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ABSTRACT 

This report represents a summary of infonnation 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 or:g~ sms and fish 
r 

as well as qualitative and quantitative assessments of aquatic and riparian haBitats. Information 

in this report is intended to provide the basis for the development of a fi h xhaoiw.t compensation 

l h . . d f h d ct· . . . . I , . p an t at 1s require as part o t e propose reme iatJ.on acttv1t1es t 1a re expevl' o cur over 

a 15 year period. The report also serves to describe current e "tiibnmental con? ons at these 

locations. ·-Y ~ 
t-,. £>~~ 

Results show that the preponderance of periphy~ ~ncf/bigh densities of the diatom 

Achnanthes minutissima in the lower reaches of the North Fork;, o Ros Creek are indicative of a 

biotic response to heavy metal groundwater contamination. The QABIN site assessment results 
/ 

imply benthic communities at most sites in ·. s ."fir~~~J liversion Channel are potentially 

stressed and those in the lower reaches of th' ,Nq~.R>;~ Rose Creek are severely stressed. 

The study also confirms that Arctic grayling a ~ imy sculpm contmue to utilize the North Fork 

of Rose Creek and the Ros~ ~ k Diversion G ifuel. Other occasionally documented species 

include burbot, round wbi efish an Chinook salmon. Aquatic habitat in the upper reaches of the 

North Fork of Rose,..e f! .. . e)atively undisturbed while habitat and cover in the constructed 

Rose Creek Diversion C _ el is" constrained by the lack of natural stream processes, 
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homogenoi.~s~ sdJ s~ t~ s. rse riparian vegetation. Barriers that prevent upstream 

move~ t.'or fish in th upper Rose Creek drainage are believed to be exclusively associated I 
wi~ e . d network a/ the Faro Mine Complex. I 
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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 reconstruc.~e t prevent 

contaminated groundwater from entering into surface fl.ows of this tributary. A section to 

the existing Rose Creek Diversion Channel (~C~C) will also be up ~ded, ;~ 

As a result of the proposed remediat10n work more detailed 1 · 1s 
~ 

required about the current status of fish utilization and condjfi6n of the aquatic , 

the North Fork tributary and the RCDC, as well as the prJs~1:_1ce of barriers to the 
f' 

movements of fish in the upper Rose Creek drainage. Tliej nformation gained from this 

project will serve as a basis to develop a fish habitat ~~mp~.Q.$Ution plan under the 
'I(_ 

requirement of the Fisheries Act for the harmful alteration, qisruption or destruction of 
, .... · 

fish habitat (HADD). Compensation is d! .i ~~ -~~ ~el-'ay for the Management of Fish 

Habitat by the Federal Department of Fisll · es nd Opeans Canada as the replacement of 
l 

natural .habitat, inc~ea~e in,~1: ... pr~duc.tivi\, of existi~g habitat, or ~aintenance of fi~h 

production by art1fic1~!,_ < · ean~ m circm-,Jarices dictated by soCial and economic 

conditions, where nµt, tion f~·6lmi9.ue.~4'-an'3 other measures are not adequate to maintain 

habitats for Cana"d~:$ fi&llepi~s'~~~~utZ°'(DFO 2010). It is anticipated that information 

' contained in ... th.L~r~port wi:!f_"al, be used for a variety of purposes that may include mine 

closure nif nning; ~ propo ·ed future environmental monitoring and other regulatory 
~ p ~ ... ) :.,-

prOQ~§ses related td tlje remediation activities at the Faro Mine Complex. 
~ . J . 

4\) f.fa4J' . .... . 

OBJECTIVE · . . , ~ 

T.lie ebjectives of this project are to investigate and report on fish habitat, fish 

utilizatiotl 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 I 



the inlet of the Rose Creek Diversion Channel that 1s proposed for 

reconstruction. 

ii) 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 b i'iffi-1structure 

associated with the Faro Mine Complex. 

STUDY AREA P~ 
Rose Creek watershed originates in the Anvil ~ , ge of the Yukon Plateau in the 

south-central Yukon near the town of Faro; about 20.Q~ nor Jea t of Whitehorse. The ·~. 
drainage basin is in Ross River Dena Traditiona Territe' ~·. . It lies within the Boreal 

XYt 

Cordillera ecozone and is characterized by mountain ranges t'ontain numerous high 

peaks and extensive plateaus, and a . , segclrated by wjde valleys and lowlands. 

Landscape features are primarily the ·, ~e~: t~,-~: ;iacial activity, erosion and 

widespread deposits of glacial origin. Blav pruce, lembling aspen, balsam poplar, and 

white birch are the most common forest types. At higher elevations, scrub birch and 
~~ t~/ 

willow o~cur in suba~1fhe s~o on.s wi~ y fensive l~dscapes ~f rolling alpine tundra 

cbaractenzed by sedge-do . ated me ciows, and hchen-coloruzed rock fields. The 

1. . h. .,< ...... ~ .,,/ ~ d"' - . b l . . h I Id . c 1mate m t 1s reg10n 1s~~llaractenze as an mtenor su a pme type w1t ong co wmters 

