[ FMCO78

AQUATIC HABITAT CHARACTERIZATION OF
THE NORTH FORK OF ROSE CREEK
AND ROSE CREEK DIVERSION CHANNEL

FARO MINE COMPLEX (2009)

f'f” - prepared for
A W@ Assessment and Abandoned Mines Branch
< - Energy, Mines and Resources

Government of Yukon

March 2010



[
i




Aquatic Habitat Characterization of the North Fork of
the Rose Creek and Rose Creek Diversion Channel
Faro Mine Complex (2009)

Nicholas de Graff, Can-nic-a-nick El‘lVll’OIlIl’lEIltﬁl”SClE _;
P.O. Box 10106, Whitehorse, Yukon YIAVJAI

[ rgﬁ ! ’ﬁgﬂlﬂ. Aquatic Habitat Characterization of the North
Fork of Rose Creek and R se ;eek Diversion Channel — Faro Mine Complex (2009). Prepared
; ,d, Mmes Branch, Department of Energy Mines and Resources,

Cover Photo: Sampling site RD2 looking upstream.
Photo Credits: N. de Graff



ABSTRACT

This report represents a summary of information collected during August and October of
2009 documenting the status of fish utilization and conditions of aquatic habitat in the North
Fork of Rose Creek and the Rose Creek Diversion Channel associated with the Faro Mine
Complex. Fieldwork included collections and analysis of periphyton, benthic U;ggqi_sms and fish
as well as qualitative and quantitative assessments of aquatic and riparian haﬁi}ats Information
in this report is intended to provide the basis for the development of a ﬁsh habi;at compensation
plan that is required as part of the proposed remediation activities that ;1re expectgfi to Oﬁcur over
a 15 year period. The report also serves to describe current gﬂVlronmcntal condifions at these
locations.
Results show that the preponderance of penphyton aud h1gh densities of the diatom
Achnanthes minutissima in the lower reaches of the North Fork ﬂf Rosce Creek are indicative of a
biotic response to heavy metal groundwater contamination. The CABIN site assessment results

imply benthic communities at most sites in Cree.k: Ewersmn Channel are potentially

X R .
stressed and those in the lower reaches of thé} No;l'h F ork of Rose Creek are severely stressed.
The study also confirms that Arctic grayling an silmy sculpin continue to utilize the North Fork

of Rose Creek and the Rose Creek Dwersmn Channcl Other occasionally documented species

include burbot, round whi
North Fork of Rose.Cree

F sh and Chmoak salmon Aquatic habitat in the upper reaches of the
elatively undisturbed while habitat and cover in the constructed

Rose Creek chrsmn Channel is- constrained by the lack of natural stream processes,

homc:genous substrates and sparse riparian vegetation. Barriers that prevent upstream

muvemﬁgnts of fish in the upper Rose Creek drainage are believed to be exclusively associated
with' th T

d network at the Faro Mine Complex.
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INTRODUCTION

The Faro Mine Closure Project Management Team is currently finalizing the
project description and environmental assessment for closure and remediation of the Faro
Mine Complex. The remediation includes activities that will affect fish and fish habitat,
especially in Rose Creek and in particular the North Fork of Rose Creek. It is anticipated
that a 3.5 km section of the North Fork of Rose Creek will be reconstructed:to prevent
contaminated groundwater from entering into surface flows of this tribl.ltar;A section to

the existing Rose Creek Diversion Channel (RCDC) will also be upgradcd f]

As a result of the proposed remediation work more detalled mf ation is
required about the current status of fish utilization and candlt-mns of the aquatic habitat in
the North Fork tributary and the RCDC, as well as the préSence of barriers to the
movements of fish in the upper Rose Creek drainage. Thﬂ jllformation gained from this
project will serve as a basis to develop a fish habite&“éﬁ-mpenﬁation plan under the
requirement of the Fisheries Act for the harmful alteration, -cliisrupticn or destruction of
fish habitat (HADD). Compensation is de.ﬁn i |
Habitat by the Federal Department of Flsh“_enes and Dcéans Canada as the replacement of

‘:’

natural habitat, increase in the productwﬁ:yi of existing habitat, or maintenance of fish

'cj'r‘for the Management of Fish

production by artlﬁmal maans in c:1rcum§tances dictated by social and economic
conditions, where mmgatlon te?hnlques :‘,_gnd other measures are not adequate to maintain
habitats for Canada's figheries resources (DFO 2010). It is anticipated that information
contained in this report‘Wi-lT"also be used for a variety of purposes that may include mine
closure pIannmg, any proposad future environmental monitoring and other regulatory

proc&sses related to the remediation activities at the Faro Mine Complex.
5,

OBJEQ]:JVES""
The bbjcctivas of this project are to investigate and report on fish habitat, fish
utilization and fish passage in upper Rose Creek that will be affected by proposed closure

and remediation activities. Specific objectives include:

i) Determine the fish utilization and aquatic habitat characteristics of the North

Fork of Rose Creek between the confluence of the Faro Creek Diversion and

Rose Creek Habitat Characterization - Faro Mine Complex 1



the inlet of the Rose Creek Diversion Channel that is proposed for

reconstruction.

i1) Determine the fish utilization and aquatic habitat characteristics of the Rose
Creek Diversion Channel (RCDC).

iii) Identification of fish passage constraints and opportunities for improvements
within those drainages of upper Rose Creek that are affected byi‘i‘iﬁ‘ﬁstmcture
4/

associated with the Faro Mine Complex.

STUDY AREA

Cordillera ecozone and is characterized by mountain r&nge hﬁ-;-é%ntain numerous high

peaks and extensive plateaus, and a

eparated by wi&g valleys and lowlands.
Landscape features are primarily the fcsuTt of - pa: Wotaciol activity, erosion and
widespread deposits of glacial origin. Black spruce trembling aspen, balsam poplar, and
white birch are the most common forest types At higher elevations, scrub birch and

willow occur in subalpme sectxons with ext’énswe landscapes of rolling alpine tundra

characterized by Sedge -dom ‘}(ated_meadows and lichen-colonized rock fields. The

climate in this regmn s charactcnzed as an interior subalpine type with long cold winters

and summers: that e brief and cool.

ori matl 2 | Tthe Rose Creek basin flow into Anvil Creek and eventually flow into the
g

Pelly Rl\{pr, a major tributary of the upper Yukon River basin. Information is limited

about the distribution of freshwater fish species in much of the drainage outside of the
mine site. Reported species within the proximate confines of the Faro Mine Complex
include Arctic grayling, burbot, round whitefish, slimy sculpin and Chinook salmon

(Sparling pers.com. 2009; Harder ef al 1993).

Rose Creek Habitat Characterization - Faro Mine Complex 2



METHODS

Selection of Study Sites

A total of 12 study sites, focusing on fish utilization and habitat characterization
component of the study, were located within sections of upper Rose Creek that have been
identified for remediation (Figure 1). Five of these study sites (RD1, RD2, RD3, RD4
and RD5) were equidistantly spaced and located in various habitats over tha length of the
RCDC. The RCDC is currently used to divert surface waters ongmanng from the North
and South Forks of Rose Creek around the tailings 1mp0undmenf am;l is,
against the valley wall on the south side of the valley. The RCDC is approium tely 4.7

positioned

km in length. To characterize the two habitat types found in the channel, thre’EJS sites
were chosen to represent the low gradient glide-run- poo] type Thabitat (RD3, RD4 and
RDS5) and 2 sites were selected to represent the steeper gradicnt step-pools associated
with the lower reaches of the channel (RD1 and RDZ) Slta RD2 was also in close

proximity to a verified Chinook spawmng..redd that was dlscuvered earlier in the season.

Another seven study sites (NF1-1,"
NF3-3) were located along the North Forl«:zbf Rose Creck a tnhutary dramage that flows
from the north and joins the South Fork of Rose Creek just above the RCDC inlet. The
lowest reach of the Nortb,Fork Is highly altered from past mining activates. Conversely,

the channels upstr of the Mmt: Access and Haul Road culverts are largely

-

undisturbed. Thé s ],ength that was the focus of study in the North Fork tributary

was approximately 4.3 llm " eaches in the north fork tributary were defined by two road
crossings‘-fhat s'er#é&"as rcacix breaks. The first reach (NF1) was a highly disturbed reach
downstream of the mlnc Access Road culvert. Presently two channels convey surface
«flows m this reach The first southern channel contains remnants of the original
streambgfl_and,-ls connected with a series of 5 moderately sized manmade ponds. A
second cl}ﬁﬁnel directs a portion of the North Fork surface flows away from the
constmt:t;:d ponds before eventually discharging into the South Fork of Rose Creek. The
second reach (NF2) was defined as the section of channel between the Access Road
culvert and the rock drain associated with the Haul Road. A third reach was the stream

section between the Haul Road rock drain and the confluence with Faro Creek. At least 2
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sampling sites were chosen within each of the three reaches for a combined total of seven

sampling sites in the North Fork tributary of Rose Creek.

