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Attached you will find the 2014 Annual Report for the Crandall Canyon Mines.

If you have any questions, or need any additional information regarding this submittal, please
contact me directly at 435-888-4000.

Sincerely,

B /lea
David Hibbs
UtahAmerican Energy, Inc.
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I Print Form | l Submit by Email I [ Reset Form

Annual Report

This Annual Report shows information the Division has for your mine. Submit the completed document and any additional
information identified in the Appendices to the Division by the date specified in the cover letter. During a complete inspection an
inspector will check and verify the information.

GENERAL INFORMATION

Company Name |Genwal Resources Inc. Mine Name Crandall Canyon Mine
Permit Number |C/015/0032 Permit expiration Date

Operator Name Phone Number

Mailing Address Email

City

State Zip Code

DOGM File Location or Annual Report Location

] Required

Excess Spoil Piles
Not Required

[[] Required
Not Required

Refuse Piles

Required
Impoundments . Sediment Pond annual certification is included.
[] Not Required

Other:

OPERATOR COMMENTS

REVIEWER COMMENTS O Met Requirements  []  Did Not meet Requirements




COMMITMENTS AND CONDITIONS

The Permittee is responsible for ensuring annual technical commitments in the Mining and

2clamation Plan and conditions accepted with the permit are completed throughout the year.
he Division has identified these commitments below and has provided space for you to report
what you have done during the past year for each commitment. If additional written response is
required, it should be filed as an attachment to this report.

Title: MACROINVERTEBRATE SAMPLING

Objective: To monitor macroinvertebrate populations in Crandall Creek
Frequency: Annually, during the spring and fall beginning in 2009.
Status: Spring and Fall 2012 reports are due to the Division.

Reports: Submit surveys in annual report.

Citation: MRP, Volume A Text, Chapter 3, page 3-17.

Operator Comments

Macroinvertebrate Study results included in Annual Report.

2viewer Comments [ MetRequirements [  Did Not Meet Requirements

Title: SUBSIDENCE MONITORING

Objective: To determine subsidence effects from mining. Please provide a map that shows the locations of the
monitoring points to compare variations due to mining.

Frequency: Annually

Status: Ongoing.

Reports: Submit surveyed monitoring data and map to Division annually.

Citation: MRP, Volume B, Chapter 5, Section 5.25.14, page 5-25.

Operator Comments

cluded in Annual Report.




Reviewer Comments [] Met Requirements [0 Did Not Meet Requirements




FUTURE COMMITMENTS AND CONDITIONS

The following commitments are not required for the current annual report year, but will be
2quired by the permittee in the future as indicated by the "status" field. These commitments are

included for information only, and do not currently require action. If you feel that the

commitment is no longer relevant or needs to be revised, please contact the Division.

Title: RECLAMATION OF CULVERT

Objective: To reclaim part of the culverted section of the stream which provided habitat to the cutthroat trout
population. And enhancement of the stream below the mine discharge point due to the impact on the stream
habitat and aquatic wildlife that occurred because of the iron-laden water discharge.

Frequency: Once during reclamation.

Status: Needs to be completed as soon as possible.

Reports: Submitted to the Division upon project completion.

Citation: MRP, Volume A, Chapter 3, page 3-16

Title: RAPTOR SURVEYS

Objective: To monitor raptor activity and nesting within and adjacent to the permit area.

Frequency: Every three years, or annually if a.) UDWR recommends it, b.) it will not unduly harrass raptors, or c.) it if
is prudent to insure raptor safety and/or habitat. Raptor surveys are not required if the mine is not active AND no
significant activity is taking place.

Status: Surveys required prior to installation of any discharge treatment facilities or prior to reclamation work.
Reports: In annual report.

Citation: MRP, Volume A, Chapter 3, page 3-17.

~PERATOR COMMENTS (OPTIONAL)

REVIEWER COMMENTS




REPORTING OF OTHER TECHNICAL DATA

Please list other technical data or information that was not included in the form above, but is
quired under the approved plan, which must be periodically submitted to the Division.

Please list attachments:

Reviewer Comments




MAPS

“opies of mine maps, current and up-to-date, are to be provided to the Division as an attachment
-0 this report in accordance with the requirements of R645-301-525.240. The map copies shall be
made in accordance with 30 CFR 75.1200 as required by MSHA. Mine maps are not considered
confidential.

Included Confidential
Map Name Map Number
Yes No Yes No
Annual subsidence map Not Required ] X [ X
Mine Map Included at end of Report [ ]
] ] O O
O ] ] O
[ ] O d

Reviewer Comments [J Met Requirements [0 Did Not Meet Requirements







"IMPOUNDMENT INSPECTION AND CERTIFIED REPORT " " Page 1 of

Permit Number ACT/015/032

Report Date

Mine Name

Company Name UtahAmerican Energy, Inc.
Impoundment Inpoundment Name
Identification Impoundment Number
UPDES Permit Number UT0024368
MSHA ID Number 42-01715
IMPOUNDMENT INSPECTION
Inspection Date November 4%, 2014 1
Inspected By Karin Odendahl

Reason for Inspection
(Annual, Quarterly or Other Periodic Inspection, Critical
Installation, or Completion of Construction)

1. Describe any appearance of any instability, structural weakness, or any other hazardous condition.

No instability, structural weaknesses, or visible hazards were observed.

]

Required for an 2. sediment storage capacity, including elevation of 60% and 100% sediment storage
impoundment which volumes, and, estimated average elevation of existing sediment.
functions as a
SEDIMENTATION POND. Sediment Elevations:
Clean Out Elevation of Sediment 6518.63
Maximum Water Elevation (10year 24 Hr) 6518.63
Pond is evaporating as designed. At time of inspection pond had
approximately 2 feet of water.
Approximate sediment level is 6515.5
3. Principle and emergency spillway elevations.
Emergency 6519.50
Burma is an evaporative pond and is designed not to discharge and
does not have a principal spillway.
(




4, Field Information. Provide current water elevation, whether pond is discharging, type and number of
samples taken, monitoring/instrumentation information, inlet/outlet conditions, or other related
activities associated with the pond including but not limited to sediment cleanout, pond decanting,
embankment erosion/repairs, monitoring information, vegetation on outslopes of embankments, etc.

Pond is functioning as designed and is currently dry. Pond is not discharging and
is designed to be an evaporative pond that will not discharge.

5. Field Evaluation. Describe any changes in the geometry of the impounding structure, average and
maximum depths and elevations of impounded water, estimated sediment or slurry volume and remaining
storage capacity, estimated volume of water impounded, and any other aspect of the impounding structure
affecting its stability or function which has occurred during the reporting period.

Fi |

No changes in geometry have occurred.

No observable conditions were apparent that could affect the stability or function
Of the structure.

Qualification
Statement

I hereby certify that; I am experienced in the construction of impoundments; I am
qualified and authorized under the direction of a Registered Professional Engineer to
inspect the condition and appearance of impoundments in accordance with the certified
and approved designs for this structure; that the impoundment has been maintained in
accordance with approved design and meet or exceed the minimum design requirements
under all applicable federal, state and local regqgulations; and, that inspections and
inspection reports gre made myself and include any appearances of instability,
structural weakngsglo herf Nazard conditions of the structure affecting
stability.

N ) e 101U




|] IMPOUNDMENT INSPECTION AND CERTIFIED REPORT ” " Page 3 of I
!CERTIFIED REPORT |

| IMPOUNDMENT EVALUATION (If NO, explain under Comments) YES NO

|| 1. Is impoundment designed and constructed in accordance with the approved plan? XXXXX

2. 1Is impoundment free of instability, structural weakness, or any other hazardous | XXXXX
condition?

3. Has the impoundment met all applicable performance standards and effluent XXXXX
limitations from the previous date of inspection?

ICOMMENTS AND OTHER INFORMATION
, NONE

Certification I hereby certify that; I am experienced in the construction of impoundments; I am
Statement: qualified and authorized in the State of Utah to inspect and certify the condition

and appearance of impoundments in accordance with the certified and approved designs
for this structure; that the impoundment has been maintained in accordance with
approved design and meet or exceed the minimum design requirements under all
applicable federal, state and local regulations; and, that inspections and inspection
reports are made by myself or under my direction and include any appearances of
instability, structural weakness or other hazardous conditions of the structure
affecting stability in accordance with the Utah R645 Coal Mining Rules.

y: _Lober T Joy /?{)a/‘é,é,// 7//2;&/\

(Full Name and Tltle)

Signature: ,& Date: ////7//7/
p.5. Numver & stafe: _SS7 L4  p7ah




"Permit Number

- gl

Permit Number: 015/032 Report Date

Mine Name

Company Name

Nfohvis ulol=hal AE NG

UtahAmerican Energy, Inc.

Impoundment
Identification

Impoundment Name o AT eRE EEH
Impoundment Number None

UPDES Permit Number UT0024368 [
MSHA ID Number None for the Pond I

Inspection Date

November 4t 2014

IMPOUNDMENT INSPECTION I
|
m

Inspected By

Karin Odendahl

Reason for Inspection
(Annual, Quarterly or Other Periodic Inspection, Critical
Installation, or Completion of Construction)

1. Describe any appearance of any instability, structural weakness, or any other hazardous condition.

No appearance of instability, structural weakness, or any other hazardous condition
was observed at the time of inspection.

i

impoundment which
functions as a
SEDIMENTATION POND.

2. Sediment storage capacity, including elevation of 60% and 100% sediment storage
volumes, and, estimated average elevation of existing sediment.

Sediment Elevations:

60% 7769.0°"
100% 7770.0"

Sediment levels are below clean-out limit. Sediment level is
approximately 7760'

3. pPrinciple and emergency spillway elevations.

Principle 7780.81"

Emergency 7781.81"

Required for an

[



IIMPOUNDMENT INSPECTION AND CERTIFIED REPORT " " Page 2 of l

Field Information. Provide current water elevation, whether pond is discharging, type and number of
samples taken, monitoring/instrumentation information, inlet/outlet conditions, or other related
activities associated with the pond including but not limited to sediment cleanout, pond decanting,
embankment erosion/repairs, monitoring information, vegetation on outslopes of embankments, etc.

Water 1s below maximum water elevation, highwater markers are visible.
No discharge has occured from the pond and therefore no samples have been taken.
No observable problems exist at the inlets or outlets.

Vegetation surrounding the pond is healthy.

5. Field Evaluation. Describe any changes in the geometry of the impounding structure, average and
maximum depths and elevations of impounded water, estimated sediment or slurry volume and remaining
storage capacity, estimated volume of water impounded, and any other aspect of the impounding structure
affecting its stability or function which has occurred during the reporting period.

No change in geometry have occurred. No observable conditions were apparent that
could affect the stability or function of the structure.

Qualification I hereby certify that; I am experienced in the construction of impoundments; I am
Statement qualified and authorized under the direction of a Registered Professional Engineer to
inspect the condition and appearance of impoundments in accordance with the certified

" and approved designs for this structure; that the impoundment has been maintained in
accordance with approved design and meet or exceed the minimum design requirements
under all applicable federal, state and local requlations; and, that inspections and
inspection reports are made by myself and include any appearances of instability,
structural weakness or other hazardous conditions of the structure affecting
stability.

pecer Y

Signature:
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|IMPOUNDMENT INSPECTION AND CERTIFIED REPORT " " Page 3 of
CERTIFIED REPORT l

IMPOUNDMENT EVALUATION (If NO, explain under Comments) YES NO

1. 1Is impoundment designed and constructed in accordance with the approved plan? XXXXX

2. 1Is impoundment free of instability, structural weakness, or any other hazardous | XXXXX
condition?

3. Has the impoundment met all applicable performance standards and effluent XXXXX
limitations from the previous date of inspection?

COMMENTS AND OTHER INFORMATION

Three cleanout stakes were installed according to the approved plan. The green
color is from the bottom of the pond up to the 60% cleanout elevation of 7769'. The
yellow color goes from the bottom of the 60% cleanout level of 7769' to the maximum
cleanout level of 7770'. Above the 7770' mark to the top of the pipe 7773.2' is red in
color. This color scheme clearly shows the cleanout elevations and the do not exceed

water elevation of 7773.2.

The pond shows no evidence of instability or structural weakness or any other

hazardous condition.

Certification I hereby certify that; I am experienced in the construction of impoundments; I am
Statement: qualified and authorized in the State of Utah to inspect and certify the condition

) and appearance of impoundments in accordance with the certified and approved designs
for this structure; that the impoundment has been maintained in accordance with
approved design and meet or exceed the minimum design requirements under all
applicable federal, state and local regulations; and, that inspections and inspection
reports are made by myself or under my direction and include any appearances of
instability, structural weakness or other hazardous conditions of the structure
affecting stability in accordance with the Utah R645 Coal Mining Rules.

(Full Name and Title)

Date: ﬁ//</?76/7/

Signature:

e: /5;26&94: 60721/

1
A

P.E. Number &







UtahAmerican Energy, Inc.
Crandall Canyon Mine - Subsidence Survey

— 11/3/2014
YEAR 2004 2007 2008 2009 2010 2011 2012 2013 2014

NORTHING EASTING ELEVATION | ELEVATION | ELEVATION | ELEVATION | ELEVATION | ELEVATION | ELEVATION | ELEVATION | ELEVATION
STATION (FEET) (FEET) (FEET) (FEET) (FEET) (FEET) (FEET) {FEET) (FEET) {FEET) (FEET)
|/ A 413190.85 2080628.41 10440.47 10439.53 10439.43 10439.47 10439.48 10439.41 10439.43 10439.45 10439.44
|\ 3 413095.74 2080610.92 10426.40 10425.43 10425.40 10425.41 10425.38 10425.41 10425.40 10425.37 10425.40
(%] 412995.22 2080594.07 10412.27 10411.20 10411.23 10411.23 10411.16 10411.18 10411.17 10411.20 10411.16
D 412897.30 2080578.76 10400.21 10399.21 10398.25 10399.18 10399.23 10399.24 10399.21 10399.27 10399.23
E 412795.72 2080563.91 10385.11 10384.15 10384.18 10384.13 10384.16 10384.17 10384.18 10384.15 10384.14
J 412286.72 2080487.65 10323.47 10323.29 10323.20 10323.15 10323.26 10323.18 10323.19 10323.22 10323.22
N 411898.88 2080428.44 10313.15 10313.15 10313.13 10313.16 10313.16 10313.16 10313.10 10313.17 10313.15
0] 411798.12 2080415.52 10316.56 10316.49 10316.50 10316.56 10316.52 10316.56 10316.57 10316.55 10316.53
P 411700.03 2080403.24 10321.64 10321.65 10321.65 10321.69 10321.66 10321.65 10321.64 10321.63 10321.65
Q 411599.74 2080390.76 10326.61 - — - — 10326.53 10326.53 10326.56 10326.55
R 41155040 2080383.83 10330.17 - - - — 10330.15 10330.08 10330.11 10330.09
S 411501.07 2080376.56 10333.65 — - — - 10333.51 10333.57 10333.54 10333.52
T 411399.27 2080366.35 10342.83 - - - - 10342.74 10342.75 10342.77 10342.74
U 411299.82 2080354.19 10349.80 - - - - 10349.68 10349.64 10349.69 10349.68
\ 411247.57 2080350.11 10353.81 - - - - 10353.84 10353.77 10353.80 10353.81
w 411198.08 2080343.54 10358.03 — — - - 10357.94 10357.98 10357.93 10357.96
X 411147.67 2080337.97 10360.97 — — - - 10360.78 10360.89 10360.83 10360.81
Y 411097.90 2080332.61 10365.90 — — o — 10365.78 10365.84 10365.85 10365.85
4 411044.53 2080331.80 10371.01 - — — — 10370.93 10371.01 10370.98 10370.99
AA 410994.37 2080331.13 10376.37 - - — — 10376.27 10376.36 10376.34 10376.30
EE 410741.97 2080325.86 10430.72 - — - — 10430.86 10430.97 10430.91 10430.94
GG 410619.62 2080334.65 10435.38 - - - - 10435.09 10435.41 10435.40 10435.43
HH 410508.23 2080321.51 10435.17 - - - - 10435.63 10435.11 10435.18 10435.15
Il 410458.36 2080312.15 10433.84 - - - - 10434.29 10433.84 10433.88 10433.82
JJ 410409.35 2080302.79 10433.25 — - - - 10433.73 10433.20 10433.23 10433.20
KK 410359.98 2080292.88 10432.40 — — - - 10432.87 10432.42 10432.40 10432.43
LL 410265.30 2080265.04 10428.65 — — — — 10428.57 10428.47 10428.49 10428.46
NN 409769.08 2080125.54 10347.00 - — — — 10346.66 10346.71 10346.68 10346.70
e]¢] 409498.68 2080210.27 10284.52 - — — — 10284.27 10284.26 10284.29 10284.25
PP 409291.54 2080286.75 10262.98 - - - — 10263.41 10263.41 10263.38 10263.39

WARE SURVEYING & ENGINEERING

G.P.S. & CONVENTIONAL SURVEYING - AUTOCAD MAPPING - CIVIL ENGINEERING
Phone: 435-613-1266
Email: waresurveying@emerytelcom.net

1344 North 1000 West

Price, Utah 84501 ’;



UtahAmerican Energy, Inc.

Crandall Canyon Mine

East Mountain Reclaimed Slide Area

11/3/2014
YEAR 2012 2013 2014
NORTHING EASTING ELEVATION ELEVATION ELEVATION | ELEVATION
STATION (FEET) (FEET) (FEET) (FEET) (FEET) DIFFERENCE
Benchmark 413145.90 2079155.88 9986.04 9986.04 9986.04

1 413105.83 2079216.62 9987.03 9987.03 9987.06 -0.03

2 413079.15 2079242.82 9985.59 9985.45 9985.47 -0.02

3 413068.96 2079262.42 0982.58 9982.37 9981.89 0.48

4 413056.95 2079275.88 9980.12 9979.90 9979.56 0.34

5 413035.54 2079293.43 9979.24 9979.32 9979.33 -0.01

6 413009.81 2079312.22 9977.00 9976.78 9976.80 -0.02

7 413011.56 2079280.20 9967.21 9966.96 9966.95 0.01

8 413027.60 2079264.79 9963.57 9963.59 9963.59 0.00

9 413034.15 2079256.20 9964.10 9964.16 9964.10 0.06

10 413040.75 2079245.24 9963.48 9963.28 9963.28 0.00

11 413044.33 2079234.13 9966.05 9965.95 9965.88 0.07

12 413048.37 2079223.30 9963.67 9963.62 9963.63 -0.01

13 413025.61 2079233.40 9954.87 9954.98 9954.97 0.01

14 413020.64 2079240.46 9955.37 9955.31 9955.29 0.02

15 413009.89 2079253.76 9955.08 9955.03 9955.00 0.03

16 412997.97 2079264.46 9957.58 9957.45 9957.46 -0.01

17 412994.73 2079233.22 9945.34 9945.34 9945.35 -0.01

18 413001.96 2079217.74 9940.01 9939.88 9939.91 -0.03

19 412986.19 2079204.91 9928.78 9928.58 9928.57 0.01
20 412960.88 2079205.24 9917.01 9916.98 9916.95 0.03

=g
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WARE SURVEYING & ENGINEERING

G.P.S. & CONVENTIONAL SURVEYING - AUTOCAD MAPPING - CIVIL ENGINEERING

Phone: 435-820-4335

Email: waresurveying@emerytelcom.net

/






Crandall Canyon Mine

Macroinvertebrate
Study Spring 2014

November 2014

Prepared By:
EIS Environmental & Engineering Consulting
31 North Main Street * Helper, Utah 84526
Office — (435) 472-3814 * Toll free — (800) 641-2927 * Fax — (435) 472-8780
eisec@preciscom.net * www.EISenviro.com



Table of Contents

L0 INEFOTUCHION.......cceeiriireeineestenteetectene e s ee et e st te e aebesbe s besasessessesresbeasessesrsenseesssessensestesssessesnnensenns 1
1.1 BACKBIOUN .....c.veiciecieeeiirireceereenitestesessansestessesssaneessessassesssesssessessessesssessesssessssssessesssresessesssesssessenneons 1
2.0 Site locations and DESCRIPLION ...........cciiveerieniriirienreniiiniirrerer e rreessaeesessesseessesseesbesssesseeseereenbeereebensess 2
BUOMELROMS........couiiiiiiiieicit ettt ettt e st et e e et e saa et et e eabeebassesennereernsereernenten 4
3.1 Multi-Habitat SAMPIES ......ccciieereerreiricirinnieniseser e rresres e esresee s sssessesbeenbesssssesereeseeseestesnseressssensesees 4
3.2 Riffle Habitat SAMPIES ....c.veiecieeieiiciieieeeec ettt ettt et seesr e e e ne s senrensebsensessesse s 5
3.3 Composite SAMPIE Preparation .......c..cccceceeveeiirersrnirrinieesesstesiesissseessessesssessesseeeeeseessesssoesssesssessenses 6
3.4 SAMPIE ANAIYSIS....c.oiiiiriieiirirrreceeie e seete et ese st et et e be st e r e e b e sae e e s e eaa e s e ba e beeabenbeenssareeneernreneerean 6
4.0 Results and DISCUSSION ...........ccoceeereeeintieieritininiiresersaesresasstestesssessessessessessesssesessesssesssosessesssssssssnenns 11
4.1 Comparison of Targeted Riffle and Multi-habitat SAMPIEs ..........cceoevreiiiieeneriee e, 13
4.2 Spatial Variation in Macroinvertebrate CoOMMUNItY........ccccceevviiiviecvirreerr ettt sveens 14
4.3 Temporal Variation in Macroinvertebrate COmMmMUNILY .........ccccveveeiieeenieneeeire e 14
CONCIUSTON ......oovimeiiieerrenrientinieeeestesteetesterreeste st rassesses e tesssarsesssassessssbessenssesseensensesnsetesrssesessressaseensesses 15
REFEIENCES ...ttt sttt e oot et e bee et e et s e e eeese et e sesseesssasesssssssaseessasseereernsensensestessbenseensens 16
AUBROIS ...ttt sttt ettt st st s e s et e e e s e s s e e b et e stesssestanssatsernasnesesaserneeseesssssesrnsssontenssaresresen 17

Appendix A BuglLab Report

Appendix B Macroinvertebrate Metrics Spring 2014 Data

Appendix C Macroinvertebrate Metrics Fall 2009-Spring 2014 Data
Appendix D Macroinvertebrate Metrics Fall 2009-Spring 2014 Averaged Data

Taxa Lists for Individual Samples



1.0 INTRODUCTION

EIS Environmental & Engineering Consulting (EIS) collected benthic macroinvertebrate samples
from Crandall Creek on June 11" and 12"', 2014. The creek is located near Huntington, Utah.
From 2009 to 2013, the creek was sampled by JBR Environmental Consultants, Inc. (JBR).
Samples were collected from three different reaches of Crandall Creak. These three reaches
were located directly upstream of the Crandall Canyon mine (CRANDUP-01), in the middle
reach (CRANDMD-02) which is immediately downstream of the mine’s discharge location, and
a lower reach (CRANDLWR-03) located at the end of the creek before the confluence of
Crandall Creek and Huntington Creek. Each reach was 150 meters long.

UtahAmerican Energy, Inc. (UEI) hired EIS to sample Crandall Creek’s benthic
macroinvertebrates and evaluate the subsequent data to determine whether the mine’s discharge
is affecting the creeks aquatic community and to what degree. EIS was provided with the data
collected by JBR since September 2009 for use in discussing the trends and comparisons by The
National Aquatic Monitoring Center (BugLab). Please note that there were some discrepancies
within the data provided by the BugLab and what JBR had reported. This was due to the lab
switching to a standardized fixed count which allows for better comparison between samples.
The attached tables, charts, and graphs (Appendices A-C) were all computed with the revised
historical data. These metrics will typically have lower values with this new way of computation
(personal communication with BugLab July 26™, 2013).

As stated in previous JBR reports, there were some changes to the sampling methodology and
these changes were implemented in 2010. EIS also followed the new methodology that was
addressed in JBR’s June 2010 report (JBR 2010). This report is intended to continue to meet the
Utah Division of Oil, Gas, and Mining (DOGM) for the biannual sampling and reporting.

1.1 Background

The Crandall Canyon Mine began discharging ground water in 1995 and continued until the
mine was closed in 2007. The discharged water flowed into Crandall Creek with little or no
treatment. The discharge was monitored for pollutants and limits were established by the Utah
Division of Water Quality (UDWQ) and permitted through the Utah Pollution Discharge
Elimination System. Without actively pumping out water from the mine after the closure, water
began flowing from beneath the portal seals. The water contained higher concentrations of iron
than permitted and flowed into the creek. The mine began iron treatments in 2010 and has
reduced the concentration of iron in the discharged water to the limit set by UDWQ.

In 2009, DOGM required the mine to contract a qualified biologist to sample macroinvertebrates
in Crandall Creek twice yearly (Spring and Fall) to monitor water quality and provide reports
documenting the survey results. The first seven surveys were completed by JBR (JBR 2012).
They included surveys from the Fall of 2009 until the Fall of 2012. EIS has since completed

1
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three more surveys starting in the Spring of 2013. This report provides the results of the Spring
survey of 2014. The samples were collected June 11" and 12", 2014. The samples were then
shipped to the BugLab in Logan, Utah for processing, as per UDWQ requirements.

2.0 SITE LOCATIONS AND DESCRIPTION

The 3 reaches sampled are the same as previous surveys (JBR 2012). The downstream transect
for the CRANDUP-01 reach is approximately 6 feet (2 meters) upstream from the flow
measurement flume west of the mine site and extends approximately 500 feet (150 meters)
upstream. Crandall Creek in this reach is narrow with dense riparian vegetation at the stream
banks. The width of the creek in this reach is generally less than 3 feet (1 meter), except for
various riffle-pools and beaver ponds. Substrate within this reach ranges from gravel to cobble.
This reach has more riffle habitat than the other reaches and appeared to have a faster flow
velocity. There were areas above the beaver dams with finer sediment substrate.

The upstream transect in the reach CRANDMD-02 is located approximately 16 feet (5 meters)
downstream from the mine’s discharge culvert and extends approximately 500 feet (150 meters)
downstream. This reach has more open area between vegetation than the other reaches and the
creek is wider than the CRANDUP-01 reach. There are several beaver dams and areas above the
dams with fine sediment deposits. Substrate was generally fine to gravel sized rock.

The downstream transect in the CRANDLWR-03 reach is approximately 6 feet (2 meters)
upstream from where the mine access road crosses the creek and extends approximately 500 feet
(150 meters) upstream. Substrate was generally bedrock or fine sediment and gravel. The
vegetation is denser along the stream banks than CRANDMD-02 and less dense than the stream
bank in CRANDUP-01. The creek in the CRANDLWR-03 reach has a lower gradient and
stream velocity than the other reaches.

EIS Environmental & Engineering Consulting
Crandall Canyon Mine Macroinvertebrate Study Spring 2014
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CRANDLWR-03 June 11", 2014 - Upstream

3.0 METHODS

The methods used for the survey are described by the U.S. Environmental Protection Agency’s
Environmental Monitoring and Assessment Program Field Operations Manual (EMAP 2006) and
were modified as in previous sampling (JBR 2010). Representative samples were collected from
multiple kick net samples throughout each reach to create a composite sample of each survey
type, multi-habitat and riffle, for each reach.