and summers"'lha ·. e brief~ ol. 

~~~ .,,. ek watershed in the vicinity of the Faro Mine Complex contains 

n~ ous small tri ~- taries and a few high elevation ponds and la.kes (<50 ha.). Rose 

"2,eo . stitutr major portion of the _Anvil Creek drainage basin. Surface. waters 

ongmat _ . ~,t11e Rose Creek basm flow mto Anvil Creek and eventually flow mto the 

Pelly Riv; , a major tributary of the upper Yukon River basin. Infommtion 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 et al 1993). 
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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 (ROI, RD2, RD3, RD4 

and RDS) were equidistantly spaced and located in various habitats over th~~gth of the 

RCDC. The RCDC is currently used to divert surface waters originatin ' from the North 

and South Forks of Rose Creek around the tailings impoundmen' and: ,s positioned 

against the valley wall on the south side of the valley. The R~cn( is appro· ·,;- y 4.7 
/ .. 

km in length. To characterize the two habitat types foumf'tn the channel, t11Jr e 3 sites 

were chosen to represent the low gradient glide-ru1_zp~ type) ~bitat (RD3, RD4 and 
f"<,,~ 4 

RD5) and 2 sites were selected to represent the steci~~r -t rfclient step-pools associated 
~-

with the lower reaches of the channel (RDl and RD2) . • Si e .~2 was also in close 

proximity to a verified Chinook spawnin dd that was disco.1efed earlier in the season. 

Another seven study sites (NFl · · ·~:lF~(, NF2-2, NF3-1, NF3-2 and 

NF3-3) were located along the North For~ f ose CFl ek, a tributary drainage that flows 

from the north and joins the South Fork o~ ose Creek just above the RCDC inlet. The 
~ ' . 

lowest reach of the No~ @Lk is highly alt~red from past mining activates. Conversely, 

the channels upstr ,// of .~ ( Mine-- ccess and Haul Road culverts are largely 
A.~:.i...~--

. gth that was the focus of study in the North Fork tributary 

was approx~rnatel~, 4.3 ,eJ ehes in the north fork tributary were defined by two road 

crossingHnatserved: s reac breaks. The first reach (NF l) was a highly disturbed reach I: "' ~; ,, 
downstream of the .. ine Access Road culvert. Presently two channels convey surface 

,flo~ in this reacilt The first southern channel contains remnants of the original 

streaU:b( d~~ 1l onnected with a series of 5 moderately sized manmade ponds. A 
~, 

second c,a el directs a portion of the North Fork surface flows away from the 

constructed 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 ·:.: gh water 

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

and positioned across the stream (perpendicular to the flow), a 11\. · 0r strearnbed 
,,( C 

elevation was recorded approximately every meter. Obvious igh wat r marks., and 
~ . •' 

wetted edges of the stream were surveyed in as part of the ct6S! section. ResuJting data 

that was generated from each sampling site was enter 

plotted. 

Instantaneous water discharge was measured at ea : 1sit d · ng both August and 

October sampling episodes. The exceptions were sites RD 1 
' measured only in August. The locations , ~@tiIQc\;t \lvas a relatively unifonn cross 

section of the stream that was preferably ~ §)>& or 

0

, A minimum of lO individual 

depth and velocity measw-ements were tatlh across the width of the stream to estimate 

discharge '11\eller drive~ obal Flow Probe was used to measure 

average water veloc ·, y mo:v'hg the P,J -l3e up and down vertically in the water column ,-~-. . . 
for approximately-· , o. ffs~ Resl'.flnng data from each site was entered mto an Excel 

and Analysis 

,_L · ·~:A fairly un,iform subsh·ate was located over the wetted width of the stream at each 

sampf1~~ite. A · elected rocks were relatively flat and large enough to accommodate at 

least on;- , ~ ng disc. Rocks were generally selected randomly. A minimum of 5 

scraping discs was obtained at each site where algal densities were low. The exceptions 

were sites NFl-2, NF2-l 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. l cm2
) . 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 I mL of Lugol's 

solution for each 250 ml sample. All periphyton collections were completed du.ring 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 scanne~~a slide at 

increasing powers of magnification to determine which species or gener,:' were present. 
Jf. 

At l~ast l O r~dom fields were counted until least ~ count of 1 ~~f }.Vfs ~t_· ~v-ed for the 

domrnant species. Data was enumerated to detenmne a total eel\ count (c~s p.~). 

To calculate densities for a given species or genera withi1i1.Ye1t"ch sample, theJ o'ffowing 

equation was used to derive a multiplying factor: L }I,. 
F = ( A / r'i'rc W)f.511, / ~ 

F = multiplying factor . ,¥ 
A = the area of the settling chamber 

~~- / 
r = the radius of the:}'ij:ld'?, ~· ~ n :>~ 
N = the num~i r 9h'ields1counted 

V = the voltuh{ settled 

Only diatoms w~~ ! ,i{~p for the ate6lation of various metrics that included 

taxonomic richness, ifminon,iei1!9:.~ ty index, density (cells per mL) and species 

p --· 

--~~ . ;·/ 
Benthic, ·oliectlo1'-f d An'a1fsis 

'II'•. ; ,rt' 

A 500µm m~':h kick-net was used to sample benthic organisms at each site. The 

, CAijlN_ ,(CanadiaJ A.quatic Biomonitoring Network) protocol for collection of benthic 

macroihY4rt~brates was followed. This required the p1acement of the kick net 

downstream 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-poo1 transitions. All samples were collected 

Rose Creek Habitat Characterization ~ Faro Mine Comple--, 5 



during the August sampling episode. When sampling was completed, the net was washed 

with distilled water into a 250µm sieve and the residue was place into a 1-liter container 

and preserved using 10% fonnalin. Samples were shipped to a CABlN 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. g~F,~h sample 

was first rinsed and elutriated to remove sand and gravel. The elutriat~ as checked for 

mollusks and trichopteran cases. The remaining organic compon~~examined to 
·i' 

estimate densities. If the total number of invertebrates in the sa · le was estimated to be 
·. }~,;I 

over 600 then the sample was subsampled using a Mar .nf':rt Box subsam~ler. The 
'ii" 

sample was distributed in the Marchant box and cells were e · ... ·acted one by one in a 

random way (using a random number table) uµff .. ... . rfertebrates were counted. 

Ostracods, flatworms, pelagic crustaceans, terrestrial dro;-~?»,7xtracted and counted 

but did not count towards the total numbers. If 50 cells (oft :,· ) were extracted and the r-: ..._ 
total count was less than 300 then the wlf~{i·s_imp"Te :wot9'be sorted and identified. The 

invertebrates were identified to lowest levei po~rtbi·; ~ ept for the phyla Nemata and the 

Oligochaete families. For quality assuranc~ d control, three samples were resorted by a 

different sorter to test so~ ·"r 1ciency. i ~ tliree samples achieved a sorting efficiency 

of greater than 90%. esul · i ._~ent~fta was entered into the Environment Canada 

CABIN online d.ata a's&. )/af10 rni'ettics were calculated for each sample that included 
; . {?). 

taxonomic richness, Snann9J;- einer diversity index, number of Ephemeroptera-

Plecopt, ,:p ; . j taxa ~ ) and species dominance expressed as a percentage. 

)'i•~{Ucction } 

n, sa p1ing was conducted under a permit obtained from Fisheries and Oceans 

Canada. 'JP establish fish presence during August and October at each site, three fish 

capture techniques 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. 
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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 ta11y 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 waveform, f between 

300 to 500 volts and a 15% duty cycle was effectively used throu~l}oC the project. 
" 

Between 600 and 1,200 seconds of shocking time was performed ate ch-~it ·:r. 

described by the Yukon River Panel (2007). Minno 

types such as scour pools, side-channels, undercut.,. · 

cover for fish. A total of l O minnow traps were set fo 

sample site. Soak times were recorded for each trap. The e~ ·ptions were sites NF3- l, 

