU lab analysis costlvity levels hadsariations and were botheasured
in uS/cm. Event Bnd event Zhowed ALS saples to be slightly higher than the VIU samples.
Both analyses showed an increase from upstream to downstream. ALS samples ranged from

125161uS/cm during event 1 and samples ranged from-188uS/cmduring event 2.

pH

Levels of pH for both ALS and VIU samples were consistent and showed little variation for both
events and all stations. Ranging from #7122 for ALS and 6.4.9 at VIU. This entire
spectrum is acceptablehen compared to the iish Columbia Water Quality Guidelin¢RISC

1998)

Hardness (as CaCQ®)

Hardness (as CaGpincreased from upstream to downstream at both events. Event 1 ranged
from 44.567.1 mg/L and event 2 ranged from 382. These levels are consistent with soft

water<60 mg/LBritish Columbia Water Quality Guidelin¢RISC 1998).
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Nitrate
During both sampling events nitrate levels consistently dropped as flow went downstream. The

levels were far lower in 2016 than 2015 and fell far below British Columbia \Qatality

GuidelinegRISC 1998).

Phosphate

Phosphates durirgampling event \nd 2 showethe same results.t&8ion 2measured at levels
consistent with being an oligotrophic ecosystef@ @&0) while stations 2 and 3 were measured
at levels consistent with beicg eut r op hi ¢ e BOPsoyiscialevateq@al®0 . 0 2 5)

guidelinegRISC 1998).
Event 1

Table 1belowshowsnutrient loads, mineralnd detectablmetals found among the tested

samples in 2016r Richards Creelsampling Event bn October 29, 2016

The results show a moderatélealthy ecosystem during event This could be skewed due to
heavy rains and a flushing of the tributary ecosystem into the Somenos Bhsirtectake or
mentionablemetals for event 1 were below British Columbia Water Quality Guide(REC

1998).
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Table 1: Water Quality Results for Richards Creek Event 1

Event 1 - Field Sampling Date October, 29 - 2016
Job Referei ENVIRONMENTAL MONITORING COURSE