One person would collect samples using a kick net, and another person would time the
collection. A 1-foot wide D-frame kick net with 500-micron mesh was used to collect one
sample from each location (transect or riffle). The net was placed securely on the stream bottom
to close gaps along the bottom of the net and to prevent macroinvertebrates from passing under
the net. While the net was held firmly with the opening facing upstream, a quadrat was visually
estimated to be 1 net width wide and 1 net width long, approximately 1 foot squared, upstream of
the positioned net. The quadrat was checked for larger organisms, such as snails. Loose rocks
that were golf ball-sized or larger within the quadrat or at least half way within the quadrat were
picked up and scrubbed to dislodge organisms so they were washed into the net. After
scrubbing, the rocks were placed outside of the quadrat. Starting with the upstream end of the
quadrat, the upper 1.5 to 2 inches (4 to 5 centimeters) of the substrate within the quadrat was
kicked using feet and toes to dislodge organisms for 30 seconds. After the 30 seconds of
kicking, the net was pulled out of the water and partially immersed in the stream to remove fine
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sediments and collect organisms at the bottom of the net. The net was then inverted and emptied
into the appropriate composite sample bucket, i.e., multi-habitat or riffle. The net was then
inspected to find clinging organisms. The organisms were removed by using a squirt bottle and
forceps and deposited in the bucket. Large objects in the bucket were inspected and organisms
were removed from the object before discarding the object. The bucket was then sealed with a
lid. The net was rinsed before collecting the next sample.

Riffle samples were collected in conjunction with the multi-habitat samples to minimize the
number of passes within the stream. The samples from each type were carefully placed in the
correct sample container, multi-habitat or riffle, to avoid contaminating the samples.

3.1 Multi-Habitat Samples

Each reach was divided by 11 transects located approximately 50 feet (15 meters) apart to
distribute samples throughout habitat types. If the flagging marking the transect line from
previous studies remained, that transect was used for sampling. When flagging was not present,
the transect was located by using a measuring tape to measure 50 feet from the adjacent transect.
The EMAP methods describe collecting samples at each of the 11 cross-section transects, A
through K, at assigned locations left, center, and right across the creek. In order to provide
comparative data to previous macroinvertebrate studies conducted by the Manti-La Sal National
Forest and by previous surveys (JBR 2012), only 5 samples were collected and each sample
location was not chosen randomly or systematically. Instead, the samples were collected at
every other transect starting with transect B at the site that most suitable for the placement of the
kick net as done in previous surveys. Sample locations were located as close to each transect as
possible. Samples from the 5 locations were combined into a single composite sample bucket
labeled “multi-habitat.” At each sampling transect the dominant substrate and habitat type was
recorded on the sample collection form. Samples were collected from downstream transects to
upstream transects.

3.2 Riffle Habitat Samples

Eight riffle samples were collected from each of the 3 reaches using the methods form the EMAP
manual. Before sampling, the total number and area of riffle microhabitat was estimated for
each reach. If the reach contained more than 1 riffle microhabitat but less than 8, the 8 sample
locations were spread throughout the reach as much as possible with more than 1 sample
collected from a single riffle unit. If the reach contained more than 8 riffle units, 1 or more units
were skipped at random to spread the sampling locations throughout the reach. Samples were
collected from downstream to upstream units in the order they were encountered. Since Crandall
Creek is narrow, the riffle sampling locations within a unit were not chosen randomly, but were
chosen by the most suitable location for kick net placement as done in previous surveys (JBR
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2012). The 8 samples were combined into a single composite sample bucket labeled “riffle.”

3.3 Composite Sample Preparation

The contents from each composite bucket for each reach (multi-habitat or riffle) were poured
through a 300-micron sieve into a bucket. The composite bucket was inspected for organisms
and rinsed using a squirt bottle filled with stream water. The composite bucket contents were
again poured through the sieve. Large objects such as sticks, rocks, or plant material were
inspected and any clinging organisms were dislodged using the squirt bottle over the sieve. The
squirt bottle was used to rinse the material in the sieve to one side and then into a sample jar
using as little water as possible. Remaining organisms on the sieve were then transferred to the
jar using a squirt bottle filled with 95% ethanol to rinse the sieve into the jar or by using forceps.
Additional jars were used if the contents filled over two-thirds of the sample jar, as instructed by
the BugLab. If multiple jars were used, the jar number and total number of jars in the sample
were recorded on the jar and the sample collection form. The sample jar was filled with 95%
ethanol so that the final ethanol concentration was between 75 and 90%. A waterproof label
with stream ID, date, sample type, reach ID, and number of kick net samples collected was
placed in the jar. The lid was placed on the jar and the jar was slowly tipped to a horizontal
position and gently rotated to mix the contents with the ethanol solution. The jar was then sealed
with tape and labeled with sample information taped to the outside of the jar. This procedure
was repeated for each Multi-habitat and Riffle composite sample for each of the 3 reaches for a
total of 6 samples from the creek.

3.4 Sample Analysis

The samples were shipped to the BugLab for identification of taxa within the samples. The
BugLab generally uses subsampling to collect approximately 600 individual organisms and sort
them by major taxonomic orders. Collection and sorting is completed using a 7x or greater
dissecting scope. Once the subsample has been sorted by major taxonomic orders, a “big/rare”
search is completed using the entire sample to identify taxa that may have been missed in the
subsample. Qualified taxonomists then identify the collected organisms to the lowest taxa
possible (family, genus, and species if possible) without fixed slides. The laboratory results were
prepared by the BugLab (Miller and Judson 2013) and are used in Appendices A-C and in the
Taxa Lists. This data includes standardized and raw data used for the tables and graphs. In
2011, the began using a newly revised output format, which includes richness-based metrics
standardized to Operational Taxonomic Units (OTU) and a fixed count of 300 for more accurate
comparison between samples. The data from previous surveys has been obtained from the
BugLab in a standardized format in order to compare metrics between surveys since previous
studies did not include standardized data. The BugLab provided summaries and calculated many
different indices and metrics. The findings are discussed further in the results; more detail and
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reference for how the calculations were made are also in Appendix A along with the
corresponding tables.

Additional comparisons from the BugLab’s data have been calculated for comparison with
previous studies (JBR 2012). These different comparisons may be used to relate the species
composition to the water quality of the creek. Graphs of these comparisons are included in
Appendices B, C, and D. Some of these graphs include a breakdown of predominant taxonomic
groups, graphs of the different diversity and biotic indices, abundances, total taxa richness, EPT
(Ephemeroptera, Plecoptera, and Trichoptera) taxa richness, individual taxa richness, Tolerant
and Intolerant taxa richness, percent richness, Hilsenhoff Biotic Index, different functional
feeding group richnesses, and abundances. As mentioned in previous reports, no one metrics can
be used to explain the potential influences the mine may have on the creek. Multiple metrics
were used as in previous years to compare data from site to site and year to year. Descriptions of
why these values are beneficial are below and have been taken directly out of the Bug Labs
report (Judson and Miller 2013)

Taxa Richness- Richness is a component and estimate of community structure and stream health
based on the number of distinct taxa. Taxa richness normally decreases with decreasing water
quality. In some situations organic enrichment can cause an increase in the number of pollution
tolerant taxa. Taxa richness was calculated for operational taxonomic units (OTUs) and the
number of unique genera, and families. The values for operational taxonomic units may be
overestimates of the true taxa richness at a site if individuals were the same taxon as those
identified to lower taxonomic levels or they may be underestimates of the true taxa richness if
multiple taxa were present within a larger taxonomic grouping but were not identified. All
individuals within all samples were generally identified similarly according to Standard
Taxonomic Effort (see NAMC website), so that comparisons in operational taxonomic richness
among samples within this dataset are appropriate, but comparisons to other data sets may not.
Comparisons to other datasets should be made at the genera or family level.

Abundance- The abundance, density, or number of aquatic macroinvertebrates per unit area
is an indicator of habitat availability and fish food abundance. Abundance may be reduced
or increased depending on the type of impact or pollutant. Increased organic enrichment
typically causes large increases in abundance of pollution tolerant taxa. High flows,
increases in fine sediment, or the presence of toxic substances normally cause a decrease in
invertebrate abundance. Invertebrate abundance is presented as the number of individuals per
square meter for quantitative samples and the number of individuals collected in each sample
for qualitative samples.

EPT- A summary of the taxonomic richness and abundance within the insect orders
Ephemeroptera, Plecoptera, and Trichoptera (EPT). These orders are commonly considered
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sensitive to pollution (Karr and Chu 1998, as referenced in Judson and Miller 2010).

Percent contribution of the dominant family or taxon- An assemblage largely dominated
(>50%) by a single taxon or several taxa from the same family suggests environmental stress.
Habitat conditions likely limit the number of taxa that can occur at the site.

Shannon Diversity Index- Ecological diversity is a measure of community structure defined by
the relationship between the number of distinct taxa and their relative abundances. The Shannon
Diversity Index was calculated for each sampling location for which there were a sufficient
number of individuals and taxa collected to perform the calculations.

Evenness- Evenness is a measure of the distribution of taxa within a community. Value
ranges from 0-1 and approach zero as single taxa becomes more dominant.

Clinger taxa- The number of clinger taxa have been found by Karr and Chu (1998, as referenced
in Judson and Miller 2010) to respond negatively to human disturbance. These taxa typically
cling to the tops of rocks and are thought to be reduced by sedimentation or abundant algal
growths.

Long-lived taxa- The number of long-lived taxa was calculated as the number of taxa collected
that typically have 2-3 year life cycles. Disturbances and water quality and habitat impairment
typically reduces the number of long-lived taxa (Karr and Chu 1998, as referenced in Judson and
Miller 2010).

Biotic indices- Biotic indices use the indicator taxa concept. Taxa are assigned water quality
tolerance values based on their tolerance to pollution. Scores are typically weighted by taxa
relative abundance. In the US, the most commonly used biotic index is the Hilsenhoff Biotic
Index (Hilsenhoff 1987 and 1988, as referenced in Judson and Miller 2010). The USFS and
BLM throughout the western U.S. have also frequently used the USFS Community Tolerance
Quotient.

Hilsenhoff Biotic Index -The Hilsenhoff Biotic Index (HBI) summarizes the overall pollution
tolerances of the taxa collected. This index has been used to detect nutrient enrichment, high
sediment loads, low dissolved oxygen, and thermal impacts. It is best at detecting organic
pollution. Families were assigned an index value from 0 (taxa normally found only in high
quality unpolluted water) to 10 (taxa found only in severely polluted waters). Family level
values were taken from Hilsenhoff (1987 and 1988, as referenced in Judson and Miller 2010)
and a family level HBI was calculated for each sampling location for which there were a
sufficient number of individuals and taxa collected to perform the calculations. Sampling
locations with HBI values of 0-2 are considered clean, 2-4 slightly enriched, 4-7 enriched, and 7-
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10 polluted. Rather than using mean HBI values for a sample, taxon HBI values can also be
used to determine the number of pollution intolerant and tolerant taxa occurring at a site. In
this report, taxa with HBI values <2 were considered intolerant clean water taxa and taxa with
HBI values 2-8 were considered pollution tolerant taxa. The number of tolerant and intolerant
taxa and the abundances of tolerant and intolerant taxa were calculated for each sampling
location.

USFS community tolerant quotient- Taxa are assigned a tolerant quotient from 2 (taxa found
only in high quality unpolluted water) to 108 (taxa found in severely polluted waters). The
dominance weighted community tolerance quotient (CTQd) was calculated. Values can vary
from about 20 to 100, in general the lower the value the better the water quality.

Functional feeding group measures - A common classification scheme for aquatic
macroinvertebrates is to categorize them by feeding acquisition mechanisms. Categories are
based on food particle size and food location, e.g., suspended in the water column, deposited in
sediments, leaf litter, or live prey. This classification system reflects the major source of the
resource, either within the stream itself or from riparian or upland areas and the primary
location, either erosional or depositional habitats. The number of taxa and individuals of the
following feeding groups were calculated for each sampling location.

Shredders - Shredders use both living vascular hydrophytes and decomposing vascular plant
tissue - coarse particulate organic matter. Shredders are sensitive to changes in riparian
vegetation. Shredders can be good indicators of toxicants that adhere to organic matter.

Scrapers - Scrapers feed on periphyton - attached algae and associated material. Scraper
populations increase with increasing abundance of diatoms and can decrease as filamentous
algae, mosses, and vascular plants increase, often in response to increases in nitrogen and
phosphorus. Scrapers decrease in relative abundance in response to sedimentation and higher
levels of organic pollution or nutrient enrichment.

Collector-filterers - Collector-filterers feed on suspended fine particulate organic matter.
Collector-filterers are sensitive to toxicants in the water column and to pollutants that adhere to
organic matter.

Collector-gatherers - Collector-gatherers feed on deposited fine particulate organic matter.
Collector-gatherers are sensitive to deposited toxicants.

Predators - Predators feed on living animal tissue. Predators typically make up about 25% of
the assemblage in stream environments and 50% of the assemblage in still-water
environments.
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Unknown feeding group - This category includes taxa that are highly variable, parasites, and
those that for which the primary feeding mode is currently unknown.

In addition, EIS used the BugLab’s data set to calculate several other metrics that JBR also
indicated being potentially useful for macroinvertebrate analysis. These are described below.

Ratio of Specialist Feeders to Generalist Feeders - Specialist feeders include shredders and
scrapers and generalist feeders include filterers and gatherers. Generalists are typically more
tolerant to environmental stressors, so their proportion often increases in response to degraded
water quality or stream habitat. This ratio has been used successfully to assess impacts from
mining (Mize and Deacon 2002).

Ratio of EPT to Chironomidae - Ideally, communities have a near-even distribution among
all four of these major groups, The Chironimid Family, in general, is more tolerant than most of
the taxa in the Ephemeroptera, Plecoptera, and Trichoptera orders (Barbour et al 1999).
Therefore, this ratio can indicate environmental stress when it shows disproportionate numbers
of Chironomidae.

Percent Baetis, Hydropsychidae, and Orthocladinae; Ratio of Baetis to all
Ephemeroptera— These two similar measures express the documented higher tolerances of
Baetis, Hydropsychidae, and Orthocladinae, than other members of their families. Mize and
Deacon (2002) among others have used the presence of these taxa when assessing
environmental conditions specific to mining (some studies have found the opposite conclusion
with Baetis; however, the majority appear to consider it one of the more tolerant of the
mayflies).

Percent Heptageniidae, Chloroperlidae, and Rhyacophila; Ratio of Heptageniidae to all
Ephemeroptera— Similarly to the above-noted tolerant taxa, Heptageniidae, Chloroperlidae,
and Rhyacophila were considered by Mize and Deacon (2002) when assessing elevated trace
metals impacts. Heptageniidae, Chloroperlidae, and RhAyacophia were chosen due to their
apparent sensitivity to such elements, thus their absence can indicate poor water quality. Many
other authors have associated a lack of Heptageniidae organisms, in particular, with heavy
metals pollution (i.e. Kiffney and Clements 1994).

The Ratio of Specialist Feeders to Generalist Feeders shows the ratio of stress tolerant species,
generalists, to less tolerant specialized feeders. The Ratio of Ephemeroptera, Plecoptera, and
Trichoptera orders (EPT) to Chironomidae shows the more tolerant Chironomidae species
abundance to the less tolerant EPT species. The Percent Baetis, Hydropsychidae, and
Orthocladinae and the Ratio of Baetis to all Ephemeroptera are used to show the relative
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abundance of the stress tolerant Baetis mayflies. The Percent Heptageniidae, Chloroperlidae,
and Rhacophila show these taxa percentages to other species as they are more sensitive to trace
minerals.

4.0 RESULTS & DISCUSSION

The results prepared by the BugLab (Miller 2013) are incorporated into the tables of the
following appendices. As with assessment, multiple metrics and datasets should be relied upon
to make a finding of whether any impact or nonimpact has occurred between the mine’s
groundwater discharge and Crandall Creek. This report evaluates this season’s individual
sample, assesses if spatial and habitat type has an influence among the three reaches sampled,
and examines any temporal changes that may be occurring. Numerous metrics should be used
in evaluating what may be happening in the creek. In this study, the natural variability of any of
these metrics is not known due to limited number of samples sites, absence of replicates, and
partial historical baseline information. Therefore, it is difficult to determine whether there is an
impact between sites from analyzing only one metric. This section and its associated appendices
will review these metrics within this season’s individual sample, spatially among each reach and
habitat type, and any temporal changes since 2009. Data is compared from the reference reach
(CRANDUP-01) to the other two reaches. Additionally, a comparison between the middle reach
directly below the mine (CRANDMD-02) and the lowest reach (CRANDLWR-03) can be made
to assess the spatial limit and overall condition. The metrics evaluated include the various
measurement types recommended by EPA (Barbour et al 1999). They include tolerance indices
(HBI, CTQd), diversity (Shannon’s), community composition (% EPT), and functional feeding
groups (Percent Scraper/Shredders).

Appendix A of the report includes a summarization of the raw and standardized data for the
samples collected in June of 2014. The following Appendices B, C, and D graph the previously
mentioned metrics to show a visual comparison. Appendix B begins with a graph showing the
distribution of the dominate orders within each reach and sample type (Figure 1b) as well as the
numerical values (Table 1b). It is followed by numerous graphs that represent the Spring 2014
sample set and show a visual comparison of potential differences between the habitat types as
well as spatial variation (Figures 2b-24b). The graphs of Appendix C include all the data
gathered since Fall 2009 for temporal comparison among all the samples. They are
differentiated by the multi-habitat and target riffle samples for further comparison (Figures 1c-
23c). The graphs in Appendix D also contain data since the Fall of 2009; however the values
from both the multi-habitats and riffle habitats sample were combined to obtain an average value
assess any potential overall trends throughout the years (Figures 24c-42c).

A total of 66 operational taxonomic units (OTU) were identified in the Spring 2014 sample set.
There were 34 families and 48 genera present and all of the insect orders most commonly found
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in macroinvertebrate communities were found in each reach, orders Coleoptera, Diptera,
Ephemeroptera, Plecoptera, and Trichoptera. Non-insect invertebrates were also identified in all
samples. In the upper reach the dominate order in both the multi-habitat and riffle habitat were
Ephemeroptera making up 50 and 64 percent of the sample, respectively. In the middle reach,
Diptera was found to be the most dominate order in both the types of habitat, at 69 and 59
percent, respectively. In the lower reach the dominate order in the multi-habitat was Diptera at
46 percent. In the riffle habitat it was Ephemeroptera at 32 percent (Figure 1b and Table 1b). A
dominance of any single order or taxon greater than 50 percent suggests environmental stress, in
which the upper and middle reaches exhibited. However, in the upper reach, the dominate order
was Ephemeroptera which is commonly considered to be sensitive to pollution (Karr and Chu
1998).

The orders Ephemeroptera, Plecoptera, and Trichoptera (EPT) are commonly considered
sensitive to pollution and fluctuation in their abundance can be an indicator of stream health
(Karr & Chu 1999). In the upper reach, the orders EPT made up more than half of the taxa in the
multi habitat, at 56.1 percent, and a majority of the riffle habitat at 72.3 percent EPT (Figure 9b).
In the middle reach directly below the mine, EPT was similar to that of 2013 values, at 26.6 and
33.0 percent of abundance in multi-habitat and riffle samples. In the lower reach, EPT was 45.5
percent in the multi habitat and 39.4 percent in the riffle (Figure 9b). There is an overall
increasing trend of these sensitive macroinvertebrate taxa in the upper and lower reaches,
indicating improved conditions. The middle reach appears to be maintaining the same
percentages as found in the 2012 samples. While it is not as high as the upper reach, it is still
higher than percentages found in previous years. In the Fall 2012 the multi-habitat was 1.6
percent and the riffle was 24.3 percent. In the Spring 2012 sample they were 2.8 percent in the
multi-habitat and 9.2 percent in the riffle (Figure 8c).

Although Crandall Creek as a whole continues to provide less than ideal habitat for a
macroinvertebrate community, all samples contained at least two distinct taxa that are considered
intolerant to pollution. The upper reach had the highest number of intolerant taxa in both habitat
types with 5 distinct taxa in each. The middle reach had 2 in each type of habitat. The lower
reach multi-habitat had 2 distinct intolerant taxa and the riffle had 3 (Figure 14b). The richness
was found to be the greatest in the upper reach with 18 distinct taxa found in each of the habitats
the sampled. The middle reach multi-habitat had 16 distinct taxa and the riffle sample had 16.
The richness in the lower reach multi-habitat was 13 and was 18 in the riffle habitat (Figure 2b).
Because the number of distinct taxa appears to be fluctuating within all reaches and both habitat
types year to year, more data is required to find a real discernible trend. These same results were
found when evaluating many of the other metrics.

The differences in overall habitat among the three reaches likely influence the result of this
study. The upper most reach and the lowest reach have similar substrate size compositions,
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which was largely bedrock overlaid with larger rocks. The lowest reach had a much more
cemented substrate. The lack of interstitial spaces results in poorer habitat conditions for
macroinvertebrates (Mize and Deacon 2002). These two reaches were also more narrow than
the middle reach as well as had more of a vegetative overstory. It is also important to note the
changes in the stream morphology of Crandall Creek when comparing data from previous years.
The colonization of beaver and subsequent dams are continuing to change the creek, mainly in
the middle reach. The catastrophic impacts to Huntington Creek from major flooding resulting
from a major wildfire in the upper drainage areas should also be considered. The high flows
have directly impacted macroinvertebrate populations in Huntington Creek that are sources for
movement into Crandall Creek. Therefore, the spatial comparisons discussed further should
consider that there may be an indication of degradation that may be due to these physical
attributes, to some extent

4.1 Comparison of Targeted Riffle and Multi-Habitat Samples

As with the prior years’ analyses (JBR 2010; 2011a; 2011b) and the data provided by the
BugLab for 2012 (no report of their findings was provided to EIS), all the indices and metrics
have been calculated and graphed in the appendices. In 2010, JBR recommended that the
targeted riffle samples be collected based upon the observation that habitat types varied. It is
also in Utah’s DWQ monitoring program that all samples be collected using only a targeted riffle
method (DWQ 2006). EIS continued to collect both riffle and multi-habitat sample to allow for
a more comprehensive data interpretation for the future.

The graphs in Appendix B display the differences between the two habitats within this dataset
(June 2014). As in previous years, overall there does not seem to be any distinguishable trend
between the multiple habitat and the targeted riffle habitats. For most metrics, the multi-habitat
and riffle samples at a given site were rather similar. For example, the richness in the upstream
reach in the multi-habitat was 18 and in the riffle it was the same, 18. In the middle reach, the
multi-habitat sample had 16 distinct taxa and the riffle had 17. The lower reach had 13 taxa in
the multi-habitat and 18 in the riffle samples (Figure 2b). The evenness values also didn’t reveal
any distinct variances in one habitat over the other. In the upper reach multi-habitat the evenness
was 0.62 while the riffle was 0.52, the middle reach the values were 0.57 in the multi and 0.52 in
the riffle and in the lower reach they were 0.69 and 0.77, respectively (Figure 4b). In a few
cases the one type of habitat may have indicated a better macroinvertebrate habitat than the
other. In this dataset, the multi-habitats had much higher abundance of macroinvertebrates than
the riffle habitats in the middle section (Figure 5b). However, this is not the case in other years
so it does not describe any apparent trend. In addressing any trends or spatial differences, both
riffle and multi-habitat results were used.

Shannon’s Diversity in upper multi-reach habitat was 1.78 and 1.51 in the riffle habitat. In the
middle reach the multi-habitat was 1.58 and the riffle habitat it was 1.46. In the lower reach the
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multi-habitat was 1.78 and the riffle habitat was 2.24 (Figure 3b). The HBI, which the lower the
value indicates less pollution, was 4.36 in the upper reach multi-habitat and 3.87 in the riffle. It
was 5.15 and 4.84 in the middle reach, respectively. In the lowest reach, the HBI was 4.63 in the
multi-habitat and 2.63 in the riffle (Figure 6b). The CTQd, which a lower the value indicates
higher quality unpolluted water as well, was 83 in the upper reach multi-habitat and 75 in the
riffle. In the middle reach these values were 96 and 89, respectively. In the lower reach the
multi-habitat was 87 and the riffle was 92 (Figure 7b). Appendices A and B has more specific
detail on all the values found and metrics graphed for visual comparison.

4.2 Spatial Variation in Macroinvertebrate Community

As mentioned in earlier parts of this report, there were 3 different reaches sampled in Crandall
Creek. CRANDUP-01 (upper) is upstream of any potential impact from the mines discharge,
CRANDMD-02 (middle) is immediately below the discharge, and CRNDLWR-03 (lower) is
further downstream. While many of the metrics graphed indicated a decline in the
macroinvertebrate, metrics such as Shannon’s Diversity, Evenness, Abundance, and HBI
indicated improvement in the middle or lower reaches (Appendix B).

The average richness in the upper reach was found to be 18, in the middle reach there were
16.5 distinct taxa found, and in the lower reach 15.5 (Figure 1d). The average evenness value
was 0.57 in the upper reach, 0.54 in the middle reach and 0.73 in the lower reach (Figure 2d).
The average Shannon’s Diversity in the upper reach was 1.65, in the middle reach it was 1.52,
and in the lower reach it was 2.01 (Figure 3d). The average abundance of individuals was
1380 in the upper reach, 3105.5 in the middle reach and 823.5 in the lower reach (Figure 4d).
The HBI, in which the lower the value indicates less pollution in the stream, was 4.12 in the
upper reach, 4.99 in the middle reach and 3.63 in the lower reach (Figure 5d). The CTQd,
which a lower value also indicates higher quality unpolluted water, was 79 in the upper reach,
92.5 in the middle reach, and 89.5 in the lower reach (Figure 6d). Appendices C and D has
more specific detail on all the values found and metrics graphed for visual comparison.

4.3 Temporal Variation in Macroinvertebrate Community

As previously mentioned, EIS was able to obtain the standardized data from the BugLab dating
back to 2009 to assess temporal variations. The graphs in Appendices C and D provide a visual
means to examine the temporal variation within the creek. In all reaches, the data fluctuates
from year to year. This year, a trendline was added to the averaged overall data in Appendix D
acquire any overall trends. The upper reach, which should not be impacted by the mines
discharge, has great variability within each metric. For example the average richness in Fall 2009
was 24, it dropped to 17 in the Fall of 2011, went up to 26 in Fall of 2013 and currently dropped
back down to 18 (Figure 1d). The evenness started at 0.75 in 2009, continued to decline to 0.65
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in 2011, peaked to 0.80 in 2013 and dropped to the current value of 0.57. The lower the HBI
index indicates higher quality water or better conditions, in 2009 the HBI was 5.61 and in this
dataset it is 4.12. The CTQd value seems to be staying fairly consistent, in 2009 it was 74 and
currently it is 79. About a third of the metrics indicate declining conditions, another third
indicate fairly stable conditions, and the remaining third indicate increasing conditions.

The middle reach also has this variation occurring throughout the years. The middle reach is
increasing in the number of macroinvertebrates found (Figure 4d), the taxa EPT is showing signs
of improvement (Figure 7d), and the number of specialist feeders is also increasing (Figure 15d).
The remaining metrics are highly variable or indicate an overall decline since 2009. The lower
reach generally appears to be getting better in quality over time. While many of the metrics
indicate a less than optimal habitat in the lower reach when compared to the upper reach, there
are several that prove otherwise. The evenness, Shannon’s Diversity, HBI, and a few species
specific metrics had higher values when compared to the upper reach (Figures 1d-23d). As with
any study, the more data acquired the more discernable the trends may be.