Channel Profiles and Discharge

To determine a cross section profile of the channel at each sampling site, a section
of rebar was first anchored into the stream bank and placed well above the high water

mark for use as a benchmark. Using a level, stadia and survey tape attacfied to the rebar

and positioned across the stream (perpendicular to the flow), ¥ 4
elevation was recorded approximately every meter. vamus hlgh water marks and
wetted edges of the stream were surveyed in as part of the 6ross section. Resultmg data

that was generated from each sampling site was cnterf:d into an,. Excel spreadsheet and

plotted. ;*‘
Instantaneous water discharge was measured at each s
October sampling episodes. The exceptions were sites RDI nd RD4 where flow was

measured only in August. The locations fc

section of the stream that was preferably 3 gl}de or r, n A minimum of 10 individual

de:pth and velomty measurements were tak&n across the width of the stream to estimate

least one raping disc. Rocks were generally selected randomly. A minimum of 5

scraping i‘iiscs was obtained at each site where algal densities were low. The exceptions
were sites NF1-2, NF2-1 and NF2-2 where there was an obvious dense growth on the
rocks and only 3 or 4 scraping discs were required. A combination of distilled water and
a toothbrush were used to scrape periphyton off each rock using a cup of known area

(80.1 cm®). The water-algae mixture within the cup was transferred to a pre-labeled
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bottle using a “turkey” baster. Samples were preserved with at least 1 mL of Lugol's
solution for each 250 ml sample. All periphyton collections were completed during the
August sampling episode. Samples were shipped to an invertebrate taxonomist for
identification and enumeration.

In the lab, each sample was allowed to settle after which an appropriate sample
volume (usually 100 ml) was randomly removed. The sample was scanncqﬁ;}@q&}a slide at
increasing powers of magnification to determine which species or generét:#were present.
At least 10 random fields were counted until least a count of 100 Was achkeved for the
dominant species. Data was enumerated to determine a total cel’[ count (cells per /mL)
To calculate densities for a given species or genera w1th1n cach samplc thc ﬁﬁflowmg
equation was used to derive a multiplying factor:

F=(A /A NV
F = multiplying factor N

= the area of the settling chaﬁjber
r = the radms u::f the ﬁeld

= the nurnber of ﬁeld'-: counted

&

= the volume sr:ttlcd
Only diatoms wcre uaed for the calculatlon of various metrics that included

taxonomic richness

ShannumWa'mer dwm‘snt_y index, density (cells per mL) and species

dominance percent:

Benthic Collection and Analysis

" A 500pum meg,h kick-net was used to sample benthic organisms at each site. The

CABIN (Canadlan ‘Aquatic Biomonitoring Network) protocol for collection of benthic
macr01nv¢rt_:§b_1’atcs was followed. This required the placement of the kick net
downstreai[ﬁ" of the collector, flat side of the net resting on the substrate of the stream.
The collector walked backward, away from the net, kicking the substrate to disturb it to a
depth of about 5 cm. For large boulders, the net is held downstream while brushing each
boulder by foot. At each site the collector zig-zaged over the stream bottom from bank to
bank in an upstream direction for 3 minutes. Generally, sections of stream chosen for

sampling were those that were near riffle-pool transitions. All samples were collected
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during the August sampling episode. When sampling was completed, the net was washed
with distilled water into a 250um sieve and the residue was place into a 1-liter container
and preserved using 10% formalin. Samples were shipped to a CABIN certified
invertebrate taxonomist for identification and enumeration.

The CABIN (Canadian Aquatic Biomonitoring Network) protocol was also used
for sorting, identification and enumeration of benthic macroinvertebrates. I Each sample

was first rinsed and elutriated to remove sand and gravel. The elutriat

mollusks and trichopteran cases. The remaining organic componan
estimate densities. If the total number of invertebrates in the Smﬂple was eqnmated to be

over 600 then the sample was subsampled using a Marg:hanf Box subsampler The

sample was distributed in the Marchant box and cells/ ere e :racted one by one in a

2

random way (using a random number table) unt 3, invertebrates were counted.

Ostracods, flatworms, pelagic crustaceans, terrestrial droiS‘i‘&- d \vverc extracted and counted
but did not count towards the total numbcrs If 50 cells (of 100).wcre extracted and the
total count was less than 300 then the whole sample would be sorted and identified. The
invertebrates were identified to lowest level Posmble e;ccapt for the phyla Nemata and the

Oligochaete families. For quality assurance and control, three samples were resorted by a

different sorter to test sortifig efficiency. Aﬁj,thrce samples achieved a sorting efficiency

taxonomic richness, Shaﬂﬂﬂn-Wemer diversity index, number of Ephemeroptera-

ra taxa (EPT) and species dominance expressed as a percentage.

Fis! Cnllectmn -4
& : .');r

Flsh samplmg was conducted under a permit obtained from Fisheries and Oceans

stablish fish presence during August and October at each site, three fish
capture té;:hniquas were employed. These included electrofishing, minnow trapping and
angling. Existing access roads associated with the Faro Mine Complex were the primary
means of accessing sampling sites. ATV’s were also used for several of the more remote

sampling locations.

Rose Creek Habitat Characterization - Faro Mine Complex 6



Electrofishing was the primary technique used to establish fish presence. The
conductivity of the water was first noted to assist in the initial setup of the electroshocker.
A minimum crew size of two people was used during each sampling episode. Captured
fish were placed into a bucket filled with clean water. A tally of fish that were observed
but avoided capture with the dipnet was also recorded. Voltage was adjusted to enable
fish in the bucket to recover within 5 to 20 seconds. A standard waveformof between
300 to 500 volts and a 15% duty cycle was effectively used througho'tﬁ the project.

Between 600 and 1,200 seconds of shocking time was performed at each sma

Galvanized % inch “Gee” type minnow traps, which wcle lbalted w1"
sacs of Yukon River salmon roe, were also utilized at each samplmg site usmg;«meﬂmds

described by the Yukon River Panel (2007). Minno 'fraps were set in various habitat

types such as scour pools, side-channels, undercut bank: 1n woody debris that offered
cover for fish. A total of 10 minnow traps were set for;;-an ovemlght period at each
sample site. Soak times were recorded for each trap. The exce];)tmns were sites NF3-1,
NF3-2, NF3-3, RD1 and RD4 during October where 1ok, prohlbltad their use.

Angling was additionally used durlng August and October at all sites with the

exception of site NF1-1, where the channehrvas too shallow due to low flow conditions.

Angling employed the use of ﬂxes and sma]f:spmners The time spent angling as well as
the number of stnkeb and SpeGIBS capmred W-('are noted.

All capturcd fish dunng the project were measured for either a fork or total length
=1 mrn) and walght (£ 0 1 gm) Weight was determined using a digital scale by first

scalef' A total leng‘ch was recorded for burbot and slimy sculpin, and fork length for
‘.Ai-'e_:__::‘a;g_rayllng. F ;_sh were given time to recover in a bucket before being live-released

away "f'fphi--the current near their site of capture.

Aquatic Habitat Characterization and Analysis

For the quantitative assessment of aquatic habitat, specifically in the North Fork
tributary, three reaches (NF1, NF2 and N3) were walked to delineate the representative
habitat types on maps. Habitat types included glide and run (combined), pool, rapid,

riffle, side channel and open water pond. Stream lengths of each respective habitat type

Rose Creelc Habitat Characterization - Faro Mine Complex 7



were tallied and multiplied by the average channel widths of the closest sampling site
where habitat characterizations were completed. Surface areas for each open water pond
were calculated by layering a polygon on an aerial photo and determining the area. For
some of the longer stream reaches with a complex riffle, pool and run/glide sequences,
percentages of each habitat type were estimated over a defined length of stream and

partitioned. PN

For the habitat charactenxatmns, all sites were surveyed durlng Eﬁlgust A 50 to
i,

British Columbia Resource Inventory Committee (2001) standards for ﬁsh Hnd fish
habitat inventory. Each site was first geo-referenced: with a hand held Garmm GPS
(datum WGS 87). Attributes were determined from ﬁeld measuremenh and included
those related to site (date, time and length of stream surve}',‘red) @channel characteristics

(channel and wetted widths, bankfull channel depth, remdua__pool depth, stage of flow

and gradient), fish cover (abundance ﬂs,.“bank characteristics, riparian
vegetation and stage of development) ;mq st;éam morphology (bed material, channel
pattern, confinement, occurrence of bars and islands). Basic in situ water chemistry
parameters (conductmty, pH aﬂd surface wﬁer temperature) were recorded with a digital
thermometer and Oak‘tvn handheld mete;;s; Digital photographs included upstream and

downstream perapectm_ ﬁ-each sampled site.