Report To FEric Demers, Vancouver Island University
RICHARDS RICHARDS RICHARDS

Client Sample ID CREEK- CREEK- CREEK-
STATION 2 STATION3 STATION 4
Time Sampled 12:13 11:20 10:35
ALS Sample ID L1853599-1 L1853599-2 L1853599-3
Low est
Parameter Detection Units Water Water Water
Limit
Physical Tests (Water)
Conductivity 2.0 uS/cm 125 125 161
Hardness (as CaCO3) 0.50 mg/L 44.5 a47.7 67.1
pH 0.10 pH 7.72 7.63 7.34
Anions and Nutrients (Water)
Ammonia, Total (as N) 0.0050 mg/L <0.0050 0.0059 0.0439
Nitrate (as N) 0.0050 mg/L 0.370 0.372 0.0977
Nitrite (as N) 0.0010 mg/L <0.0010 0.0018 0.0038
Total Nitrogen 0.030 mg/L 0.630 0.727 1.13
Orthophosphate-Dissolved (as P) 0.0010 mg/L 0.0013 0.0322 0.135
Phosphorus (P)-Total 0.0020 mg/L 0.0075 0.0418 0.184
N:P 84.0 17.4 6.1
Total Metals (Water)
Aluminum (Al)-Total 0.20 mg/L <0.20 0.20 <0.20
Antimony (Sb)-Total 0.20 mg/L <0.20 <0.20 <0.20
Arsenic (As)-Total 0.20 mg/L <0.20 <0.20 <0.20
Barium (Ba)-Total 0.010 mg/L 0.013 0.013 0.017
Beryllium (Be)-Total 0.0050 mg/L <0.0050 <0.0050 <0.0050
Bismuth (Bi)-Total 0.20 mg/L <0.20 <0.20 <0.20
Boron (B)-Total 0.10 mg/L <0.10 <0.10 <0.10
Cadmium (Cd)-Total 0.010 mg/L <0.010 <0.010 <0.010
Calcium (Ca)-Total 0.050 mg/L 14.3 14.8 20.4
Chromium (Cr)-Total 0.010 mg/L <0.010 <0.010 <0.010
Cobalt (Co)-Total 0.010 mg/L <0.010 <0.010 <0.010
Copper (Cu)-Total 0.010 mg/L <0.010 <0.010 <0.010
Iron (Fe)-Total 0.030 mg/L 0.181 0.233 0.374
Lead (Pb)-Total 0.050 mg/L <0.050 <0.050 <0.050
Lithium (Li)-Total 0.010 mg/L <0.010 <0.010 <0.010
Magnesium (Mg)-Total 0.10 mg/L 2.12 2.60 3.91
Manganese (Mn)-Total 0.0050 mg/L 0.0185 0.0204 0.0374
Molybdenum (Mo)-Total 0.030 mg/L <0.030 <0.030 <0.030
Nickel (Ni)-Total 0.050 mg/L <0.050 <0.050 <0.050
Phosphorus (P)-Total 0.30 mg/L <0.30 <0.30 <0.30
Potassium (K)-Total 2.0 mg/L <2.0 <2.0 <2.0
Selenium (Se)-Total 0.20 mg/L <0.20 <0.20 <0.20
Silicon (Si)-Total 0.050 mg/L 5.21 5.51 5.46
Silver (Ag)-Total 0.010 mg/L <0.010 <0.010 <0.010
Sodium (Na)-Total 2.0 mg/L 6.0 6.2 9.5
Strontium (Sr)-Total 0.0050 mg/L 0.0439 0.0545 0.0905
Thallium (TI)-Total 0.20 mg/L <0.20 <0.20 <0.20
Tin (Sn)-Total 0.030 mg/L <0.030 <0.030 <0.030
Titanium (Ti)-Total 0.010 mg/L <0.010 <0.010 <0.010
Vanadium (V)-Total 0.030 mg/L <0.030 <0.030 <0.030
Zinc (Zn)-Total 0.0050 mg/L <0.0050 <0.0050 0.0061
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Event 2

Table 2below shows nutrient loads, minerals and detectable metals found among the tested

samples in 2016 for Richards @keSampling Event 2 on November 21, 2016

The results show a moderatélgalthy ecosystem during event Bhis could be skewed due to
heavyrains and a flushing of the tributary egstem into the Somenos Basin. All detectable or
mentionablemetalsfor event 2within the tributarywere below British Columbia Water Quality

Guidelines(RISC 1998).
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Table2: ALS WaterQualit Results for Richards Creek Event 2