NF3-2, NF3-3, RDl and RD4 during Octbhe?°w)iere·ice.~ r9nibited their use . 
1 .,,~~ 

Angling was additionally used during Augus. and October at all sites with the 

exception of site NF 1-1, where the channe ,. as too shallow due to low flow conditions. 

Angling employed the use~:~ ffies and smal ~;;pinners. The time spent angling as well as 

the number of strikes a6'.d speci/s capturedf ere noted. 
,A\. -~/ 

All captured fis '-d~!fing~the~p eject were measured for either a fork or total length 

(± l mm) and weight ~ O. b,gm): Weight was determined using a digital scale by first 
~-~.. "" ,ti 

blotting f ces s~~, fro~- the fish and then placing ~ach fish ~to a container on the 

scaL . A total len~ was recorded for burbot and sluny sculpm, and fork length for 
A . . 1 

,A:r~\ i ~ yHng. I:Jsh were given time to recover in a bucket before being live-released 

away vftorn~the c,urrent 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 (NFl, 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 
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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. 

For the habitat characterizations, all sites were surveyed during 

l 00 meter section of the stream was identified at each site. Various 

measured using a combination of the CABIN (2010) field assess ent pro . c_ol and the 

British Columbia Resource Inventory Committee (200 ~ llt~ ards for fis,. nd fish 

habitat mventory. Each site was first geo-referenceci?w1th a''hand held Garmm OPS 

(datum WGS 87). Attributes were determined n:om ~ ld easurements and included 
l 

those related to site (date, time and length of stream surv,ey. channel characteristics 

(channel and wetted widths, bankfull channel depth, residua ool depth, stage of flow 

and gradient), fish cover (abundance,.: !Y.P.es ,_l:,{mk characteristics, riparian 
. i,.. /. 

vegetation and stage of development) a g s am ll}brphology (bed material, channel 

pattern, confinement, occurrence of bars ff d islands). Basic in situ water chemistry 

parameters (conductivi)'pl}~a°rld surface WJ]f~t~mperature) were _recorded with a digital 

thermometer and O on hanJ eld met ./.' D1g1tal photographs included upstream and 

downstream perS. , :., o 1acrrsa ed site. 

ti , se and subsequent analysis comparing the project test sites 

i :eloped nd used in Yukon Reference Model (CABIN 2010), several 

etrics were ~lculated from the Canadian Land Cover Database. Calculated 

l s that we ' needed to run the modal included climate (maximum January 

temp~ a~ r'\{ and snow accumulations in June and January), basin area, basin 

perimeter, ;'tvation, stream order, stream length, stream density and several landscape 

variables ; (Bailey pers. corn. 20 l 0). Landscape variables required the grouping of 

different cover types in the watershed that were detennined 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 detem1ination of a site as being unstressed, potentially stressed, stressed or 

severely stressed. 

For the barrier assessment in the drainages of upper Rose ~ reek, all road 

crossings ass~ciat~d with the Faro Mine Complex wer~ inspectedj fo, cot~~.innffoc~ation 

at each crossing mcluded the culvert type, construction, lengtn{{ slope, a!}Jnax1 um 
;(t"' ' 

outlet drop. A velocity measurement was also made at th9~.&tocations where c lve1ts or 

habitat features could potentially be construed as a vel0,oity barrier, at high discharges. ,,. ... ,,. ~') 

r~~·-.er 
P· 

..:~·.~!?/ RESULTS 

Channel Profiles and Discharge 
;r 

,/' 

August and October sampling episr es _ pleted when stream flows were 

moderate to low ~esp~ctfully, and well be ~'.. the high water mark at all surveyed si~es. 

The greatest declme m water surface elevation between August and October samphng 

episodes was at site NF,f..2 ~ · r.i cm. Of thiZtrree RCDC sites that were surveyed during 
• ii r. 

both sampling ep.iSa~e the ' ea:test decline in surface elevations was measured at site 

RD3 of 8 cm. With th tio of site NFI-1, the bulk of aquatic habitat at all sites in - ~ 
the studY, ,r~..mai,necl' submerg · during October, a period that was just before freeze-up. 

The p fa:st reducti;} in measured discharge between August and October was recorded 
. Jjf 

) .;.§!l~ NFI-1 witlH l" decrease in flow by approximately 66 percent. Unfortunately, the 

benchmar~ at th · , ocation was destroyed that prohibited any temporal comparison. 

Thepeatest discharge was recorded at site RDS near in the RCDC of 2.67 CMS 

on Augusf 27 (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 RDS was also the 

shallowest site in cross section compared to other sites in the RCDC (Appendix l). 

Recorded discharges at site RDS 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 RD l 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-l of 1.92 CMS (Figure 2). Overall, other upstream 

and downstream sites were found to have lower discharges during botl . ' ·,!igust and 

October sampling episodes. This was especially evident at site NFl -1 

a small portion of the total flow of the North Fork tributary. The ch nne'· - t.this location 
~ -

was also the shallowest in cross section with an average deptl~offiely 0.29 :~ t~ ring 

August. Profiles of all sampling sites are presentedZ' n ~ ppe allt> , y 
Periphyton } ~ 

' 
Identified periphyton included the following ph lll· cillariophyceae (diatoms), 

Chlorophyta (green algae), Ch1ysophyta (golden algae), Cy _ fl(ta (blue-green algae), 

Euglenophyta (flagellates) and Rhodoph ~"":;(F ,~~ost diverse phylum in tl,e 

collected samples was diatoms. The grea ~ t ta~onom_!pnchness (number of taxa) of thts 

group was 52 species identified at sites RD~i'a RD5 (Table I). The site with the fewest 

taxa was at NF3-3 with a total of 33 identii ed,species. Species diversity ranged from a 

low of 0.39 at site RD rtra ·a upstream at site RD3. The highest densities 

of diatoms were dg~ ~ ente 1 e lf -2 of 61043 cells per centimeter. Site NF3-3 had / ~~/<n,/ . ~ ~ 

the lowest densities or fatoms with counts that were 2 orders of magi1itude lower than 
''\ 

most o.f t , ... ~ y sit . :_ffifther downstream (do low densities indicate no impact"). 

The st domma th..taxonom1c genus of diatoms represented only 24.0 percent of the 

s. (p~,t site NF~- and 77.4 percent at site RD2. When combined, the two most 

domlllajl .diat~f.nera ranged from 47,5 percent of the sample at site NF3-3 to 79.4 

perce1il't sit~ 'NF 1-2. Densities of the Achnanthes minutissima were the highest at site 

NFl -2 (K tre 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 
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The taxonomic richness (number of taxa) in the August benthic samples 

collections ranged from a low of 9 species at site NFl-1 to a high of 19 species at NF3-l 

(Table 2). With the exception of sites NFI-l and NFl-2, all other sjtes were higher than 

the Yukon CABIN reference site mean of L 1.4 species per site. Species diversity ranged 

from a low of 0.42 at site NFl-2 to 2.18 at site NF3-3. The mean diversity for the Yukon 

CABIN reference sites was 1.44. The highest number ofEPT (Ephemeroter "'.U.ecoptera­

Tricoptera) taxa was associated with sites NF3-l and NF3-3 where 12 s ecies at each of 

these sites were collected. The lowest number of EPT taxa was 2 peci~!:! . 

The Yukon reference site average for the number of EPT taxa was 5.4 spe 
A '() 

Percentages of the most dominant taxa ranged from a Low o 26:t percent at site ... ' 3-3 to 
/ 

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

49.2 percent at site NF3-3 to 97.6 percent at site x ,.}l l17 fb;,Yukon reference site 

average for the most dominant and 2 most dominant gr~(ll!),~ er~j) i2.l percent and 70.9 

percent, respectfully. A summary of identified benthic species{ nd relative abundances 

of each from collected kick net samples d_uri;~gust fo? each sample site are presented 
i:\ Al ."'t/ 

in Appendix 2. ,7 17 

Results from the CAB!N/BEAS1'f atysis are presented in individual site 

assessment reports in Ap.e..~idix-A. Potent,(stressed sites were RD1 , RD2, RD3 and 

RD4 in the RCDC. Sife' RD5 :t conc!u ed to be the only stressed site in the RCDC (is 