For the CABIN database and subsequent analysis comparing the project test sites
' 3| 'g\\feloped and used in Yukon Reference Model (CABIN 2010), several

GIS 'ﬂiétrlcs were cdlculated from the Canadian Land Cover Database. Calculated

‘,fvarl‘a)fslcs that weraf needed to run the modal included climate (maximum January

tem;;e' tw‘e ram “and snow accumulations in June and January), basin area, basin
pcrlmcter elevatmn stream order, stream length, stream density and several landscape
variables (Ballcy pers. com. 2010). Landscape variables required the grouping of
different cover types in the watershed that were determined from the Canadian Land
Cover Database. Groupings included low shrubs (presumably Betula nana) and herbs to
represent alpine landcover. Forest landcover was represented by dense, open and sparse

coniferous and broadleaf vegetation that also included tall shrubs. Unregenerated forest
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was grouped as exposed land, rock and rubble. These variables and those determined
from the stream habitat characterizations for each site were input into the CABIN
database and used in the analysis. Using the analytical tools in CABIN, an assessment
report was completed for each of the study sites. The final product of the assessment
report was the determination of a site as being unstressed, potentially stressed, stressed or

severely stressed.

i,
u’-s

For the barrier assessment in the drainages of upper Rose . C:eck all road
crossings associated with the Faro Mine Complex were inspected. Recerded information

at each crossing included the culvert type, construction, length slopc a‘-‘_%

outlet drop. A velocity measurement was also made at those’ locatlons where ﬁulverts or

habitat features could potentially be construed as a velogity barrier at high discharges.

RESULTS

Channel Profiles and Discharge

'l
August and October sampling Eplsgdes we pleted when stream flows were

s

moderate to low respectfully, and well beluw the high water mark at all surveyed sites.
The greatest decline in w__a.:t-cr surface clcval:bgﬂ between August and October sampling
episodes was at site NFI1-2 of 11 cm. Of the three RCDC sites that were surveyed during
both sampling epis‘d@é% hg“gl.'Eﬁfe,‘sf dééiine in surface elevations was measured at site
RD3 of 8 cm. With t‘he 2

agtiqp of site NF1-1, the bulk of aquatic habitat at all sites in

the study remamed submer ' Eiuring October, a period that was just before freeze-up.

The grcatest rcductmn in mc:tsured discharge between August and October was recorded
at‘. mta NFl 1 with, a decrease in flow by approximately 66 percent. Unfortunately, the
benchmark at thls locatmn was destroyed that prohibited any temporal comparison.
Tha_greatﬂst discharge was recorded at site RD5 near in the RCDC of 2.67 CMS
on Augus"ffﬂ (Figure 2). Average velocity within this uniform cross section was 0.44
meters per second with an average channel depth of 0.35 meters. Site RD5 was also the
shallowest site in cross section compared to other sites in the RCDC (Appendix 1).
Recorded discharges at site RD5 were generally higher (interesting — as this is the upper

part of the RCDC) than those estimated for downstream sites during both the August and
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October sampling episodes. The highest measured water column velocity in the RCDC
was recorded in the highest gradient reach at site RD1 of 0.71 meters per second during
August.

The greatest measured discharge of sampled sites in the North Fork tributary was
recorded on August 26 at site NF3-1 of 1.92 CMS (Figure 2). Overall, other upstream

and downstream sites were found to have lower discharges during both August and

October sampling episodes. This was especially evident at site NF1-1 I;J;gé receives only

a small portion of the total flow of the North Fork tributary. The chamml at this location

was also the shallowest in cross section with an average depth of only 0. 29 %fbrsmq,uring

Periphyton y g

Identified periphyton included the followmg phyl :

Chlorophyta (green algae), Chrysophyta (golden algae), Cym&pﬁ’;m (blue-green algae),
i

3.,

Euglenophyta (flagellates) and Rhodophy

d.algae). Thpﬁ"ﬂiost diverse phylum in the
collected samples was diatoms. The grea.test tamn ic richness (number of taxa) of this
group was 52 species identified at sites RD4 ,ahd RDS5 (Tab!e 1). The site with the fewest
taxa was at NF3-3 with a mmlf of 33 1dent1ﬁed | species. Species diversity ranged from a
low of 0.39 at site RQ%&) a high of 0.71 Ju,st'upstream at site RD3. The highest densities

NEI-2 of 6,043 cells per centimeter. Site NF3-3 had

sl

S "':f‘,lp at site NF:;‘;.'j and 77.4 percent at site RD2. When combined, the two most
' Eiorﬁlngin diaton};i‘g'enera ranged from 47.5 percent of the sample at site NF3-3 to 79.4

percent ht:;sitﬁ‘:ﬂFl-Z. Densities of the Achnanthes minutissima were the highest at site
NF1-2 (Eiﬁﬁrc 3). This species of diatom was found to be abundant at all sites except
NF3-3 where it was found in very modest numbers. A summary of identified taxa and
their relative abundance from sampled periphyton during August at each site are

presented in Appendix 2. Any interpretation of what this all means?

Benthic Community

Rose Creek Habitat Characterization - Faro Mine Complex 10



The taxonomic richness (number of taxa) in the August benthic samples
collections ranged from a low of 9 species at site NF1-1 to a high of 19 species at NF3-1
(Table 2). With the exception of sites NF1-1 and NF1-2, all other sites were higher than
the Yukon CABIN reference site mean of 11.4 species per site. Species diversity ranged
from a low of 0.42 at site NF1-2 to 2.18 at site NF3-3. The mean diversity for the Yukon
CABIN reference sites was 1.44. The highest number of EPT (Ephememtera :Plecoptera-
Tricoptera) taxa was associated with sites NF3-1 and NF3-3 where 12 spemes at each of

these sites were collected. The lowest number of EPT taxa was 2 Specms--at site NF1-1.

The Yukon reference site average for the number of EPT taxa was 5.4 sp g}',.:site.
Percentages of the most dominant taxa ranged from a low of 26 1 percent at snte_- :

a high of 92.7 percent at site NF2-2. The two most dommant cumbmed taxa ranged from

49.2 percent at site NF3-3 to 97.6 percent at site” ‘i:“l The Yukon reference site
average for the most dominant and 2 most dominant group,s -werq_‘,SZ.I percent and 70.9
percent, respectfully. A summary of identified benthic species”énd relative abundances
of each from collected kick net samples dunngAugust for,each sample site are presented
in Appendix 2. | b 4

Results from the CABIN/BEAST analyms are presented in individual site
assessment reports in Appendlx 4. Potcntlally “stressed sites were RD1, RD2, RD3 and
RD4 in the RCDC. Slte RDS Was concluded to be the only stressed site in the RCDC (is
this site stressed.- because of physical conditions and not chemistry?). There were three
severely strcssed sites in the North Fork tributary and were associated with the lower
reachf:s a sites NF I l NF1-2 and NF2-2. A stressed biological condition was concluded

for NF2 1 and NF3- 21 Site NF3-3 was considered to be potentially stressed and site NF3-

the only Slte m reference condition and considered unstressed biologically in the
study (Slte refcrcnces may be reversed in this sentence. NF3-3 is the reference location

and NF3- I WDuld likely be “potentially stressed.”

Fish Utilization

A total of three species of freshwater fish were captured during this survey. These
included in descending catch frequency slimy sculpin (Coftus cognatus), Arctic grayling
(Thymallus arcticus) and burbot (Lota lota). A single round whitefish was observed but

not captured at site NF2-2 in August. Both slimy sculpin and Arctic grayling were
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captured at 9 of the 12 sampling sites in the study area (Table 3). Slimy sculpin were not
captured at site RD1 in the RCDC, which was only sampled during August. Arctic
grayling were not captured at site RD4 during the single sampling event in August or in
August and October sampling episodes at site NF3-2.

Slimy sculpin fry were abundant at sites RD4 and RD5 in the RCDC. They were
also abundant at sites NF1-1 and NF2-2 in the North Fork tributary. S]lmy sculpin fry

were represented in the catch at all sites except for site RD1. Captures o }{I‘Ctlc grayling

fry were common only at site NF1-1 during October. Adult Arctm_,._ ray _'ng were almost
exclusively captured in August and were largely absent in Octﬂber (Flgure 4) Arctic
grayling captures in October were almost exclusively fry and “associated only with the

North Fork tributary. Overall, all life history stages (fi vfg adult) of Arctic graylmg were

represented in catches above and below the Haul--‘*ﬁ *“rock drain of the North Fork

tributary.

Aquatic Habitat Characterization

North Fork of Rose Creek

Comparison of calculated areas anﬁ;p'roportions of various aquatic habitat types

Mryes

determined for the three Stuc aches of thé ‘North Fork of Rose Creek are presented in

Table 4. Overall, the hrce reaches rEpresented about 4.3 km of stream habitat covering

an area of about 5 26,‘. : R.each-NF?: above the Haul Road contained about 60 percent of

the study area habitat assac:latcd with the North Fork tnbutary The dominant habitat

A‘\b/:;:rage channel widths ranged from 7.1 to 12.6 meters at sites in the North Fork
tributary. Wetted widths ranged from 5.7 to 10.4 meters during the August survey when
flows were moderate. The greatest average bankfull channel depth was measured at site
NF1-2 of 1.6 meters. Residual pool depths ranged from 0.3 meters at sites NF1-1 and
NF3-1 to 0.8 meters determined for site NF3-3. Stream gradients were generally below 1
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percent at all sites except for NF2-1 where it was estimated to be at 2.4 percent. For the
most part there were moderate amounts of fish habitat cover at nearly all sampled sites.
The exception was site NF1-1 with only trace amounts and site NF3-2 where fish cover
was abundant. The dominant cover types varied between sites but were confined to deep
pools, boulders and undercut banks. Other cover types included (already listed in
previous sentence), overhanging vegetation, small and large woody debris azgq)mstream
vegetation that was mostly composed of moss and periphyton. Mos sites contained

either a few pieces or no observed large woody debris. All samplé’

esiwere directly
open to sunlight with little in the way of crown closure. Bank stéépness
sites and was either sloping or vertical. Shrubs were the dommant Vegetatl

riparian vegetation at all sites. Substrates were mostly dﬁmmatcd- by cobble at most sites.