Event 2 - Field Sampling Date November, 21 - 2016

Job Reference ENVIRONMENTAL MONITORING COURSE
Report To Eric Demers, Vancouver Island University
RICHA RDS RICHA RDS RICHA RDS
Client Sample ID CREEK - CREEK - CREEK -
STATION2 STATION3 STATION 4
Time Sampled 14:30 14:30 14:30
ALS Sample ID L1862835-1 L1862835-2 L1862835-3
Low est
Parameter Detection Units Water Water Water
Limit
Physical Tests (Water)
Conductivity 2.0 uS/cm 105 110 154
Hardness (as CacO3) 0.50 ma/L 39.1 a43.4 62
pH 0.10 pH 7.54 7.56 7.12
Anions and Nutrients (Water)
Ammonia, Total (as N) 0.0050 mg/L 0.0070 0.0093 0.187
Nitrate (as N) 0.0050 mg/L 0.238 0.258 0.0233
Nitrite (as N) 0.0010 mg/L <0.0010 <0.0010 0.0037
Total Nitrogen 0.030 mg/L 0.465 0.596 1.02
Orthophosphate-Dissolved (as P) 0.0010 mg/L 0.0017 0.0118 0.121
Phosphorus (P)-Total 0.0020 mg/L 0.0069 0.0306 o.161
N:P N/A N/A 67.4 19.5 6.3
Total Metals (Water)
Aluminum (Al)-Total 0.20 mg/L <0.20 0.25 <0.20
Antimony (Sb)-Total 0.20 mg/L <0.20 <0.20 <0.20
Arsenic (As)-Total 0.20 mg/L <0.20 <0.20 <0.20
Barium (Ba)-Total 0.010 mg/L 0.012 0.013 0.016
Beryllium (Be)-Total 0.0050 mg/L <0.0050 <0.0050 <0.0050
Bismuth (Bi)-Total 0.20 mg/L <0.20 <0.20 <0.20
Boron (B)-Total 0.10 mg/L <0.10 <0.10 <0.10
Cadmium (Cd)-Total 0.010 mg/L <0.010 <0.010 <0.010
Calcium (Ca)-Total 0.050 mg/L 12.6 13.5 18.5
Chromium (Cr)-Total 0.010 mg/L <0.010 <0.010 <0.010
Cobalt (Co)-Total 0.010 mg/L <0.010 <0.010 <0.010
Copper (Cu)-Total 0.010 mg/L <0.010 <0.010 <0.010
Iron (Fe)-Total 0.030 mg/L 0.214 0.351 0.424
Lead (Pb)-Total 0.050 mg/L <0.050 <0.050 <0.050
Lithium (Li)-Total 0.010 mg/L <0.010 <0.010 <0.010
Magnesium (Mg)-Total 0.10 mg/L 1.88 2.33 3.83
Manganese (Mn)-Total 0.0050 mg/L 0.0260 0.0391 0.0732
Molybdenum (Mo)-Total 0.030 mg/L <0.030 <0.030 <0.030
Nickel (Ni)-Total 0.050 mg/L <0.050 <0.050 <0.050
Phosphorus (P)-Total 0.30 mg/L <0.30 <0.30 <0.30
Potassium (K)-Total 2.0 mg/L <2.0 <2.0 <2.0
Selenium (Se)-Total 0.20 mg/L <0.20 <0.20 <0.20
Silicon (Si)-Total 0.050 mg/L 5.00 5.47 4.79
Silver (Ag)-Total 0.010 mg/L <0.010 <0.010 <0.010
Sodium (Na)-Total 2.0 mg/L 5.7 6.1 10.7
Strontium (Sr)-Total 0.0050 mg/L 0.0414 0.0513 0.105
Thallium (TI)-Total 0.20 mg/L <0.20 <0.20 <0.20
Tin (Sn)-Total 0.030 mg/L <0.030 <0.030 <0.030
Titanium (Ti)-Total 0.010 mg/L <0.010 0.012 <0.010
Vanadium (V)-Total 0.030 mg/L <0.030 <0.030 <0.030
Zinc (Zn)-Total 0.0050 mg/L <0.0050 <0.0050 0.0116
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3.4 Richards Creek Microbiology (2016)
The purpose of testing fer. coli(Escherichia coliis to find out the rati@f harmful coliform to

northarmful coliformpopulationsat the sample site (Richards Creek)any types of coliform
are harmless and are needed to aid digestion and other body functions of larger warm-and cold
blooded organisms (Water Research Center R0I4ble 1below shows resultsom Richards

Creek stations 2, 3and 4

Table 3: Total Coliform Count for Richards CreelStations 24 (Late October2016

Station 2 Station 3 Station4
Red Coliforms (10nl) 79 174 273
Blue Coliforms (10@nl) 3 6 11
Total Coliforms (100nl) 81 200 284

Results from microbiology analyses in 2016 was much lower than retrospective years, this could
be a result of heavy rains and rapid flow at Richards Creek in this program yearwabere

mention of livestock populations in previous yeafrstudy no livestockwas at any station

sampled this yeaturing the three days the team was assembled at the site. This could explain

lower levels of fecal coliforms.

3.5 Invertebrate Richness of Richards Creek (2016)
Invertebrate richnesand diversityfound in Richatls Creekvas measured in two different ways.

The first method was takédnr om A Paci f i ¢ St oandgivds aneapemges Hand b o
stream rating based on diversapd populatiorfAppendix Ill, Figures 124). Maximum scorg
have a ratingf 1.00which is deemed to be mostsil@ble for streanecosysters(Taccogna and

Munro 1995)

Station 1had a diversity 0181 invertebrates/m2ndan average rating @&.539079which

places it scoringaeptable. Appendix I, Figure 19 & 2D Table 3below shows the numerical
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breakdown of species population. Figure 11 on the following page demonstrates species

diversityat Station 1

Station 2 had a diversity of 259 invertebratesamzhown in Table 3 belowith an average

rating of0.581955 placirg it as acceptabl@-igure 21 & 22. Figure 12below shows specific

species diversity for station 2.