5.0 CONCLUSION

The samples for the 2013 Fall Macroinvertebrate Study were collected on June 11" and 12th,
2014 from the 3 reaches of Crandall Creek. The upper reach is located upstream from the mine
and is should not be influenced from ground water discharge from the mine. The middle and
lower reaches are below the mine water discharge. The objective of the survey was to collect
macroinvertebrate samples as indicators of water quality in Crandall Creek. The samples
collected were sorted and identified to the lowest taxa possible by the BugLab. Abundances of
taxa and community composition relationships from the samples are provided to assess the water
quality of Crandall Creek.

The survey results show variability among all the sampled reaches and generally show reduced
habitat quality and less than optimal conditions in all sampled locations. It does appear that the
upper and the lower reach are increasing in quality standards or staying fairly stable since 2009.
In the middle reach, the overall quality seems to be lower than the other two reaches; however
multiple metrics indicate that it is improving compared to early years sampled. The substrate
and habitat also differs between reaches and should be taken into consideration. The changes in
stream morphology due to increased beaver dams in the middle reach should also be considered,
as well as the environmental impacts from the fire in 2012 and catastrophic flooding in
Huntington Canyon as a result.

15
EIS Environmental & Engineering Consulting
Crandall Canyon Mine Macroinvertebrate Study Spring 2014



REFERENCES

Barbour, M.T. et al., 1999. Rapid bioassessment protocols for use in streams and wadeable
rivers: periphyton, benthic macroinvertebrates, and fish. EPA 841-B-99-002, US
Environmental Protection Agency, Office of Water, Washington, DC,
http://water.epa.gov/scitech/monitoring/rsl/bioassessment/index.cfm.

Division of Water Quality (DWQ). 2006. Utah Division of Water Quality Monitoring Manual.

Environmental Protection Agency. 2006. Environmental Monitoring and Assessment Program-
Surface Waters Western Pilot Study: Field Operation Manual for Wadeable Streams.
EPA/620/R-06/003. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, D.C.

Karr, JR. & E. W. Chu. 1999. Restoring life in running waters: better biological monitoring,
Island Press.

Kiffney, P. M. & W. H. Clements. 1994. Effects of heavy metals on a macroinvertebrate
assemblage from a Rocky Mountain stream in experimental microcosms. Journal of the
North American Benthological Society. 13(4) pp. 511-523

JBR Environmental Consultants, Inc. (JBR). 2010. Crandall Canyon Mine Macroinvertebrate
Study September 2009. Prepared for Genwal Resources, Inc. January 27, 2010.

JBR Environmental Consultants, Inc. (JBR). 2011a. Crandall Canyon Mine Macroinvertebrate
Study June 2010. Prepared for Genwal Resources, Inc. January 17, 2011.

JBR Environmental Consultants, Inc. (JBR). 2011b. Crandall Canyon Mine Macroinvertebrate
Study September 2011. Prepared for Genwal Resources, Inc. August 22, 2011.

JBR Environmental Consultants, Inc. (JBR). 2012. Crandall Canyon Mine Macroinvertebrate
Study September 2011. Prepared for Genwal Resources, Inc. Oct 2012.

Miller, S. and S. Judson. 2011. Macroinvertebrate Sample Processing and Reporting
Methodologies of the National Aquatic Monitoring Center. National Aquatic Monitoring
Center <www.usu.edu/buglab/> Accessed 31 Jul 2013.

Miller, S. and S. Judson. 2014. Aquatic Invertebrate Report for Samples Collected by EIS.
Report prepared Nov 2014. U.S. Bureau of Land Management, National Aquatic
Monitoring Center, Department of Watershed Sciences, Utah State University.

Mize, S.V., and Deacon, J.R. 2002. Relations of benthic macroinvertebrates to concentration of trace

16
EIS Environmental & Engineering Consulting
Crandall Canyon Mine Macroinvertebrate Study Spring 2014



elements in water, streambed sediment, and transplanted bryophytes and stream habitat
conditions in nonmining and mining areas of the Upper Colorado River Basin, Colorado, 1995-
98. U.S. Geological Survey Water-Resources Investigation.

Report prepared and reviewed by:
Dr. Claron D. Bjork, Ph.D.

Dr. Bjork received his PhD in Entomology at Utah State University, an M.S. in Zoology
and Entomology at University of Utah and a B.S. in Zoology and Education at
University of Utah

Melvin Coonrod, CEQO/Owner EIS

Mel has post graduate work in Ecology, an M.S. in Silviculture, and a B.S. in Zoology
from Utah State University. He is the owner/CEO of EIS Environmental & Engineering
Consulting.

Matthew Serfustini, Biologist

Matthew has a B.S. in Biology from Utah State University. He has been a biologist at
EIS since 2007 and also has working experience with the UDWR, the BLM, and as a
research assistant at USU.

Mindi Lundberg, Biologist

Mindi has a B.S. in Conservation and Restoration Ecology from Utah State University.
She also has a number of years’ experience working with the UDWR, Utah State Parks,
and has also held research assistant positions at USU before coming to EIS.

17
EIS Environmental & Engineering Consuiting
Crandall Canyon Mine Macroinvertebrate Study Spring 2014



APPENDIX A



Report prepared for:

Customer contact:

Customer:

Customer Address :
Customer City, State, Zip:
Customer Phone:
Customer Email:

Report prepared by:
Scott Miller: 435.797.2612 / scott.miller@usu.edu

Jennifer Courtwright: 985.502.7530 / jennifer.courtwright@usu.edu
Sarah Judson: 435.535.1307 / sarah.judson@usu.edu

Mindi Lundberg
EIS Environmental and Engineering

Consulting

31 N Main Street
Helper UT 84526

435-472-3814

mindilundberg@preciscom.net

BLM/USU National Aquatic Monitoring Center (NAMC) Department of
Watershed Sciences (WATS) - Utah State University 5210 Old Main
Hill Logan, UT 84322-5210 http://www.usu.edu/buglab/

November 13, 2014

Table 1a. Sampling site locations

Elevation
Station Location Latitude  Longitude (meters)
CRANDUP-01 Crandall Creek, Lower, Emery County, UT 39.459722 -111.16778 2363

CRANDMD-02 Crandall Creek, Middle, Emery County, UT 39.460278 -111.16528 2384
CRANDLWR-03 Crandall Creek, Upstream, Emery County, UT 39.463611 -111.14639 2389

Table 2a. Field comments and laboratory processing information

Area % of of
Collection sampled Sample individuals

Sample ID Station Collection Date Habitat Sampled Method (mA2)  Processed identified
152958 CRANDUP-01 6/12/2014 Reachwide Kick net 0.46 87.5 806
152959 CRANDUP-01 6/12/2014 Targeted Riffle Kick net 0.74 100 528
152960 CRANDMD-02 6/11/2014 Reachwide Kick net 0.46 375 920
152961 CRANDMD-02 6/11/2014 Targeted Riffle Kick net 0.74 100 614
152962 CRANDLWR-03  6/11/2014 Reachwide Kick net 0.46 100 494
152963 CRANDLWR-03  6/11/2014 Targeted Riffle Kick net 0.74 100 424

! g Envnronmen!af z !nglneertng !onsul!mg

Crandall Canyon Mine Macroinvertebrate Study Fall 2014

Appendix A
Page 1 of 12



Results

The following data is based off of the estimated number of individuals per square meter for quantitative samples and
the estimated number per sample for qualitative samples.

Table 3a. Total Abundance, EPT Abundance, Dominant Family, Percent Contribution

% Contribution
Collection Total EPT Dominant dominant
Sample ID Date Station Abundance Abundance Family family
152958 6/12/2014 CRANDUP-01 Multi 2046 1147 Baetidae 39.59
152959 6/12/2014 CRANDUP-01 Riffle 714 516 Baetidae 52.38
152960 6/11/2014 CRANDMD-02 Multi 5381 1429  Chironomidae 43.10
152961 6/11/2014 CRANDMD-02 Riffle 830 274 Chironomidae 50.96
152962 6/11/2014 CRANDLWR-03 Multi 1074 489 Baetidae 35.85
152963 6/11/2014 CRANDLWR-03 Riffle 573 226 Baetidae 31.06
Mean 1769.7 680.2 42.16

Diversity Indices

Table 4a. Richness totals for taxa, genera, families, and EPT. Shannon diversity index and evenness values.

Total Total Shannon
Collection Totaltaxa genera family EPTtaxa diversity

Sample ID Date Station richness richness* richness* richness* index  Evenness
152958 6/12/2014 CRANDUP-01 Multi 42 28 26 16 1.780757 0.6161
152959 6/12/2014 CRANDUP-01 Riffle 44 29 23 13 1.515849 0.524448
152960 6/11/2014 CRANDMD-02 Multi 29 15 20 12 1.582175 0.570649
152961 6/11/2014 CRANDMD-02 Riffle 31 21 19 10 1.461412 0.515814
152962 6/11/2014 CRANDLWR-03 Multi 38 22 20 9 1.780177 0.69404
152963 6/11/2014 CRANDLWR-03 Riffle 31 21 20 10 2.236449 0.773758
Mean 35.8 22.7 21.3 11.66667 1.726136 0.615801
*Based off raw data, qualitative data versus the standardized quantitative data.

Table 5a. Diversity indicies based on standardized OTU

Shannon
Collection Totaltaxa EPTtaxa diversity

Sample ID Date Station richness  richness index Evenness

152958 6/12/2014 CRANDUP-01 Multi 18 8 1.780757 0.6161

152959 6/12/2014 CRANDUP-01 Riffle 18 7 1.515849 0.524448

152960 6/11/2014 CRANDMD-02 Multi 16 4 1.582175 0.570649

152961 6/11/2014 CRANDMD-02 Riffle 17 7 1.461412 0.515814

152962 6/11/2014 CRANDLWR-03 Multi 13 7 1.780177 0.69404

152963 6/11/2014 CRANDLWR-03 Riffle 18 8 2.236449 0.773758

Mean 16.66667 7 1.726136 0.615801
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Table 6a. Genera richness by major taxonomic group
n
i . B B 3 & £ 3 3 3
Collection E § % 3 E, H g £ [ 2 =
Sample ID Date Station 3 3 & 2 b 3 = = £ 3 2
152958  6/12/2014 CRANDUP-01 Multi 2 14 9 0 0 0 4 3 1 0 1
152959 6/12/2014 CRANDUP-01 Riffle 0 11 6 0 0 0 4 3 1 0 1
152960 6/11/2014 CRANDMD-02 Multi 1 12 5 0 0 0 3 4 1 0 0
152961 6/11/2014 CRANDMD-02Riffle 1 9 5 0 0 0 1 4 1 0 0
152962  6/11/2014 CRANDLWR-03 Multi 2 6 3 0 0 0 2 4 0 0 1
152963  6/11/2014 CRANDLWR-03 Riffle 1 7 4 0 0 0 3 3 1 0 0
Mean 1.2 9.8 5.3 0.0 0.0 0.0 2.8 3.5 0.8 0.0 0.5
Table 7a. Total Abundance by major taxonomic group
[
E g §_ §. © g g © [ ]
Collection § é 5 :'9,' ﬁ § ‘g' _§ % g g
Sample D Date Station K] a s 2 H 3 2 £ g 3 e
152958 6/12/2014 CRANDUP-01 Multi S 690 1025 0 0 0 44 77 32 0 57
152959  6/12/2014 CRANDUP-01Riffle 0 162 458 0 0 0 22 36 1 0 12
152960 6/11/2014 CRANDMD-02 Multi 60 3689 1340 0 0 0 17 72 29 0 23
152961 6/11/2014 CRANDMD-02 Riffle 7 491 258 0 0 0 3 14 47 0 1
152962  6/11/2014 CRANDLWR-03 Multi 7 498 387 0 0 0 41 61 0 0 37
152963  6/11/2014 CRANDLWR-03 Riffle 3 111 181 0 0 0 35 9 68 0 134
Mean 14 940 608 0 0 0 27.1 44.8 29.6 0.0 44.1
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Biotic Indices

Table 8a. Hilsenhoff Biotic Index and CTQd

Hilsenhoff Biotic Index USFS
Collection Community

Sample ID Date Station Index indication cTad
152958 6/12/2014 CRANDUP-01 Multi  4.363333 Some organic pollution 83
152959 6/12/2014 CRANDUP-01Riffle  3.866667 Potential slight organic pollution 75
152960 6/11/2014 CRANDMD-02 Multi 5.15 Some organic pollution 9%
152961 6/11/2014 CRANDMD-02 Riffle 4.84 Some organic pollution 89
152962 6/11/2014 CRANDLWR-03 Multi 4.63 Some organic pollution 87
152963 6/11/2014 CRANDLWR-03Riffle 2.633333 Potential slight organic pollution 92
Mean 4.247222 87.00

The Hilsenhoff Biotic Index (HBI) summarizes the overall polution tolerance of the taxa collected.
Sampling locations with HBI values of 0-2 are considered clean, 2-4 slightly enriched, 4-7 enriched, and
7-10are considered polluted.

USFS Community Tolerant Quotient values vary from about 20 to 100 where the lower the value the better
quality of water. Each taxa are assigned a quotient value from 2 to 108. The lower values are given to taxa
that tend to be found only in high quality unpolluted water and the higher values to taxa that can be found
in severly polluted water.

Table 9a. Intolerant taxa richness and abundance values and percentages.

Iintolerant Taxa

Tolerant Taxa

Collection
Sample ID Date Station Richness Percent Abundance Percent Richness Percent Abundance Percent
152958  6/12/2014 CRANDUP-01 Multi 5 28 134 7 0 0 2 0
152959  6/12/2014 CRANDUP-01 Riffle 5 28 62 9 0 0 0 0
152960  6/11/2014 CRANDMD-02 Multi 2 13 60 1 0 0 0 0
152961  6/11/2014 CRANDMD-02 Riffle 2 12 9 1 0 0 0 0
152962  6/11/2014 CRANDLWR-03 Multi 2 15 63 6 0 0 0 0
152963  6/11/2014 CRANDLWR-03 Riffle 3 17 38 7 0 0 0 0
Mean 3.2 19 61.0 5 0.0 0 0.3 0
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Functional Feeding Groups

Table 10a. Taxa richness by functional feeding groups

Collection Shredders Scrapers Collector-filterers Collector-gatherers Predators Unknown
_Sample ID Date Station Richness Percent Richness Percent Richness Percent Richness Percent Richness Percent Richness Percent
152958  6/12/2014 CRANDUP-01 Multi 1 4 1 4 2 7 2 7 7 26 14 52
152959  6/12/2014 CRANDUP-01Riffle 1 4 1 4 2 8 2 8 9 36 10 40
152960  6/11/2014 CRANDMD-02 Multi 1 S 0 0 2 10 2 10 6 29 10 48
152961 6/11/2014 CRANDMD-02 Riffle 1 5 2 9 2 9 2 9 5 23 10 45
152962  6/11/2014 CRANDLWR-03 Multi 1 5 1 5 3 14 3 14 3 14 10 48
152963 6/11/2014 CRANDLWR-03 Riffle 2 9 1 5 3 14 3 14 5 23 8 36
Mean 1.2 5.1 1.0 4.4 2.3 10.3 2.3 10.3 5.8 25.0 10.3 44.8
Table 11a. Taxa abundance by functional feeding group
Collection Shredders Scrapers Collector-filterers Collector-gatherers Predators Unknown

_Sample ID Date Station Abundance Percent Abundance Percent Abundance Percent Abundance Percent Abundance Percent Abundance Percent
152958 6/12/2014 CRANDUP-01 Multi 34 2 205 10 92 4 1411 69 298 15 6 0
152959  6/12/2014 CRANDUP-01 Riffle 9 1 78 11 34 5 503 70 89 12 1 0
152960  6/11/2014 CRANDMD-02 Multi 35 1 12 0 1177 22 3717 69 370 7 70 1
152961 6/11/2014 CRANDMD-02 Riffle 8 1 4 0 55 7 720 87 35 4 8 1
152962  6/11/2014 CRANDLWR-03 Multi 13 1 2 0 193 18 733 68 130 12 3 o]
152963  6/11/2014 CRANDLWR-03 Riffle 26 5 1 0 173 30 309 54 47 8 17 3
Mean 20.8 1.7 50.3 3.7 287.3 14.3 1232.2 69.6 161.5 9.7 17.5 1.0
m "

nvironmenta ngineering Consulting Appen dix A

Crandall Canyon Mine Macroinvertebrate Study Fall 2014
Page 5 of 12



Data summarization

Compositional changes in macroinvertebrate assemblages are most frequently used to quantify freshwater
ecosystem responses to anthropogenic disturbances (Bonada et al. 2006). Common approaches range from the
computation and evaluation of individual metrics characterizing the composition, richness, function or tolerance
of invertebrate assemblages to complex multivariate analyses and statistical modelling that aims to predict
assemblage composition in the absence of impairment (e.g., RIVPAVS or O/E) (V. H. Resh et al. 1993; Wright
et al. 2000; Merritt et al. 2008). Regardless of the analytical approach, determinations of biological condition
are generally achieved by comparing the deviation of macroinvertebrate metrics or assemblages composition at
test sites (i.e., sampled sites) to that of reference or minimally impacted conditions. The NAMC’s output for
macroinvertebrate samples aims to support both (multi-) metric and multivariate approaches.

Related fields in Excel Output:

[Fixed Count]

The number of resampled organisms to a fixed count of 300 (unless otherwise requested). If the number of sub-
sampled organisms ([Split Count]) was less than the fixed count, the fixed count will be less than the target of
300 and should approximate the [Split Count] but may be slightly lower due to taxa omitted during OTU
standardization.

Richness metrics

Richness is a component and estimate of community structure and stream health based on the number of distinct
taxa. Taxa richness normally decreases with decreasing water quality. In some situations organic enrichment
can cause an increase in the number of pollution tolerant taxa. Taxa richness was calculated for operational
taxonomic units (OTUs) and the number of unique genera, and families. The values for operational taxonomic
units may be overestimates of the true taxa richness at a site if individuals were the same taxon as those
identified to lower taxonomic levels or they may be underestimates of the true taxa richness if multiple taxa
were present within a larger taxonomic grouping but were not identified. All individuals within all samples
were generally identified similarly according to Standard Taxonomic Effort (see Appendix 1 or NAMC
website), so that comparisons in operational taxonomic richness among samples within this dataset are
appropriate, but comparisons to other data sets may not. Comparisons to other datasets should be made at the
genera or family level.

Related fields in Excel Output:

[Richness]

The number of unique taxa at the lowest possible taxonomic resolution (typically genus or species).

[# of EPT Taxa]

the taxonomic richness for the insect orders Ephemeroptera, Plecoptera, and Trichoptera (EPT). These orders
are commonly considered sensitive to pollution (Karr & Chu 1999). This is reported along with the
accompanying density metric, [Abundance of EPT Taxa].

[Shannon’s Diversity]

The Shannon-Wiener diversity function is a measure of community structure and heterogeneity defined by the
relationship between the number of distinct taxa and their relative abundances. The Shannon’s diversity index is
noted to weight rare species slightly more heavily than the Simpson’s diversity index (Krebs 1999). The
calculation is made as follows:

-Z([Relative Abundance]taxa*In([Relative Abundance]taxa))
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after Ludwig and Reynolds (1988, equation 8.9, page 92):

[Simpson’s Diversity]

The Simpson’s diversity index is a measure of community structure and heterogeneity defined by the
relationship between the number of distinct taxa and their relative abundances. The Simpson’s diversity index is
noted to weight common species slightly more heavily than the Shannon’s diversity index (Krebs 1999). The
calculation is provided in the common form as follows:

1 - [Simpson's Diversity] = 1 - £([Relative Abundance]taxa)2

after Ludwig and Reynolds (1988, equation 8.6, page 91):

Modified to the complement of the Simpson’s probability measure as shown in Krebs (1999, equation12.28,
page 443).

[Evenness]

A measure of the distribution of taxa within a community. Value ranges from 0-1 and approach zero as a single
taxa becomes more dominant. The evenness index used in this report was calculated as: [Shannon's
Diversity]/In([Richness]) following Ludwig and Reynolds (1988, equation 8.11, page 93).

Dominance metrics
Metrics used to characterize the absolute or proportional abundance of individual taxa within a sampled
assemblage. An assemblage largely dominated (>50%) by a single taxon or several taxa from the same family

suggests environmental stress.

Related fields in Excel Output:

[Dominant Family]

The taxonomic family with the highest abundance per sample. The name of this family is given to provide
information about the life history and pollution tolerance of the dominant taxa.

[Abundance of Dominant Family]

The density of the most abundant family. This number should be compared to the total abundance for the
sample to determine what percent of the total abundance is comprised by the dominant family. An assemblage
dominated (e.g., >50%) by a single family suggests environmental stress; although the specific dominant family
needs to be considered. For example, dominance by Chironomidae, Hydropsychidae, Baetidae, or
Leptohyphidae frequently suggest impaired conditions, while other families within the orders Coleoptera,
Ephemeroptera, Plecoptera or Trichoptera may suggest otherwise. Dominance of the macroinvertebrate
assemblage by a few taxa can also be evaluated with the Evenness metric.

[Dominant Taxa]

The taxa (usually identified to genus) with the highest abundance in a sample. The name of this taxa is given to
provide information about the life history and pollution tolerance of the dominant taxa.

[Abundance of Dominant Taxa]

The density of the numerically dominant taxon. This number should be compared to the total abundance for the
sample to determine what percent of the total abundance is comprised by the dominant taxa. An assemblage
largely dominated (e.g., >50%) by a single taxon suggests environmental stress. This can also be evaluated in
conjunction with the Eveness metric.
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Tolerance (Biotic) Indices

Taxa are assigned values based on their tolerance to a single or multiple pollutants (e.g., nutrients, temperature,
fine sediment). Pollution tolerance scores are typically weighted by taxa relative abundance and summed among
all observed taxa. In the United States the most commonly used biotic index is the Hilsenhoff Biotic Index
developed for organic matter enrichment (Hilsenhoff 1987; 1988). The USFS and BLM throughout the western
United States have also historically used the USFS Community Tolerance Quotient (Winget & Mangum 1979).
Related fields in Excel Qutput:

[Hilsenhoff Biotic Index]

The Hilsenhoff Biotic Index (HBI) was originally developed to quantify the tolerance of macroinvertebrate
assemblages to organic pollution, but this index has been used to detect nutrient enrichment, fine sediment
loading, low dissolved oxygen, and thermal impacts. Families are assigned an index value from 0 (taxa
normally found only in unpolluted water) to 10 (taxa found only in severely polluted waters). following
Hilsenhoff (1987; 1988) and a family level HBI is calculated using the below equation.Sampling locations with
HBI values of 0-2 are considered clean, 2-4 slightly enriched, 4-7 enriched, and 7-10 polluted. The HBI is
calculated as:

2([Abundance]taxa*[ Tolerance]taxa)/[Abundance]Total

following the equation presented in Hilsenhoff (1988)

[# of Intolerant Taxa]

Rather than using mean HBI values for a sample, taxon HBI values can also be used to determine the number of
pollution intolerant and tolerant taxa occurring at a site. In our report, taxa with HBI values <2 were considered
‘intolerant’, clean water taxa (Vinson unpublished). The provided value is the richness (count) of taxa with HBI
values < 2.

[Abundance of Intolerant Taxa]

The abundance of taxa with HBI values < 2, which were considered to be ‘intolerant’, clean water taxa in this
report (Vinson unpublished).

[# of Tolerant Taxa]

Rather than using mean HBI values for a sample, taxon HBI values can also be used to determine the number of
pollution intolerant and tolerant taxa occurring at a site. In our report, taxa with HBI values > 8 were considered
pollution ‘tolerant’ taxa (Vinson unpublished). The provided value is the richness (count) of taxa with HBI
values > 8.

[Abundance of Tolerant Taxa]

The abundance of taxa with HBI values > 8, which were considered to be pollution ‘tolerant’ taxa in this report
(Vinson unpublished).

[USFS Community Tolerance Quotient (d)]

Taxa are assigned a tolerant quotient (TQ) from 2 (taxa found only in high quality, unpolluted waters) to 108
(taxa only found in severely polluted waters) following Winget and Mangum (1979). A dominance weighted
community tolerance quotient (CTQd) is calculated according to the equation below where values can range
from 20 to 100, with lower values indicating better water quality.

Y([Tolerance Quotient] * log([ Abundance]taxa))/~ log([Abundance]taxa)
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Functional Feeding Groups and Traits

Aquatic macroinvertebrates can be categorized by mode of feeding, adaptations to local habitat conditions, time
to complete a life cycle, and other life history traits. Such classification schemes attempt to understand how
individuals interact with local environmental conditions, with specific emphasis on the functional role of
macroinvertebrate assemblages within aquatic ecosystems.

One of the most population classification schemes is functional feeding groups (FFG), which classify
individuals based on their morpho-behavioral adaptations for food acquisition (e.g., scraping, piercing, net
building); recognizing that all macroinvertebrates exhibit some degree of omnivory. The richness and relative
abundance of different FFGs indicate the dependency of observed macroinvertebrate assemblages on different
food resources and thus the trophic basis for secondary production. For example, the ratio of scrapers to
shredders indicates the degree to which the local macroinvertebrate assemblage depends on instream algal
production versus inputs of terrestrial leaf litter.

Functional feeding group designations are derived from Merritt et al (2008). Taxa are not included that are
highly variable in their food habits, are parasites, or their primary feeding mode is currently unknown.

Related fields in Excel Qutput:

Functional feeding group measures

[# of Shredder Taxa] & [Shredder Abundance]

Shredders use both living vascular hydrophytes and decomposing vascular plant tissue - coarse particulate
organic matter. Shredders are sensitive to changes in riparian vegetation and can be good indicators of toxicants
that adhere to organic matter.

[#of Scraper Taxa] & [Scraper Abundance]

Scrapers feed on periphyton (i.e., attached algae) and associated material. Scraper populations increase with
increasing abundance of diatoms and can decrease as filamentous algae, mossesor vascular plants increase,
often in response to increases in nitrogen and phosphorus. Scrapers decrease in relative abundance in response
to sedimentation and higher levels of organic pollution or nutrient enrichment.

[# of Collector-filterer Taxa] & [Collector-filterer Abundance]

Collector-filterers feed on suspended fine particulate organic matter and often construct fixed retreats or have
morpho-behavioral adaptation for filtering particles. Collector-filterers are sensitive highly mobile substrate
condition, the quantity of fine particulate organic matter and pollutants that adhere to organic matter.

[# of Collector-gatherer Taxa] & [Collector-gatherer Abundance]

Collector-gatherers feed on deposited fine particulate organic matter. Collector-gatherers are sensitive to
deposited toxicants.

[# of Predator Taxa] & [Predator Abundance]

Predators feed on living animal tissue. Predators typically make up about 25% of the assemblage in stream
environments and 50% of the assemblage in still-water environments.