this site stressed,.l:i'eca~~o:t>phy~fu;i" conditions and not chemistry?). There were three 

severely stressed sites ih ·~ N rth Fork tributary and were associated with the lower 

reaches ,attsfie"~1} , NF~ and NF2-2. A stressed biological condition was concluded 

fo~~ 2-1 and NF3~2 Site NF3-3 was considered to be potentially stressed and site NF3-

/ pi ~~ s the only si~e; tn reference condition and considered unstressed biologically in the 

study·. (Sit refei:fnces may be reversed in this sentence. NF3-3 is the reference location 
~- ~ ." 

and NF3-l '" ould 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 (Coitus cognatus), Arctic grayling 

(Thymallus arcticus) and burbot (Lota Iota). 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 RD 1 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 Nf 3-2. 

Slimy sculpin fry were abundant at sites RD4 and RDS in the RCDC. They were 

also abundant at sites NF 1- l and NF2-2 in the North Fork tributary. Sll~ y,)._,~ulpin fry 

were represented in the catch at all sites except for site RDI. Captures q ;,; · retie grayling 

fry were common only at site NF 1-1 during October. Adult Arctic11 · aylni . were almost 

exclusively captured in August and were largely absent in Oct'6~er (Fii};e. 4). .f,.rctic 

grayling captures in October were almost exclusively fry~ ssociated on~ with the 

North Fork tributaiy. Overall, all life history stages (t~ adull.).; of Arctic gray ling were 

represented in catches above and below the Haq,l drain of the North Fork 

tributary. 

Aquatic Habitat Characterization ---/ 
North Fork of Rose Creek · ./ Y 

Comparison of calculated areas ana,( roportions of various aquatic habitat types 

detennined for the three s • · -aches of tl . . orth Fork of Rose Creek are presented in 

Table 4. Overall, ~;~rtliree r -~ ref re ented about 4.3 km of stream habitat covering 

an area of about )'!-2 ,.It . R,e . <ff:i~NF.:Yabove the Haul Road contained about 60 percent of 

the study area h.abitat ~ss~ ated, with the North Fork tributary. The dominant habitat 
'~ 

type we~~ia · repre'°tf d an area of about 15,670 m2 or 30 percent of the aquatic 

habi /or the Nm , ributary. Open water pond habitat was also a major component 

ting a surfa e area of 13,295 m2 or about 25 percent. Pools, riffles and runs or 

. · h r !resent the best habitat type qualitatively for fish, when combined, 

represente tl5out 43 percent or 2.3 ha of the aquatic habitat of the North Fork tributary. 

Average channel widths ranged from 7. l to l2.6 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 bank.full channel depth was measured at site 

NF 1-2 of l.6 meters. Residual pool depths ranged from 0.3 meters at sites NF 1-1 and 

NF3-l 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 NFl-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 

vegetation that was mostly composed of moss and periphyton. Mos sites contained 

either a few pieces or no observed large woody debris. All samp1 s(e ~ ere directly 

open to sunlight with little in the way of crown closure. Bank sttpness va etween 
$ 

sites and was either sloping or vertical. Shrubs were the · ~ nant vegetati. . type of 

riparian vegetation at all sites. Substrates were mostl~ ( trminate by cobble at most sites. 

Gravels were common at sites NFl-1 and NF2-2/ BJ~ er clominated the substrate at 

NF2-1. Generally, the north fork stream substrates were composed of cobbles and ,~ 
boulders. With the exception of site NF2-l, which had a cass.aae-pool configuration, all 

sites were characterized by a riffle-pool fn~'ljology. ~~Jf bhannel patterns were either \l ..... _ f 

irregular or sinuous. Islands were rare an~\ocqasiona!.,at sites NFl-1, NF2-2 and NF3-2 . 
• . .t 

Bars were observed at the majority of sites :~ nd were primarily composed of gravel. The 

stream channel througbout.ltlstudy are~ f"'the North Fork tributary was generally 

confined. ,47 Jv~ _/ 
;t ~,---;y 

~ ,~ ~-~__.. ·: 
Rose Creek DiversiQ.n ~_hannel 

Ave,:agech~el widilis~ anged from 13.8 to 28.4 meters at sites in the RCDC 
/).,5;~~ - .. . y 

(T~~6f Wett~d } idths ranged ~·om 13.7 to 14.7 meters during the August survey 

\\lihe~ows were Il}Oderate. At all sites the average bankfull channel depth was less than 

~ r equa t2 1.5 m9t s. Residual pool depths ranged from 0.7 meters at site RD2 to over 
. ~ . 4 

LO meter.. a s'i'tes RD3, RD4 and RDS. Stream gradients were generally below 0.5 

percent at,-the three most upstream sites: RD3, RD4 and RDS. Measured gradients at sites 

RDI and RD2 were 5.5 and 5.0 percent, respectfully. Fish cover was abundant at sites 

RD l and RD2. Cover for fish was only moderately abundant at sites RD3 and RD4. Site 

RDS 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 boul~ Cobble 

was also abundant at sites RD3, RD4 and RDS. A riffle-pool morpholo(was present at 

sites RD3 and RD4. Site RD5 was almost entirely an extended rj, ~ Sj es RDl and 
~ o",.'ij; 

RD2 were characterized by having a cascade-pool morphologl The en , \~ttern 

1 
;,,'"ffe 

throughout the RCDC was straight. There were no notable1is a ds or bars. T 'e stream 

cham1el throughout the RCDC was entrenched. t.., r 
Upper Rose Creek Barrier Assessment 

The upper Rose Creek barrier survey noted 4 complet~ ~ partial barriers to the 

upstream movement of fish in the wat~ . rtions ass0.Kated with the Faro Mine 

Complex. All of the barriers were associlf d w . · ax, , sings of the North and South 
/ 

Forks of Rose Creek (Table 7, Figures 5 to 

DISCUSSION . /i_,,,. 
North Fork of l\ose Oe,,:.~ · 

Inspection of aquj,if habitat in the lowest reach (NF I) of the North Fork of Rose 
' ., 

Cr~e~-~ st ·· . rigi.na~ ~ am channel has been heavily modified by ~ast mining 

act1vJres at the F Mme Complex. Currently, two channels convey portions of the 

. of the creek. he dominant feature of the south channel is a series of connected ".' ponds......,~ wer,onstructed to in.~rease groundwater infiltration for a .local ~ell (Figure 

5). Arctl~ ~ltng use the .sma~l nffles. between these ponds. as spawrung ~ab1tat and the 

ponds offer stutable over-wmtenng habitat for fish due to the1r depth (Sparlrng 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 NF l-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 grayHng and slimy sculpi.n fry during October. Fish 

cover was relatively low and the CABIN assessment report conclude~p ~ .. site was 

severely stressed. Site NF l-2 was also situated in reach NF l but just do~ nstream of the 

mine Access Road culvert. This short section was just above the djvi r-~t ri e of the two 

channels. Several Arctic grayling adults were observed or cap4 d in the ;~ools 

located at this site during August. All life history stage :of limy sculpin7 ere also 

captured at this site. This site had the highest densitleS of Ac:'hnanthes minutissima, a ,._., 1r~ 
species that is believed to be a bioi.ndicator of he~Vy·~ ) tah pollution (Nakanishi et a{). 

The CABIN site assessment suggests the stream is seve(el b.s, ssed at this location. 

(What reference stations were used for comparison and what efri cs led you to conclude 

that they were appropriate reference stat f,?ps .. · ,:i:mnmlve1:ts just downstream of this site 

that convene flow into the south channel a '\ re. resen} a complete barrier to the upstream 
\ 

movement of fish. The large single cul' ert associated with the Access Road just 
I 

upstream of this site is 1,i~ ~;i tial barriet1P"movements of fish at higher flows . 

Reach NF2, ulfueam!·9f the m_ip. Access Road culvert, is a single unmodified 

channel with a hea l~ r,i rl~·'.'regi~f. Some of the best pool-riffle habitat for adult 

Arctic gray ling was loc'at ·d -tn t1}e upper sections of this reach, primarily below the Haul 

Road roql{.-d.rir; that·~lso s;,v&I as the upstream reach break. The rock drain is believed 

to b;,Complete banier to the upstream movement of fish . Flows at the downstream toe 

,.0f ,rock drain) fve been estimated to be 3 to 4 CMS (Campbell 1989). Modest 

numbef~it ,_ thJ l fsh were captured at sampling site NF2- l. The stream at this location is 