As seen in Table 3 belgwtation 3 had a diversity of 118 invertebrates/m2 with an average

rating of0.76796 scoring it as goo@Figure 23 & 24. Figure 13 below represents diversity for

station 3. Station 3had the highest diversity inddlustrating this araof Richards Creek to be

the most sustainable for salmonids and other orgd@nidependent on invertebrates for a food

source
Table 4 Total Invertebrate Counfor Richards Creek Stations-B (Late October 2016)

Pollution Tolerance Invertebrate Taxa Station 1 Station 2 Station 3
Category 1 Caddisfly Larva 3 7 0
Pollution Mayfly Nymph 22 13 14
Intolerant Stonefly Nymph 1 26 6
Category 2
Somewhat Pollution Cranefly Larva 0 0 1
Tolerant Amphipod 22 1 7
Category 3
Pollution Tolerant  Aquatic Worm 1 23 4

Total Abundance 49 70 32

Density (Invertebratém 2) 181 259 118

SiteAssessmenfverage Rating 2.75 3.5 2.5
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Richards Creek Station #1

@ Caddisfly Larvae
m Aquatic Worm

@ Stonefly Nymph
O Amphipod

= Mayfly Nymph

Figure 12 Richards Creek Invertebrate Station(llate October 2016)

Richards Creek Station #2

@ Caddisfly Larvae
m Aquatic Worm

@ Stonefly Nymph
O Amphipod

= Mayfly Nymph

Figure 13 Richards Creek Invertebrate Station(@ate October 2016)
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Richards Creek Station #3

m Aquatic Worm
@ Stonefly Nymph
O Amphipod

= Mayfly Nymph

B Cranefly Larva

Figure 14: Richards Creek Invertebrate Station 3 (Late October 2016)
4.0 Conclusions and Recomndations
RichardsCreek is an important part of the Cowichan River Watershed. This watershed supplies
habitat for countless species of organishall sizes terrestrial and aquatic. Watershed health is
affected by its tributaries (Richards Creek). Salmonids are a very important part of British
Columbia culture including sport, nutrition and culture for hupapulations Progress has

been made in years pasd needs to be built on.

It is possible that four monitoring stations do not prewthough data to determine oadir
stream health. This could be improved by walking the entire stream anctinglidata on other
positions. During years of heavy nas and high flowa number of samples could be taken
further into Somenos Lake to gipessible representation of netnt loads and total metals

draining into the lake.
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Rare or threatened plaodbmmunitiesndigenous to the arg&Villiams and Radcliffe 201)
should be planted along agricultural areas bordering the stream to create riparian buffer zones

where none exist By increasing the riparian buffer zoaed potentially improving farming

practices to reduce nitraitgout to Richards Creek, the potial to see improvement is possible

Reasoning for finding only 6 differemtvertebratespecies within the sample site may be
dependent osubstrate composition. All sampling sites are mgaef small granule substrate
such as cobble, pebble and seslimn(lacking course substrate to be utilized for habitatda@in

invertebrates).

Both urban anagriculturally zoned areas cafiext this extensive watershed and should
continue to be monitored.ocal public in the area should be educated onithportance of their
actions. Continued environmental monitoring should bgaing in collaboration with VIU,

Nanaimo Regional District and the Department of Fisheries and Oceans.
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7.0 Appendices

APPENDIX | T SITE MAP

APPENDIX Il T STATIONS

STATION 1

Figure 15: Richards Creek October- Station 1 Site Condition§George 2016)
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STATION 2

Figure 16: Richards Creek October- Station 2 Site Conditions (George 2016)
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STATION 3

Figure 17: Richards Creek October- Station 3 Site Conditions (George 2016)
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STATION 4

Figure 18: Richards Creek October- Station 4 Site Conditions (George 2016)
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