Life History Trait measures

[# of Clinger Taxa]

Clingers typically have behavioral (e.g., fixed retreat construction including rock ballasts, silk production) or
morphological (e.g., modified gill structures, long curved claws, crochet hooks) adaptations for attachment to
the tops of rocks or wood surfaces. Clingers have been found to respond negatively to fine sediment loading or
abundant algal growth (Karr & Chu 1999). Clinger taxa were determined using information in Merritt et al.
(2008).
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[# of Long-lived Taxa]

Taxa that take two or more years to complete their life cycle are considered to be long-lived.
Macroinvertebrates with such protracted life cycles are considered good bioindicators since their presence
indicates the maintenance of certain water quality or habitat conditions; the number of long-lived taxa typically
decreases in response to degraded water quality of physical conditions (Karr & Chu 1999). The classification of
long-lived taxa was based on life cycles greater than two years following Merritt et al. (2008).

Taxa Richness and Abundance

For taxa groups that are indicators of water quality or that are commonly used in multimetric indices, richness
and abundance within that taxa are given.

[# of ** Taxa]

The richness (count of unique taxa) within each specified group.

[Abundance of ** Taxa]

The abundance, density, or number of aquatic macroinvertebrates of the indicated group per unit area.
Invertebrate abundance is presented as the number of individuals per square meter for quantitative samples and
the number of individuals collected in each sample for qualitative samples. Abundance is an indicator of habitat
availability and fish food abundance. Abundance may be reduced or increased depending on the type of impact
or pollutant. Increased organic enrichment typically causes large increases in abundance of pollution tolerant
taxa. High flows, increases in fine sediment, or the presence of toxic substances normally cause a decrease in
invertebrate abundance.
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Figure 1b. Percent Predominant Taxonomic Groups Spring 2014 Samples

SPRING 2014 DATA
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M Non-insects
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W Trichoptera
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B Ephemeroptera

Table 1b. Percent Predominant Taxonomic Groups in the Spring 2014 Samples

CRANDLWR-03-Riffle

CRANDUP-01-Multi |CRANDUP-01-Riffle |CRANDMD-02-Multi |CRANDMD-02-Riffle |CRANDLWR-03-Multi
Non-insects 10 5 4 7 7 41
Diptera 34 23 69 59 46 19
Coleoptera 0 0 1 1 1
Trichoptera 4 5 1 2
Plecoptera 2 3 4 6
Ephemeroptera 50 64 25 31 36 32
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SPRING 2014 DATA
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Figure 8b. EPT Taxa Abundance
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Figure 11b. Ratio of EPT to Chironmonids
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Figure 14b. Number of intolerant Taxa

SPRING 2014 DATA
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Figure 20b. Number of Clinger Taxa

SPRING 2014 DATA

Figure 21b. Baetis:All Ephemetroptera (Percent)
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Figure 23b. Heptageniidae: All
Ephemeroptera (Percent)
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MACROINVERTEBRATE FIGURES FALL 2009- SPRING 2014



€7Jo 1 33eq
7 xipuaddy

107 8ulds Apnis 912JGaLIBAUI0IDBA SUllN UOAUR) ||EpURL)

¥10C €10C €10C¢ ¢T0C <Z10CZ 110C TIOC OT0CZ O10¢

¥10C¢ €T0C €T0C ¢T10C TI0Z TT0Z TI0C OT0C OT0C 600C

Suuds ey Suuds ey Suuds jled Suuds 4 Suuds Sunds |le4 Suuds ey Suuds ey Suuds |e4 Suuds ey
i ] 1 - o - o
l_ - - OT - 0T
(074 oz
(013 o€
P E0-UMIANVYHD RINAI €0-UMTANYYD
v10C €T10C¢ €T0Z ¢10C ¢10C T1TT0C TI0C O10T OT0C Y10C €T0C €TOZ TTOZ CTOC TTO0C TTI0C OT0CT 0T0C 6007
mctam lled mc:am lies mc_._am Iled mc:am lled m::am Suuds |e4 Buuds ey Suuds ey Sunds jje4 Suuds |leq
0 0
_ - - o1 ot
(074 0¢
o€ (113
913H 20-AWANVYYH) NIAI 20-QNANYYD
Y10Z €T0C €T10C <¢T0C ¢210¢ TIOZ T1I0CZ OT0C OT0C v10¢ €T0C €10C¢ CT0C ¢T0Z 1ITOZ 1T0C OT0Z OT0C 600T
Suuds  |led SBuuds |eq mc:am jed w:_._n_m jled Suuds gunds jjle4 Bunds ey Suuds ey Suuds jle4 Suuds jjeq
0 0
-\ _ ot ot
(014 (014
o€ 0t

941 TO-dNANVYD

NN TO-dNANVY)

t102-600Z woJj 2dA) 1e3igey pue yseau ydes 1o) sanjea ssauydly °aT sa4ndi4

V1va ¥107 ONIYdS-600Z 11Vd




€7jo 7 3aded
9 xrpuaddy

$T0Z Sunds Apnmys 514G31IBAUI0IDBIN BUIIA UOAUE) jfepues)
Sunynsuo) Suuaauidu

v1ivd vT0C ONIYdS-600C 11vd

—————
¥10C €T0C¢ €107 ¢TI0C ¢10C 110C TTI0C OT0Z 0102 Y10¢ €T10C €T0C ¢T0C ¢10C¢ T10C T10C OTOZ OTO0Z 600T
Sunds ey Buuds ey Buuds ey Suuds ey Buudg Suuds jjed SBuuds (e Suuds ey Suuds |le4 Suuds (jed
) 0
- 70 (4]
L QO .v.o
- 90 90
80 80
T T
9lH1d E0-UMIANYYHD BININ E0-YMTANVYHD
¥10C €10C¢ €T0C <210 ¢T0Z T10C TI0C OT0C O10C Y10¢ €10¢ €T0C ¢TOC ¢10C¢ TI0C T10C OTOZ OTOZ 600T
Suuds  |le4 SBuuds jled SBuuds g4 Suuds ey Sundg Suuds jled Buuds (e Buuds e Suuds ey Suuds fed
-0 0
- 720 C0
L 0 LAY
90 90
80 80
T T
IHNY Z0-AWANVYHD NN Z0-AINANYYHD
v10C €T0C €TI0C ¢TI0C ¢10Z TI0Z 1TI0C OTOZ Ot0C ¥T0Z €10C €T0C TTOC <CIOZ TIO0Z TIOZ OTOC OTOZ 600C
Sunds  jle4 Suuds ey Buuds je4 SBuuds e Suuds 8uuds le4 SBuuds je4 Suuds 4 Suunds jje4 8Suuds |ed
-0 0
L 70 0
) 0
- 90 90
80 80
2 1
2114 T0-dNANYYD NI TO-dNANVYD
¥T0Z-6007 Wouy 3dA)} Jeriqey pue Yyoeas |yoea 10j San|eAa sSauuaAg *dg saundid




€7 J0 ¢ 9deg

o) xmﬁﬂva—n:w $10Z Sulids Apnis 3121G31ISAUICIDEI dUI UOAUED |{BPURID
Y10C €T0C €T0C ¢T10C 2107 1IT0C T1TI0C 010 OT0C Y10C €10 €T0C CT0C ¢10C 1T10C TI0C O10Z OT0C 6007
Suds ey Buuds ey Suuds ey Suunds e Suudg Bunds e Suuds jeq Suuds |e4 Suuds |ed Suuds (e
-0 - 0
- 00¢
. oov - 00S
009 000T
008
0001 00SstT
341 E0-UHMTANVYYHD BN €E0-YMTANVYYD
YI0C €TO0C €T0CZ ¢10C <TI0CZ 1T0C TT0C 010 OT0C Y10C E€10C €10C CTO0C ¢10C¢ TT10C TT0C 0TI0C 0T0C 600C
Buuds  |led Buuds jed Suuds je4 Suuds je4 Sunds Bunds ey Bunds ey Suuds je4 Suuds jjed Suuds |leq
- 0 - 0
000T 000¢
0002 000t
000€ 0009
311y 20-AINANYYHD NN Z0-AWANVYD
Y10¢ €T0Z €TI0 TT0T <¢CTOC 1TO0Z TT0CT 010 OQT0C YT0C €T0Z €10C¢ T10C¢ ¢10¢ TIOC Ti0C OT0C O10C 600C
Suuds ey SBumuds eq SBuuds je4 Supuds e4 Suuds Suuds jle4 8Buuds ed Suuds jeq Suuds e Suuds jed
- 0 - 0
000T 000T
0002 0ooz
000€ 000€
000t 000v
34 TO-dNANVYD RINAI TO-dNANVY)

¥T0Z-600Z Woa} 3dA) Jenqey pue yoeaa yoed 1o sanjea A3sIanlq s,uouueys *a¢ sainsi4

V1va v10Z ONIYdS-600¢C 11v4



£7J0 y adeq

o) %_—u_uw &Q< 10T Bulids Apnis 81e1galIaAUI0IIR A SUllA] UoAuER) ||lepuel)
Y10C €T0C €TO0C TT0C ¢CT0C T1TT0C 1TTI0C 010 O10C Y10Z €10C¢ €10¢ ¢10¢ ¢10C¢ TIOZ TIOZ 010¢ 010C 600T
Sunds ey 8uuds ey Suuds ey Suuds jed Suuds Suuds ey Buuds |e4 Buuds jed Suuds jed Supds e
-0 - 0
- 00¢
L oov - 00S
— 000T
008
0001 00ST
Y E0-UMTANYHD BN E0-HMTANVHD
YT0Z €10C €T0C ¢TI0Z ¢210C¢ 1IT0Z TI10C OT0T O10C PT0Z €T0C €T0C ¢T0C T10C T10C TTIOZ 0OT0C OT0Z 6007
Suds ey S8unds ey Suuds ey Suuds e  Buudsg Suuds |e4 8uuds |jes Buuds je4 Suuds jed Suuds e
- 0 - 0
0001 000¢
000¢ 000V
000€ 0009
OlHiY Z0-AWANYYHD RPN 20-AINAONYYHD
vT0C €T0C ETOC TT0C CTI0T T1TT0C 110 O10C 0107 YTO0C €T0C €ETOC ZTOZ 710 T10C TIOCZ OT0C OTOC 6002
Buuds ey Suwuds je4 SBuuds e4 Suuds |4 Suudg Suuds jje4 Buuds ey Suuds je4 Suuds |je4 Sunds |e4
-0 - 0
000T 000T
000¢ 000
000€ 000€
000Y 000t
21414 TO-dNANVYYD BIPN TO-dNANVYD

t10Z-600Z wouy adAy Jejiqey pue yaead yoea 1o} S3N|eA duepunqgy *Ip sainsi4

V1iva T10C ONIYdS-600C 11v4



€ZJo 5 a8eq

7 x_ﬁﬂea—n:w $T0Z Buuds Apnis 3)e1qauaAuI0ISRIA BUlA UOAUER) ||epuEs)
= =
P10C¢ €10C €10T TT0C <TI0C TTIO0Z TI0C OT0Z O10C P10C €T0C €10C ¢T10C CT0C T10CZ TT0Z OT0Z OT0C 600C
Suuds  jjeq m:_.&m Ite4 wc:am led mc:nm lled w::am Suuds  (e4 Buuds jed SBuuds jed Suuds e4 Suuds ey
1 1 o O
T T
[4 4
€ €
14 14
S S
9 9
L L
8 8
AP E0-UMTANVYHD RDIN E0-YHMTIANVYYD
PI10C €10C €T0C TT0C <TI0T 1IT0C TIOZ OT0C OT0Z Y10C €10¢ €T0C C10C ¢TI0 1TOC TI0C OT0C O0T0Z 600C
Buuds  je4 Buuds  |ledq w:_._am lied mc:nm I1ed m_.__.am Suuds ey SBunds je4 SBuuds je4 Suuds ey Suuds eq
0 - 0
T - T
[4 - C
€ - €
14 14
S S
9 9
L L
8 8
3131y ¢0-AINANYYHD NN Z0-AINANVYYD
Y10C €10C €T0C ¢10C¢ <¢T0C T10C TI0OC OTOZ OT0Z ¥10C €T0C €T0Z TIOZ ¢TO0Z TITOCZ TITOZ OTOZ OT0C 600T
Sunds ey Suuds ey Suuds ey Sunds e Suuds Sunds jle4 Suuds jeq Suuds ey Suuds ey Suuds e
_ _ _ : _ 9 B B B B e B e 9
z Il I B I e | 7
£ B B BN O BN OB OB L ¢
14 - v
S - S
9 9
L L
8 8

3N T0-dNANYHD

IHNAI TO-dNANYY)

V1va 10T ONIYdS-600C 11v4

10Z-600Z woJiy adAy 1e31qBY pUR YdoBa. YIBD J0) SAIN|RA XapUu| 213019 JOYUaS|IH *IS saindig




€ZJ0 9 adeq

U x_—UF—OH—QJW 102 mc_._nm >t:uw IJeig31iaAUI0DEN SUIN Co>cmu llepuesd
—= —
¥10C €10C €10C CI0C ¢TTt0C T10Z TT10C OT0C O010C Y10C €T0C €T0C ¢10C¢ ¢I0Z TT0CT TTOZ OT10C OTOZ 600¢C
Suuds  |le4 SBuuds jed  Suuds ey Suuds (g4 Sunds Bunds ey Suuds e Buuds je4 Suuds ey Suuds e
1 -t L ] o o
0c 0c
oy ov
09 09
08 08
001 00T
ozt ozt
3HIY E0-UMIANVYYD BINIAI E0-UYMTANYY)
Y10C €10C¢ €T10C ¢T0C ¢T0C TT0Z T1T0C 0102 O10C Y10¢ €10¢ €TOZ ¢10T ¢CIOC 1T0C TTI0Z OT0C OTOZ 600¢
Suuds ey Buuds ged Suuds ey Suuds |4 Suuds Bunds ey Suuds je4 8uuds eq4 Suuds ey Suuds e
- 0 0
- 0¢ (014
- Ob ov
- 09 09
- 08 08
00T 001
0zl 0zt
IHY Z0-AINANVYYD BINW 20-AINGNYYHD
¥10¢ €10 €10C <CT0C ¢IoZ 110Z TIOZ OT0Z OT0C Y10C €TO0C €T0C 710C¢ ZI0Z T1I0C 1T0C 010 OTOZ 6002
Suds ey Suuds ey Suuds |4 Supds  e4  Sunds 8uuds yje4 SBuuds |e4 Suuds jed Suuds |le4 8Suuds |ledq
1 ! 1 f- O r O
- 0T - 0¢
- OF - O
- 09 - 09
08 - 08
00T 00T
14 1148
9P TO-dNANVYD BIPN TO-dNANVYHD

t10Z-600Z woJy adA} jeriqey pue ydead yaes 4o} sanjea (pDLI) uaiionp aduesajol Ajunwiwod S4sn 29 sainsi4

V1va T0Z ONIYdS-600C 11v4

,/I\ /{\



€¢Jo L aded
J xipuaddy

$107 3unds Apnis 31e1Ga1IBAUI0IIRI BUIW UOAUR) [jepues)

PI0C €T0C €T0C TTOZ <¢10Z T110C TIOZ OTOC OT0T

Y10¢ €T0C €10C CT0C ¢T0C TIOZ TIOC OT0C OT0CZ 600C

Suuds  jled Suuds ey Buuds ey Suuds |le4  Suudg Sunds |ed Bunds jed Suuds e Sunds |e4 Suuds jje4
- 0 : : : : IL||L||L|-H 0
00z - - 002
oov oov
009 009
008 008
000T 000T
H1Y E0-UMITANYYD RINAI E0-YMTANVYHD
PT0C €T0C €T0T ¢TIOC <T10CT 1TTOZ T10C OTOZ OT0C P10C €T0C €T0C ¢T0CZ T10T TIOZ TITOZ OT0CZ OT0C 600C
8uuds  jje4 SBuuds jed S8Buuds ey Sunds e4  Suuds gunds |leq4 Bunds je4 Suuds e Suuds |je4 Suuds |eq
- 0 . : : : ey 0
- 00T 00s
0ot 0001
oo€ 0ost
oov 000¢
91H31Y Z0-AWANVYYD RINAI 20-QINANVYD
Y10 €T0C €10C¢ ¢TOZ <C10C 1TOCZ TI0C OT0C OT0T ¥10C €T0C €TOC ¢10C Ti0T T10C TTI0Z OTO0T OT0T 600¢
Sunds  |e4 SBuuds ey Suuds ey Suuds je4  Supuds Sunds je4 Sunds je4 SBuuds e Suuds ey Suuds (e
-0 - 0
- 00S 00S
0001 ooot
0ost oost
0002 0007

3PN TO-dNANVHD

NN TO-dNANYYD

vT0Z-600Z Woay adAy 1e31qRY pUE YIBAI YIBD JOJ SAN|BA IdUBPUNE BXE} 143 '3/ S94ndi4

V1va 107 ONIYdS-600Z 11v4




€7 Jo g 98eq
7 xipuaddy

$10Z Sunds Apnis 31B1G31J3AUI0IIBIN BUIA UOAUR) |lepuel)

Y10C €T0C €10C TT0C ¢T0C T10C T10Z OT0C OT02

10T €T0C €T0C TT0CT TI0Z TI0Z T10C OT0Z OT0T 600T

34 T0-dNANVYYD

NN TO-dNANYYHD

Sunds  jle4 Suuds |es Suuds ey Suuds g4  Suuds Sunds ey Buuds ey Suuds ey Suuds e4 Suuds |e4
- 0 - 0
P - 0z
ot
ov
09
o8 09
00T 08
3HIY E0-UMIANYYD RNIAI E0-YMIANVYYHD
Y10C €107 €T0C <¢10C <Z10C 1TIT0C 1IT0C OT0C 0102 YI0C €TO0C €TO0C CTOC ¢I0C T110C T10C O10C 010C 600¢C
Suuds ey Bupds ey Suuds )e4 Suwpds |je4 Suuds Sunds |e4 Buuds |eq Suuds ey Suuds jle4 Suuds (led
) -0
- 0T - S
L oz - 01
- ST
o€ . o0z
(44 Y4
0s o€
Y Z0-ANANYYHD RINAI Z0-QINANVYD
¥10C €10C €10C ¢CI0C ¢TTOC T10Z TT0C OT0C 010T Y10C €T0C €T0C¢ TTOCZ CTO0Z TTOC TTOCT OT0C O0T0C 6007
Sunds ey SBuunds ey Suuds ey Buuds ey Suuds Sunds jle4 Suudg e Suuds jed Suuds ey Suuds ey
F 0 - 0
— - 0z
- Of
(0]
09
08 09
00T 08

V.1va #10¢ ONIYdS-600C 11v4

PT0Z-600Z WoJy 2dA) Jeliqey pue yoead Yoea 10j 143 Juadsad g sainsi4




€2J0 6 93ed
9 xipuaddy
-

$T02 BuLidg Apnis 91e4qaLISAUIOIDB A BUIA UOAUEY] ||BPURLD

YI0C €T0C €10C CT0T ZT0C T110C T10C OTOZ OT0C

Y10C €T0C €T0C ¢10C <¢10¢ T10Z T10C O0T0Z OT0Z 600T

941 TO-dNANVYD

BNAI TO-dNANYY)

Suuds ey Buuds ey Buuds qe4 Suuds ed Suuds Buuds |4 Buuds jed Suwds |led Suuds |ed Suuds jeq
—Hlv 1 m 1 n 1 1 1 i 1 ] - o |- O
- 0T - 0¢
L 0z - O
- Of 09
- Ot 08
- 09 00T
09 ozt
9|41 E0-YMIANVYHD RINAI E0-YHMITANVYYHD
P10C €10C €10 <TTOZ ¢TTOC 7TT0Z TT10C 010C O010T ¥10Z €T0C €10¢ CT0C TIOZ TI0C TIOC OT0Z OT0C 600¢C
Suuds e Sunds  jleq mc:am lled mc_‘_am jled  Sunds Suuds jjey Suuds ey Suuds ey Suuds jed Suuds jfed
- 0 - 0
T
P - oY
I ww 09
00T .
0ot
9|41 Z0-AINANVYY
wid 2 ? RINNI 2Z0-AINANVYVYHD
Y10¢ €T0C €10Z¢ ¢T0C ¢10Z 1TT0C TI0Z OT0C 010C ¥10C €T0C €TI0C ¢10C ¢TOZ TT10T TTOC OTOZ OI0T 600C
Suuds ey Bunds ey Bunds ey Suuds  |je4 Suudg Sunuds e Buuds ey SBuuds jed Suuds |e4 Suwuds jleq
i L 1 1 - L 1 . 1 - L O - O
f
- 0T
ov
o€
0§ 08

$T0Z-600Z Woiy 2dA} 1e31qeY pUE YoBaJ YIED 10} SPILLIOUOIIY) JUIIIRd *I6 SaInSi4

Vv1va v10C ONIYdS-600C 11v4




€230 0T a9ed
7 xipuaddy

$T0z 8ulds Apnis s1eJqa1IaAUI0DB Y BUIA UOAUER) ||epuBL)

941Y TO-dNANVYYD

RINN TO-dNANVYYD

Y10C €T0C €10C 2ZT0C ¢CI0Z TI0C TI0Z OT0Z 0T0Z Y10¢ €T0C¢ €T0C TT0Z ¢T0Z T10T TIOC OTOZ OT0C 600T
Suuds ey SBuuds ey Suuds jey Suuds ey Suuds Suuds ey Suuds jjey Buuds ey Suuds ey Suuds |e4q
"-\_ 1 I 1 . 1 e 1 I|_! 1 O 1 1 .|- I . 1 1 1 L O
4
. v
ot 9
8
ST ot
1Y E0-UMIANVYYHD BINA E0-YMTANYYHD
¥10T €10 €T0C TI0C ¢TI0 TTI0Z 1TI0C O0T0Z O0T0Z v10C €T0C €T0C ¢T0Z ¢TI0 TTOZ TTOC OTOZ OT0C 600T
Suuds e SBuuds 4 Suuds  je4 mc:am led 8Bunds Suuds e SBuuds e Suuds ey Suuds ey Suuds leq
. O Lt 1 L 1 - O
! - T
T
z T
C 4
9[3H Z0-QWANYYHD RINAI Z0-QINANYYD
Y10Z €10C¢ €T0C ¢210C ¢Ci0C TTOZ TTI0TZ OT0Z 0102 ¥10¢ €107 €T0C ¢10C TTI0C TTOZ TIOC OTOZ OT0C 600T
Suuds ey Buuds ey Suuds jle4 Suuds 4 Suuds Sunds e Suuds |ed Suuds ey Suuds jle4 Suuds jleq
- 0 - 0
- N N
14
v
9
8 9
o1 8

tT02-600Z Wouy adA) Jeliqey pue Ydeal YIea 10j SINJeA SPIOWUOIIYD) 03 143 JO oney ‘30T sa4ndig

V.LvQd ¥10Z ONIYdS-600Z 1TV3




€ZJo 11 93ed
7 xipuaddy

10z Sulds Apnas 8121G3348AUI0IIBIA BUI UOAUR) [{BpURID
Suiynsuo SuuasuiBu

Y10C¢ €T0C €T0C ¢T0Z ¢TT0Z TI0C TTI0Z OT0C O10¢

Y107 €10¢ €T0Z TT0Z C10C T10C TI0C OT0C OT0Z 600C

Supds  |edq mc:am lled m:_.am lied mc:am lles mc_._n_m Sunds |led4 Buuds jeq Suuds g4 Bunds |e4 Suuds qledq
T ° [ o
- - n 0z - 0c
14
ot 0
09
09 08
08 oot
3HIY E0-UMTANVYYD RINA €0-YMTANYYHI
YTI0C €T0T €10C <CT0CT TTI0Z 1TI0CZ TI0C O0T0C Ot0¢ ¥10Z €T0C¢ €T0C TI0CZ ZTO0Z 1ITO0CZ 1ITOZ OTOC OTOZ 600T
Suuds e Buuds ey Bupds ey Suuds ey Suuds 8uuds ey Buuds e Buuds ed Suuds ey Fuuds ed
) 0
- 0¢ (V14
ov o
09
09
08
00T L
31114 Z0-QINONVYD SOA AL S
¥10¢ €T0C €T0C ¢T0C <TI0C 1T0Z T1IT0C 010 O10C Y10 €10C¢ €10C C10¢ T10C¢ TIOC TIOCZ 010C OT0C 6007
Suuds ||le4 Buuds ey Suuds ey Suuds ey Supuds 8uuds jle4 SBuuds ey Suuds ey 8Buuds |4 Sunds jed
- 0 - 0
00S 00Ss
000T 000T
00ST 00ST
3l41¥ TO-dNANVYYD NN TO-dNANYHD
¥102Z-600Z WoJij adA] jeligey pue ydeal yaed 1o} BxXe) Jueldjo} Jo Jaquinp "ITT satnsiy
V.1Va ¥T07 DNIYdS-600C 11v4d



£2Jo 1 aded
9 xipuaddy

107 Suldg Apnis 9124G31I3AUI0IBIA BUIN UOAUR) |jepuRl)

P10C €T0C €T10C ¢CT0C TI0C TI0C T10CZ OT0T OT0C

¥10¢ €T0C €T0C C10C ¢TI0C T1T0Z TI0T 0T0Z OTOZ 600C

Juuds  je4 Buuds jjed Buuds je4 SBuuds ey Suuds Sunds je4 Suuds ey Suuds jed Suuds jeq4 Suuds (jeq
L 1 L 1 i i 1 1 L o L 1 1 H 1 1 ] 1 A 1 o
S S
01 )8
ST ST
(114 (014
S¢ T4
0¢ (0]2
SE SE
ov ov
9H1Y E0-UMTANVHD BINAI E0-YMTANVYD
Y10C €10C €T0C <¢10C ¢Ti0C 1TTOC T1T0Z O0T0C OT0C Y10Z €T0C €T0C¢ CTOZ ¢T0Z 1TOC TT0C OT0C 0T0C 600¢C
Sunds ey Buuds |y Buuds e Suuds |jle4 Suuds Sunds e Buuds jeq4 Buuds (e Suuds |e4 Suuds jeq
L i — L 1 L L 1. 3 i — - o L 1 1 L i L 1 1 L 1 O
5 | s
o1 ot
ST St
(014 0¢
S¢ T4
0t 012
SE SE
or ot
Sl Z0-QINANVYYD RINAI Z0-AINGNVYD
v10¢ €T0Z €T10C <¢TOZ 10T T10C T10CZ OTOZ O10¢C v10Z €10C¢ €T10¢ TT0C ¢T0c¢ TI0Z TI0C OT0Z OT0T 600C
Supds  |le4 Buuds ey Suupdg ey Suuds ey Suuds 8uuds jje4 Suuds ey Suuds e Suuds ey Suuds jjed
] L mu 1 -m 1 1 — 1 1 ] o 4 _H- _n. 1 1 )
ot
114
0€
ot
313414 TO-dNANVYD MW TO-dNANVYY)

10Z-600Z WwoJaj 9dA} Jeligey pue yaead Yyoed Joj Swsiuesio Jueiajo) Juaiiad *Igt saJnsiy