an extendec;i section of rapids. Site NF2-2 had reasonably good catches of both Arctic 

grayling ' d slimy sculpin, with the later fairly abundant in the rock mbble 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 

N01th 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 w!;s tbe longest ,r;.,- .. 
reach in the North Fork tributary study area (2.3 km) and rapids were th.i most common 

feature in this section of stream. Arctic gray ling and slimy sculpio/ffy~. re moderately 

abundant at site NF3-1 inferring self-sustaining populations of th1 e specie ~ tre · of 

the ro.ck drain. ~ith the exception of ~he inlet area :~ ·o Creek •. where ediment 

deposits from erosional processes are readily apparent, tlJe Nort l Fork tributary above the 

rock drain is essentially undisturbed. Riparian zo,ne; }t te ufu-; ith willow and moose 

sign was common. In many sections riffle-glide-poor •> {ql:lv t\:S and side channels 

provided excellent fish habitat between the steeper gradie, S'ections characterized by 

rapids . Generally, fish cover was mod t ·' he CABIN site assessment 

concluded that site NF3-I was unstres eference condition (this is the 

downstream site according to the map - 1 his correct? I would expect it to be more 

impacted and not to be in.~f fere , ce conditio' ·/The CABIN detennination for sites NF3-

2 and NF3-3 as be· -{;;re; eel and E?,Qtentially stressed, respectfully, indicates some 

perturbation to thi! l5e:q,tltjs f has occurred. None-the-less, site NF3-3 had the 

isms. It is interesting to note that in general, densities 

u~ am. 

/~~ ff. 
R~.tJf ,ek Diversion Channel 

'P b o< Creek Diversion Channel (RCDC) is an engineered channel designed to 

withstan 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 sh01t and fairly steep gradient sections (RD 1 and RD2) 

consisted of a step-pool type of morphology that is constructed of large a~~ ia the fonn 

of boulders and pieces of bedrock. Fish cover was abundant, co. sisting almost 

exclusively of interstitial spaces associated with the large substra\ _., 'Qat es of Arctic 

grayl.ing an. d sli~y sculpin were modest at sites RDI and RD~ VeI! He ~ i;,ese 

locations were lughly variable due to the turbulent natu -:.the flows. D spite the 

steepness of the gradient, it is believed that upstream .1sh pass~~ is likely possible and 
. 7 ). 

potentially restricted only during high flows. Past~ 'td~.Q: ; .te"'support this conclusion are 

documented catches of juvenile Chinook salmon and 11!~7ry of tagged Arctic 

grayling above the RCDC that presumably originated from b low (Sparling pers. com. ---2009). Further, a pair of Chinook salmci · aduHf wen, ... dj covered constructing a redd at ,... . 

site RD3 in August of 2009, having succesf ~ Uy. neg9tfated the steeper gradient reaches 

of the RCDC (Sparling pers. com. 2009). \ 
\ \.. -

The lower gradi,?sj'cti'c;ms of the ~7DC were surprisingly productive for slimy 

sculpin despite the haoitat ~iraints ~sscf~iated with this engineered channel. All life 

history stages of.,tflt;·'~'s'' i,;·/;w; e captured at sites RD3, RD4 and RDS. Slimy sculpin 

fry were ~~.~1};1~~~ 06 fV j;nd ~specially abundant w~ere periphyton. gro~th. was 

pronounc¢d:-"'""·@vet ~lJ, Arc ,,.e graylmg catches were few rn the RCDC and 1s likely 
W :I I' 

refle ive of the lo\V,ffrequency of pool type habitat and other fish cover types. Burbot 

,. '~~11ly other l tured species in the RCDC at sites RD3 and RD4, Very few burbot 

were c , ed i the study indicating very low densities of this species. 

ABIN site assessments concluded all sites in the RCDC were potentially 

stressed with the exception of site RDS. Site RDS, 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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~lb the Rose Creek Diversion and the North Fork tributary of Rose Creek. 
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Figure 2 Measured discharges at Rose Cre~1iinp e'site..s-d,ufng August and October at 
the Faro Mine Complex, 2009. \\ ·~- 4/ 
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RD1 RD2 RD3 RD4 RDS NFl-1 NFl-2 NF2-1 NF2-l NF3-1 NF3-2 NF3-3 

Figure 3 Comparison of densities of Aclmanthes mhmtissima in periphyton samples 
collected at the Rose Creek study sites during August 2009. 
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Figure 5 Connected ponds associated with the south channel in reach NFl of the North 
Fork of Rose Creek, August 2009. 
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Figure 6 North channel in reach NFl associated with the Nort~ . ork of Rose Creek 
downstream of the Faro Mine Access Roatif~ -~o~ef -29~· ,y- / 

Figure 7 Culverts located upstream of the constructed ponds in reach NF1 of the North L Fork of Rose Creek, August 2009. 
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Figure 9 Culverts located at the Haul Road crossing of the South Fork of Rose Creek, 
October 2009. 
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Table 1 M.etrics derived from analysis of the diatom component of colJected periphyton samples from the Rose Creek study 
sites during August 2009. 

- . . 

Parameter ; RDl RD2 RD3 .RD4, RDS NFl-1 NFl-2 NF2-1 NF.2-2 NF3-1 NF3-2 1 NF3-3 

. I 

' 
' 

Number o{Discs 5 5 5 5 5 5 4 3 4 5 5 5 

.. 

TotaLNumber 
48 48 51 52 52 45 45 47 45 41 35 33 of Taxa Present 

' 

I ' Shannon ' 

Weiner 0.57 0.39 0.71 0.69 0.66 0.61 0.49 0.58 0.65 0.52 0.63 0.67 
Diversity 

Density 
( diatoms/cm2

) 
2,036 1,364 2,642 2,211 4,002 1,450 6,043 5,439 2,639 485 258 35 

o/o of 
51.4 77.4 52.5 50.9 52.8 49.2 53.6 40.5 29.8 54.0 32.7 24.0 Dominant Tax:a. 

-

%' ofl· 
62.1 83.0 64.0 62.3 62.5 66.3 79.4 69.7 57.7 66 .. 6 64.3 47.3 Dominant Tax:a 
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Table 2 Metric.s derived from analysis of collected benthic samples at the Rose Creek study sites during August, 2009. AJI sites 
were treated as test sites for comparison to reference sites in th.e Yukon CABIN database. 

! I I 

Reference 
' 

Parameter Sites RD1 RD2 RD3 RD4 RDS NFl-1 NFl-2 NF2-1 NF2-2 NF3-1 NFJ-2 NFJ-3 
Mean. 

'. 

Total 
Number of IL4 14 12 15 9 10 16 12 

I 
19 15 18 12 17 

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 L56 I 2.18 
Diversity I 

EPTTaxa 
5.4 8 7 7 6 8 2 4 9 5 12 10 12 

(~umber) 

'%of 
Dominant 52.1 81.3 86.7 68.2 69.0 59.7 90.0 92.5 &4.4 92.7 39 . .7 55. l 26.l 

Taxa 

%of 2. 
Dominant 70.9 87.4 91.7 80.5 83.l 69 . l 97.6 94.6 89.1 94.2 61.0 70.7 49.2 

Ta:xa I 
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Table 3 Comparison of total fish catches at Rose Creek study sites during August and 
October 2009. 

- . . . - .. 

SAMPLING LOCATION 

SPECIES 
SAMPLE 
PERIOD ~ ~ 

- N - N ""'j' ~ I';' ..... 
~ 

lf"l I I 

~ ~ ~ ~ i 
...... 

~ 
ff) ff) 

~ ~ ~ ., 

August 5 2 I 0 l 8 4 3 4 l 0 0 
Arctic 

grayling 
Octqbei: - 0 0 - 0 20 0 5 5 I 0 2 

August 0 0 1 I 0 0 0 0 0 0 0 0 

Burbot 
October - 0 0 - 0 0 0 0 0 0 0 0 

·-

Slimy 
August 0 l 33 52 51 11 38 2 21 26 20 19 

sculpin 
October 4 34 40 15 24 4 24 14 21 23 - -

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. 

Glide or Side 
Open 

Parameter Reach Run Pool Rapid Riffle Channel 
Water Total 
Pond 

Nf/1 1,442 l ,029 2,337 986 685 7,486 13,965 

Estimat~4 NF2 948 842 4,108 l, 11 8 75 0 7,09 1 

Area 
(mz) 

NF3 4,97 1 4,169 9,225 7, 132 194 5,809 31 ,500 

Cont,im1 7,361 6,040 15,670 9,236 954 13,295 52,556 

Proportion 
Coimired 14.0 ll.5 

(%) 
29.8 17.6 1.8 25.3 100 
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Table 5 Aquatic habitat chara.cteristics determined at 7 study sites in the North Fork of Rose Creek during August 2009. 

Parameter NFl-1 NFl-2 NF2-1 NF.2-2 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 

Q.l· 
-+.I Site Elevation (rn) 1,054 1,070 1,077 1,085 1,099 1,110 1,120 ·-· r:Ll 

Site Survey Length 
80 50 60 70 100 70 60 

(m) 

I 

Ave. Channel Width 
7.8 9.0 9.4 7.1 12.6 7..1 11.3 

(m) 

Ave. Welted Width 
6.1 7.4 6.9 6.0 10.4 5.7 6.7 

(m) 

- Ave. Bankfull 
1.0 1.6 0.9 1.4 0.9 1.4 1.3 QJ Channel Depth (m) C 

C 
= .c Ave. Residual Pool u 

Depth (m) I 
0.3 0.7 0.4 0.6 0.3 0.6 0.8 

Stage moderate moderate moderate moderate moderate moderate moderate 
' 
' 