Gravels were common at sites NF1-1 and NF2-2, MBmu’ldersﬂdommatcd the substrate at
NF2-1. Generally, the north fork stream substrates were Gomposed of cobbles and
boulders. With the exception of site NF2-1, which had a cascade -pool configuration, all
sites were characterized by a riffle-pool morphology;---’[he channel patterns were either
irregular or sinuous. Islands were rare ani:i‘ occasiohai a.t..sitcs NF1-1, NF2-2 and NF3-2.
Bars were observed at the majority of sites qnd were primarily composed of gravel. The
stream channel thmughaut the_ study area of the North Fork tributary was generally

confined.

Rose Creek D:versmn 6hannel

Average channel w:dths rangcd from 13.8 to 28.4 meters at sites in the RCDC
(Table 65 Wettf:d w1dths rang,ed from 13.7 to 14.7 meters during the August survey
when flows were modemte At all sites the average bankfull channel depth was less than
or equal to 1.5 m,_e:ters. Residual pool depths ranged from 0.7 meters at site RD2 to over
-1 0 meitéf.. :;a?t sites RD3, RD4 and RD5. Stream gradients were generally below 0.5
percent at=fﬁ;‘: three most upstream sites: RD3, RD4 and RD5. Measured gradients at sites
RD1 and RD2 were 5.5 and 5.0 percent, respectfully. Fish cover was abundant at sites
RD1 and RD2. Cover for fish was only moderately abundant at sites RD3 and RD4. Site
RD5 had limited quantities of habitat cover for fish. The dominant cover type were
boulders at all sites in the RCDC. Other major cover types included deep pools and

instream vegetation that was mostly moss and periphyton. Other cover types included
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small and large woody debris, and occasional patches of overhanging vegetation along
the banks. Only site RD5 contained some representative pieces of large woody debris.
All sample sites were directly open to sunlight with no crown closure. Bank steepness
varied between sites and was either sloping or vertical. Shrubs were the dominant
vegetative type of riparian vegetation at all sites and growth was sparse in many reaches.
The dominant substrates in the RCDC were large pieces of bedrock and boulders Cobble
was also abundant at sites RD3, RD4 and RD5. A riffle-pool mOrpholOgy’ was present at
sites RD3 and RD4. Site RD5 was almost entirely an extended rxﬁ‘le Sltes RDI1 and

RD2 were characterized by having a cascade-pool morpholog P hanniel pattern

&

¥

throughout the RCDC was straight. There were no 110tab‘1§:;-'i‘3'§‘fﬁilds or bars. Th stream

channel throughout the RCDC was entrenched.

Upper Rose Creek Barrier Assessment

The upper Rose Creek barrier survey noted 4 complétei_faﬁﬂ’i partial barriers to the

upstream movement of fish in the watéi‘She ortions assmﬁ’iatcd with the Faro Mine

Complex. All of the barriers were assomatpd w;/tl%"mad rossings of the North and South
Forks of Rose Creek (Table 7, Figures 5 tca*f‘?

i | &

DISCUSSION ) )

North Fork of Rose Ct‘eek
Inspectmn of aquatlo habltat in the lowest reach (NFI) of the North Fork of Rose

,;ija Complcx Currently, two channels convey portions of the

ﬂ,531 of the creek. | 'he dominant feature of the south channel is a series of connected
pcmds that were, cﬂnstruuted to increase groundwater infiltration for a local well (Figure
5). Arctmgﬁylmg use the small riffles between these ponds as spawning habitat and the
ponds offéé;h suitable over-wintering habitat for fish due to their depth (Sparling pers. com.
2009). The outlet of the lowest pond reports into a several braided willow lined channels
before finally discharging into the South Fork of Rose Creek. No barriers were observed
that would prevent fish from accessing these ponds from the South Fork tributary. From

observations at moderate and low flow periods, the north channel section accommodates
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a smaller percentage of the total flow of the creek. In this section the creek channel is
boulder strewn and entrenched with a severely eroded lower reach presumably from past
channel modifying flows (Figure 6). Site NF1-1 was situated in the eroded lower reaches
of this channel. Catches of juvenile and adult fish at this location were few however the
site was heavily utilized by Arctic grayling and slimy sculpin fry during October. Fish
cover was relatively low and the CABIN assessment report concluded the site was
severely stressed. Site NF1-2 was also situated in reach NFI but just downstrcam of the
mine Access Road culvert. This short section was just above the d:,vargence of the two

channels. Several Arctic grayling adults were observed or captured in th

located at this site during August. All life history stages of slimy *-‘.culpm WETE alsn
captured at this site. This site had the highest densntms of Achnamhes mmut:ss:ma a
species that is believed to be a bioindicator of heavy mctal pollutlon (Nakanishi et al).
The CABIN site assessment suggests the stream 1s Severezly st‘ressed at this location.

(What reference stations were used for companson and what metncs led you to conclude

e
that they were appropriate reference statmns.)-__ The culvarts Just downstream of this site

that convene flow into the south channel aléo rﬂpresent ‘a complete barrier to the upstream
movement of fish. The large single cuf?ert associated with the Access Road just
upstream of this site is hkely a partlal bamer to’ movements of fish at higher flows.

Reach NF2, upstream nf the Inlllf: ‘Access Road culvert, is a single unmodified
channel with a healthy’.ngaﬂan regmn Some of the best pool-riffle habitat for adult
Arctic grayling was Io\catec-l‘:m the upper sections of this reach, primarily below the Haul
Road rock drain that also scr;véd as the upstream reach break. The rock drain is believed
to bea complcta barrier to thc upstream movement of fish. Flows at the downstream toe
of phe rock drain have been estimated to be 3 to 4 CMS (Campbell 1989). Modest
number 6f the ﬁsh were captured at sampling site NF2-1. The stream at this location is
an extended section of rapids. Site NF2-2 had reasonably good catches of both Arctic
grayling and slimy sculpin, with the later fairly abundant in the rock rubble at the toe of
the rock drain. The CABIN site assessment concluded that both sampled sites in this
reach are either stressed or severely stressed despite the relatively good catches of fish.
Densities of Achnanthes minutissima were also high at each sampled site and much

higher compared to upstream sampling sites in reach NF3. Previous studies from field
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investigations indicated high levels of contaminants (S-wells) in close proximity to the
North Fork of Rose Creek with a component of contaminated groundwater currently
discharging into the creek (SRK Consulting 2009). The results of this study demonstrate
that the lower reaches of the North Fork of Rose Creek are currently showing a strong
biological response from groundwater contamination.

Reach NF3 was immediately upstream of the rock drain. This wagg the longest
reach in the North Fork tributary study area (2.3 km) and rapids were thﬂ’ most common
feature in this section of stream. Arctic grayling and slimy sculpm fry w"" ehmoderately

abundant at site NF3-1 inferring self-sustaining populations of these specmiupstrcam of

Creek, where) sedlment

7‘

the rock drain. With the exception of the inlet area nf Fe
deposits from erosional processes are readily apparent the North Eork trlbutary above the
rock drain is essentially undisturbed. Riparian zones wei'e l,ush w1th willow and moose
sign was common. In many sections rlfflc-ghde-pool m:quenccs and side channels

provided excellent fish habitat between the stceper gradlent sections characterized by

rapids. Generally, fish cover was mode:
|
concluded that site NF3-1 was unstrcss‘ d

Rose C' E.ek Dlversmn Channel

Th_"r Rnsa Creek Diversion Channel (RCDC) is an engineered channel designed to

withstand-a 1 in 500 year flood event (SRK Consulting 2009). As such, the channel does
not contain some of the common habitat features one would find in a natural stream.
There are no meanders, the substrates are homogenous, and there is little diversity in the
types of fish cover that are present. Riparian vegetation is sparse and rooted vegetation is
actively removed to maintain integrity of the banks. The RCDC is entrenched and the
banks are generally steep sided. The majority of the RCDC consists of glides or runs and
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there are very few riffle-pool sequences. In previous studies the diversion channel
around the tailings has been considered to have low rearing habitat potential and a
moderate value for spawning, winter and summer habitat (Gartner Lee 2002; Harder
1993).