V.1vd vTOC ONIYdS-600C 11vd




p

€730 ¢1 aded

7 XIpua d Q< $T0z Sunds Apnis ajeiga1IaAUIoIIRYY BUI UOAUR) [jepuRL)
Y10C €T0C €TOC ¢I0C CT0CT TI0Z TI0C O0OTI0CZ OT0C Y10C €T10C €T0C ¢I0C CI0Z TT0C TTOZ 010C OTOZ 600¢C
Sunds  jjey Suuds jed Suuds ey Suuds ey Buuds Suuds jle4 Buuds ey Buuds jjed Buuds jle4 Suuds jeq
i . L . ] - O 1 I L L l Il 1 — L L O
ON - 0¢C
ot
oY
09
09 08
08 00T
9PY E0-UMTANVYHD RINAI E0-YMTANVYYHD
Y10 €10C €10 <TI0C ¢CI0C TI0CZ TTOZ OTI0C 010C Y102 €T0C €10C¢ C10C ¢T0Z TT0Z TTOZ OT0Z OT0C 600C
guuds ey Suuds |le4 SBuuds led Sunds  e4  Suudg uuds |e4 Buuds |e4 SBuuds ey Suuds jle4 Suuds |jeq
) 0
P 0z
- OF
oY
09
001 08
3l4Y C0-AINANYYD BINN Z0-AINANYYHD
P10C €T0C €10C TI0Z <T10C TI0Z TI0C OTOZ O0T0C Y10Z €10C¢ €10C Z10C ¢10Z TTI0Z TI0Z OTO0C 010C 600¢C
Sunds  je4 Buuds ey Suuds ey Suuds  jjed Suuds Bunds leq Sunds je4 Buuds ey Sunds jje4 Suuds |jedq
- 0 - 0
00s 00Ss
000T 000T
00ST 00ST
341 TO-dNANVYD BINIAI TO-dNANVYYD

tT0Z-600Z Wwoay 3dA3 3e3IqRY pUE YJBeas YIBD 10j BXE) JUBI3|OIUI JO JIDGUWINN *I€T Sandiy

vivd vT0< ONIYdS-600C 11v4



£ZJ0 $1 38eq
7 xipuaddy
—

$10Z Bunds Apms s1e4g31I9AUI0IB A BUIN UOAUR) |jepuRL)

YI0C €10 €107 2I0C 210¢ TIOZ TTIOCZ OT0T OT0T

¥10C €T10C €I0C TTO0CZ 7T0CZ T10C T10C OTOZ OT0C 600C

duuds e Suuds ey Suuds e Suuds |e4  Suuds 8unds  1ed mc:am l1ed mc:nm lied m::nm lled Suuds |ed
Iy _i _K-L 1 1 L ] t O - ) O
_ - ] .H H
- N N

€
v €
S 14
2111 E0-UMTANYYD BINAI E0-YMTANVYYHD

vi0C €10C €T0C TT0C <CI0T TI0C TTI0C OI0C OT0C Y102 €T0C €T0C ¢10C ¢I0C TIOC T10C OTOC OT0Z 6002

Suuds  |ed Suuds jjed  8Buuds 4 Suuds g4 Suuds Suuds ey Suuds ey Suuds jed Suuds le4 Suuds |led
1 _. 1 -. 1 L 1 O 1 i _._ 1 o
,H-’ [4 [4
4 14
9 9

MY Z0-AINANVYYHD RININI Z0-AINANVYYD

¥10C €T0Z €T0C ¢T0C ¢10C TTOZ TI0CZ OI0C 0102 ¥10¢ €T0C €T0C TI0Z ¢TOTZ 1TOZ TTOC OTOZ OI0C 600C

m:_._nm Iled mccam lle4 mc:am e mc:n_m 1ed mc_.am Suuds |le4 Buuds jjed Suuds je4 SBuuds |e4 Suuds |e4q
0 - 0
- N i N
14 v
9 9
8 8

341 TO-dNANVYD

BINIA TO-dNANVYYD

i PT0Z-6002 Wwoiy 3dA3 Jeriqey pue yoeals yoea 104 Sws|uBSIO JUBID|0IU] JUIIDY *IPT S34nSi4

V1va #10¢C SNIYdS-6002 11v4




€730 5T 3deq

107 Sulids Apmis 918491BAUI0IOBA BUIIA UCAUR)) ||BpURL)
U%:-:On—ﬁdw Juiyinsuoy Suuaauidu PIUBWIUOIIAU

v10C €T0C €T0C TI0T ¢TI0C TT10Z TI0C OT0Z OT0C YT0Z €T0C €T0C TT0Z 2IO0Z TIOCZ TT10Z OTOZ OTOZ 600T

SBunds  je4 Buuds ey Suuds ey Suuds Je4 Suwnds Suuds (e Suuds ey Suuds ey Suuds (jed Sunds e
[ 1 — _l-_ .I 1 A l L .l O - O
T - ¢'0
[4 7’0
€ 90
14 80

A4 E0-UMIANYHD BINIA E0-YMTANYYHD

Y10C €10 €10C <T0C T10CZ T1TT0C TI0C OT0C O0T0¢C Y10¢ €T10C¢ €T0C T10C TT0Z T110C TTOCZ OT0CZ OTOCZ 600C

Suuds ey Suuds ey SBuuds ey Sunds e4  Suuds Suuds jled 8Buuds [je4 Suuds e Buuds (je4 Suuds |edq
L L - - i Lo— .LlILIILIII| 0 - 0
TO
. 70
ot €0
0
ST S0

3131y 20-QINANYYHD RINAI 20-AINANYYD

v10Z €10C €T0C <¢I0Z <¢T0C 1TT0C T1TIT0C OT0C O10¢C Y10Z €T0C €10C ¢T0C TI0C TI0Z TTI0C OT0C 0107 600T

Suuds  jed Suuds  jed Suwpds  je4 Suuds ey Suudsg Suuds ey Suuds e Suuds ey Sunds je4 Suuds jeq
—— g _l_-_l_ijo -0
T T
[4 [4
€ €
4 14

U TO-dNANVYD

3INA TO-dNANYYD

¥10Z-600Z wo.} 3dAy Je3iqey pue yoead yoea Joj SIapadj Isi|elauas o) s1apasy Isije1dads jo oney 26T sansiy

V1va ¥T0¢ SNIY¥dS-600Z 11vd




€7 Jo 91 aded
I xipuaddy

$10Z Bunds Apnis 31eJgalJaAUI0IDB N Ul UOAUR) [jepuei)
Sunnsuo) Suuaauidu

v10Z €T0C €T0C <TT0C ¢TI0 TI0C T1TI0Z OQT0Z OT0C

vT0¢ €10C €T0C ?10C TI0C T110C T10Z 0OT0Z OT0Z 6007

9141 T0-dNANVYYD

B3NN TO-dNANVY)

m:_‘_am lied m::nm lled w:_._n_m |led mc:nm lled mc_‘_am Suuds g4 Buuds e Suuds ey Suuds je4 Suuds jeq
o A 1 L 1 3 C
0 0
0 0
0 0
T 0

94 E0-YMIANVYD ININ €E0-4MIANYYD

P10C¢ €10 €TI0C ¢I0CZ ¢10C TI0CZ TI0OZ OT0C O010C Y10¢ €10¢ €10C ¢T0Z ZT0T 110 TTOZ OT0Z OI0C 600T

Suuds ey Buuds ey Suuds ey Suuds e  Suuds Suuds ey Buuds 4 8Buuds ey Suuds jle4 Suuds |eq
_I._ L 1 ] L i l 1 1 — O 1 L J — L 2 i Ilrll O
T [4
[4 14
€ 9
14 8

YN Z0-AWANVYHD RINIA 20-AINANVYD

Y10¢ €T0C €I0C 210C ¢TT10C TI0C 1TI0OZ OTI0C OT0C Y10Z €T0C €T0C <CI0C TTOZ TT10C 1T10C OTOC 0T0Z 600T

Suuds  jles Suuds ey Suuds ey Suuds ey Suuds Sunds jled Suuds ey Suuds |leq mc_._nm lied m::am lled
2 L 1 1 N O O
-H- ()X ot

(074
0z
(0}

oy 0€
0s ov

t10Z-600Z WwoJj adAj 3e31gERY pUue yoeal yaea oy s1adeds Juadldd 39T sandi4

Viva #1027 ONIYdS-600Z 11v4




€7Jo L1 38ed
7 xipuaddy
—

$T0Z Sunds Apmys 124G319AUI0IIBIA BUIA UoAUE) jjEpURLD

v10C¢ €10Z €10C ¢TTI0C ¢ZI10Z TI0CZ TI0C O010C 010¢

P10C €T0C €T0C ¢T0C ¢10¢ 110C TI0Z OTOZ OT0T 600¢

Sunds  |ed m::am led mc_._nm le4 SBuuds 4 S8uuds Suuds e Suuds g4 SBuuds |le4 Suuds e Suuds |e4
- - . —TEg w0 -0
S o1
o1 0¢
ST 0€
Y E0-UMTANVYD RINAI E0-YMTANYYHD
¥10C €T0C €T10C¢ <¢TO0CZ ¢10C¢ TTI0C Ti0C OTOZ O10¢ YT0Z €T0Z €T0C ¢TOC ¢CT0CZ TT0Z TTOZ OTOZ OTOC 600C
Sunds  |jedq m::am lled m::nm lled m:_am fled  8Suuds Suuds jle4 S8uuds jje4 8Suuds ey Suwuds |ed Suuds (ed
W= W W e - 0
A
v - S
. ot
8
ot St
SHIY 20-AINANVYHD RINN 20-AINAONYYHD
Y10Z €T0C¢ €T0¢ <t10C ¢10C 1TTOC T10C OT0C OT0¢C Y10C €10¢ €10¢ TT0C ¢T0C TI0C T10C OTOCZ O0TO0C 600
Sunds ey Suuds ey Suuds ey Suupds ey Suuds 8uuds |leq SBunds (je4 SBuuds je4 Suuds jje4 Suuds ey
rII_I-Ll- - i i -~ O o o
01 - 0T
(114 (114
(013 0t
ot ot
HIY TO-dNANVYYD NINAI TO-dNANVYD
t¥102-600Z Wo.y adA3 Jenqey pue ydeald Yoes 10j S1Iappadys Juadidd LT saundi4

V1vd 10T SNIYdS-600C 11vd




£ZJo g1 95ed
7 xipuaddy

$T0Z Sulids Apnis 8121G3IISAUI0IDB A BUI UOAUR) |{epuRs)

¥10¢ €10C €T0C ¢I0C TI0T TTOZ T10C OT0CT 0102

P10¢ €10C €107 TI0C ¢IOC TTOZ TIOZ OTOC OT0Z 600T

94318 TO-dNANVYYD

Sunds e Buuds |le4 Buuds ey Suuds je4 Suudsg Suuds (e4 Buuds jed Suuds |led Suuds je4 SBuuds ey
-0 - 0
- 00T
- 00C 00t
00€ oov
00t
00s 009
94 E0-UMIANYHD BINA E0-UMIANYYHD
Y10C¢ €10C €10C ¢T10¢ <¢T0C T1TOC T1I0C OT0Z O010C Y10Z €T10C €TOC TT10Z ¢T0C TTIOZ TI0C OTOCT OT0C 600C
guuds ey Suuds |le4 Suuds (e Suuds je4 Suudg Sunds je4 SBuuds ey Suuds jed Suuds je4 Suuds |e4
- 0 0
00¢ r
4
00¥ €
009 14
9y 20-AANYYHD RINAI 20-GINANVYD
Y10C €T0C €T0C ¢10C ¢10C TIOCZ TIOZ OTOZ OT0C ¥10Z €T0C €T0C ¢T10C ¢T0Z TI0Z T10C OTOZ OT0C 600C
Suds e Suuds ey Suuds ye4 Suuds e Suuds Sunds ey Suuds e Suuds ey Suwuds |4 Suuds ey
0 - 0
S0 - T
T
. - Z
ST
a €
St 14

BINA TO-dNANYYHD

$T0Z-6007 WoJ} 3dA} JeMIqRY PUB Ydeal Yoea 10} Xe} PaAl-Suo) Jo Jaquny 28T sanSi4

V1vad 10 ONIYdS-600C 11vd




£2J0 61 28eq
7 xipuaddy

$10z Buuds Apnis sieigayiaauioely Sul uoAue) |lepues)
Junjnsuoy Suuaauidu

v10Z €I0C €10C¢ <TT0T <210 7110Z TIOZ OT0C OT0¢

P10C €10¢ €10C ZT0Z ¢T0C TI0OC TI0CZ OTOZ OT0C 600T

9l41d TO-dNANVYD

Suuds ey Suuds ed Suuds e Suuds g4  Suuds 8uuds ey Suuds ey Suuds e Suuds led Suuds |eq
1 L L o o
4 [4
14 14
9 9
8 8
o1 ot

3HIY E0-UMTANYYHD RINIAI E0-YMTANVYYD

v10C €T0C €10C 210C ¢T10C 7110 TI0Z OT0Z OT0¢ ¥10C €T0C €T0C ¢T0C TI0Z TTOZ TTIOZ OT0CZ OTI0C 600C

Suuds ey Buuds ey Suuds e Suuds B4 Suudg Suuds le4 SBuuds jle4 Buuds ey Suuds jje4 Suuds |leq
-0 -0
- m r N
- ¥
o1 9
ST 8

9IHIY Z0-AINANYYHD NN 20-ANANYYHD

Y10CZ €T0C €T0C 2I0C ¢2T0C TI0C TIOZ OTOC OT0C Y10C €T0C €T0C ZT10T TTOZ T10C 1T10C OT0CZ O0T0C 600T

Buuds jje4 SBuuds ey m::am Jied mccam lied mc_._am 8uuds e Suuds (e Suuds |e4 Suuds |e4 Suuds jeq
0 - 0

- .N
v - S
. ot
8

ot ST

BINA TO-dNANVYHD

10Z-600T wo.y 3dAy Jeliqey pue ydeas yoes Joj exe) JaSul jo Jaquinp 26T saunsiy

V1vd 10T ONIYdS-600T 11v4



€2J0 07 98eq
9 xipuaddy

$T0Z Bunids Apnis aieigariaauloey auiyy uoAues [jepues)
Suiyinsuoy Suuiaawidu BlUBLWIUOJIAY

Y10C €102 €T0Z ¢10C¢ <¢I0C TTIOCZ TI0Z OT0CZ 010¢
Sunds e SBuuds ey Suuds leJ Suuds gjed Suuds

¥T0Z €102 €10Z ZIOZ 2I0C 1107 TI0CZ OT0Z OT0Z 6007
Buuds |4 Bupds ey Suuds ey Suuds ey Suuds |jes

0 0
0s 0s
00T 00T
0St 0sT
3431d E0-UMIANVYHD RINA E0-YMTANYYHD
P10C¢ €10C €10 <¢10C <TI0CZ 1TT0C TITOZ OT0C 0102 Y10C €T0C €TOC T10C CI0T T10C TT0C OTOZ OTOZ 600C
Suuds e Buuds jed Suuwds |4 Suuds je4 Suuds uuds ey Buuds jley Buuds jjed Suuds |e4 Suuds jeq
* ‘ . . 0 : : ' : 0
00T 00t
0sT 0sT
3N Z0-AWANYYHD RINA Z0-AINANYYD
Y10 €10C €I0C 2T0T <T10C 110C TTIOCZ OT0Z 0102 P10C €10C €10C TI0T TTIO0CT TTOCZ TTIOC 0T0Z OT0C 6002
Suuds ey Buuds ey Suuwds e Suuds ey Suuds Buuds jle4 Suuds ey Buuds jley Suuds je4 Suuds |leq
0 - 0
0s - 09
00T 001
0ST 0St

Sl TO-dNANVYI

NN TO-dNANVYD

$T02-6007 Wwouy adA) Je)iqey pue yoeal yoea Joj esardosjawayds [|e 03 S139Dg JO O1jed JUIIBd 20T S24nSi4

V1va vT0C ONIYdS-600C 11v4



€730 1Z 98ed
7 xipuaddy
—

$T0z Sulids Apmis ajelqaisAulode Y BUlN UOAUR) ||BpURI)

Y10¢ €T0C €10C TI0Z <ZTO0C TiOoZ T1I0CZ OTOZ OT0C

P10C €T0C €T0C ZT0C TT0Z TI0Z 110C 0O10Z OT0CT 600¢

94 TO-dNANYYD

mc_._am led Buuds je4 Suuds |edq m::am lled Suuds 8uuds |e4 Suuds |je4 Buuds |e4 Suuds ey Suuds |le4
” T 0 - 0
T F :
(114 - 0C
013 0€
ov ov
91H1H E0-YMIANYHD INIAI €0-4MTANVYD
v10C €T0CZ €T0C¢ ¢T10C ¢T10C TT0Z TIOZ 010 OT0C Y10 €T0C €10C¢ TT0Z TT0Z TI0CZ TTOZ OTOC 0T0Z 600C
mc_._am lied m:_._am led wc_._am led 8uuds ey Suudg Suuds |led Buuds |e4 Buuds ped Suuds (4 Suuds jeq
Jn 1 1 1 L 1 L O i L 1 _n_ .A‘Lllll o
(114
o€ ot
ov o€
Sl41Y Z0-AWANVYYD RN 20-AIWANVYYD
¥10¢ €T0C €10C¢ <¢TOZ 210 T1TT0C TI0C OTOC OtT0¢C ¥10C €T0C €T0Z T10C TTOZ TT0Z T10C OTOCZ O0T0C 600C
Suuds  |jed 8uuds |ed Buuds ey Suuds ey Suuds Suuds ed4 Buuds |e4 Buuds ey SBuuds ey SBuuds |je4
Il | SE— ] 1 1 [l » O L O
- N o
ot 0z
or 113
ov
09 0s

BN TO-dNANVY)

$102-600Z woJy adAy Je3iqey pue yoead yoes Jojoeulpe|3oyuQ pue ‘aepiydAsdospAH ‘siang Juadiad 'ITZ sainsi4

V1va ¥T0Z ONIYdS-600¢C 11v4




€2 J0 7Z 93ed
9 xipuaddy

$10z 8unds Apnis 91B1G31S3AUI0IORI BUI UOAUE) jjepues)

pT0Z €T0C €T0C TI0CT ¢ZT0C TTOZ 7110Z OT0Z OTOC

Y10C €T0C €T0C ¢T0C CTI0C TI0Z TIOZ OTOZ OT0C 600C

Suuds ey Suuds ey Suuds ey Suuds g4  Suuds Buuds ey Suuds ey Buuds jed Suuds |je4 Sunds |jeq
_III.III_I. L 1 -l_ L ) L L ; L L L | 1 1 . 0
S ot
ot 0z
ST 0€
0z oy
Y E0-UMIANVYHD BININ E0-YMTANYYHD
Y10Z €107 €T0C¢ 210 ¢Ci0C 1TOT T110C O10C O10¢ ¥T0C €T0C €I0C 7T0C CTI0C T10Z TTOZ OTOZ OT0C 600C
Buuds |ley Buunds ey Suuds ey Suuds ey Suudg Bunds jeq Suuds e Suuds ed Suuds 4 Buuds |ed
C———t : : . ! . : = m t : : : : : : : : - 0
H o = .
ov oy
09 09
08 08
3141 20-CWANVYH) RINAI Z0-AINANVYD
PT0C €10C €T0C ¢TIOZ <TI0C TIOC 7TTI0C OT0C O10C Y10T €10C €TOC 210C ZI0C T1T0C T10C OTOCZ OT0CZ 600T
Suuds ey Suuds ey Sunds ey Suuds B4 Suuds Bunds jle4 Sunds ey SBunds e Buuds ey Supds |jeq
0 0
0s oz
ov
00T 09
0sT 08
3PN TO-dNANVYYHD BINAI TO-dNANVYYD
t102-600Z wouy adA3 e3igey pue yaeas yoed Joy esdjdosawayd] jje o3 aepiiuadeiday Jo ones Juadiad gz saansi4

V1va vT10Z ONIYdS-600Z 11V4




FALL 2009-SPRING 2014 DATA

Figures 23c. Percent Heptageniidae, Chloroperlidae, & Rhyacophila for each reach and habitat type from 2009-2014
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APPENDIX D

MACROINVERTEBRATE FIGURES FALL 2009- SPRING 2014 AVERAGED




FALL 2009-SPRING 2014 AVERAGED DATA

Figures 1d. Average richness in each reach from Fall 2009- Spring 2014
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Figures 2d. Average evenness in each reach from Fall 2009- Spring 2014
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FALL 2009-SPRING 2014 AVERAGED DATA

Figures 3d. Average Shannon’s Diversity in each reach from Fall 2009- Spring 2014
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Figures 4d. Average abundance in each reach from Fall 2009- Spring 2014
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FALL 2009-SPRING 2014 AVERAGED DATA
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Figures 5d. Average Hilsenhoff Biotic Index in each reach from Fall 2009- Spring 2014
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Figures 6d. Average USFS community tolerant quotient (CTQd) in each reach from Fall 2009- Spring 2014
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FALL 2009-SPRING 2014 AVERAGED DATA

Figures 7d. Average EPT taxa abundance in each reach from Fall 2009- Spring 2014

Appendix D
Page 4 of 12

CRANDLWR-03
CRANDLWR-03

1600
1400
1200
1000
800
600
400
200 -
0 -
90
80
70
50
40
30 4
20 4
10 -
0 -

CRANDMD-02
CRANDMD-02

1600
1400
1200
1000

800

—

CRANDUP-01
CRANDUP-01
EIS Environmental & Engineering Consulting

Crandall Canyon Mine Macroinvertebrate Study Spring 2014

1600
1400
1200
1000

Figures 8d. Average percent EPT in each reach from Fall 2009- Spring 2014




FALL 2009-SPRING 2014 AVERAGED DATA
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FALL 2009-SPRING 2014 AVERAGED DATA

Figures 11d. Average number of tolerant taxa in each reach from Fall 2009- Spring 2014

CRANDLWR-03

CRANDLWR-03

CRANDMD-02

CRANDMD-02

CRANDUP-01

1400
1200
1000

Figures 12d. Average percent tolerant organisms in each reach from Fall 2009- Spring 2014

CRANDUP-01

Appendix D

EIS Environmental & Engineering Consulting

Page 6 of 12

Crandall Canyon Mine Macroinvertebrate Study Spring 2014



FALL 20059-SPRING 2014 AVERAGED DATA

Figures 13d. Average number of intolerant taxa in each reach from Fall 2009- Spring 2014
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FALL 2009-SPRING 2014 AVERAGED DATA

Figures 15d. Average ratio of specialist feeders to generalist feeders in each reach from Fall 2009- Spring 2014
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FALL 20059-SPRING 2014 AVERAGED DATA

Figures 17d. Average percent shredders in each reach from Fall 2009- Spring 2014
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FALL 2009-SPRING 2014 AVERAGED DATA
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Figures 19d. Average number of clinger taxa reach from Fall 2009- Spring 2014
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FALL 2009-SPRING 2014 AVERAGED DATA

Figures 21d. Average percent Baetis, Hydropsychidae, and Orthocladinaefor each reach and habitat type from 2009-2014
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Figures 22d. Average percent ratio of Heptageniidae to all Ephemeroptera for each reach and habitat type from 2009-2014
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FALL 2009-SPRING 2014 AVERAGED DATA

Figures 23d. Average percent Heptageniidae, Chloroperlidae, & Rhyacophila for each reach and habitat type from 2009-2014
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Taxa Lists for
Individual Samples




Following is the taxonomic list and the number of individuals found of each species for the 6 samples
collected on June 11th and 12th, 2014. The count is the total number of individuals found, identified,

and retained for future reference.

Phylum Class Order Family SubFamily Genus Species Samples Count
Annelida Clitellata s 177
Arthropoda Arachnida Trombidiformes 3 58
Arrenuridae Arrenurus 1 6
Hygrobatidae 2 4
Lebertiidae Lebertia 6 203
Sperchonidae 1 3
Sperchon 3 41
Torrenticolidae Testudacarus 1 2
Insecta Coleoptera Dryopidae Helichus 1 2
Elmidae 1 4
Narpus concolor 5 74
Diptera Ceratopogonidae 2 13
Ceratopogoninae Probezzia 4 89
Chironomidae 4 196
Chironominae 5 56
Orthodladiinae 6 3518
Tanypodinae 3 27
Dixidae Dixa 1 5
Empididae 1 12
Neoplasta 5 127
Hemerodromiinae 1 8
Chelifera 4 88
Pelecorhynchidae Glutops 1 1
Psychodidae Pericoma 1 2
Simuliidae 2 23
Simuliinae Simulium 5 1395
Stratiomyidae Caloparyphus 2 43
Stratiomys 1 6
Tipulidae 2 4
Dicranota 4 11
Hexatoma 1 1
Limoniinae Antocha monticola 1 2
Limnophila 1 1
Tipulinae Tipula 2 10
Ephemeroptera Ameletidae Ameletus 1 2
Baetidae Baetis 6 3138
Diphetor hageni 5 170
Ephemerellidae 2 5
Drunella 2 4
Drunella grandis 1 1
Heptageniidae 2 99
Cinygmula 6 197
Epeorus 3 12
Leptophlebiidae 2 13
Paraleptophlebia 2 6
Plecoptera 1 6
Chloroperlidae Sweltsa 1 6
Chloroperlinae Suwallia 1 2
Nemouridae 2 36
Zapada 1 8
Zapada 1 7
Amphinemurinae 2 10
Perfodidae 1 5
Megarcys signata 1 3
Isoperlinae Isoperla 6 79
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Phylum Class Order Family SubFamily Genus Species Samples Count
Trichoptera Hydropsychidae  Arctopsychinae Parapsyche 1 1
Hydropsychinae  Hydropsyche 2 40
Limnephilidae 2 17
Limnephilinae Hesperophylax 4 33
Rhyacophila 5 72
Rhyacophila angelita group 4 49
Rhyacophila rotunda group 1 2
Rhyacophila vofixa group 2 54
Mollusca Bivalvia Veneroida Pisidium 6 265
Nemata 2 19
Platyhelminthes Turbellaria 4 37
Total: Taxa: 66 Genera: a8 34 10617

EIS Environmental & Engineering Consulting
Crandall Canyon Mine Macroinvertebrate Study Spring 2014

Taxa Lists for Individual Taxa

Page 2 of 8



The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s BuglLab. The sample was collected June 12, 2014 at the station CRANDUP-01,
Crandall Creek, Upstream, Emery County, Utah. The samplie was collected from the reachwide habitat
using a Kick Net. The total area sampled was 0.46 square meters. Of the collected sample, 87.5% was
identified and retained. A total of 806 individuals were separated from the total sample, identified and
retained for future reference. The sample identification number is 152958. OTU= Operational
Taxonomic Unit