Gradient (%) O.J 0.4 2.4 0.7 0.9 0.7 0.4 
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,,_ r- _ .. _, ,-~ __,,....-- ........ .... ...__ ,........__, ---,_ 

Parameter NFl-1 NFl-2 NF.2-1 NF2-2 NF3-1 NF3-2 NF3-3 

Cover Abundance (%) trace (<5) 
moderate moderate moderate moderate 

abundant (>20) 
moderate 

(5-20) (5-20) (5-20) (5-20) (5-20) 

Dominant Cover Type boulders deep pools boulders deep pools boulders undercut banks deep pools 

Subdominanl Cover deep pools, o/h boulders, 
undercut banks 

deep pools, 
undercut banks Type deep pools boulders 

vegetation undercut banks boulders, large 

Other Cover Types undercut banks undercut banks, undercut banks, small and large smaJJ / large instrearn smal.l and large 
Pres.ent and o/h instream and small woody woody debris, woody debris, vegetation and woody debris, 

- - . .. -
L WD Frequency none none none few few few few 

Crown Closure (%) 0 0 0 0 0 0 0 

Left Bank Shape sloping (<45°) vertical. (>45°) sloping ( <45°) vertical (>45°) sloping ( <45°) verti.caI (>45°) sloping (<45°) ... 
~ 
~ Texture cobble boulder boulder fines cobble fines cobble 
0 u 

Riparian Vegelalion shrubs shrubs shrub s shrubs shrubs shrubs shrubs 

Riparian Stage shrub/herb initial mature forest mature forest shrub/herb mature forest mature forest 

Right Bank Shape verlical. (>45°) vertical (>45°) verticaJ (>45°) sloping: (<45°) verticaJ (>45 °) vertical (>45°) vertical (>45°) 

Texture cobble cobble boulder fines cobble fines fines 

Riparian Vegelation shrubs shmbs shrubs shrubs I shrubs shrubs shrubs 

Riparian Slage initial young forest mature forest mature forest mature forest mature forest mature forest 

i 
Instream Vegetation none moss algae and moss algae and moss algae and moss moss none 
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Parameter NFl-1 NFl-2 NF2-1 NF2-2 NF3-1 NF3-2 NF3-3 

Dominant Bed 
gravel cobble boulder gravel cobble cobble 

Mate:rial cobble 

Su bdominaot Beel 
cobble boulder cobble boulder boulder gravel 

Material gravel 

0 95 (cm) 60 50 44 80 60 33 20 

~ 
D (cm) 12 13 8 10 8 LI 12 

Q -Q I 

..C. Morphology riffle-pool riffle-pool cascade-pool riffle-pool riffle-pool riffi.e-pool riffle-pool 
Ct. 
lo. ' 

= 
~ Pattern 

irregular irregular 
smuous smuous sinuous SIOUOUS smuous 

meanders meanders 

Islands occasional none none occasional occasional none none 

Bars side mid channel none side none side side 
I 

Confinement confined confined confined 
frequently occasionally 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 RDl RD2 RD3 RD4 RDS 
I 

Survey Date Aug. 30, 2009 
I 

Aug. 30, 2009 
I 

Aug. 29, 2009 Aug. 29, 2009 Aug. 28, 2009 
~ Site Elevation (m) 1,027 1,030 1,031 1,036 1,047 ,... .... 

00 
Site Survey Length 

100 100 100 100 100 (m) 
Ave. Channel Width 

16.5 16.0 28.4 13.8 18.1 (m) I 

Ave. Wetted Width 
14.7 14.2 13.7 12.8 14.6 (m) I -Q,j, 

Ave. BankfuU Channel C 1.5 1.4 > 1.5 > 1.5 > 1.5 C Depth (m) = -= Ave. Residual Pool u 
Depth (m) 

0.8 0.7 >1.0 >1.0 -

Stage moderate moderate moderate moderate moderate 

Gradient (%) 5.5 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 
deep pools 

instream instream 
Type deep pools deep pools 

vegetation vegetation ,. 
Q,j, smaU woody overhanging > overhanging and 0 Other Cover Types debris and instream small woody vegetation and u instream 

Present overhanging 
vegetation 

vegetation debris 1arge woody 
vegetation debris 

LWD Frequency none none none none few 

% CrO\vn Closure 0 0 0 0 0 
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Para.meter RDl RD2 RD3 RD4 RDS 

Left Bank Shape vertical (>45°) vertical (>45°) sloping ( <45°) vertical (>45°) sloping (<45°) 

Texture rock rock boulders rock variable 

Riparian 
shrubs shrubs shrubs shrubs shrubs 

Vegetation 
1- Riparian Stage shrub/herb shrub/herb initial initial initia] 
QJ 
;;,. Right Bank Shape vertical (>45°) vertical (>45°) sloping ( <45°) sloping ( <45°) sloping ( <45°) 
Q 

u Texture rock rock boulders boulders variable 

Riparian 
shrubs shrubs shrubs shrubs shrubs 

Vegetation 
Riparian Stage shrub/herb shrub/herb initial initial pole-sapling 

Instream Vegetation none mosses mosses mosses mosses 

Dominant Bed large pieces of large pieces of 
angular boulders boulder gravel 

Material bedrock bedrock 

Subdorninant Bed 
boulder boulder cobble cobble cobble 

Material 
;>-. 
bJ) D95 (cm) 117 110 68 62 75 Q -Q D (cm) 17 17 9.4 I 5.5 I 4.5 .c I 

Q., 
Morphology cascade-pool cascade-pool riffle-pool riffle-pool (few) extended riffle 1-= 

~ 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. 

CuJvert(s) Location 

Param·eter Rose Cree}{ North 
Rose Creek North Rose Creek South Rose Creek South 

Fork Tributary Tributary Access Tributary Access Tributary Haul u/s Constructed 
Ponds 

Road Cr:ossing Road Crossing Road Crossing 

Survey Date Aug. 31, 2009 Aug. 31, 2009 Aug. 31 , 2009 Oct. 8, 2010 

# of Culverts 2 1 1 2 

Culvert(s) 
15.1 24.6 24.3 150 to 200 

Length (m) 
. 

Culvert($) l e:: 0.5 
3.8 2.5 2 

Diameter 2 = l.O 

Construction 
1 = round spiral 

round multiplate round multiplate round spiral 
2 = cast iron 

Outlet Drop (m) 
1 = 0.9 0 1.25 2 

2 = 0.f 

Slope(%) 
1 = 3.9 

1.8 3.8 n/a 
2 = 1.7 

Velocity (m/s) n/a 1.73 2.6 n/a 

Downstream 1.4 -2.0 l.5 1.0 
Pool Depth (m) 

Stream Length 
72.2 72.0 12.7 12.2 

Upstream (km) 

Complete barrier Partial barrier to Complete barrier Complete barrier 
Determination to upstream upstream to upstream. to upstream 

movement of fish movement of fish movement of fish movement of fish 

• Outlet drop measured from Lop of steel plate that was wielded to the downstream end of the cast iron culvert. 
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r-- r- ---. ~l '":J 

l'?q)arcd by Frnscr Emiiroomcn1oJ so:v;cc,; 

Prq,ared for C'am-aic-3-nick Environmcll1lll 

Pcripltyiom Toxa and Abu11d= for Faro M[11.c Complct. Yukoo 

Inv.~ 807 

RO= RO'Sc Creek DLvc:rsmn 

NF '=· RO'Se Creek Nortb Fork Rcacb 

umiu = cdhfu,/ #f • ~ j 
FES Sample Number 090.505 090506 090507 09D50S 09~ 09'0SIO ...,.. O!IOS II 000512 090Sll 0905 14 090S1S 090516 h " ' ,t· 

ls1F3-I label Number RO I RD2 RD3 RD4 RDS· ' ·NFl -l NFl -2 NF2-1 NF2-2 NF3-2 NFJ...J '\ v. 

Samptiag Date Alp),{9 ~w Aq;21.(I} ~ ~ "'. ~M} ~QI ~41.l ~QI ~ Jq,;TJM} Jlq}ZTJr» 
~ 

Ami Sampled (=') 400.5 400.S 400.S 400.5 400.S "4.00.5 ..... 320.4 240.J 120.4 400.S 400.S 400.S 

#di= s s 5 s 5 l ' 4 3 4 s .5 5 
\-...... 

\1----~ 
Miy[um Order Gcocm and Species 

Bacilwiophyococ C"'1!t11lcs CycJareJla sp. ,-f;60.0 <90 .. S <.39.7 

Mdosiro:,pp. 588.0 26J,8-. 1,596.4 36,0:} 1,271.2 555.8 l ,818.0 2.,262.4 1,680.0 166 .. 2 <7.l 

" Pcrmales Ar:furanthes fie.re/la 7,604.0 . f;.1 -:,37.5 40,315.0 23,.29).4 21.6$8.4 158.8 <101.0 141.4 <56.0 <11.!l' <U 7.1 
Ar:hnanrlres Ar [ ~ 
fan-ceolata 1,140.6/' 347.S·' -:' 465.6 1,407.0 615.2 202.0 1,095.11 434.4 27.7 52.8 14.2 , ·, 

Ac:hnantlres le:avis 2 661:4 ' ' OSSJI 12,827,~/ 11.959.0 21,658.4 9.46!1.6 4,700.4 7,670.6 868.4 68.4 <7.1 7 ... .....- ~ -
Achncmtlre.i lin=u ll .704.o·, 1tl.q48.s 10,995.0 2328.0 24,365.7 8,285.9 2,3S02 5,479.0 434.4 3,310.4 [36.8 <7.J 
,khnantltt!l· 
minutuslma ~ q 92~4.0 39il9S:6 / 469,120.0 40 1,363.2 768:,871.2 262,781.4 I .OZ4,99S.O l54,20H 230,70S.4 96.00J.6 11 ,034 .. 0 494.1 

,fc:lmanthf!5· spp. --...._4,339.0 9.36;,l .. 8 21,99(].0 14,334.4 B.12 1.9 4,734.8 6.029.4 12,650.l 1,343.6 5.379.4 1,315.0 54.9 
Amphipler,ra ) 

., 
pdlur:Wa"'-" 499,0 l 517.6 8.S7E.6 J,724.8 2.1114;0 238.2 202.0 141.4 224.0 27.7 17.6 

AIJIPh.Jr~spp. <4f0 <44.8 61.4 240.0 716.4 19.7 LOJ.O <14 1.4 <56.0 <8.8 

',!J'l<)'m~uspp. l,90!.0 1,390.0 95,290.0 &9,590.0 37,902.2 <IOLO <7.l 
,(_. 

Ca/ands sp_p. '· ,. ,, 2'.,2S 1.2 4411..0 9.524.0 480.0 3,5 175 317.6 202.0 2S2.8 224.0 IJ.&.5 <8..8 <7.l 

CNlllon~;s an:u..t 
.-t>' 

7;315.0 695.0 2,857.2. 9JE.2 3.5175 2.15).2 LO, l84.2 6,574.8 16,718.0 1,505.0 6,575.0 3,380.8 

Co«onlt!l pfacenfflla 490;0 44.8 368.4 360 .. 0 726.4 1,5111 . .0 6.267.2 7,670.6 2,172.0 S31.5 342.0 71.0 
CymOJopleura, 
,r{lipfka <60.0 90.8 <39.7 <14L4 

Cymotaplurm, sole.a <49.0 <61 .4 60.0 <90.l! <39.7 < tol.O <141.4 <56.0 

q.,,,1,e1r,, <=laii 90.8 L79.2 2.4.S.6 no.o 1.407.0 