The two relatively short and fairly steep gradient sections (RD1 and RD2)
consisted of a step-pool type of morphology that is constructed of large armo;jm?‘ the form
of boulders and pieces of bedrock. Fish cover was abundant, cqns?sting almost
exclusively of interstitial spaces associated with the large substrata "'.'Cﬁ.t'éhcs of Arctic
grayling and slimy sculpin were modest at sites RD1 and RDZ Velﬂmnes at these
locations were highly variable due to the turbulent natLge\ :Sf' the flows. Desplte the

steepness of the gradient, it is believed that upstrcamfﬁsh passagc is likely posmble and

potentially restricted only during high flows. Past aVlde e to support this conclusion are

documented catches of juvenile Chinook salmon and the covery of tagged Arctic
grayling above the RCDC that presumably originated from below (Sparling pers. com.
2009). Further, a pair of Chinook salmon adults Were dlSCOVEI‘Ed constructing a redd at
site RD3 in August of 2009, having succesﬁsﬁﬂ]y negptmted the steeper gradient reaches
of the RCDC (Sparling pers. com. 2009). 4

ctions of the RCDC were surprisingly productive for slimy

sculpin despite the habitat constraints _assd'éiated with this engineered channel. All life

history stages of.this. jecies were captured at sites RD3, RD4 and RD5. Slimy sculpin

fry were ccrmmonly obsen dz_ancl especially abundant where periphyton growth was
pronounced """ Overall Arc,‘_,c grayling catches were few in the RCDC and is likely

refl ctlve of the low frf:quency of pool type habitat and other fish cover types. Burbot

Ava \tha unly other captured species in the RCDC at sites RD3 and RD4. Very few burbot
were captm:ed in the study indicating very low densities of this species.

Tﬁ& “ABIN site assessments concluded all sites in the RCDC were potentially
stressed w1th the exception of site RD5. Site RD5, located near the RCDC inlet, was
concluded to be stressed and coincidently had the greatest densities of Achnanthes
minutissima. While CABIN analysis is not capable of diagnosing any specific underlying

cause, several factors have likely contributed including contributions of sediment from
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Figure 1 Study sitéé associated w th the Rose Creek Diversion and the North Fork tributary of Rose Creek.
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: s
Figure 2 Measured discharges at Rose Creek s ) during August and October at
the Faro Mine Complex, 2009. \
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Figure 3 Comparison of densities of Achnanthes minutissima in periphyton samples
collected at the Rose Creek study sites during August 2009.
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the Rose Creek study sites during 2009.

Figure 5 Connected ponds associated with the south channel in reach NF1 of the North
Fork of Rose Creek, August 2009.
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Figure 7 Culverts located upstream of the constructed ponds in reach NF1 of the North
Fork of Rose Creek, August 2009.
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Figure 8 Culvert located at the Access Road crossing of the Sﬁqﬂ‘l Fork of Rose Creek,
August 2009, ’

e

Figure 9 Culverts located at the Haul Road crossing of the South Fork of Rose Creek,
October 2009.
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Table 1 Metrics derived from analysis of the diatom component of collected periphyton samples from the Rose Creek study

sites during August 2009.

| NF3-1

Parameter RD1 RD2 RD3 RD4 RD5 NF1-1 | NF1-2 | NF2-1 | NF2-2 NF3-2 | NF3-3
Number of Discs 5 5 5 5 5 5 4 3 4 5 5 5
TopiNumber =) g 48 51 52 52 45 45 47 45 A1 35 33
of Taxa Present
Shannon
Weiner 0.57 0.39 0.71 0.69 0.66 0.61 0.49 0.58 0.63 0.52 0.63 0.67
Diversity
Density | 5036 | 1364 | 2642 | 2211 | 4002 | 1450 | 6043 | 5439 | 2639 | ass 258 35
(diatoms/cm”)
% of
x 514 774 52.5 50.9 52.8 492 53.6 40.5 29.8 54.0 32.7 24.0
Dominant Taxa
% of 2
= : 62.1 83.0 64.0 62.3 62.5 66.3 79.4 69.7 57.7 66.6 64.3 473
Dominant Taxa
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Table 2 Metrics derived from analysis of collected benthic samples at the Rose Creek study sites during August, 2009. All sites
were treated as test sites for comparison to reference sites in the Yukon CABIN database.

Reference
Parameter Sites RD1 RD2 RD3 RD4 RDS | NF1-1 | NF1-2 | NF2-1 | NF2-2 | NF3-1 | NF3-2 | NF3-3
Mean
Total
Number of 11.4 14 12 15 12 17 9 10 16 12 19 15 18
Taxa Present
Shannon
Weiner 1.44 0.86 0.66 1.23 1.11 1.56 0.43 0.42 0.79 0.43 1.94 1.56 2.18
Diversity
Ex [aa 5.4 8 7 7 6 8 2 4 9 5 12 10 12
(number)
% of
Dominant 52.1 81.3 86.7 (8.2 69.0 59.7 90.0 92.5 84.4 92,7 39.7 55.1 26.1
Taxa
% of 2
Dominant 70.9 87.4 91.7 80.5 83.1 69.1 Q7.6 94.6 89.1 942 61.0 70.7 492
Taxa
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Table 3 Comparison of total fish catches at Rose Creek study sites during August and

October 2009.
SAMPLING LOCATION
SAMPLE
SPECIES PERIOD 5 § é é é E :;: - g é E E
Z = E Z Z Z ot
A i 5 2 1 0 1 8 4 3 4 1 0 0
Arctic e
grayling | ober | - Lol ol -lol2o|lo|ls]|s|1]o]2
August 0 0 1 1 0 0 0 0 0 0 0 0
Burbot
QOctober - 0 0 E 0 0 0 0 0 0 0 0
: August 0 l 33 52 5l 11 38 2 21 26 20 19
Slimy
seulpin | oober | - | 4 | 38| - 4o | 15| 2] 4|2 a] 2| 2

Table 4 Comparison of calculated areas and proportions of various aquatic habitat types
derived for three study reaches associated with the North Fork of Rose Creek.

¢ ; Open
Parameter | Reach Glide or Pool Rapid Riffle PicE Water Total
Run Channel
Pond
NF1 1,442 1,029 2,337 986 685 7,486 13,965
Estimated NF2 048 842 4,108 1,118 75 0 7,091
Area
(m®)
NF3 4,971 4,169 9,225 7,132 194 5,809 31,500
Combined 7.361 6,040 15,670 9,236 054 13,295 52,556
Proportion | it | 140 115 29.8 17.6 1.8 253 100
(o)
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Table 5 Aquatic habitat characteristics determined at 7 study sites in the North Fork of Rose Creek during August 2009.

Parameter NF1-1 NF1-2 NF2-1 NF2-2 NF3-1 NF3-2 NF3-3
Survey Date Aug. 27,2009 | Aug. 28, 2009 | Aug. 25,2009 | Aug. 26, 2009 | Aug. 26, 2009 | Aug. 27,2009 | Aug. 27, 2009
|

%]

= | Site Elevation (m) 1,054 1,070 1,077 1,085 1,099 1,110 1,120
S Suevey. Leg 80 50 60 70 100 70 60
(m)
A i, Widt 78 9.0 9.4 7.1 12.6 7.1 113
(m)
Ave. Wetted Width 6.1 7.4 6.9 6.0 10.4 57 6.7
(m)

| Ave. Bankfull

2 | Channel Depth (m) 1.0 1.6 0.9 1.4 0.9 1.4 1.3

=

2

G |ors Residund Brjol 0.3 0.7 0.4 0.6 0.3 0.6 0.8
Depth (m)
Stage moderate moderate moderate moderate moderate moderate moderate
Gradient (%) 0.3 0.4 2.4 0.7 0.9 0.7 0.4

Rose Creek Habitat Characterization — Faro Mine Complex

30




Parameter NF1-1 NF1-2 NF2-1 NF2-2 NF3-1 NF3-2 NF3-3
i T moderate moderate moderate moderate " moderate
Cover Abundance (%) trace (<5) (5-20) (5-20) (5-20) (5-20) abundant (>20} (5-20)
Dominant Cover Type boulders deep pools boulders deep pools boulders undercut banks deep pools
Subdominant Cover dgep PQ[}[S! o'h boulders, df.'ﬁp pﬂnls, _
Type deep pools boulders vegatitinh R Bk undercut banks | nLl!df:rsi i arge undercul banks
Other Cover Types undercut banks | undercut banks, | undercut banks, | small and large small / large instream small and large
Present and o/h instream and small woody woody debris, woody debris, | vegetation and | woody debris,
LWD Frequency none none none few few few few
Crown Closure (%) 0 Q 0 0 0 0 0
Left Bank Shape sloping (<45°) | vertical (>45°) | sloping (<45°) | vertical (>45°) | sloping (<45°) | vertical (>45°) | sloping (<45°)
-
T
E Texture cobble boulder boulder fines cobble fines cobble
@)
Riparian Vegetation shrubs shrubs shrubs shrubs shrubs shrubs shrubs
Riparian Stage shrub/herb initial mature forest | mature forest shrub/herb mature forest | mature forest
Right Bank Shape vertical (>45°) | vertical (>45°) | vertical (>45°) | sloping (<45°) | vertical (>45°) | vertical (>45°) | vertical (>45°)
Texture cobble cobble boulder fines cobble fines fines
Riparian Vegetation shrubs shrubs shrubs shrubs shrubs shrubs shrubs
Riparian Stage initial young forest | mature forest | mature forest | mature forest | mature forest | mature forest
Instream Vegetation none moss algae and moss | algae and moss | algae and moss Inoss none
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Parameter NF1-1 NF1-2 NF2-1 NF2-2 NF3-1 NF3-2 NF3-3
IE;E?:? el gravel cobble boulder gravel cobble cobble cobble
i;;{ézztna,nt Bed cobble boulder cobble boulder boulder gravel gravel
D95 (cm) G0 50 44 80 60 33 20
Eﬁ D {(cm) 12 13 8 10 8 11 12
=
]
.-E. Morphology riffle-pool riffle-pool cascade-pool riffle-pool riftle-pool riffle-pool riffle-pool
S . .
E Pattern iEpgar lrregul ar SInuous sinuous sinuous SINUOUS sinuous
meanders meanders
Islands occasional none none occasional occasional nong none
Bars side mid channel none side none side side
Confinement confined confined confined frequently occastonally frequently frequently
confined confined confined confined
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Table 6 Aquatic habitat characteristics determined at 5 study sites in the Rose Creek Diversion Channel during August 2009.