Phylum Class Order Family SubFamily Genus Species Life Stage Density

Annelida Clitellata Adult 32

Arthropoda Arachnida Trombidiformes Adult 5

Hygrobatidae Adult 2

Lebertiidae Lebertia Adult 65

Sperchonidae Sperchon Adult 22

Torrenticolidae Testudacarus Adult 2

Insecta Coleoptera Dryopidae Helichus Adult 2

Elmidae Narpus concolor lLarvae 2

Diptera Ceratopogonidae Larvae 7

Ceratopogoninae Probezzia Larvae 30

Chironomidae Pupae 32

Chironominae Larvae 32

Orthocladiinae Larvae 467

Tanypodinae Larvae 10

Dixidae Dixa Larvae 5

Empididae Neoplasta Larvae 15

Hemerodromiinae Chelifera Larvae 47

Psychodidae Pericoma Larvae 2

Simuliidae Simuliinae Simulium Larvae 35

Stratiomyidae Caloparyphus Larvae 2

Tipulidae Larvae 2

Tipulinae Tipula Larvae 2

Ephemeroptera Ameletidae Ameletus Larvae 2

Baetidae Baetis Larvae 783

Diphetor hageni  Larvae 27

Ephemerellidae Larvae 2

Drunella Larvae 2

Heptageniidae Larvae 55

Cinygmula Larvae 146

Epeorus Larvae 2

Leptophlebiidae Paraleptophiebia Larvae 5

Plecoptera Chloroperlidae  Chloroperlinae  Suwallia Larvae 2

Nemouridae Larvae 22

Zapada Larvae 7

Perlodidae Isoperlinae Isoperla Larvae 12

Trichoptera Rhyacophilidae Rhyacophila Larvae 42

Rhyacophila rotunda gr Larvae 2

Rhyacophila  vofixa gro Larvae 32

Mollusca Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Adult 57

Platyhelminthes Turbellaria Adult 17

Total: OTUTaxa: 40 Genera: 25 Families: 24 2037
EIS Environmental & Engineering Consulting Taxa Lists for Individual Taxa
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected June 12, 2014 at the station CRANDUP-01,
Crandall Creek, Upstream, Emery County, Utah. The sample was collected from the targeted riffle
habitat using a Kick Net. The total area sampled was 0.74 square meters. Of the collected sample, 100%
was identified and retained. A total of 528 individuals were separated from the total sample, identified
and retained for future reference. The sample identification number is 152959. OTU= Operational

Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida  Clitellata Adult 1
Arthropoda Arachnida Trombidiformes Lebertiidae Lebertia Adult 7
Sperchonidae Adult 3

Insecta Diptera Ceratopogonidae Larvae 5
Chironomidae Pupae 23

Chironominae Larvae 9

Orthocladiinae Larvae 78

Empididae Hemerodromiinae Larvae 8

Chelifera Larvae 11

Pelecorhynchidae Glutops Larvae 1

Simuliidae Larvae 20

Tipulidae Larvae 1

Dicranota Larvae 3

Hexatoma Larvae 1

Ephemeroptera Baetidae Baetis Larvae 374

Ephemerellidae Larvae 3

Drunetla grandis Larvae 1

Heptageniidae Larvae 45

Cinygmula Larvae 34

Leptophlebiidae Larvae 1

Plecoptera Nemouridae Zapada Larvae 8

Perlodidae Larvae S

Megarcys signata Larvae 3

Isoperlinae Isoperla Larvae 5

Trichoptera Hydropsychidae Arctopsychinae Parapsyche Larvae 1

Rhyacophila Larvae 14

Rhyacophila vofixa group Larvae 22

Mollusca  Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Adult 12
PlatyhelminiTurbellaria Aduit 12
Total: OTU Taxa: 29 Genera: 14 Families: 16 711
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected June 11, 2014 at the station CRANDMD-02,
Crandall Creek, Midstream, Emery County, Utah. The sample was collected from the reachwide habitat
using a Kick Net. The total area sampled was 0.46 square meters. Of the collected sample, 37.5% was
identified and retained. A total of 920 individuals were separated from the total sample, identified and
retained for future reference. The sample identification number is 15152960. OTU= Operational

Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida Clitellata Adult 29
Arthropoda Arachnida Trombidiformes Adult 29
Arrenuridae Arrenurus Adult 6

Lebertiidae Lebertia Adult 104

Insecta  Coleoptera Elmidae Narpus concolor Larvae 60

Diptera Ceratopogonidae Ceratopogoninae Probezzia Larvae 54

Chironomidae Pupae 110

Chironominae Larvae 8

Orthocladiinae Larvae 2189

Tanypodinae Larvae 12

Empididae Larvae 12

Neoplasta Larvae 70

Hemerodromiinae Chelifera Larvae 29

Simuliidae Simuliinae Simulium Larvae 1154

Stratiomyidae Caloparyphus Larvae 41

Stratiomys Larvae 6

Tipulidae Dicranota Larvae 6

Ephemeroptera Baetidae Baetis Larvae 1288

Diphetor hageni Larvae 23

Heptageniidae Cinygmula Larvae 12

Epeorus Larvae 6

Leptophlebiidae Larvae 12

Plecoptera Larvae 6

Chloroperlidae Sweltsa Larvae 6

Perlodidae Isoperlinae Isoperla Larvae 6

Trichoptera Limnephilidae Larvae 12

Limnephilinae Hesperophylax Larvae 23

Rhyacophilidae Rhyacophila Larvae 6

Rhyacophila angelitagroup  Larvae 31

Mollusca Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Adult 23
Nemata Adult 6
Platyhelminthes Turbellaria Adult 6
Total: OTU Taxa: 32 Genera: 19 Families: 17 5385
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s BugLab. The sample was collected June 11, 2014 at the station CRANDMD-02,
Crandall Creek, Midstream, Emery County, Utah. The sample was collected from the targeted riffle
habitat using a Kick Net. The total area sampled was 0.74 square meters. Of the collected sample, 100%
was identified and retained. A total of 614 individuals were separated from the total sample, identified
and retained for future reference. The sample identification number is 152961. OTU= Operational

Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida  Clitellata Adult 47
Arthropoda Arachnida Trombidiformes Hygrobatidae Adult 1
Lebertiidae Lebertia Adult 7

Insecta  Coleoptera Elmidae Narpus concolor Larvae 7

Diptera Ceratopogonidae Ceratopogoninae Probezzia Larvae 3

Chironomidae Pupae 31

Chironominae Larvae 4

Orthocladiinae Larvae 382

Tanypodinae Larvae 5

Empididae Neoplasta Larvae 8

Hemerodromiinae Chelifera Larvae 1

Simuliidae Simuliinae Simulium Larvae 54

Tipulidae Dicranota Larvae 1

Ephemeroptera Baetidae Baetis Larvae 245

Diphetor hageni Larvae 5

Ephemerellidae Drunella Larvae 1

Heptageniidae Cinygmula Larvae 3

Epeorus Larvae 4

Plecoptera Perlodidae Isoperlinae Isoperla Larvae 3

Trichoptera Limnephilidae Larvae 5

Limnephilinae Hesperophylax Larvae 3

Rhyacophilidae Rhyacophila Larvae 4

Rhyacophila angelitagroup  Larvae 1

Mollusca Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Adult 1
PlatyhelminiTurbellaria Adult 1
Total: OTU Taxa: 25 Genera: 16 Families: 15 827
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected June 11, 2014 at the station CRANDLWR-03,
Crandall Creek, Lower, Emery County, Utah. The sample was collected from the reachwide habitat using
a Kick Net. The total area sampled was 0.46 square meters. Of the collected sample, 100% was
identified and retained. A total of 494 individuals were separated from the total sample, identified and
retained for future reference. The sample identification number is 152962. OTU= Operational

Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density

Arthropoda Arachnida Trombidiformes Adult 24

Lebertiidae Lebertia Adult 11

Sperchonidae Sperchon Adult 9

Insecta  Coleoptera Eimidae Larvae 4

Narpus concolor Larvae 2

Diptera Ceratopogonidae Ceratopogoninae Probezzia Larvae 2

Chironomidae  Chironominae Larvae 2

Orthocladiinae Larvae 339

Empididae Neoplasta Larvae 30

Simuliidae Simuliinae Simulium Larvae 122

Tipulidae Limoniinae Antocha monticola Larvae 2

Ephemeroptera Baetidae Baetis Larvae 350

Diphetor hageni Larvae 35

Heptageniidae Cinygmula Larvae 2

Plecoptera Nemouridae Amphinemurinae Larvae 9

Perlodidae Isoperlinae Isoperla Larvae 33

Trichoptera Hydropsychidae Hydropsychinae  Hydropsyche Larvae 35

Limnephilidae  Limnephilinae Hesperophylax Larvae 4

Rhyacophilidae Rhyacophila Larvae 7

Insecta Rhyacophila angelitagroup  larvae 15

Mollusca  Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Adult 37

Total: OTU Taxa: 21 Genera: 15 Families: 16 1074
EIS Environmental & Engineering Consulting Taxa Lists for Individual Taxa
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s BugLab. The sample was collected June 11, 2014 at the station CRANDLWR-03,
Crandall Creek, Lower, Emery County, Utah. The sample was collected from the targeted riffle habitat
using a Kick Net. The total area sampied was 0.74 square meters. Of the collected sample, 100% was
identified and retained. A total of 424 individuals were separated from the total sample, identified and
retained for future reference. The sample identification number is 152963. OTU= Operational
Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida  Clitellata Adult 68
Arthropoda Arachnida Trombidiformes Lebertiidae Lebertia Adult 9
Sperchonidae Sperchon Adult 9

Insecta  Coleoptera Elmidae Narpus concolor Larvae 3

Diptera Chironomidae  Orthocladiinae Larvae 62

Empididae Neoplasta Larvae 4

Simuliidae Pupae 3

Simuliinae Simulium Larvae 31

Tipulidae Dicranota Larvae 1

Limoniinae Limnophila Larvae 1

Tipulinae Tipula Larvae 8

Ephemeroptera Baetidae Baetis Larvae 99

Diphetor hageni Larvae 80

Heptageniidae Cinygmula Larvae 1

Leptophlebiidae Paraleptophlebia Larvae 1

Plecoptera Nemouridae Larvae 14

Amphinemurinae Larvae 1

Perlodidae Isoperlinae Isoperla Larvae 20

Trichoptera Hydropsychidae Hydropsychinae Hydropsyche Larvae S

Limnephilidae  Limnephilinae Hesperophylax Larvae 3

Rhyacophilidae Rhyacophila angelitagroup  Larvae 1

Mollusca  Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Adult 134
Nemata Adult 14
Total: OTU Taxa: 23 Genera: 17 Families: 16 572
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1.0 INTRODUCTION

EIS Environmental & Engineering Consulting (EIS) collected benthic macroinvertebrate samples
from Crandall Creek on September 24™ and 25™, 2014. The creek is located near Huntington,
Utah. From 2009 to 2012, the creek was sampled by JBR Environmental Consultants, Inc.
(JBR). Samples were collected from three different reaches of Crandall Creak. These three
reaches were located directly upstream of the Crandall Canyon mine (CRANDUP-01), in the
middle reach (CRANDMD-02) which is immediately downstream of the mine’s discharge
location, and a lower reach (CRANDLWR-03) located at the end of the creek before the
confluence of Crandall Creek and Huntington Creek. Each reach was 150 meters long.

UtahAmerican Energy, Inc. (UEI) hired EIS to sample Crandall Creek’s benthic
macroinvertebrates and evaluate the subsequent data to determine whether the mine’s discharge
is affecting the creeks aquatic community and to what degree. EIS was provided with the data
collected by JBR since September 2009 for use in discussing the trends and comparisons by The
National Aquatic Monitoring Center (BugLab). Starting with the September 2011 dataset, the
BugLab began reporting the richness-based metrics off of standardized results. This generally
results in a lesser value for these metrics when compared to data prior to this change in
calculation methodology. Therefore there were some discrepancies within the data provided by
the BugLab and what JBR had reported prior to 2011 due to the lab switching to a standardized
fixed count which allows for better comparison between samples. The attached tables, charts,
and graphs (Appendices A-C) were all computed with the revised historical data (personal
communication with BugLab July 26™, 2013).

As stated in previous JBR reports, there were some changes to the sampling methodology and
these changes were implemented in 2010. EIS also followed the new methodology that was
addressed in JBR’s June 2010 report (JBR 2010). This report is intended to continue to meet the
Utah Division of Oil, Gas, and Mining (DOGM) for the biannual sampling and reporting.

1.1 Background

The Crandall Canyon Mine began discharging ground water in 1995 and continued until the
mine was closed in 2007. The discharged water flowed into Crandall Creek with little or no
treatment. The discharge was monitored for pollutants and limits were established by the Utah
Division of Water Quality (UDWQ) and permitted through the Utah Pollution Discharge
Elimination System. Without actively pumping out water from the mine after the closure, water
began flowing from beneath the portal seals. The water contained higher concentrations of iron
than permitted and flowed into the creek. The mine began iron treatments in 2010 and has
reduced the concentration of iron in the discharged water to the limit set by UDWQ.

In 2009, DOGM required the mine to contract a qualified biologist to sample macroinvertebrates
in Crandall Creek twice yearly (Spring and Fall) to monitor water quality and provide reports
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documenting the survey results. The first seven surveys were completed by JBR (JBR 2012).
They included surveys from the Fall of 2009 until the Fall of 2012. EIS has since completed
three more surveys starting in the Spring of 2013. This report provides the results of the Fall
survey of 2014. The samples were collected September 24™ and 25", 2014. The samples were
then shipped to the BugLab in Logan, Utah for processing, as per UDWQ requirements.

2.0 SITE LOCATIONS AND DESCRIPTION

The 3 reaches sampled are the same as previous surveys (JBR 2012). The downstream transect
for the CRANDUP-01 reach is approximately 6 feet (2 meters) upstream from the flow
measurement flume west of the mine site and extends approximately 500 feet (150 meters)
upstream. Crandall Creek in this reach is narrow with dense riparian vegetation at the stream
banks. The width of the creek in this reach is generally less than 3 feet (1 meter), except for
various riffle-pools and beaver ponds. Substrate within this reach ranges from gravel to cobble.
This reach has more riffle habitat than the other reaches and appeared to have a faster flow
velocity. There were areas above the beaver dams with finer sediment substrate.

The upstream transect in the reach CRANDMD-02 is located approximately 16 feet (5 meters)
downstream from the mine’s discharge culvert and extends approximately 500 feet (150 meters)
downstream. This reach has more open area between vegetation than the other reaches and the
creek is wider than the CRANDUP-01 reach. There are several beaver dams and areas above the
dams with fine sediment deposits. Substrate was generally fine to gravel sized rock.

The downstream transect in the CRANDLWR-03 reach is approximately 6 feet (2 meters)
upstream from where the mine access road crosses the creek and extends approximately 500 feet
(150 meters) upstream. Substrate was generally bedrock or fine sediment and gravel. The
vegetation is denser along the stream banks than CRANDMD-02 and less dense than the stream
bank in CRANDUP-01. The creek in the CRANDLWR-03 reach has a lower gradient and
stream velocity than the other reaches.
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CRANDMD-02 September 24", 2014 — Upstream
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CRANDLWR-03 September 24™, 2014 - Upstream

3.0 METHODS

The methods used for the survey are described by the U.S. Environmental Protection Agency’s
Environmental Monitoring and Assessment Program Field Operations Manual (EMAP 2006) and
were modified as in previous sampling (JBR 2010). Representative samples were collected from
multiple kick net samples throughout each reach to create a composite sample of each survey
type, multi-habitat and riffle, for each reach.

One person would collect samples using a kick net, and another person would time the
collection. A 1-foot wide D-frame kick net with 500-micron mesh was used to collect one
sample from each location (transect or riffle). The net was placed securely on the stream bottom
to close gaps along the bottom of the net and to prevent macroinvertebrates from passing under
the net. While the net was held firmly with the opening facing upstream, a quadrat was visually
estimated to be 1 net width wide and 1 net width long, approximately 1 foot squared, upstream of
the positioned net. The quadrat was checked for larger organisms, such as snails. Loose rocks
that were golf ball-sized or larger within the quadrat or at least half way within the quadrat were
picked up and scrubbed to dislodge organisms so they were washed into the net. After
scrubbing, the rocks were placed outside of the quadrat. Starting with the upstream end of the
quadrat, the upper 1.5 to 2 inches (4 to 5 centimeters) of the substrate within the quadrat was
kicked using feet and toes to dislodge organisms for 30 seconds. After the 30 seconds of
kicking, the net was pulled out of the water and partially immersed in the stream to remove fine
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sediments and collect organisms at the bottom of the net. The net was then inverted and emptied
into the appropriate composite sample bucket, i.e., multi-habitat or riffle. The net was then
inspected to find clinging organisms. The organisms were removed by using a squirt bottle and
forceps and deposited in the bucket. Large objects in the bucket were inspected and organisms
were removed from the object before discarding the object. The bucket was then sealed with a
lid. The net was rinsed before collecting the next sample.

Riffle samples were collected in conjunction with the multi-habitat samples to minimize the
number of passes within the stream. The samples from each type were carefully placed in the
correct sample container, multi-habitat or riffle, to avoid contaminating the samples.

3.1 Multi-Habitat Samples

Each reach was divided by 11 transects located approximately 50 feet (15 meters) apart to
distribute samples throughout habitat types. If the flagging marking the transect line from
previous studies remained, that transect was used for sampling. When flagging was not present,
the transect was located by using a measuring tape to measure 50 feet from the adjacent transect.
The EMAP methods describe collecting samples at each of the 11 cross-section transects, A
through K, at assigned locations left, center, and right across the creek. In order to provide
comparative data to previous macroinvertebrate studies conducted by the Manti-La Sal National
Forest and by previous surveys (JBR 2012), only 5 samples were collected and each sample
location was not chosen randomly or systematically. Instead, the samples were collected at
every other transect starting with transect B at the site that most suitable for the placement of the
kick net as done in previous surveys. Sample locations were located as close to each transect as
possible. Samples from the 5 locations were combined into a single composite sample bucket
labeled “multi-habitat.” At each sampling transect the dominant substrate and habitat type was
recorded on the sample collection form. Samples were collected from downstream transects to
upstream transects.

3.2 Riffle Habitat Samples

Eight riffle samples were collected from each of the 3 reaches using the methods form the EMAP
manual. Before sampling, the total number and area of riffle microhabitat was estimated for
each reach. If the reach contained more than 1 riffle microhabitat but less than 8, the 8 sample
locations were spread throughout the reach as much as possible with more than 1 sample
collected from a single riffle unit. If the reach contained more than 8 riffle units, 1 or more units
were skipped at random to spread the sampling locations throughout the reach. Samples were
collected from downstream to upstream units in the order they were encountered. Since Crandall
Creek is narrow, the riffle sampling locations within a unit were not chosen randomly, but were
chosen by the most suitable location for kick net placement as done in previous surveys (JBR
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2012). The 8 samples were combined into a single composite sample bucket labeled “riffle.”

3.3 Composite Sample Preparation

The contents from each composite bucket for each reach (multi-habitat or riffle) were poured
through a 300-micron sieve into a bucket. The composite bucket was inspected for organisms
and rinsed using a squirt bottle filled with stream water. The composite bucket contents were
again poured through the sieve. Large objects such as sticks, rocks, or plant material were
inspected and any clinging organisms were dislodged using the squirt bottle over the sieve. The
squirt bottle was used to rinse the material in the sieve to one side and then into a sample jar
using as little water as possible. Remaining organisms on the sieve were then transferred to the
jar using a squirt bottle filled with 95% ethanol to rinse the sieve into the jar or by using forceps.
Additional jars were used if the contents filled over two-thirds of the sample jar, as instructed by
the BugLab. If multiple jars were used, the jar number and total number of jars in the sample
were recorded on the jar and the sample collection form. The sample jar was filled with 95%
ethanol so that the final ethanol concentration was between 75 and 90%. A waterproof label
with stream ID, date, sample type, reach ID, and number of kick net samples collected was
placed in the jar. The lid was placed on the jar and the jar was slowly tipped to a horizontal
position and gently rotated to mix the contents with the ethanol solution. The jar was then sealed
with tape and labeled with sample information taped to the outside of the jar. This procedure
was repeated for each Multi-habitat and Riffle composite sample for each of the 3 reaches for a
total of 6 samples from the creek.

3.4 Sample Analysis

The samples were shipped to the BuglLab for identification of taxa within the samples. The
BugLab generally uses subsampling to collect approximately 600 individual organisms and sort
them by major taxonomic orders. Collection and sorting is completed using a 7x or greater
dissecting scope. Once the subsample has been sorted by major taxonomic orders, a “big/rare”
search is completed using the entire sample to identify taxa that may have been missed in the
subsample. Qualified taxonomists then identify the collected organisms to the lowest taxa
possible (family, genus, and species if possible) without fixed slides. The laboratory results were
prepared by the BugLab (Miller and Judson 2013) and are used in Appendices A-C and in the
Taxa Lists. This data includes standardized and raw data used for the tables and graphs. In
2011, the began using a newly revised output format, which includes richness-based metrics
standardized to Operational Taxonomic Units (OTU) and a fixed count of 300 for more accurate
comparison between samples. The data from previous surveys has been obtained from the
BugLab in a standardized format in order to compare metrics between surveys since previous
studies did not include standardized data. The BuglLab provided summaries and calculated many
different indices and metrics. The findings are discussed further in the results; more detail and
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reference for how the calculations were made are also in Appendix A along with the
corresponding tables.

Additional comparisons from the BugLab’s data have been calculated for comparison with
previous studies (JBR 2012). These different comparisons may be used to relate the species
composition to the water quality of the creek. Graphs of these comparisons are included in
Appendices B, C, and D. Some of these graphs include a breakdown of predominant taxonomic
groups, graphs of the different diversity and biotic indices, abundances, total taxa richness, EPT
(Ephemeroptera, Plecoptera, and Trichoptera) taxa richness, individual taxa richness, Tolerant
and Intolerant taxa richness, percent richness, Hilsenhoff Biotic Index, different functional
feeding group richnesses, and abundances. As mentioned in previous reports, no one metrics can
be used to explain the potential influences the mine may have on the creek. Multiple metrics
were used as in previous years to compare data from site to site and year to year. Descriptions of
why these values are beneficial are below and have been taken directly out of the Bug Labs
report (Judson and Miller 2013)

Taxa Richness- Richness is a component and estimate of community structure and stream health
based on the number of distinct taxa. Taxa richness normally decreases with decreasing water
quality. In some situations organic enrichment can cause an increase in the number of pollution
tolerant taxa. Taxa richness was calculated for operational taxonomic units (OTUs) and the
number of unique genera, and families. The values for operational taxonomic units may be
overestimates of the true taxa richness at a site if individuals were the same taxon as those
identified to lower taxonomic levels or they may be underestimates of the true taxa richness if
multiple taxa were present within a larger taxonomic grouping but were not identified. All
individuals within all samples were generally identified similarly according to Standard
Taxonomic Effort (see NAMC website), so that comparisons in operational taxonomic richness
among samples within this dataset are appropriate, but comparisons to other data sets may not.
Comparisons to other datasets should be made at the genera or family level.

Abundance- The abundance, density, or number of aquatic macroinvertebrates per unit area
is an indicator of habitat availability and fish food abundance. Abundance may be reduced
or increased depending on the type of impact or pollutant. Increased organic enrichment
typically causes large increases in abundance of pollution tolerant taxa. High flows,
increases in fine sediment, or the presence of toxic substances normally cause a decrease in
invertebrate abundance. Invertebrate abundance is presented as the number of individuals per
square meter for quantitative samples and the number of individuals collected in each sample
for qualitative samples.

EPT- A summary of the taxonomic richness and abundance within the insect orders
Ephemeroptera, Plecoptera, and Trichoptera (EPT). These orders are commonly considered
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sensitive to pollution (Karr and Chu 1998, as referenced in Judson and Miller 2010).

Percent contribution of the dominant family or taxon- An assemblage largely dominated
(>50%) by a single taxon or several taxa from the same family suggests environmental stress.
Habitat conditions likely limit the number of taxa that can occur at the site.

Shannon Diversity Index- Ecological diversity is a measure of community structure defined by
the relationship between the number of distinct taxa and their relative abundances. The Shannon
Diversity Index was calculated for each sampling location for which there were a sufficient
number of individuals and taxa collected to perform the calculations.

Evenness- Evenness is a measure of the distribution of taxa within a community. Value
ranges from 0-1 and approach zero as single taxa becomes more dominant.

Clinger taxa- The number of clinger taxa have been found by Karr and Chu (1998, as referenced
in Judson and Miller 2010) to respond negatively to human disturbance. These taxa typically
cling to the tops of rocks and are thought to be reduced by sedimentation or abundant algal
growths.

Long-lived taxa- The number of long-lived taxa was calculated as the number of taxa collected
that typically have 2-3 year life cycles. Disturbances and water quality and habitat impairment
typically reduces the number of long-lived taxa (Karr and Chu 1998, as referenced in Judson and
Miller 2010).

Biotic indices- Biotic indices use the indicator taxa concept. Taxa are assigned water quality
tolerance values based on their tolerance to pollution. Scores are typically weighted by taxa
relative abundance. In the US, the most commonly used biotic index is the Hilsenhoff Biotic
Index (Hilsenhoff 1987 and 1988, as referenced in Judson and Miller 2010). The USFS and
BLM throughout the western U.S. have also frequently used the USFS Community Tolerance
Quotient.

Hilsenhoff Biotic Index -The Hilsenhoff Biotic Index (HBI) summarizes the overall pollution
tolerances of the taxa collected. This index has been used to detect nutrient enrichment, high
sediment loads, low dissolved oxygen, and thermal impacts. It is best at detecting organic
pollution. Families were assigned an index value from 0 (taxa normally found only in high
quality unpolluted water) to 10 (taxa found only in severely polluted waters). Family level
values were taken from Hilsenhoff (1987 and 1988, as referenced in Judson and Miller 2010)
and a family level HBI was calculated for each sampling location for which there were a
sufficient number of individuals and taxa collected to perform the calculations. Sampling
locations with HBI values of 0-2 are considered clean, 2-4 slightly enriched, 4-7 enriched, and 7-
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10 polluted. Rather than using mean HBI values for a sample, taxon HBI values can also be
used to determine the number of pollution intolerant and tolerant taxa occurring at a site. In
this report, taxa with HBI values <2 were considered intolerant clean water taxa and taxa with
HBI values 2-8 were considered pollution tolerant taxa. The number of tolerant and intolerant
taxa and the abundances of tolerant and intolerant taxa were calculated for each sampling
location.

USFS community tolerant quotient- Taxa are assigned a tolerant quotient from 2 (taxa found
only in high quality unpolluted water) to 108 (taxa found in severely polluted waters). The
dominance weighted community tolerance quotient (CTQd) was calculated. Values can vary
from about 20 to 100, in general the lower the value the better the water quality.

Functional feeding group measures - A common classification scheme for aquatic
macroinvertebrates is to categorize them by feeding acquisition mechanisms. Categories are
based on food particle size and food location, e.g., suspended in the water column, deposited in
sediments, leaf litter, or live prey. This classification system reflects the major source of the
resource, either within the stream itself or from riparian or upland areas and the primary
location, either erosional or depositional habitats. The number of taxa and individuals of the
following feeding groups were calculated for each sampling location.

Shredders - Shredders use both living vascular hydrophytes and decomposing vascular plant
tissue - coarse particulate organic matter. Shredders are sensitive to changes in riparian
vegetation. Shredders can be good indicators of toxicants that adhere to organic matter.

Scrapers - Scrapers feed on periphyton - attached algae and associated material. Scraper
populations increase with increasing abundance of diatoms and can decrease as filamentous
algae, mosses, and vascular plants increase, often in response to increases in nitrogen and
phosphorus. Scrapers decrease in relative abundance in response to sedimentation and higher
levels of organic pollution or nutrient enrichment.

Collector-filterers - Collector-filterers feed on suspended fine particulate organic matter.
Collector-filterers are sensitive to toxicants in the water column and to pollutants that adhere to
organic matter.

Collector-gatherers - Collector-gatherers feed on deposited fine particulate organic matter.
Collector-gatherers are sensitive to deposited toxicants.

Predators - Predators feed on living animal tissue. Predators typically make up about 25% of
the assemblage in stream environments and 50% of the assemblage in still-water
environments.
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Unknown feeding group - This category includes taxa that are highly variable, parasites, and
those that for which the primary feeding mode is currently unknown.