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Cymlrel/a c.is11tf<J 911.0 &9.6 736.8 840.0 2.9&5.6 <39.7 <IOJ.O <]41.4 <56.0 <8.8 

Cyml,,,1/a /011.ce:olota <49.0 <44.8 <61.4 <60.0 <90.8 <39.7 <141.4 <S .. 11 

Cymlrelfa mexkorw <40 <6L4 <60.0 <90.& A -Cymlrelfa mirmta 81;928.0 28,0·SS'.4 98.955.0 78.8391 124,535.8 63,919.8 217,05~_.4,. 15 1,801.2. 106,995.2 L9.034.8 33,664.0 J.,[69.5 

Cymlrelfa si1r1tOla 1,140.6 268.8 2,8571 360.0 2,110.5 922.8 1,133":.ci S,497.0 86U ll.3 •. 1 <11.S 109.8 

Cymlrelfa spp. 4,I IU.2 2,08:5.0 18,325.0 lc:t.709.S ll,536.5 <39.7 1 .fi':01.0 ....... <141.4 168.0 ll0 .. 8 17.6 

Deniicul,, sp. 1,1 40.6 1,042.5 1,904.8 4,190.4 703.5 '" 
Diatoroo elcmgaAmr 58,520.0 16,0411:.8 29,32'().0 15,836.0 75,804.4 15.8.8 1,917.0 ' '7 868.S 27.7 <7. 1 

DiD1oma Jri~mole <.90.11 .... <56.0 <13.9 <8.8 

Di010""' mesodon 1%..0 <44.8 l n.8. 120.0 181.6 / 238.~ 6()6.0 < 141.4 <56.0 55.4 <8.8 <7. 1 
r 

Diatornasp. 49.0 <44.8 <61.4 
~ ' 

...., 
<1 01.0 

DiDJome./lo sp. ' <90,S 
Didymcsphenia 

lSU geJJrinato 294.0 179.2 245.6 6()0.0 S44.8 1,0 10.0 565.6 358.4 193.9 2,464.0 <7.1 

~ 9.1 
..,,.. 

Dip./oni:fs spp. L%.O 119.6 368.4 ~a.a 1,089.6 <1 01.0 <141.4 <56.0 <13.9 <7.1 

Epith=la turgida 49.0 <44.8 <61.4 r--.<;oO.O 90.8 79'.4 lOLO <141.4 <56.0 27.S <8.8 

Epirl1e1nia sp. ---v- -.__ --f' <39.7 <101.0 

Eimolia spp. 51U!.O 448.0 4911 <60.0 - 908.0 ,' L5S.8 a.os.o <141.4 <56.0 SSA <8.8 <7.1 

t' ,68.0..0 
! 

Frogilaria c.apw::ino L47.0 <44.8 <61.4 2,179.2 79.4 303.0 !.IJ.12 784.0 387.8 140.8 J.S.S 
Frogifaria L 

co1tsrrocns 3,041.6 1,737.5 ll ,905.0 15),130.4 1S,4n.O lt,837.0 111,801.6 25,300.2 21.733.4 2.896.6 342.0 42.6 
Frogifaria - I .f' 
crotun·emis A~,.~ l 2,381.0 6()0:0 1,407:0 
Frogifaria 

392.0 / ,, o9S.0, / 
,/ 

ley,toslaunm t:.' 90S.O 158.8 202.0 282.8 3}6.0 11:3.l 17.6 2,38 1.0 ~ 480.0 
,c. ..-

Frogifaria pilmota I !:20~ 1.., J.,&22,5 -- ll ,9~~ 12.57L2 9,145.5 2,I S32 ,,m . .6 S,479.0 2,172.0 1.6552 
.... ..-- -

Frogifaria vaur:he:rio t9,0l9'.0 1,,i).42.5 5,497 5 I0,7SOJI 27,073.0 44,980.6 120,588.0 126,501.0 110,338.8 2,896.6 4,734.0 [,482.3 

Frogifaria spp. 57,057.0 'f2;m.0 14,660.0 30,460.6 40,609.5 40,24S.8 3SS,734.6 371 ,069.6 117,026.0 [6,552.0 9,205.0 1,043.1 

Frr,s1ulu, sp. ..,,.-:::---:i?.O <44.8 :, 122.11 <60.0 181.6 79.4 l,8LII.O 1,696 . .8 224:0 97.3 <8.8 
Gornphrmema ;;• ..,.._ '- '· 
acJrnrinat~ /- <49,:.01 44.8 61.4 <7.1 
GornpfWJie.ma I I 
angusll:r1rtmfparvr1/om, 1,1401 347.S 4,285.8 46S.6 3,517.5 2,460;8 16.451.4 4,3832 3,909.6 537.5 205.2 219.6 
Gompho,wma _I 

; b;;blssqm.1 5~:0 3S8.4 361l.4 2.40.0 90.8 !38.2 006.0 282 .. 8 224.0 138.5 152. <7.1 
Gtm,plro('Dff(I , 
olivo,;er1m, .•1,901.0 <44.8 4761 <60.0 1,Ml-7.0 922.8 3,133.6 1,095.8 l ,J.03.2 J.22.S 205.2 274.5 
Gomplrtmema '--". 
lrrmcatr,m <44.8 

Gomp}ro.nema §fip. l ,520.8 8,024.4 3,333.4 1,862.4 J.,517.5 l.538.0 6,2672 3,287.4 868.8 752..S 273.6 329.4 

Gyros,gmasp. <6l.4 <60.0 <90 .. 8 

/lferidio,r circufanr 6116.0 <44.8 7}6.S 600.0 2,110.5 1,230.4 2,3S02 2,262.4 1,737.6 304.7 S2.II 21.3 

Appendix II Periphyton Results 2 



r- r-- r~- . 
~ 

Navic.J1la aurQ.ra <40 <61.4 <60.:0 < 101.0 <l4l.4 <56.0 <13.9 

Navic11/a crypJom:l/a 3,041 .6 347.5 1.904;8 3.259.2 21 ,658.4 3,9911.S 4 ,700.4 4,382.& 11,702.6 l.1825 342.0 42.6 

Navic11la a,spidau, <61.4 <60.0 ,~~ 4[.4 <56.0 

Navic11la radlosa 490.0 26S.S l.7 19.2 1.440.0 7.990.4 1,349.8 S,65'6.0_; .. ; 2,828.0 S,600.0 415.5 334.4 7. 1 

Navic11/a spp. 5;703.0 1.390.0 18,J.25.0 12,542.6 7S,.804.4 S,9111.5 l~S.~ 2 1,.083.5 10,030.8 J,8275 136.Jl 42.6 

N~ldirm: spp. ,. <1 01.0' <14 !.4 ,. 
NitzsclriD ac.icufuris 307.6 .A ' <J41.4 <8.8 

. ' ~ . .3):t.21"' Nltzsclru, di:$sipara 1,463.0 952.4 2.328.0 5,414.6 7.toµ .,. S,483.S 6,687.2 1,655.2 47U 164.7 
/~ 

Nitzsclru, palro 760.4 695.0 10,995.0 S.959.0 16,243.Jl t 8,28$.9 9,400.8 ~ 766.4 l0,o30.8 2,4U.S 136.8 109.S 

/ I 
NitzsclriD spp. 70,224.0 14,7 l l.4 67,802.5 39.4 19.6 89,340.9,- lS.Sll'.0 13,317.8 67,467.2 66,S.72.0 2 1,517.6 3.156.0 98S.2 

/,•' I \. 

l'lnm,Jaria spp. 58.8.0 179.2 368 .. 4 240.0 2,UOS., 238:2· "<) 6,06.0 S48.4 224.0 SS.4 <8.8 <7.1 
Rlroirospbu:ia /... . .4· 
a,tn,ala <49.0 " '79.4 

" 
202.0 141 .4 56.0 <.[3.9 

RJropo/odia gibba <49.0 <44.8 245.6 60.0 90.8 ... " / < 13.9 
,. .. ·~ 

<56.0 <13.9 <7.1 Stauror.,c;ssp~ <49.0 <40 <61.4 <60.0 <9tU ;qp.,. <1 01.0 <141.4 

'' Surirella spp. 49.0 89.6 184.2 i:- 2~ 363.2 39.7 101.0 <141.4 5'.6 .. 0 <'13.9 

.S},'m.'m-<l' r,J~a 14,630.0 7,645.0 
{' r 

21.102.9 37,950.3 30.092.4 4.138.0 4,997.0 494.1 21,822.5 16,L26:.2 35,194-9-/'7,960.0 
(" ~ --....;,,., 4-.... 

Sy1wdra spp. 49,742.0 6,687.0 4S,812.S ~.5,836.~~ 119:tn.:z 47,348.0 42.,:WS.8 S9,0J3..8 76,902.8 7,448.4 2,6}0.0 1,427.4 

Tabelloria fenestrau, 98.0 lSS.4 61.4 \ 360J) 726.4 <39.7 <1 01.0 <141 .4 <56.0 < 13.9 
l'· 

Tabellaria j1Qr:cu/osa 392.0 268..S 614,.0 1710.0 363.2 i9.4 < IDl.O <l4f.4 112.0 <13.9 <7. l 
' um girdle ,·icw - ll 54.9 

~/ CbloroJiihyta Chacropboralc:s Stigwcloniwnsp.. )·~ <90.8 249.3 1,504.8 227.2 

UID Cbaccophoral.es / • " • < 101.0 <56.0 2,599.2 113.6 

Chlorococc:iks Ankmrodesnmsspp. <49.0 ~ l.421l.6 4.190.4 l.407.0 1,538 .. 0 7U.4 1,303.2 410.0 615 .. 6 !64.7 

Selaoostrom spp ' ,;' 240.0 158 . .8 <I OJ.O 112.0 SS.4 <7.1 
~ 

1,089.6 <39.7 Sc.mr:desnrus spp - .... <49.0
1 

89.6_,. <61.4 300.0 
.,,Y."", I 

Tetraedran minim11m . ' <39.7 

Oed:Q8onialcs O.,~nir,m spp. 44 LO I 224.0 245.6 480.0 }63.2 < 101.0 < 13.9 
.. , .. ;;ri 

Ulotluicalcs Gatinrlla.'P.? <:1.3.9 

'/ Microspora.sp., · <6l.4 1,440.0 90S.0 1,349.8 JS,153.0 70, lll.2 16,128.0 <1 3.9 44.0 

Ulo/Jrri:cw,ro.fa' ...._ ;, <90.S <1 01.0 2,016.0 I I0.8 2.3S8.4 63.9 

Ulu/Jrri:r: spp. -;39.7 <56.0 166 .. l 66S..S <7 .. 1 

Ulollrdr.sp. ? <90.8 

Zyiµ,cm:i.1:i.lcs Clostuir1m spp 196.0 26U 614.0 B40.0 l ,089.6 635.2 4,444.0 1,979.6 3,B6.0 720 . .2 [93.6 <7.1 

Cosnran·wm spp. 49.0 44.8 la:.4.2 720.0 S44.8 <39.7 <IOLO <14 1.4 <56.0 <B.9 <S.S 
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Euaslmmsp. <56.0 

!fya/r,1/,IXIJ 'P- <60.0 <13.9 

Mougea1fa spp. 98.0 358.4 4.,762.0 8,84.<;.4 4.,221.0 39.7 0 <56.0 S5.4. <8.8 <7.1 

Spirogy ra sp <56.0 
/: 

S1at1rtH1ntm spp. 98.0 4.4.,B, 1?2.8 120.0 <90.8 79.4 ~.IL 1,4 14.0 560.0 IJ..9 8..8 <7.1 

Tc-iliJtgia grarn,lata <60 .. 0 <90 .. 8 
UID Chlorop!lytz 

238.2 ,! ! "" Cbloropby10 colooi:!:I ~ 14 1.4 ,, <56.0 <13.9 1,5732 1,866.6 
U!D Chlorophytz ' y 
llllgeUotc 701.S /.~!5.2 1,~S.8 4.34.4 81.1 S2.8 7.1 
U!D Cblorophyt11 "' 

, 
unicellular 380 .. 2 347.5 4.65.6 1,407.0 .... ' 2.153-f <101.0 868..8 00.0 615.6 219.6 

" . '+ 
Oirysopby1a Cbrom.ulinlll.cs C/Jrysococr:us sp. 122.8 465.6 r'--, "( <7.J 

M.ischococ.calcs Oplrioq~.ium sp. <101.0 

Ochrom001:ulolcs PseJtdoJ:t!phyrioo 'P· <4.4...8 600.0 18 1.6 'y· 
Hyo.lobryo" sp. 90..8 ' -
UID Cbrysopbyilc ~-Clirysopbyta coJonjol 4.91.2 860.0 84,027.5 
UID Cbrysopby!c --.... 
cysl 7,3 J 5.0 1.390.0 2,381.0 ~ 4,190.4 r 3.5iq.5," 4.,306,4 5,4.83.8 7,670b 3,47S2 322.S <7.l 

um Cbrysopbylc ', ,,. .,v 
uoiccllul:ir \ I !0.0 703.5 20l.O 

UID 

~1 Cryplopl,)'flt C,yptomo,,rulolcs C,yptomooadalcs 60:P"' 363 .2 <39.7 
I 

Cya,,.ophy10 CJ,amacsiphoook s Chamaesiphon spp. l4J 30.0 
I 

26,748»~ 9,iW 7.449.6 15.381U 45.220.5 4,216.7 35,1 07.8 48.000JI 81,530.0 352.640.0 

Clasfidi11m st'ligrntm -- -- 4B.8 l1.fi76.0 31,682..5 

" ~-· 
Chroococcolcs Apl,a,,rw:,pmsp. <ol.4 <60.0 <39.7 

ApJr.anoth=sp. ~ 4;170~ 
/ 

2.8.80.0 <39.7 

Clrroococo,s.$p. ?s - --~ <60.0 4.22 1.0 
• ..,•,..• P!~ 

, 
GloeOlhcce. sp. • .r <60.0 

~Jfl/H!Of Phoeri11 sp. , "2,880.0 <90.S 

; M~rl~wsp. 
', 

~9.0 <44.8 <61.4. 360.0 726.4 tj6_0 

Mir:roc}~'Sp- ./ /,. <44.8 

UID Chroo=caks " 
Amobaena I NoJioc·, 

5,349.6 l.~4.8 S,3 75.4 <8.S 

Nos1ocalcs sp. > <56.0 <13.9 
Colorlrrix I Ri,ularla 
sp. <44.8 <61.4 1.080.0 2, L79.2 <7.1 

NoSfDCsp. <61.4 <.39.7' <13.9 
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Tofypotltri:r: Jp. <44.8 

um No:stoa,lc:s <49.0 <ol.4 <7.1 

O.sciila1orialcs 1/omoeotl,rir >TJria1ts 5,560.0 <60.0 l l ,2S6.0 21,&39 . .6 49,354.2 ~ lS,661.6 147.312.8 9 ll ,Oll.O l,997,.175.0 

Lyngbyr:1 spp .. .,6"" 4,1925 

Osdflatoria spp. ./ ..... 2,196.0 

Pl,urmidirtm sp. 13.307.0 5,844.4 ..1f2,s211.o_ 