Parameter RD1 RD2 RD3 RD4 RD3
Survey Date Aug. 30, 2009 Aug. 30, 2009 Aug. 29, 2009 Aug. 29, 2009 Aug. 28, 2009
;F-v_f Site Elevation (m) 1,027 1,030 1,031 1,036 1,047
wl i
{Srﬁf Survey Length 100 100 100 100 100
g:f Channel Width 165 16.0 28.4 13.8 18.1
‘{”];‘]"]"'" Wetted Width 14.7 142 13.7 12.8 14.6
= : ;
= | Ave. Bankfull Channel
£ | Depth (m) L5 1.4 >1.5 > 4 >1.5
= .
Ave. Residual Pool
o -
Depth (m) 0.8 0.7 >1.0 >1.0
Stage moderate moderate moderate moderate moderate
Gradient (%) - 5.0 0.2 0.2 0.1
Cover Abundance (%) abundant (>20) abundant (>20) moderate (5-20) moderate (5-20) trace (<5)
Dominant Cover Type boulders boulders boulders boulders boulders
Subdominant Cover d 1 d 1 d I instream instream
. Type cep poo's CEp pooss °€P pooss vegetation vegetation
o small woody overhaneine and overhanging
{3 Other Cover Types debris and . stfeag instream small woody vegetation and
Present overhanging - o vegetation debris large woody
. vegetation -
vegetation debris
LWD Frequency none none none none few
% Crown Closure 0 0 0 0 0
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Parameter RD1 RD2 RD3 RD4 RDS
Left Bank Shape vertical (>45°) vertical (>45%) sloping (<45°) vertical (>45°) sloping (<45°)
Texture rock rock boulders rock variable
Eflpanap shrubs shrubs shrubs shrubs shrubs
egetation
= Riparian Stage shrub/herb shrub/herb initial initial initial
Z | Right Bank Shape vertical (>45°) vertical (>45°) sloping (<45°%) sloping (<45°) sloping (<45°)
© Texture rock rock boulders boulders variable
Bip artan shrubs shrubs shrubs shrubs shrubs
Vegetation
Riparian Stage shrub/herb shrub/herb initial initial pole-sapling
Instream Vegetation none mosses mosses mMosses mosses
Dominant Bed large pieces of large pieces of o _ ]
Vtesal S bediodk angular boulders boulder gravel
Subdominant Bed ;
_ Material boulder boulder cobble cobble cobble
2P | D95 (cm) 117 110 68 62 75
S | D(cm) 17 17 9.4 55 4.5
; Morphology cascade-pool cascade-pool riffle-pool riffle-pool (few) extended riffle
> | Pattern straight straight straight straight straight
Islands none none none none none
Bars none none none none none
Confinement entrenched entrenched entrenched entrenched entrenched
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Table 7 Results from culvert assessments associated with various road crossings of Rose
Creek tributary streams at the Faro Mine Complex, 2009.

Parameter

Culvert(s) Location

Rose Creek North

Rose Creek North

Fork Tributa Rose Creek South | Rose Creek South
W Cons tructgj Tributary Access | Tributary Acecess | Tributary Haul
Ponds Road Crossing Road Crossing Road Crossing
Survey Date Aug. 31, 2009 Aug. 31, 2009 Aug. 31, 2009 Oct. 8,2010
# of Culverts 2 1 1 2
f;'.',‘;?ﬁtﬁf.’. ) 15.1 24.6 243 150 to 200
Culvert(s) 1=05
Diameter 2=1.0 38 3 2
Construction ; Z Z::: ;:Il’s}::ral round multiplate | round multiplate round spiral
Outlet Drop (m) 2‘: 3 '?- 0 1.25 2
Slope (%) b fg 1.8 38 n/a
Velocity (m/s) n/a 1.73 2.6 n/a
Downstream .
Pool Depéh (m) 1.4 ~2.0 k5 1.0
ctkeam Ticnpeh 722 72.0 12.7 12.2

Upstream (km)

Determination

Complete barrier
to upstream

| movement of fish

Partial barrier to
upstream
movement of fish

Complete barrier
to upstream
movement of fish

Complete barrier
to upstream
movement of fish

" Outlet drop measured from top of steel plate that was wielded to the downstream end of the cast iron culvert.
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Prepared by Fraser Environmental Services
Prepared for Con-nic-a-nick Environmental

Periphyton Taxa and Abundance for Faro Mine Complex, Yuken

I, # 807

R.D = Rose Creek Diversion
NF = Rose Creek North Fork Reach

units = cellsiem®

FES Sample Number

Labe]l Number
Sampling Date
Area Sampled (em™)
# discs

Phylum

Bacillariophyceae  Centrakes

Genera and Species

Crelatella 5p.
Melosira spp.
Achranthes fexella

Achranthes
lancealmta

Achmanthes leavis

Achmantfies finearis
Achmanties
s

Achnanthes sop.
Amphiplenra
peliucida

Amphora spp.

“dnanteecitels spp.

Caloneis spp.
Crraronels arcis’

Coceonies placentila
Cymaropleura
elliprica

Cymatopluers sofeq

Cymbella cestaii
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090505
RDI
Mg
4005
5

S88.0
T.604.0

L1405

26614
11,704.0°

~,392_.9_84ﬂ

43890

490.0
<49,
1.901.0
23812
73150
450.0

<48.0
90.8

090506

Aagr 08
A00.5

2688
17375

347.5

20850

16,0488

DS0507

AE
200.5

1,596.4
40,3150

12,8275

10,955.0

393,195.6469,120.0

23618

53;?,6
<448
1,390.0
448.0
6R5.0
44,8

179.2

21,980.0

85716
Gl4
95,290.0
95240
28572
368.4

<G4
245.6

090508
ROy 4

400.5

<40.0
360.0
232934

4656

B.559.0
23280

401,363.2
143344

37248
240.0
59,5500
4500
93L.2
360.0

<600
60.0
T20.0

090509. 0905107 % 090511

AR

400.5
5

<90.8
12712
21,5584

14070
21,658.4
24,3657

768,873.2
BIZLS

28140
T26.4
37.802.2
35175
35175
T26.4

508

<008
14070

| g

. NF1-1

40005
.5.;.

<393
3558
158.8
6152
946946
82859

262,781.4
47348

2382

3176
2,1532
1,5380

<387
<39.7

NF1-2

A EIE

3204
4

18180
<101.0
2020
47004
23502

1,024, 398.0

6,025.4

2020
101.0
<1010
202.0
10,1842
62672

<1010

DBH512
NF2-1

A 2519

2403

22624
141.4

10958
76706
54790

3542028

12,6301

141.4
<l4l.4

2828
6.574.8
T.6T0.6
<1414
<1414

190513
NF2-2

1204

1,680.0
<56.0

434.4
Bag.a
4344

230,708.4

33436
224.0
<56.0

2240

16,718.0
3720

<56.0

090514
NF3-1

400.5

166.2
<i3.9

277

33104

96,001.6
53794

27.7

138.5
1,505.0
3375

0E15
NF3-2

A TR

400.5
5

<B.8

528
684
136.8

31,0340
13150

17.6
<58

<88
65750
3420

00516
NF3-3

Aug THE

400.5
5

<7.1
T.1
142
<71
<11

494.1
54.9

<71
<1.1

33808

70



Cymbella cistula 98.0 B9.6 T36.8 8400 29056 <387 <i01.0 <i414 <56.0 <B.B

Cymbella lancealarta <49.0 <44 8 <fhl 4 <50.0 <008 <39.7 <1414 <B.B

Cymbreila mexicana <44 B <614 <60.0 <00.8 p

Cymbella mimua B1,0280 28,0854 989550  TESIZ 1245158 630198 2070584 1518002 1069952 190348 336640 3,1695
Cymbelia sinuate 11406 2688 28572 360.0 21105 9228 31,0336 549710 S68.8 831 <48 109.8
Cymbelia spp. 41822 30850 183250 197008 13,5365 <397 S<iDll - <1414 1680 110.8 174

Denticula 5p. 11406 1,0425 19048 4,1904 703.5 ) ] ‘

Digtoma elonganm:  $85200 160488 293200 358360 755044 158.8 15170 =" B68.8 77 <.l
Diatoma hiemale <B08 N g <56.0 <139 <88

Diiatoma mesodan 196.0 <448 1228 120.0 1816, 2382 606.0 ‘<1414 <560 55.4 <88 <l
Diatoma sp, 450 <448 <614 a5 R 11 1]