In addition, EIS used the BugLab’s data set to calculate several other metrics that JBR also
indicated being potentially useful for macroinvertebrate analysis. These are described below.

Ratio of Specialist Feeders to Generalist Feeders - Specialist feeders include shredders and
scrapers and generalist feeders include filterers and gatherers. Generalists are typically more
tolerant to environmental stressors, so their proportion often increases in response to degraded
water quality or stream habitat. This ratio has been used successfully to assess impacts from
mining (Mize and Deacon 2002).

Ratio of EPT to Chironomidae - Ideally, communities have a near-even distribution among
all four of these major groups, The Chironimid Family, in general, is more tolerant than most of
the taxa in the Ephemeroptera, Plecoptera, and Trichoptera orders (Barbour et al 1999).
Therefore, this ratio can indicate environmental stress when it shows disproportionate numbers
of Chironomidae.

Percent Baetis, Hydropsychidae, and Orthocladinae; Ratio of Baetis to all
Ephemeroptera— These two similar measures express the documented higher tolerances of
Baetis, Hydropsychidae, and Orthocladinae, than other members of their families. Mize and
Deacon (2002) among others have used the presence of these taxa when assessing
environmental conditions specific to mining (some studies have found the opposite conclusion
with Baetis; however, the majority appear to consider it one of the more tolerant of the
mayflies).

Percent Heptageniidae, Chloroperlidae, and Rhyacophila; Ratio of Heptageniidae to all
Ephemeroptera— Similarly to the above-noted tolerant taxa, Heptageniidae, Chloroperlidae,
and Rhyacophila were considered by Mize and Deacon (2002) when assessing elevated trace
metals impacts. Heptageniidae, Chloroperlidae, and Rhyacophia were chosen due to their
apparent sensitivity to such elements, thus their absence can indicate poor water quality. Many
other authors have associated a lack of Heptageniidae organisms, in particular, with heavy
metals pollution (i.e. Kiffney and Clements 1994).

The Ratio of Specialist Feeders to Generalist Feeders shows the ratio of stress tolerant species,
generalists, to less tolerant specialized feeders. The Ratio of Ephemeroptera, Plecoptera, and
Trichoptera orders (EPT) to Chironomidae shows the more tolerant Chironomidae species
abundance to the less tolerant EPT species. The Percent Baetis, Hydropsychidae, and
Orthocladinae and the Ratio of Baetis to all Ephemeroptera are used to show the relative
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abundance of the stress tolerant Baetis mayflies. The Percent Heptageniidae, Chloroperlidae,
and Rhacophila show these taxa percentages to other species as they are more sensitive to trace
minerals.

4.0 RESULTS & DISCUSSION

The results prepared by the BugLab (Miller 2013) are incorporated into the tables of the
following appendices. As with assessment, multiple metrics and datasets should be relied upon
to make a finding of whether any impact or nonimpact has occurred between the mine’s
groundwater discharge and Crandall Creek. Numerous metrics should be used in evaluating
what may be happening in the creek. In this study, the natural variability of any of these metrics
is not known due to limited number of samples sites, absence of replicates, and partial historical
baseline information. Therefore, it is difficult to determine whether there is an impact between
sites from analyzing only one metric. This section and its associated appendices will review
these metrics within this season’s individual sample, spatially among each reach and habitat
type, and any temporal changes since 2009. Data is compared from the reference reach
(CRANDUP-01) to the other two reaches. Additionally, a comparison between the middle reach
directly below the mine (CRANDMD-02) and the lowest reach (CRANDLWR-03) can be made
to assess the spatial limit and overall condition. The metrics evaluated include the various
measurement types recommended by EPA (Barbour et al 1999). They include tolerance indices
(HBI, CTQd), diversity (Shannon’s), community composition (% EPT), and functional feeding
groups (Percent Scraper/Shredders).

Appendix A of the report includes a summarization of the raw and standardized data for the
samples collected in September of 2014. The following Appendices B, C, and D graph the
previously mentioned matrices to show a visual comparison. Appendix B begins with a graph
showing the distribution of the dominate orders within each reach and sample type (Figure 1b) as
well as the numerical values (Table 1b). It is followed by numerous graphs that represent the
Fall 2014 sample set and show a visual comparison of potential differences between the habitat
types as well as spatial variation (Figures 2b-24b). The graphs of Appendix C include all the
data gathered since Fall 2009 for temporal comparison among all the samples. They are
differentiated by the multi-habitat and target riffle samples for further comparison (Figures 1c-
23c). The graphs in Appendix D also contain data since the Fall of 2009; however the values
from both the multi-habitats and riffle habitats sample were combined to obtain an average value
assess any potential overall trends throughout the years (Figures 24c-42c¢).

A total of 67 operational taxonomic units (OTU) were identified in the Fall 2014 sample set.
There were 28 families and 35 genera present. Most of the insect orders most commonly found
in macroinvertebrate communities were found in each reach, orders Diptera, Ephemeroptera,
Plecoptera, and Trichoptera. The common order Coleoptera was found in all samples except
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those taken from the upper reach. Non-insect invertebrates were also identified in all samples.
In the upper reach the dominate order in both the multi-habitat and riffle habitat was Diptera
making up 52 and 61 percent of the sample, respectively. In the middle reach, Diptera was also
found to be the most dominate order in both the types of habitat, at 71 and 86 percent,
respectively. In the lower reach the dominate order in the multi-habitat was also Diptera at 43
percent. In the riffle habitat the dominate order was Ephemeroptera at 63 percent (Figure 1b and
Table 1b). A dominance of any single order or taxon greater than 50 percent suggests
environmental stress, which the all the reaches exhibited. However, in the lowest reach, the
dominate order was Ephemeroptera which is commonly considered to be sensitive to pollution
(Karr and Chu 1998).

The orders Ephemeroptera, Plecoptera, and Trichoptera (EPT) are commonly considered
sensitive to pollution and fluctuation in their abundance can be an indicator of stream health
(Karr & Chu 1999). In the upper reach, the orders EPT made up 41.9 percent of the taxa found
in the multi habitat, and 33.4 percent of the riffle habitat (Figure 9b). In the middle reach
directly below the mine, EPT percentages were at 10.0 and 9.3 percent of abundance in multi-
habitat and riffle samples. In the lower reach, EPT was 24.4 percent in the multi habitat and 79.9
percent in the riffle (Figure 9b).

Although Crandall Creek as a whole continues to provide less than ideal habitat for a
macroinvertebrate community, all of the samples contained at least one distinct taxon that is
considered to be intolerant to pollution. The upper reach had the highest number of intolerant
taxa in both habitat types with 5 distinct taxa in the multi-habitat and 8 in the riffle habitat. The
middle reach had 1 distinct intolerant taxon in each type of habitat. The lower reach multi-
habitat had 1 distinct intolerant taxa and the riffle had 2 (Figure 14b). The upper multi-habitat
had 20 unique taxa and there were 21 distinct taxa in the riffle. The middle reach multi-habitat
had 13 distinct taxa and the riffle sample had 7. The richness in the lower reach multi-habitat
was 16 and was 11 in the riffle habitat (Figure 2b). The number of distinct taxa appears to be
fluctuating within all reaches and both habitat types year to year; more data is likely required to
find a real discernible trend. These same results were found when evaluating many of the other
metrics.

The differences in overall habitat among the three reaches likely influence the result of this
study. The upper most reach and the lowest reach have similar substrate size compositions,
which was largely bedrock overlaid with larger rocks. The lowest reach had a much more
cemented substrate. The lack of interstitial spaces results in poorer habitat conditions for
macroinvertebrates (Mize and Deacon 2002). These two reaches were narrower than the middle
reach as well as more of a vegetative overstory. It is also important to note the changes in the
stream morphology of Crandall Creek when comparing data from previous years. The
colonization of beaver and subsequent dams are continuing to change the creek, mainly in the
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middle reach. The catastrophic impacts to Huntington Creek from major flooding resulting from
a major wildfire in the upper drainage areas should also be considered. The high flows have
directly impacted macroinvertebrate populations in Huntington Creek, which are sources for
movement into Crandall Creek. Therefore, the spatial comparisons discussed further should
consider that there may be an indication of degradation that may be due to these physical
attributes, to some extent

4.1 Comparison of Targeted Riffle and Multi-Habitat Samples

As with the prior years’ analyses (JBR 2010; 2011a; 2011b) and the data provided by the
Buglab for 2012 (no report of their findings was provided to EIS), all the indices and metrics
have been calculated and graphed in the appendices. In 2010, JBR recommended that the
targeted riffle samples be collected based upon the observation that habitat types varied. It is
also in Utah’s DWQ monitoring program that all samples be collected using only a targeted riffle
method (DWQ 2006). EIS continued to collect both riffle and multi-habitat sample to allow for
a more comprehensive data interpretation for the future.

The graphs in Appendix B display the differences between the two habitats within this dataset
(September 2014). In this season’s dataset, many of the metrics indicate that the riffle habitat
may have poorer conditions when compared to the multi-habitat. However, similar results were
not found in previous sample sets so it cannot be said with any certainty that the riffle habitat is
of poorer quality than other habitats. Appendix C graphs each habitat type since Fall of 2009.
The richness in the upstream reach was about the same between the two habitats, in the multi-
habitat was 20 and in the riffle it was 21. In the middle reach, the multi-habitat sample had 13
distinct taxa and where the riffle had 7. The lower reach had 16 taxa in the multi-habitat and 11
in the riffle samples (Figure 2b). Shannon’s Diversity in upper multi-reach habitat was 2.19 and
2.05 in the riffle habitat. In the middle reach the multi-habitat was 1.39 and the riffle habitat it
was 0.76. In the lower reach the multi-habitat was 2.01 and the riffle habitat was 1.27 (Figure
3b). The evenness in the lower multi and riffle habitats were 0.73 and 0.67, respectively. In the
middle reach the multi-habitat was 0.54 and the riffle was 0.39, and in the lower reach the
evenness was 0.72 and 0.53, respectively (Figure 4b).

In this dataset, both habitats had similar abundances of macroinvertebrates, with the exception of
the middle reach. The abundance in the upper reach was 2835 in the multi-habitat and 2391 in
the riffle. In the middle reach multi-habitat it was 963 and 1659 in the riffle and in the lower
reach it was 1115 and 1132, respectively (Figure 5b). The HBI, which a lower value indicates
less pollution, was 4.60 in the upper reach multi-habitat and 4.99 in the riffle. It was 4.71 and
5.50 in the middle reach, respectively. In the lowest reach, the HBI was 3.09 in the multi-habitat
and 4.16 in the riffle (Figure 6b). The CTQd, which a lower the value indicates higher quality
unpolluted water as well, was 79 in the upper reach multi-habitat and 72 in the riffle. In the
middle reach these values were 96 in both habitat types. In the lower reach the multi-habitat was
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91 and the riffle was 84 (Figure 7b). Appendices A and B have more specific detail on all the
values found and metrics graphed for visual comparison. While addressing any trends or spatial
differences, both riffle and multi-habitat results were averaged and this value was used.

4.2 Spatial Variation in Macroinvertebrate Community

As mentioned in earlier parts of this report, there were 3 different reaches sampled in Crandall
Creek. CRANDUP-01 (upper) is upstream of any potential impact from the mine’s discharge,
CRANDMD-02 (middle) is immediately below the discharge, and CRNDLWR-03 (lower) is
further downstream. Averages between the two habitat types (multi and riffle) were used in the
following results to gauge whether any spatial variation is present.

The average richness in the upper reach was found to be 20.5, in the middle reach there were 10
distinct taxa found, and in the lower reach 13.5 (Figure 1d). The average evenness value was
0.70 in the upper reach, 0.47 in the middle reach and 0.63 in the lower reach (Figure 2d). The
average Shannon’s Diversity in the upper reach was 2.12, in the middle reach it was 1.07, and in
the lower reach it was 1.64 (Figure 3d). The average abundance of individuals was 2613 in the
upper reach, 1311 in the middle reach and 1123.5 in the lower reach (Figure 4d). The HBI, in
which the lower the value indicates less pollution in the stream, was 4.60 in the upper reach, 5.50
in the middle reach and 4.16 in the lower reach (Figure 5d). The CTQd, which a lower value
also indicates higher quality unpolluted water, was 75.5 in the upper reach, 96 in the middle
reach, and 87.5 in the lower reach (Figure 6d). It appears that the middle and lower reaches may
be in a decline when compared to the upper reach. However, these reaches are getting better
over time, as the next section will discuss. Appendices C and D has more specific detail on all
the values found and metrics graphed for visual comparison.

4.3 Temporal Variation in Macroinvertebrate Community

As previously mentioned, EIS was able to obtain the standardized data from the BugLab dating
back to 2009 to assess temporal variations. The graphs in Appendices C and D provide a visual
means to examine the temporal variation within the creek. In all reaches, the data fluctuates
from year to year. This year, a trendline was added to the averaged overall data in Appendix D
acquire any overall trends.

The upper reach, which should not be impacted by the mine’s discharge, has great variability
within each metric. For example the average richness in Fall 2009 was 24, it was at its lowest in
Fall of 2011 with a value of 17, went up to its highest in the Fall of 2013 with a value of 26. In
this sample, the average richness between the multi and riffle habitats was 20.5 (Figure 1d). The
evenness values were around 0.70 in 2009-2011, increased to around 0.77 from 2012-2013, and
now are back to 0.70 with this current sample. Similar variability is present within all the
metrics. As with the Spring 2014 results, about a third of the metrics indicate declining
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conditions, another third indicate fairly stable conditions, and the remaining third indicate
increasing conditions.

The middle reach also has this variation occurring throughout the years. The middle reach is
increasing in the number of macroinvertebrates found (Figure 4d) and the taxa EPT is showing
signs of improvement (Figure 7d). The remaining metrics are highly variable or indicate an
overall decline since 2009. As found in Spring 2014, the lower reach generally appears to be
getting better in quality over time. While many of the metrics indicate a less than optimal habitat
in the lower reach when compared to the upper reach, there are several that prove otherwise.
The HBI, Percent EPT, and a few species specific metrics had higher values when compared to
the upper reach (Figures 1d-23d). As stated before, the more data acquired the more discernable
the trends may be.

5.0 CONCLUSION

The samples for the 2013 Fall Macroinvertebrate Study were collected on September 24™ and
25™ 2014 from the 3 reaches of Crandall Creek. The upper reach is located upstream from the
mine and is should not be influenced from ground water discharge from the mine. The middle
and lower reaches are below the mine water discharge. The objective of the survey was to
collect macroinvertebrate samples as indicators of water quality in Crandall Creek. The samples
collected were sorted and identified to the lowest taxa possible by the BugLab. Abundances of
taxa and community composition relationships from the samples are provided to assess the water
quality of Crandall Creek.

The survey results show variability among all the sampled reaches and generally show reduced
habitat quality and less than optimal conditions in all sampled locations. It does appear that the
upper and the lower reach are increasing in quality standards or staying fairly stable since 2009.
In the middle reach, the overall quality seems to be lower than the other two reaches; however
multiple metrics indicate that it is improving compared to earlier years sampled. The substrate
and habitat also differs between reaches and should be taken into consideration. The changes in
stream morphology due to increased beaver dams in the middle reach should also be considered,
as well as the environmental impacts from the fire in 2012 and catastrophic flooding in
Huntington Canyon as a result.
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BUGLAB REPORT




Report prepared for:

Customer contact: Mindi Lundberg
EIS Environmental and Engineering
Customer: Consulting
Customer Address : 31 N Main Street
Customer City, State, Zip:  Helper UT 84526
Customer Phone: 435-472-3814
Customer Email: mindilundberg@preciscom.net

Report prepared by:

Scott Miller: 435.797.2612 / scott.miller@usu.edu

Jennifer Courtwright: 985.502.7530 / jennifer.courtwright@usu.edu
Sarah Judson: 435.535.1307 / sarah.judson@usu.edu

BLM/USU National Aquatic Monitoring Center (NAMC) Department of
Watershed Sciences (WATS) - Utah State University 5210 Old Main

Hill Logan, UT 84322-5210 http://www.usu.edu/buglab/

November 13, 2014

Table 1a. Sampling site locations

Elevation
Station Location Latitude Longitude (meters)

CRANDUP-01  Crandall Creek, Lower, Emery County, UT 39.459722 -111.16778 2363
CRANDMD-02 Crandall Creek, Middle, Emery County, UT 39.460278 -111.16528 2384
CRANDLWR-03 Crandall Creek, Upstream, Emery County, UT 39.463611 -111.14639 2389

Table 2a. Field comments and laboratory processing information

Area % of of

Collection sampled Sample individuals
Sample ID Station Collection Date Habitat Sampled Method (mA2)  Processed identified
152966 CRANDUP-01 9/25/2014 Reachwide Kick net 0.46 50 650
152967 CRANDUP-01 9/25/2014 Targeted Riffle Kick net 0.74 375 651
152968 CRANDMD-02 9/24/2014 Reachwide Kick net 0.46 100 443
152969 CRANDMD-02 9/24/2014 Targeted Riffle Kick net 0.74 50 613
152970 CRANDLWR-03  9/24/2014 Reachwide Kick net 0.46 100 513
152971 CRANDLWR-03  9/24/2014 Targeted Riffle Kick net 0.74 81.25 680
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Results

The following data is based off of the estimated number of individuals per square meter for quantitative samples and
the estimated number per sample for qualitative samples.

Table 3a. Total Abundance, EPT Abundance, Dominant Family, Percent Contribution

% Contribution

Collection Total EPT Dominant dominant
Sample ID Date Station Abundance Abundance Family family
152966 9/25/2014 CRANDUP-01 Multi 2835 1159 Chironomidae 4141
152967 9/25/2014 CRANDUP-01 Riffle 2391 799 Chironomidae 45.67
152968 9/24/2014 CRANDMD-02 Multi 963 96 Chironomidae 64.07
152969 9/24/2014 CRANDMD-02 Riffle 1659 155 Chironomidae 80.83
152970 9/24/2014 CRANDLWR-03 Multi 1115 272 Pisidiidae 27.26
152971 9/24/2014 CRANDLWR-03 Riffle 1132 904 Baetidae 63.16
Mean 1682.5 564.2 53.74

Diversity Indices

Table 4a. Richness totals for taxa, genera, families, and EPT. Shannon diversity index and evenness values.

Total Total Shannon

Collection Totaltaxa genera family EPTtaxa diversity
Sample ID Date Station richness richness* richness* richness* index Evenness
152966 9/25/2014 CRANDUP-01 Multi 42 28 26 18 2.188424 0.730514
152967 9/25/2014 CRANDUP-01 Riffle 44 29 23 18 2.052547 0.674177
152968 9/24/2014 CRANDMD-02 Multi 29 15 20 4 1.386033 0.540374
152969 9/24/2014 CRANDMD-02 Riffle 31 21 19 4 0.761622 0.391396
152970 9/24/2014 CRANDLWR-03 Multi 38 22 20 8 2.011259 0.725408
152971 9/24/2014 CRANDLWR-03 Riffle 31 21 20 9 1.27419 0.531379
Mean 35.8 22.7 21.3 10.16667 1.612346 0.598875

*Based off raw data, qualitative data versus the standardized quantitative data.

Table 5a. Diversity indicies based on standardized OTU

Shannon

Collection Totaltaxa EPTtaxa diversity
Sample ID Date Station richness  richness index Evenness
152966 9/25/2014 CRANDUP-01 Multi 20 8 2.188424 0.730514
152967 9/25/2014 CRANDUP-01 Riffle 21 10 2.052547 0.674177
152968 9/24/2014 CRANDMD-02 Multi 13 3 1.386033 0.540374
152969 9/24/2014 CRANDMD-02 Riffle 7 2 0.761622 0.391396
152970 9/24/2014 CRANDLWR-03 Multi 16 5 2.011259 0.725408
152971 9/24/2014 CRANDLWR-03 Riffle 11 5 1.27419 0.531379
Mean 14.66667 6 1.612346 0.598875
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Table 6a. Genera richness by major taxonomic group

m
Collection km. m. m. m .m. m m. ..m. W m .Im
Sample ID Date Station S . 8 2 2 3 & = = 3 e
152966 9/25/2014 CRANDUP-01 Multi 0 13 6 0 0 0 6 6 1 0 1
152967 9/25/2014 CRANDUP-01Riffle 0 14 6 0 0 0 7 5 1 0 1
152968 9/24/2014 CRANDMD-02 Multi 1 11 2 0 0 0 1 1 1 0 0
152969  9/24/2014 CRANDMD-02 Riffle 1 5 1 0 0 0 1 2 1 0 0
152970  9/24/2014 CRANDLWR-03 Multi 1 14 3 0 0 0 2 3 1 0 1
152971  9/24/2014 CRANDLWR-03 Riffle 1 9 3 0 0 0 1 5 0 0 0
Mean 0.7 11.0 3.5 0.0 0.0 0.0 3.0 3.7 0.8 0.0 0.5
Table 7a. Total Abundance by major taxonomic group
e
: S - e e
g ¢ ¢ B B oz £ & 2 § 3
Collection 8 m g s m 5 8 £ g £ 2
Sample ID Date Station S 3 & 2 F 3 = = L 3 S
152966 9/25/2014 CRANDUP-01 Multi 0 1485 570 0 0 0 363 226 52 0 83
152967 9/25/2014 CRANDUP-01Riffle 0 1466 531 0 0 0 140 128 18 0 18
152968 9/24/2014 CRANDMD-02 Multi 4 687 35 0 0 0 9 52 7 0 0
152969 9/24/2014 CRANDMD-02Riffle 3 1426 135 0 0 0 7 14 11 0 0
152970 9/24/2014 CRANDLWR-03 Multi 4 480 226 0 0 0 15 30 46 0 304
152971  9/24/2014 CRANDLWR-03Riffle 2 205 717 0 0 0 15 173 0 0 0
Mean 2 958 369 0 0 0 91.5 103.8 22.2 0.0 67.5
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Biotic Indices

Table 8a. Hilsenhoff Biotic Index and CTQd

Hilsenhoff Biotic Index USFS
Collection Community

Sample ID Date Station Index Indication crad
152966 9/25/2014 CRANDUP-01 Multi  4.603333 Some organic pollution 79
152967 9/25/2014 CRANDUP-O1Riffle  4.993333 Some organic pollution 72
152968 9/24/2014 CRANDMD-02 Multi  4.713333 Some organic pollution 96
152969 9/24/2014 CRANDMD-02 Riffle 5.5  Some organic pollution 96
152970 9/24/2014 CRANDLWR-03 Multi 3.093333 Potential slight organic pollution 91
152971 9/24/2014 CRANDLWR-03 Riffle 4.16  Potential slight organic pollution 84
Mean 4.510556 86.33

The Hilsenhoff Biotic Index (HBI) summarizes the overall polution tolerance of the taxa collected.
Sampling locations with HBI values of 0-2 are considered clean, 2-4 slightly enriched, 4-7 enriched, and
7-10 are considered polluted.

USFS Community Tolerant Quotient values vary from about 20 to 100 where the lower the value the better
quality of water. Each taxa are assigned a quotient value from 2to 108. The lower values are given to taxa
that tend to be found only in high quality unpolluted water and the higher values to taxa that can be found
in severly polluted water.

Table 9a. Intolerant taxa richness and abundance values and percentages.

Intolerant Taxa Tolerant Taxa
Collection

Sample ID Date Station Richness Percent Abundance Percent Richness Percent Abundance Percent
152966  9/25/2014 CRANDUP-01 Multi 5 25 585 21 1 S 78 3
152967  9/25/2014 CRANDUP-01 Riffle 8 38 242 10 1 5 106 4
152968  9/24/2014 CRANDMD-02 Muiti 1 8 9 1 1 8 7 1
152969  9/24/2014 CRANDMD-02 Riffle 1 14 9 1 0 0 0 0
152970  9/24/2014 CRANDLWR-03 Multi 1 6 15 1 0 0 2 0
152971  9/24/2014 CRANDLWR-03 Riffle 2 18 18 2 0 0 2 0
Mean 3.0 18 146.3 6 0.5 3 32.5 1
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Functional Feeding Groups

Table 10a. Taxa richness by functional feeding groups

Collection Shredders Scrapers Collector-filterers Collector-gatherers Predators Unknown
_Sample ID Date Station Richness Percent Richness Percent Richness Percent Richness Percent Richness Percent Richness Percent
152966 9/25/2014 CRANDUP-01 Multi 3 11 1 4 3 11 3 11 6 22 11 41
152967 9/25/2014 CRANDUP-01 Riffle 4 16 1 4 2 8 2 8 8 32 8 32
152968 9/24/2014 CRANDMD-02 Multi 0 0 0 0 0 0 0 0 5 24 16 76
152969 9/24/2014 CRANDMD-02 Riffle 0 0 0 0 0 0 0 0 4 18 18 82
152970 9/24/2014 CRANDLWR-03 Multi 2 10 0 0 3 14 3 14 5 24 8 38
152971 9/24/2014 CRANDLWR-03 Riffle 0 0 0 0 2 9 2 9 3 14 15 68
Mean 1.5 6.1 0.3 1.3 1.7 7.1 1.7 7.1 5.2 22.3 12.7 56.2
Table 11a. Taxa abundance by functional feeding group
Collection Shredders Scrapers Collector-filterers Collector-gatherers Predators Unknown
_Sample ID Date Station Abundance Percent Abundance Percent Abundance Percent Abundance Percent Abundance Percent Abundance Percent
152966 9/25/2014 CRANDUP-01 Muiti 302 1 248 9 174 6 1587 56 511 18 13 0
152967 9/25/2014 CRANDUP-01 Riffle 117 5 106 4 108 5 1607 67 427 18 26 1
152968 9/24/2014 CRANDMD-02 Multi 54 6 0 0 2 0 637 66 265 28 5 1
152969 9/24/2014 CRANDMD-02 Riffle 11 1 0 0 0 0 1486 90 159 10 3 0
152970 9/24/2014 CRANDLWR-03 Multi 48 4 0 0 433 39 535 48 100 9 -1 0
152971 9/24/2014 CRANDLWR-03 Riffle 21 2 2 0 230 20 802 71 78 7 -1 0
Mean 92.2 4.7 59.3 2.2 157.8 11.7 1109.0 66.3 256.7 14.8 7.5 03
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Data summarization

Compositional changes in macroinvertebrate assemblages are most frequently used to quantify freshwater
ecosystem responses to anthropogenic disturbances (Bonada et al. 2006). Common approaches range from the
computation and evaluation of individual metrics characterizing the composition, richness, function or tolerance
of invertebrate assemblages to complex multivariate analyses and statistical modelling that aims to predict
assemblage composition in the absence of impairment (e.g., RIVPAVS or O/E) (V. H. Resh et al. 1993; Wright
et al. 2000; Merritt et al. 2008). Regardless of the analytical approach, determinations of biological condition
are generally achieved by comparing the deviation of macroinvertebrate metrics or assemblages composition at
test sites (i.e., sampled sites) to that of reference or minimally impacted conditions. The NAMC’s output for
macroinvertebrate samples aims to support both (multi-) metric and multivariate approaches.

Related fields in Excel Output:

[Fixed Count]

The number of resampled organisms to a fixed count of 300 (unless otherwise requested). If the number of sub-
sampled organisms ([Split Count]) was less than the fixed count, the fixed count will be less than the target of
300 and should approximate the [Split Count] but may be slightly lower due to taxa omitted during OTU
standardization.