' 84S.4 

29.3i9.8 9.028.S 7,576.2 

Pseud011aba£Jm.spp. 7,645.0 16.66'7.0 670,133.2 34L,ll9.8 22.1.62.~ I 7,819.2 4,945.0 9,468.0 384.3 

um Osdtlaio.rialcs 7,223.8 1;612.8 13,809.8 J,000.0 3 1,657.5 3,~91.2 ~ <lOL.O J~6.s/ IO,S60.0 12.414.0 9.205.0 1.03].J 
~ 

EuglCl!Opbyla Euglcnoks UID Euglcoolcs <90.8_/" ~ 
' 

...... 
~ -~ 

1Uiodopb:,1a Ncm,iJ;ooo,ks AuJooi,,~lfa sp. <60.0 ;S J,4311:'.7 ., Zl9.7 28,202.4 4.524..8 B,SS2.0 S58.7 23,144.0 L,098.0 

" lJatrodwspermriM sp .. <44.8 6[4.0 <60.0 544.8 ' 80&.0 

Lemanrosp. 2.86,290.6 112,242.5 7.143.0 J ,724.8 726.4 '·~ ,.,.,1 21 ,775.6 5,040.0 .S0,6J"'-5 <8.8 <7.1 -iss.~., 409,999.2. 

i- / 
um colonial <44.8 ~<90.8 , ---- - <]01.0 <56.0· 

um fiJ:arncotous <60.0 

UIO Oog-c!latt 
~ 
~65.6 

UID uniccUular 380.2 1,337.4 3.665.0 1~42.6 10,Sl'J.2. 4,734.6 J2;058.8 16,866.8 6,687.2 827 .. 6 l.315.0 633 .9 

1' 

UID = 1J11[d:c:n1ificd d·uc· to lack of size aoo I 0< mi ssing ll!IJ[Jloologjcol characters. , '
1 

~ ' 

? = possibty for gcous. 1 r / 
)7 
~ 
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APPENDIX III 

BENTHIC RESULTS 





i- r- l ---. ~ 

090764 090765 090766 090767 090768 090769 090770 090n1 090772 090773 090774 090775 

Site l Site 2 Site3 Sitc4 Site 5 Nfl-S I NFI-S2 NF2-S ! NF2-S2 NF3-Sl NF3-S2 NF3-S3 

Subsample.fl 00 19/100 46/ 100 3111.00 25/ 100 ll/100 6/IOO 2/1.00 
,"-. 

UilOO, 6/100 37/100 8/100 15/IOO 

Stage 

Order: Ephemeroptera juv 

g~ 

Family : Amdetidae nymph 

Ameletus sp. nymph I. 2 l 
I. . ~ " 

3 2 9 

Family : Baetid.ae juv IL /; 
Acentrella sp. nymph I 

2 ¥~' :/ 2 

5 16 

Baei:is sp. nymp.h I3 I. l I 10 

Baelic b icaudatus nymph ~ 3 4 

Family : Ephemerellidae juv I 24 8 12 

.Dnmella doddsii nymph 1 \_ / I. 7 8 14 

Dnmella Sf2.ini(gra nymph .--_ I 

Eplremerella sp. nymph '1 .~ -;?"' 4 

Famjly Hept.agenii.dae juv l 41, 7 6 20 ., // 
Cirrygmula sp. nymph I \' ;,ff 8 7 3 

Epeon1s·.sp. nymph n 3 3 

Fami ly : Leptophlebiidae juv 

Paraleptophlebia sp. nymph 

Order : Plecoptera la rvae 

Family : Capniidae juv [ '' l 2 2 I 1 62 42 76 

Family : Chloroperlidae / ---.. 
larvae /. '\ .---._ . 

Suwallia sp. larvae . / 11 14 28 

Sweh:sasp. ...;- \ 'Y I 3 larva.e I · ; I 
Family : Nemouridae 

,I • . 
JUV 

' larvae'· 
11:> 

Nemoura sp. 

~ . ..t( 
I. I 2 

Zapada oregoncrisis group larvae, 3 lO l 13 I 7 10 3 26 58 10 

Zapada cinctipes larvae 1/ 4 1 7 6 3 3 

Family : Perlodida.e juv / 5 3 3 2 I 2 

Falllil.y : Taeniopterygidae larvae I. .3 2 3 3 14 
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Order : Trichoptera larvae 

Family : Bra.chycentridae juv 

Mic:rasema sp. larvae 

Family : Glossosomati.dae larvae 

Glossosoma sp. larva.e /\... 2 2 4 

Family : Hydropsycllidae juv 

Parapsyche sp. larvae 

Family : Rhyacopbilidae larvae 

Rhyacophita sp. larvae 3 

<~ 
2 

Family : Limnipbilidae juv 

Ecclissornyia sp. larvae 2 2 

Family: Lepidostoma1idae larvae ' ',,, ·~>7 Lepido.storna sp. larvae 

Order : Coteoptera ~ Family: Dytiscida.e 
.___ 

Oreodytes sp. adult l 2· (/ 

Oreodytes sp. larvae 

Order : Diptera /( )L./ 
Family : Chironomidae juv 

~ . . .. 
Subfamily : Orth.oi:ladiinae larvae ;' 

Cardiocladius 82.·· larvae " " \. 3 

Cricotopas/Orthocladius sp. larvae .,. - 98~ 87 ~ -1'1 47 67 147 Bl 57 225 51 89 33 

Eukiefferi.ella sp. la~-~t 
~ ............ ' ' \ 1 / 37 55 20 

" Tvetenia sp. l¥V3e 42 35 34 3 

Su bfamiiy : Chironiminae !Mvae ....... 
St:ictiochironomus sp. I lazyae, 

Polypedilum sp. larvJe. 
', 

Pscudosmirtia sp. larvae 

Stempinella sp. larvae .I; 2 I l 

Mic:ropsectra sp. larvae 31 22 73 26 178 210 79 29 4 5.1 9 

Subfamily : Tanypodinae larvae 6 32 39 67 15 1 2 
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' 

r--

S11bfamfly : Diamesillae 

Diameso sp. 

Porthastia long_imana 

Pagaslia sp. 

Pseudodia mesa HJ.. 

Family : Empid.id.ae 

Chelifera/Mer.achela. sp. 

Family : Simullidae 

Fam.ii)' : Simu.liidae 

Prosimu/ium sp. 

Famil)' ~ Dolichopodidae 

Family :· Cerntopogonidae 

Bezzia/Palf2.omvia se. 

Family : Tipulidae 

Di<:ran.ota sp. 

Limnophila .sp. 

Tiputa sp. 

Family : Psychodidae 

Pericoma sp. 

Order : Colembofa: sp. 

C lass : Arachnoid.a 

Family: Aturidae 

Aturu.s sp. 

Family : Fcltrii'dae 

Feltria sp. 

Famify : Sperchontida.e 

Sperchon sp. 

Family : L.eberti:idae 

Lebcrtia sp. 

Class : Crnstacea 

.,!,... 
~ 

larva.e 

lan.·ae 

larvae 

larvae 164 

larvae 

larvae 

larvae 3 

pupa 1 

j uv 

larvae 

larvae 

larvae 

larvae 

larvae 

larvae 

larvae 

larvae 

juv 

adult 

adult 

ad~lt ,,, , 

adult ,. 
adult .. l" 

adult.., ·'-., / 20 ... 
adult 

•, 

// 
adult . 7 
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Order : Ostracoda 

Order : Copepoda 

Class : OLigochaeta 

Family : Lumbriculidae 

Family : Nafdfdae 

Subfamily : N aidinae 

Phylum : N emata 

Hydra sp. 
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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. 

SAMPLE CAPTURE SAMPLE 
CATCH 

SITE METHOD EFFORT Arctic 
Burbot 

Slimy OBSERVATIONS 
Grayling Sculpin 

RDI Angle 30min 2 0 0 

RDI Electro 647 sec 2 0 0 
2 AG sub-adult and 

I iuv. 2 SS 

RDl MNT 18.8 hrs l 0 0 

RD2 Angle 30min 2 0 0 

4 AG sub-adult and 
RD2 Electro 660 sec 0 0 0 several SS 

adult/iuv 

RD2 MNT 20.6 hrs 0 0 1 

RD3 Angle 30min 0 0 0 

RD3 Electro 946 sec I 1 33 
45 SS adult/juv and 

2 fry 

RD3 MNT 19.2 hrs 0 0 0 

RD4 Angle 30 min 0 0 0 

46 SS adult/juv and 
RD4 Electro 895 sec 0 0 52 6 fry, l AG fry, I 

BBjuv 

RD4 MNT 20.4 hrs 0 1 0 

RDS Angle 45 miu 0 0 0 

RD5 Electro 1,205 sec 0 0 50 90 SS adult/juv 

RDS MNT 18.7 hrs 1 0 1 

NFl-1 Electro 901 sec 8 0 11 

NFl-1 MNT 22.4 hrs 0 0 0 

NFI-2 Angle 30min 2 0 0 

Appendix V Fish Capture Summaries 



SAMPLE CAPTURE SAMPLE 
Arctic SITE METHOD EFFORT 

Grayline 

NFl-2 Electro 903 sec 2 

.NFl-2 MNT 18.7 hrs 0 

NF2-1 Angle 20 min 0 

NF2-1 Electro 772 sec 2 

NF2-1 MNT 19.0 hrs l 

NF2-2 Angle 45 min 4 

NF2-2 Electro 831 sec 0 

NF2-2 MNT 17.8 hrs 0 

NF3- l Angle 30 min 0 

NF3-l Electro 963 sec 1 

NF3-l MNT 18. l hrs 0 

NF3-2 Angle 30 min 0 

NF3-2 Electro 895 sec 0 

NF3-2 MNT 21.1 hrs 0 

NF3-3 Angle 30 min 0 

NF3-3 Electro 978 sec 0 

NF3-3 MNT 22.3 hrs 0 

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

Burbot Sculpin 

0 34 

0 4 

0 0 

0 2 

0 0 

0 0 

0 18 

0 3 

0 0 

0 25 

0 I 

0 0 

0 16 

0 4 

0 0 

0 16 

0 3 

OBSERVATIONS 

15 SS adult/juv 
and 30 fry 

1 SS adult/juv 

5 SS adult/juv, 1 
BBjuv, 1 RWF 

adult and I AG iuv 

IO SS adult/juv 
and 17 fry 

5 SS adult/juv 
and 1 fry 

7 SS adult/juv 
and 22 fry, 1 AG 

sub-adult 
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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. 

SAMPLE CAPTURE SAMPLE CATCH 

SITE METHOD EFFORT Arctic Slimy OBSERVATIONS 
Gravline 

Burbot Sculpin 

RD2 Angle 20min 0 0 0 

RD2 Electro 623 sec 0 0 4 
2 SS adult/juv and 

fry common 

RD2 MNT 19.0 hrs 0 0 0 

RD3 Angle 20min 0 0 0 

RD3 Electro 928 sec 0 0 34 
24 SS adultljuv and 

fry common 

RD3 MNT 18.0 hrs 0 0 0 

RDS Angle 15 min 0 0 0 1 AG juv strike 

RDS El,ectro 915 sec 0 0 40 
11 SS adult/juv and 

abundant fry 

RD5 MNT 18.5 hrs 0 0 0 

10 AG fry, 14 SS 
NFl -1 Electro 896 sec 19 0 14 adult/juv and 

abundant frv 

NFl-1 MNT 26.5 hrs 1 0 1 

NFl -2 Angle 20 min 0 0 0 

24 SS adultljuv, 
NFJ-2 Electro 963 sec 0 0 22 I AG juv and 

occasional fry 
... .. 

NFl-2 MNT 19.0 hrs 0 0 2 

NF2-l Angle 15 min 0 0 0 
1 AG sub-adult 

strike 

NF2-l Electro 924 sec 5 0 4 
I SS adult/juv alld 

34 fry, 1 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 23 
8 SS adult/juv and 

abundant fry 
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SAMPLE CAPTURE SAMPLE 
SITE METHOD EFFORT Arctic 

Grayline 

NF2-2 MNT 24.5 hrs 0 

NF3-1 Angle 20min 0 

NF3-1 Electro 917 sec 1 

NF3-2 Angle 20 min 0 

NF3-2 Electro 928 sec 0 

NF3-3 Angle 15 min 0 

NF3-3 Electro 946 sec 2 

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

Appendix V Fish Capture Swnmaries 

CATCH 

Burbot 
Slimy 

SculDin 

0 l 

0 0 

0 14 

0 0 

0 21 

0 0 
-

0 23 

OBSERVATIONS 

19 SS adult/juv 
and frv common 

11 SS adult/juv 
and frv common 
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