Digtomeila sp. o <oDR

Didymaspienia 1 :
geminara 204.0 179.2 245.6 §00.0 544.8 1588 . 10000 565.6 3584 193.9 24640 <l
Diplaneis spp. 195.0 B9.6 3684 480.0 1,089.6 <97 <100 <1414 <560 <134 <7l
Epithemia turgida 400 <448 <6l4 <600 90.8 9.4 101.0 <1414 <56.0 278 <§8

Epithenia sp. = e <287 <1010

Etmotia spp. SEB.0 4430 4912 <600 - 5080 1588 B0 <1414 <56.0 554 <B.8 <7l
Fragilaria capucina L47.0 <448 <614 LEROD 21792 704 3030 113l 784.0 3878 140.8 355
Fragifaria :

construens 304146 17375 11,9050 158304 154770 1LB3TO0 IBBOL6 253002 217334 28966 342.0 426
Fragilaria -

crotanensis : 23810 6000 1A07L

Fragilaria o y

leptostauran 39240 §95.0 23810 4800 908.0 158.8 2020 2828 1360 83.1 176

Frogilaria pirnata 15208 . 38225 119050 125712 91455 2,1532 31,1335 54700 2,172.0 1,6552

Frogilariavauckeria 190190 10425 54975 107508 270730 449606 1205880 1265010 1I0338F 28966 47340 14823
Fragilaria spp. STOSTO 227358 146600 304606 40,6095 402458 3SETIAE 3710606 1170260 165520 92050 1,043.1
Frusliasp, 7 490 <48 -~ 1228 <60.0 1816 T84 15180 16968 2240 973 <§8
acimrinata: <4940 <445 614 <7l
Gompharemea

angustammipenalur 11405 3475 43858 465.6 35175 24608 16,4514 43832 3,009.6 5315 2052 2196
Brebisonil 5880 3584 168.4 2400 0.8 1382 606.0 2828 2240 138.5 152 <71
Gampitanema .

alivacennt 19010 <448 £762 <60,0 1,407.0 5228 11336 10958 13032 325 2052 2745
Gamphanema

frnmeainoe <448

Gomplanema spp. 15208 8.024.4 33334 18624 15175 1.5380 62672 32874 B58.8 7525 2736 329.4
Chvrosigma sp. <614 <i.0 <90.8

Meridion circulare 6B6.0 <448 7368 600.0 21105 12304 23502 22624 1,73758 4.7 528 213
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MNaviewla avrora
Naviewla ceypronelia
Nawviewla cuspidmia
Naviewla radiosa
Navicwla spp.
Neldivm spp.
Nitzschin ecicularis
Nitzsehia dissipara
Nitzsechio palea
Nitzsolria spp,
Pinnwlaria spp.
Rigicosphenia
curvaia

Riropalodia gitba
Srauraneis 5p.
Suwrirella spp.
Synedra wina
Symedra spp.
Tabellaria ferestrata
Tabellarin flocculpsa
UTD girdle view

Chlarophyta Chactopharale

Chlorococcales

Dedogoninles
Ulothricales

Zypnematales

Stigeochanium sp,
UID Chactophorales
Ankistrodesmns spp.
Selanastram spp.

Scenedesnms spp

Tetracdron minimwm
W.rrfwra PP,
Geminella sp.?
Microspora sp.
Lilathwix zonata
Litehrix s,
Uilathrixsp. 7
Clasterivm spp

Cognrarium spp,
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316

490.0
5,703.0

14630
760.4
70224.0
SR80

<48.0
<48.0
<48.0
49.0
14,630.0
49.742.0
98.0
3920

<400

L0

196.0
49.0

<44 §
3475

268.8
1,390.0

G950
147114
1792

<44 8
<448
895
76450
G.687.0
3584
268.8

896

2240

268.8
44.8

<61.4
15048

<h1.4
17192
18,325.0

9524
10,0950
67,802.5

168.4

24546
<f1.4
184.2
23,8325
45,812.5
Gl4
614.0

14286

<f1.4

245.6

614.0
1842

<60.0
32592

<60.0
14400
12,5426

23280
B.959.0
39.419.6
240.0

450.0
<60.0

2400
16,1262
1358360

3600
7200

41904
240.0
300.0

480.0

1 440.0

R40.0
720.0

21,6584

79904

T5E044

54146
16,2438

89,3409

2,105,

90.8
<008
3632

351949,

19,1212
T26.4
3632
<508

14070
1.089.6

632

Q080
<G08

<90.3
1L089.6
S5d44.8

39088

13498
59185

W06 0

7,022

82859
155100

2382
794

<393
39.7

7 960.0

47,348.0
<397
To4

1,5380
158.8
<39.7
<38.7

13458

<39.7

635.2
<397

<t010
4,700.4

56560
19,5850
<1010

54818

94008

13,3178
5060

202.0

<101.0
101.0
11,1028
42,2058
<1010
<I01.0

<i010
T34
<i01.0

<1010
352530

<101.0

44440
<101.0

<14l4
43818

<1414

28280
21,0835
<1414
<1414

432’

87664
674672
845.4

1414

<141.4
<1414

37,9503

59,033.8
<1414
<l4ld

70,0312

19796
<141.4

<56.0
11,7026
<56.0
5,600.0
10.030.8

65,6872

10,030.8

66,872.0
2240

6.0

<56.0
6.0
300924
76,9028
<560
1120

<56.0

13032
1120

16,128.0
20160
<56.0

31360
<56.0

<139
1,1825

415.5
18275

16352
24828
21,5176
554

<139
<139
<139
<139
41380
74454
<139
<139

2493

4300
554

<139
<13.9
<139
1108
166.2

7202
<139

3420

334.4
136.8

<58
4788
136.8

3,1560
<58

49970
2,630

1,504.8
25802
615.6

4.0
23584

193.6
<55

11
426

1647
1098
9882
<i.1

454.1
14274

<11
54.9

272
113.6
1647
<11

639
<71

<7.1



Chloraphytn

Chrysophyta

Chrysophyta

Crypiophyta

Cyanophyta

Chromulinales

Mischacoccales

Ochr

Y
{ale:

Euastrim sp.
Fiyalotheca sp.
Maugeoria spp.

Spiragyra sp
Stanrasioum spp.
Teilingia gramdata
UID Chlorophyt
colanizl

UID Chlorophyta
flagellate

UID Chlarophyta
uniceliular

Chrysococcus 5.,
Ophipgytium sp.

Psewdokepiryrion sp.

aon

Hyalabryan 5o
UID Chrysophyte
cakonial

UID Chrysophyte
cysl

UID Chrysophyic
unicellular

ulD

Cryptom

Ch iphon spp.
Clastidivm setigerinn

Nostacales

{phanacapsa sp.
Aphanothece sp.
Chrogeacens sp. ?
Gomphosphaeria sp.

~ Mertsmopedia sp.

Microcystis sp.

UID Chreaccocales
Anabaenn / Nostoc
5P,

Calathrix / Rividlaria
5P

Nostoe 5p.
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98.0

3802

73150

14.630.0

<490

3584

44.8

3475

1,390.0

47620

1228

122.8

491.2

23810

26,7480 —— 91625

<448
<44.8
53496

<448

) <fi].4
41700

<Bl4

19048

<614
<614

<50.0
B 5464

120.0
<60.0

465.6

4656

G000

41904

1200
6007

T449.6

<60.0
28800
<50.0
<50.0
21,3800
360,0

53754

1,080.0

4,221.0

<O
<90.8

T03.5

L4070

181.6
508

35175

T03.5

3632

42210

<508
T26.4

21792

T84

23824

6152

21832

43064

<387

15,388.1

<387
<387

<337

<1000

<1080

54838

020

45235

14140

<lald |

10958

T.670.6

42167

<560

<560
<56.0
560,0

<56.0
4344

BGE.5

34752

35,1008

<56.0

<560

<139
554

13.9

<139

430.0

600

3223

48.000.8
4135

<139

<139

53

15732

6156

£1,530.0
13,676.0

1,866.6
7.1

2196

84,0275

<1.1

352.640.0
31,6825



Tolypothriz sp.

UID MNestocales
Qiscitlatoriales Homoeothriy varians

Lyngbya spp.
Oseillatoria spp.
Pharmidivm sp.
Prewdanahaena spp.
UID Oscillatorizles

Euglenophyta Euglenates UID Euglennbes

Rhodophyta Nemalionales Aundouinella sp,
Batrachospermmm sp.
Lemanea 5p.

UID colonzal

UID filamentous

UID Magetlate

UID uniceliular

UID = unidentified due to lack of size amd / or missing morphological choracters.

= possibly for gemus
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<10L.0
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- uBdBa
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78192
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41925

293798
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12,4140
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090764 090765 090766 090767 090768 090769 090770 090771 090772 090773 090774 090775
Site 1 Site 2 Site 3 Site 4 Bite 5 INF1-81 NF1-82 NF2-81 WNF2-82 NF3-81 NF3-82 NF3-583
Subsample/100 197100  46/100 31100 25100 117000 &'100 2100 1/100. 6100 37100  8/100 LS00

Stage
Order : Ephemeroptera juv
Family : Ameletidae nymph =
Ameletus sp. nymph 1 2 1 1 ) G s 3 2 9
Family : Baetidae juw 11 ] '
Acentrella sp. nymph 1 ) : & R 2 5 16
Baetis sp. nymph 13 1 1 - 2 2 1 10
Baetic bicaudatus nymph TR 3 4
Family : Ephemerellidae Juw | 24 8 12
Drunella doddsii nymph 1 ; 1 7 8 14
Drunella spinifera nymph — 1 ? . 1
Ephemerelia sp. nymph 1 12 : 4 1 1
Family Heptageniidae juv 1 4 P L G 20
Cinvgmula sp. nymph 1 1. ’ & 7 3
Epeorus sp. nymph I 3 3
Family : Leptophlebiidae juv . o,
Paraleptophlebia sp. nymph > 1
Order : Plecoptera larvae
Family : Capniidae Juw 1 ] 2 2 1 1 62 42 76
Family : Chloroperlidae larvae - =N
Suwallia sp. larvae i & 11 14 28
Sweltsa sp. larvae 1 B 1 3 1 1 1
Family : Nemouridae Juw .
MNemoura sp. larvae 1 1 2
Zapada oregonensis group larvae 5 3 10 1 13 1 7 i) 3 26 58 10
Zapada cinctipes larvae 4 1 T 6 3 3
Family : Perlodidae juw 7 5 3 3 2 1
Family : Taeniopterygidae larvae L 3 2 3 3 14
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QOrder : Trichoptera larvae

Family : Brachvcentridae juv

Micrasema sp. larvae 1

Family : Glossosomatidae larvae

Glossosoma sp. larvae : 2

Family : Hydropsychidae Juw pr 4 !

Parapsyche sp. larvae 1
Family : Rhyacophilidae larvae :

Rhyacophila sp. larvae 3 4 2 4 I
Family : Limniphilidae juw : "

Ecclissomyia sp. larvae g ' 2
Family : Lepidostomatidae larvae !

Lepidosioma sp. larvae o 1

Order : Coleoptera

Family : Dytiscidae

Oreodytes sp. adult 1 2
Oreodytes sp. larvas

Order : Diptera

Family : Chironomidae juw

Subfamily ; Orthocladiinae larvas

Cardiocladius sp. larvae ' 3
Cricotopus/Orthocladius sp. larvae 98 87 T 6l 47 &7 147 8l 57 225 51
Eukiefferiella sp. larvae ' 37 55

Tvetenia sp. larvae 42 35
Subfamily : Chironiminae larvae -

Stictiochironomus sp. larvae

Polypedilum sp. larvae.

Pseudosmittia sp. larvae ' 1

Stempinella sp. larvae - 2 1 1

Micropsectra sp. larvae il 22 73 26 178 210 79 29 4
Subfamily : Tanypodinae larvae 6 32 39 67 15 1
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Subfamily : Diamesinae
Diamesa sp.

Potthastia longimana
Pagastia sp.
Pseudodiamesa sp.
Family : Empididae
CheliferaMetachela sp.
Family : Simuliidae
Family : Simuliidae
Prosimulinm sp.

Family : Dolichopedidae
Family : Ceratopogonidae
Bezzia/Palpomyia sp.
Family : Tipulidae
Dicranota sp.

Limnophila sp.

Tipula sp.

Family : Psychodidae
Pericoma sp.

Order : Colembola sp.

Class : Arachnoida
Family : Aturidae
Aturis sp.

Family : Feltriidae
Feltria sp.

Family : Sperchontidae
Sperchon sp.

Family : Lebertiidae
Lebertia sp.

Class : Crustacea

larvae
larvae
larvae
larvae
larvag
larvae
larvae
pupa
Juv
larvae

larvae
larvae
larvae
larvae
larvae
larvae

larvae

juw
adult

adult.

adult
adult
adult
adult
adult
adult
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Order : Ostracoda
Order : Copepoda

Class : Oligochaeta
Family : Lumbriculidae
Family : Naididae
Subfamily : Naidinae

Phylum : Nemata

Hydra sp.
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APPENDIX V
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Appendix V Summary of sampling effort and total catch using various fish capture

methods at each Rose Creek study site during August 2009.

CATCH
SAMPLE | CAPTURE | SAMPLE
SITE | METHOD | EFFORT | Aretic | 5 ¢ | Stimy [OBSERVATIONS
- | Grayling Sculpin -
RDI Angle 30 min 2 0 0
RDI Electro | 647 sec 2 0 g  |%Atb-aditang
1 juv, 2 S8

RDI1 MNT 18.8 hrs 1 0 0

RD2 Angle 30 min 2 0 0

4 AG sub-adult and
RD2 Electro 660 sec 0 0 0 several 55
adult/juv

RD2 MNT 20.6 hrs 0 0 1

RD3 Angle 30 min 0 0 0

RD3 | Electro | 946 sec 1 ! B R

2 fry
RD3 MNT 19.2 hrs 0 0 0
RD4 Angle 30 min 0 0 0
46 88 adult/juv and
RD4 Electro 895 sec 0 0 52 6 fry, 1 AG fry, 1
BB juv

RD4 MNT 20.4 hrs 0 1 0

RD5 Angle 45 min 0 0 0

RD5 Electro 1,205 sec 0 0 50 90 S8 adult/juy
RD5 MNT 18.7 hrs 1 0 1

NF1-1 Electro 901 sec 8 0 11

NF1-1 MNT 22.4 hrs 0 0 0

NF1-2 Angle 30 min 2 0 0
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SAMPLE

CAPTURE

SAMPLE

CATCH

SITE | METHOD | EFFORT | Aretic | p ¢ | Slimy | OBSERVATIONS
Grayling Sculpin
15 SS adult/juv
NFI1-2 Electro 903 sec 2 0 34 and 30 fiy
NF1-2 MNT 18.7 hrs 0 0 4
NF2-1 Angle 20 min 0 0 0
NF2-1 Electro 772 sec 2 0 2 1 88§ adult/juv
NF2-1 MNT 19.0 hrs 1 0 0
NF2-2 Angle 45 min 4 0 0
5 88 adult/juv, 1
NF2-2 Electro 831 sec 0 0 18 BB juv, 1 RWF
adult and 1 AG juv
NF2-2 MNT 17.8 hrs 0 0 3
NF3-1 Angle 30 min 0 0 0
. 10 SS adult/juv
NF3-1 Electro 963 sec 1 0 25 and 17 fiy
NF3-1 MNT 18.1 hrs 0 0 |
NF3-2 Angle 30 min 0 0 0
: 5 S8 adult/juv
NF3-2 Electro 895 sec 0 0 16 aiid 1 By
NF3-2 MNT 21.1 hrs 0 0 4
NF3-3 Angle 30 min 0 0 0
7 88 adult/juv
NF3-3 Electro 978 sec 0 0 16 and 22 fry, 1 AG
sub-adult
NF3-3 MNT 22.3 hrs 0 0 3

Legend: MNT = Minnow trap (10 traps)
Electro = Electrofisher
Angle = Angling
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Appendix V Summary of sampling effort and total catch using various fish capture

methods at each Rose Creek study site during October 2009.

CATCH
SAMPLE | CAPTURE | SAMPLE } - — :
SITE | METHOD | EFFORT | Arctic | p b, | Slimy | OBSERVATIONS
N s Grayling Sculpin
RD2 Angle 20 min 0 0 0
2 S8 adult/juv and
RD2 Electro 623 sec 0 0 4 v comition
RD2 MNT 19.0 hrs 0 0 0
RD3 Angle 20 min 0 0 0
24 SS adult/juv and
RD3 Electro 028 sec 0 0 34 fry cormon
RD3 MNT 18.0 hrs 0 0 0
RD5 Angle 15 min 0 0 0 1 AG juv strike
11 S8 adult/juv and
RD5 Electro 015 sec 0 0 40 abundant fey
RD5 MNT 18.5 hrs 0 0 0
10 AG fry, 14 S8
NF1-1 Electro 896 scc 19 0 14 adult/juv and
abundant frv
NF1-1 MNT 26.5 hrs 1 0 1
NF1-2 Angle 20 min 0 0 0
24 S8 adult/juv,
NF1-2 Electro 963 sec 0 0 22 1 AG juv and
occasional fry
NF1-2 MNT 19.0 hrs 0 0 2
NF2-1 Angle 15 min 0 0 0 L AGsnsadult
strike
1 88 adult/juv and
NF2-1 Electro 924 sec 5 0 4 34 fry, | AG
NF2-1 MNT 18.0 hrs 0 0 0
NF2-2 Angle 25 min 1 0 0
NF2-2 | Electro | 737 sec 4 0 gy | BES sl ol

abundant fry
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CATCH

SAMPLE | CAPTURE | SAMPLE
SITE | METHOD | EFFORT | Arctic | o . .¢ | Slimy | OBSERVATIONS
B Grayling Sculpin

NF2-2 MNT 24.5 hrs 0 0 1

NF3-1 Angle 20 min 0 0 0

NF3-1 Electro 917 sec 1 0 14 1988 sdultijuy
and fry common

NF3-2 Angle 20 min 0 0 0

NF3-2 Electro 928 sec 0 0 21 11,88 adultjuy
and fry common

NF3-3 Angle 15 min 0 0 0

NF3-3 Electro 946 sec 2 0 23

Legend: MNT = Minnow trap (10 traps)
Electro = Electrofisher
Angle = Angling
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