Richness metrics

Richness is a component and estimate of community structure and stream health based on the number of distinct
taxa. Taxa richness normally decreases with decreasing water quality. In some situations organic enrichment
can cause an increase in the number of pollution tolerant taxa. Taxa richness was calculated for operational
taxonomic units (OTUs) and the number of unique genera, and families. The values for operational taxonomic
units may be overestimates of the true taxa richness at a site if individuals were the same taxon as those
identified to lower taxonomic levels or they may be underestimates of the true taxa richness if multiple taxa
were present within a larger taxonomic grouping but were not identified. All individuals within all samples
were generally identified similarly according to Standard Taxonomic Effort (see Appendix 1 or NAMC
website), so that comparisons in operational taxonomic richness among samples within this dataset are
appropriate, but comparisons to other data sets may not. Comparisons to other datasets should be made at the

genera or family level.

Related fields in Excel Output:

[Richness]

The number of unique taxa at the lowest possible taxonomic resolution (typically genus or species).

[# of EPT Taxa]

the taxonomic richness for the insect orders Ephemeroptera, Plecoptera, and Trichoptera (EPT). These orders
are commonly considered sensitive to pollution (Karr & Chu 1999). This is reported along with the
accompanying density metric, [Abundance of EPT Taxa].

[Shannon’s Diversity]

The Shannon-Wiener diversity function is a measure of community structure and heterogeneity defined by the
relationship between the number of distinct taxa and their relative abundances. The Shannon’s diversity index is
noted to weight rare species slightly more heavily than the Simpson’s diversity index (Krebs 1999). The
calculation is made as follows:

-Z([Relative Abundance]taxa*In([Relative Abundance]taxa))

Appendix A
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after Ludwig and Reynolds (1988, equation 8.9, page 92):

[Simpson’s Diversity]

The Simpson’s diversity index is a measure of community structure and heterogeneity defined by the
relationship between the number of distinct taxa and their relative abundances. The Simpson’s diversity index is
noted to weight common species slightly more heavily than the Shannon’s diversity index (Krebs 1999). The
calculation is provided in the common form as follows:

1 - [Simpson's Diversity] = 1 - Z([Relative Abundance]taxa)2

after Ludwig and Reynolds (1988, equation 8.6, page 91):

Modified to the complement of the Simpson’s probability measure as shown in Krebs (1999, equation12.28,
page 443).

[Evenness]

A measure of the distribution of taxa within a community. Value ranges from 0-1 and approach zero as a single
taxa becomes more dominant. The evenness index used in this report was calculated as: [Shannon's
Diversity]/In([Richness]) following Ludwig and Reynolds (1988, equation 8.11, page 93).

Dominance metrics

Metrics used to characterize the absolute or proportional abundance of individual taxa within a sampled
assemblage. An assemblage largely dominated (>50%) by a single taxon or several taxa from the same family
suggests environmental stress.

Related fields in Excel Output:

[Dominant Family]

The taxonomic family with the highest abundance per sample. The name of this family is given to provide
information about the life history and pollution tolerance of the dominant taxa.

[Abundance of Dominant Family]

The density of the most abundant family. This number should be compared to the total abundance for the
sample to determine what percent of the total abundance is comprised by the dominant family. An assemblage
dominated (e.g., >50%) by a single family suggests environmental stress; although the specific dominant family
needs to be considered. For example, dominance by Chironomidae, Hydropsychidae, Baetidae, or
Leptohyphidae frequently suggest impaired conditions, while other families within the orders Coleoptera,
Ephemeroptera, Plecoptera or Trichoptera may suggest otherwise. Dominance of the macroinvertebrate
assemblage by a few taxa can also be evaluated with the Evenness metric.

[Dominant Taxa]

The taxa (usually identified to genus) with the highest abundance in a sample. The name of this taxa is given to
provide information about the life history and pollution tolerance of the dominant taxa.

[Abundance of Dominant Taxa]

The density of the numerically dominant taxon. This number should be compared to the total abundance for the
sample to determine what percent of the total abundance is comprised by the dominant taxa. An assemblage
largely dominated (e.g., >50%) by a single taxon suggests environmental stress. This can also be evaluated in
conjunction with the Eveness metric.
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Tolerance (Biotic) Indices

Taxa are assigned values based on their tolerance to a single or multiple pollutants (e.g., nutrients, temperature,
fine sediment). Pollution tolerance scores are typically weighted by taxa relative abundance and summed among
all observed taxa. In the United States the most commonly used biotic index is the Hilsenhoff Biotic Index
developed for organic matter enrichment (Hilsenhoff 1987; 1988). The USFS and BLM throughout the western
United States have also historically used the USFS Community Tolerance Quotient (Winget & Mangum 1979).
Related fields in Excel Output:

[Hilsenhoff Biotic Index]

The Hilsenhoff Biotic Index (HBI) was originally developed to quantify the tolerance of macroinvertebrate
assemblages to organic pollution, but this index has been used to detect nutrient enrichment, fine sediment
loading, low dissolved oxygen, and thermal impacts. Families are assigned an index value from 0 (taxa
normally found only in unpolluted water) to 10 (taxa found only in severely polluted waters). following
Hilsenhoff (1987; 1988) and a family level HBI is calculated using the below equation.Sampling locations with
HBI values of 0-2 are considered clean, 2-4 slightly enriched, 4-7 enriched, and 7-10 polluted. The HBI is
calculated as:

2([Abundance]taxa*[Tolerance]taxa)/[ Abundance]Total

following the equation presented in Hilsenhoff (1988)

[# of Intolerant Taxa]

Rather than using mean HBI values for a sample, taxon HBI values can also be used to determine the number of
pollution intolerant and tolerant taxa occurring at a site. In our report, taxa with HBI values < 2 were considered
‘intolerant’, clean water taxa (Vinson unpublished). The provided value is the richness (count) of taxa with HBI

values <2.

[Abundance of Intolerant Taxa]

The abundance of taxa with HBI values < 2, which were considered to be ‘intolerant’, clean water taxa in this
report (Vinson unpublished).

[# of Tolerant Taxa]

Rather than using mean HBI values for a sample, taxon HBI values can also be used to determine the number of
pollution intolerant and tolerant taxa occurring at a site. In our report, taxa with HBI values > 8 were considered
pollution ‘tolerant’ taxa (Vinson unpublished). The provided value is the richness (count) of taxa with HBI
values > 8.

[Abundance of Tolerant Taxa]

The abundance of taxa with HBI values > 8, which were considered to be pollution ‘tolerant’ taxa in this report
(Vinson unpublished).

[USFS Community Tolerance Quotient (d)]

Taxa are assigned a tolerant quotient (TQ) from 2 (taxa found only in high quality, unpolluted waters) to 108
(taxa only found in severely polluted waters) following Winget and Mangum (1979). A dominance weighted
community tolerance quotient (CTQd) is calculated according to the equation below where values can range
from 20 to 100, with lower values indicating better water quality.

Y([Tolerance Quotient] * log([Abundance]taxa))/Z log([Abundance]taxa)
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Functional Feeding Groups and Traits

Aquatic macroinvertebrates can be categorized by mode of feeding, adaptations to local habitat conditions, time
to complete a life cycle, and other life history traits. Such classification schemes attempt to understand how
individuals interact with local environmental conditions, with specific emphasis on the functional role of
macroinvertebrate assemblages within aquatic ecosystems.

One of the most population classification schemes is functional feeding groups (FFG), which classify
individuals based on their morpho-behavioral adaptations for food acquisition (e.g., scraping, piercing, net
building); recognizing that all macroinvertebrates exhibit some degree of omnivory. The richness and relative
abundance of different FFGs indicate the dependency of observed macroinvertebrate assemblages on different
food resources and thus the trophic basis for secondary production. For example, the ratio of scrapers to
shredders indicates the degree to which the local macroinvertebrate assemblage depends on instream algal
production versus inputs of terrestrial leaf litter.

Functional feeding group designations are derived from Merritt et al (2008). Taxa are not included that are
highly variable in their food habits, are parasites, or their primary feeding mode is currently unknown.

Related fields in Excel OQutput:

Functional feeding group measures

[# of Shredder Taxa] & [Shredder Abundance]

Shredders use both living vascular hydrophytes and decomposing vascular plant tissue - coarse particulate
organic matter. Shredders are sensitive to changes in riparian vegetation and can be good indicators of toxicants
that adhere to organic matter.

[#of Scraper Taxa] & [Scraper Abundance]

Scrapers feed on periphyton (i.e., attached algae) and associated material. Scraper populations increase with
increasing abundance of diatoms and can decrease as filamentous algae, mossesor vascular plants increase,
often in response to increases in nitrogen and phosphorus. Scrapers decrease in relative abundance in response
to sedimentation and higher levels of organic pollution or nutrient enrichment.

[# of Collector-filterer Taxa] & [Collector-filterer Abundance]

Collector-filterers feed on suspended fine particulate organic matter and often construct fixed retreats or have
morpho-behavioral adaptation for filtering particles. Collector-filterers are sensitive highly mobile substrate
condition, the quantity of fine particulate organic matter and pollutants that adhere to organic matter.

[# of Collector-gatherer Taxa] & [Collector-gatherer Abundance]

Collector-gatherers feed on deposited fine particulate organic matter. Collector-gatherers are sensitive to
deposited toxicants.

[# of Predator Taxa] & [Predator Abundance]

Predators feed on living animal tissue. Predators typically make up about 25% of the assemblage in stream
environments and 50% of the assemblage in still-water environments.

Life History Trait measures

[# of Clinger Taxa]

Clingers typically have behavioral (e.g., fixed retreat construction including rock ballasts, silk production) or
morphological (e.g., modified gill structures, long curved claws, crochet hooks) adaptations for attachment to
the tops of rocks or wood surfaces. Clingers have been found to respond negatively to fine sediment loading or
abundant algal growth (Karr & Chu 1999). Clinger taxa were determined using information in Merritt et al.
(2008).
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[# of Long-lived Taxa]

Taxa that take two or more years to complete their life cycle are considered to be long-lived.
Macroinvertebrates with such protracted life cycles are considered good bioindicators since their presence
indicates the maintenance of certain water quality or habitat conditions; the number of long-lived taxa typically
decreases in response to degraded water quality of physical conditions (Karr & Chu 1999). The classification of
long-lived taxa was based on life cycles greater than two years following Merritt et al. (2008).

Taxa Richness and Abundance

For taxa groups that are indicators of water quality or that are commonly used in multimetric indices, richness
and abundance within that taxa are given.

[# of ** Taxa]

The richness (count of unique taxa) within each specified group.

[Abundance of ** Taxa]

The abundance, density, or number of aquatic macroinvertebrates of the indicated group per unit area.
Invertebrate abundance is presented as the number of individuals per square meter for quantitative samples and
the number of individuals collected in each sample for qualitative samples. Abundance is an indicator of habitat
availability and fish food abundance. Abundance may be reduced or increased depending on the type of impact
or pollutant. Increased organic enrichment typically causes large increases in abundance of pollution tolerant
taxa. High flows, increases in fine sediment, or the presence of toxic substances normally cause a decrease in

invertebrate abundance.
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Figure 1b. Percent Predominant Taxonomic Groups Fall 2014 Samples

FALL 2014 DATA
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Table 1b. Percent Predominant Taxonomic Groups in the Fall 2014 Samples

CRANDUP-01-Multi |CRANDUP-01-Riffle  |CRANDMD-02-Multi |CRANDMD-02-Riffle |CRANDLWR-03-Multi |CRANDLWR-03-Riffle
Non-insects 7 5 18 5 32 2
Diptera 52 61 71 86 43 18
Coleoptera 0.0 0.0 0.4 0.2 0.4 0.2
Trichoptera 8 5 5 1 3 15
Plecoptera 13 6 1 0 1 1
Ephemeroptera 20 22 4 8 20 63
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Figure 2b. Richness
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Figure 8b. EPT Taxa Abundance
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Figure 14b. Number of Intolerant Taxa

FALL

2014 DATA

Figure 15b. Percent Intolerant Organisms

9
8
7
6
m .
4 -
w -
N -
1 4
O -
g 47% z%/o @% ».,,% @% A.,,.%
S S g & P g
S & ¥ & §F
PG I Ay

S
Q@%%o«ﬂ%%

5.0

4.0

3.0

2.0

1.0

Figure 16b. Specialist Feeders: Generalist Feeders

Figure 17b. Percent Shredders

0.35
0.3 -
0.25 A
0.2 -
0.15 -
0.1 -
0.05 -

&% N 2 N
Y JA%r 9@0 &r/ &@0 3 .W
S S I g 8 S
SN\

S S
nww. CAM. n.%:ﬂ. QAW.

35

30
25

20

15
10 -

&
> S v\ﬂ UJ QS

= X @@ 470/.0 A:/_”O
>

Figure 18b. Percent Scrapers

Figure 19b. Number of Long-Lived Taxa

10 4
9
8
7 3
6
5 2
4
3
2 17
1
0 ] 0 - T T T T T ,
S ¢ ¢  a®
S & & & &€
N $ g & & &
N F & © ¢ &
& S & & & & &
EIS Environmental & Engineering Consulting >—uﬂm=n—mx B

Crandall Canyon Mine Macroinvertebrate Study Fall 2014

Page 4 of 5




Figure 20b. Number of Clinger Taxa

FALL 2014 DATA

Figure 21b. Baetis:All Ephemetroptera (Percent)
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Figures 1c. Richness values for each reach and habitat type from 2009-2014
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Figures 2c. Evenness values for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 3c. Shannon’s Diversity values for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 4c. Abundance values for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 5c. Hilsenhoff Biotic Index values for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 6¢c. USFS Community Tolerance Quotient (CTQd) values for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 7c. EPT taxa abundance values for each reach and habitat type from 2009-2014
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Figures 8c. Percent EPT for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 9¢. Percent Chironomids for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 10c. Ratio of EPT to Chironmoids values for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 11c. Number of tolerant taxa for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 12c. Percent tolerant organisms for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 13c. Number of intolerant taxa for each reach and habitat type from 2009-2014

CRANDUP-01 Multi

CRANDUP-01 Riffle

1500 1500
1000 1000
500 500
0 - s
Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014
CRANDMD-02 Multi CRANDMD-02 Riffle
80 100
60 80
40 60
40 -
20 20 -
0 o A
Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014
CRANDLWR-03 Multi CRANDLWR-03 Riffle
100 80
80 60
60 40
40
3 |
O i T —. T T - T 0 i
Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall

2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014

2010 2010 2011 2011 2012 2012 2013 2013 2014 2014

nvironmenta ngineering Consulting
Crandall Canyon Mine Macroinvertebrate Study Fall 2014

Appendix C
Page 13 of 23



FALL 200S9-FALL 2014 DATA

Figures 14c. Percent intolerant organisms for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 15c. Ratio of specialist feeders to generalist feeders for each reach and habitat type from 2009-2014

CRANDUP-01 Multi CRANDUP-01 Riffle
4 4
3 3
2 2
1 1
0 - 0
Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014
CRANDMD-02 Multi CRANDMD-02 Riffle
0.5 15
0.4
0.3 10
0.2 5
0.1
0 A 0 - T T T 1
Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014
CRANDLWR-03 Multi CRANDLWR-03 Riffle
0.8 4
0.6 3
0.4 2
0.2 | 1
0 0 T —— . .
Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fali Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2008 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014

TS ERVIrOnmental & ENGINEErNg CONSUINg
Crandall Canyon Mine Macroinvertebrate Study Fall 2014

Appendix C
Page 15 of 23




FALL 2009-FALL 2014 DATA

Figures 16c. Percent scrapers for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 17c. Percent shredders for each reach and habitat type from 2009-2014

CRANDUP-01 Multi

CRANDUP-01 Riffle

Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014

40 40
30 30
20 20
10 - 10
0 A o -
Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014
CRANDMD-02 Multi CRANDMD-02 Riffle
15 10
8
10 6
5 4
2 .
0 - 0 -

Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2010 2010 2011 2011 2012 2012 2013 2013 2014 2014

CRANDLWR-03 Multi

CRANDLWR-03 Riffle

30 15
20 10
10 5

0 0 A

Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014

Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
2010 2010 2011 2011 2012 2012 2013 2013 2014 2014

EI! Enwronmen!a! E !nglneerlng Eonsu"mg

Crandall Canyon Mine Macroinvertebrate Study Fall 2014

— —— — —ma

Appendix C
Page 17 of 23




FALL 2009-FALL 2014 DATA

Figures 18c. Number of long-lived taxa for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 19c. Number of clinger taxa for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 20c. Percent ratio of Baetis to all Ephemetroptera for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 21c. Percent Baetis, Hydropsychidae, and Orthocladinaefor each reach and habitat type from 2009-2014
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FALL 20059-FALL 2014 DATA

Figures 22c. Percent ratio of Heptageniidae to all Ephemeroptera for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 DATA

Figures 23c. Percent Heptageniidae, Chloroperlidae, & Rhyacophila for each reach and habitat type from 2009-2014
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APPENDIX D

MACROINVERTEBRATE FIGURES FALL 2009- FALL 2014 AVERAGED




FALL 2009-FALL 2014 AVERAGED DATA

Figures 1d. Average richness in each reach from Fall 2009- Fall 2014
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Figures 2d. Average evenness in each reach from Fall 2009- Fall 2014
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FALL 2009-FALL 2014 AVERAGED DATA

Figures 3d. Average Shannon’s Diversity in each reach from Fall 2009- Fall 2014
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FALL 2009-FALL 2014 AVERAGED DATA
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FALL 2009-FALL 2014 AVERAGED DATA

Figures 7d. Average EPT taxa abundance in each reach from Fall 2009- Fall 2014

CRANDLWR-03

1600
1400
1200
1000

800

CRANDMD-02

1600
1400
1200
1000

800

CRANDUP-01

1600
1400
1200
1000

Figures 8d. Average percent EPT in each reach from Fall 2009- Fall 2014
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FALL 2009-FALL 2014 AVERAGED DATA

Figures 9d. Average percent Chironomids in each reach from Fall 2009- Fall 2014
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FALL 2009-FALL 2014 AVERAGED DATA

Figures 11d. Average number of tolerant taxa in each reach from Fall 2009- Fall 2014
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FALL 2009-FALL 2014 AVERAGED DATA
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FALL 2009-FALL 2014 AVERAGED DATA
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Figures 16d. Average percent scrapers in each reach from Fall 2009- Fall 2014




FALL 2009-FALL 2014 AVERAGED DATA

Figures 17d. Average percent shredders in each reach from Fall 2009- Fall 2014
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FALL 2009-FALL 2014 AVERAGED DATA

Figures 19d. Average number of clinger taxa reach from Fall 2009- Fall 2014
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FALL 2009-FALL 2014 AVERAGED DATA
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Figures 21d. Average percent Baetis, Hydropsychidae, and Orthocladinaefor each reach and habitat type from 2009-2014
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Figures 22d. Average percent ratio of Heptageniidae to all Ephemeroptera for each reach and habitat type from 2009-2014
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FALL 2009-FALL 2014 AVERAGED DATA

Figures 23d. Average percent Heptageniidae, Chloroperlidae, & Rhyacophila for each reach and habitat type from 2009-2014
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Taxa Lists for
Individual Samples




Following is the taxonomic list and the number of individuals found of each species for the 6 samples
collected on September 24" and 25", 2014. The count is the total number of individuals found,

identified, and retained for future reference.

Phylum Class Order Family SubFamily Genus Species Samples Count
Annelida Clitellata 5 133
Arthropoda Arachnida Trombidiformes 2 31
Arrenuridae Arrenurus 2 7
Hygrobatidae 2 4
Lebertiidae Lebertia S 255
Sperchonidae 1 9
Sperchon a4 66
Torrenticolidae Testudacarus 2 8
Entognatha Collembola 1 4
Insecta Coleoptera Eimidae 1 4
Narpus concolor 2 7
Haliplidae Brychius 1 2
Diptera 1 4
Ceratopogonidae 2 22
Ceratopogoninae Probezzia 4 42
Chironomidae 4 46
Chironominae 4 348
Orthocladiinae 6 4030
Tanypodinae 3 127
Empididae 1 17
Neoplasta 4 167
Hemerodromiinae 4 176
Chelifera 3 53
Muscidae 3 14
Psychodidae Pericoma 5 194
Simuliidae 3 134
Simuliinae Simulium 4 190
Stratiomyidae Caloparyphus 1 4
Tipulidae 4 32
Dicranota 3 75
Hexatoma 1 4
Limoniinae Antocha monticola 2 9
Limnophila 1 2
Tipulinae Tipula 3 58
Ephemeroptera Ameletidae Ameletus 1 17
Baetidae 1 28
Baetis 6 1635
Diphetor hageni 3 82
Ephemerellidae 2 40
Heptageniidae 2 276
Cinygmula 2 60
Epeorus 1 2
Leptophlebiidae 1 57
Paraleptophlebia 2 15
Plecoptera 1 18
Capniidae Capniinae 2 90
Nemouridae Malenka 1 9
Zapada 1 126
Zapada 1 18
Zapada cinctipes 1 36
Amphinemurinae  Amphinemura 1 7
Perlodidae 2 135
Megarcys signata 2 13
Isoperlinae Isoperla 5 88
Perlodinae Skwala americana 1 9
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Phylum Class Order Family SubFamily Genus Species Samples Count
Trichoptera Hydropsychidae 3 94
Arctopsychinae Parapsyche 1 26
Parapsyche elsis 1 4
Hydropsychinae  Hydropsyche 2 93
Limnephilidae 6 176
Limnephilinae Hesperophylax 3 11
Rhyacophilidae Rhyacophila 3 13
Rhyacophila rotunda group 1 17
Rhyacophila vofixa group 2 189
Mollusca Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium 3 405
Nemata 1 7
Platyhelminthes Turbellaria 1 22
Total: Taxa: 67 Genera: 35 Families: 28 10095
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected September 25", 2014 at the station
CRANDUP-01, Crandall Creek, Upstream, Emery County, Utah. The sample was collected from the
reachwide habitat using a Kick Net. The total area sampled was 0.46 square meters. Of the collected
sample, 50% was identified and retained. A total of 650 individuals were separated from the total
sample, identified and retained for future reference. The sample identification number is 152966.
OTU= Operational Taxonomic Unit

Phylum Class Order Family SubFamily Genus Species _ Life Stage Density

Annelida Clitellata Adult 52

Arthropoda Arachnida Trombidiformes Lebertiidae Lebertia Adult 22

Sperchonidae Adult 9

Torrenticolidae Testudacarus Adult 4

Insecta Diptera Pupae 4

Ceratopogonidae larvae 17

Ceratopogoninae Probezzia Larvae 17

Chironomidae Pupae 17

Chironominae Larvae 135

Orthocladiinae Larvae 961

Tanypodinae Larvae 61

Empididae Hemerodromiinae Larvae 104

Psychodidae Pericoma Larvae 78

Simuliidae Larvae 48

Tipulidae Larvae 4

Hexatoma Larvae 4

Tipulinae Tipula Larvae 33

Ephemeroptera Ameletidae Ameletus Larvae 17

Baetidae Baetis Larvae 243

Ephemerellidae Larvae 22

Heptageniidae Larvae 222

Cinygmula Larvae 9

Leptophlebiidae Larvae 57

Plecoptera Capniidae Capniinae Larvae 83

Nemouridae Malenka Larvae 9

Zapada Larvae 126

Perlodidae Larvae 130

Megarcys signata larvae 7

Isoperlinae Isoperia Larvae 9

Trichoptera Hydropsychidae Larvae 13

Arctopsychinae  Parapsyche Larvae 26

Parapsyche elsis Larvae 4

Limnephilidae Larvae 57

Rhyacophilidae Rhyacophila Larvae 9

Rhyacophila  vofixa gro Larvae 117

Mollusca Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Adult 83

Platyhelminthes Turbellaria Adult 22

Total: OTUTaxa: 37 Genera: 16 Families: 21 2835
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s BuglLab. The sample was collected September 25", 2014 at the station
CRANDUP-01, Crandall Creek, Upstream, Emery County, Utah. The sample was collected from the
targeted riffle habitat using a Kick Net. The total area sampled was 0.74 square meters. Of the collected
sample, 37.5% was identified and retained. A total of 651 individuals were separated from the total
sample, identified and retained for future reference. The sample identification number is 152967.

OTU= Operational Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida  Clitellata Adult 18
Arthropoda Arachnida Trombidiformes Adult 29
Lebertiidae Lebertia Adult 43

Sperchonidae Sperchon Adult 7

Torrenticolidae Testudacarus Pupae 11

Insecta Diptera Ceratopogonidae Ceratopogoninae Probezzia Larvae 126
Chironomidae Larvae 922

Chironominae Larvae 34

Orthocladiinae Larvae 23

Tanypodinae Larvae 1

Empididae Neoplasta Larvae 106

Hemerodromiinae Larvae 79

Chelifera tarvae 4

Muscidae Larvae 4

Psychodidae Pericoma Larvae 16

Simuliidae Simuliinae Simulium Larvae 390

Tipulidae Larvae 18

Dicranota Larvae 54

Tipulinae Tipula Larvae 52

Ephemeroptera Baetidae Baetis Larvae 14

Diphetor hageni Larvae 18

Ephemerellidae Larvae 7

Heptageniidae Larvae 7

Cinygmula Larvae 45

Leptophlebiidae Paraleptophiebia Larvae 11

Plecoptera Larvae 25

Capniidae Capniinae Larvae 4

Nemouridae Zapada Adult 18

Zapada cinctipes Adult 7

Amphinemurinae Amphinemura Larvae 4

Perlodidae Isoperlinae Isoperla Larvae 14

Perlodinae Skwala americana Larvae 36

Trichoptera Hydropsychidae Larvae 9

Limnephilidae Larvae 18

Limnephilinae Hesperophylax Larvae 71

Rhyacophilidae Rhyacophila rotundagroup  Adult 4

Rhyacophila vofixa group Larvae 105

Mollusca  Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Larvae 17
Nemata Larvae 22
Total: OTU Taxa: 39 Genera: 21 Families: 21 2393
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected September 24", 2014 at the station
CRANDMD-02, Crandall Creek, Midstream, Emery County, Utah. The sample was collected from the
reachwide habitat using a Kick Net. The total area sampled was 0.46 square meters. Of the collected
sample, 100% was identified and retained. A total of 443 individuals were separated from the total
sample, identified and retained for future reference. The sample identification number is 152968.

OTU= Operational Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida Clitellata Adult 7
Arthropoda Arachnida Trombidiformes Arrenuridae Arrenurus Adult 2
Hygrobatidae Adult 146

Lebertiidae Lebertia Adult 17

Sperchonidae Sperchon Larvae 4

Insecta  Coleoptera Elmidae Narpus concolor Pupae 2

Diptera Chironomidae Larvae 43

Chironominae Larvae 539

Orthocladiinae Larvae 33

Tanypodinae Larvae 11

Empididae Neoplasta Larvae 7

Hemerodromiinae Larvae 2

Muscidae Larvae 2

Psychodidae Pericoma Larvae 33

Simuliidae Simuliinae Simulium Larvae 2

Stratiomyidae Caloparyphus Larvae 9

Tipulidae Larvae 50

Ephemeroptera Baetidae Baetis Pupae 2

Heptageniidae Epeorus Larvae 4

Plecoptera Perlodidae Isoperlinae Isoperla Adult -]

Trichoptera Limnephilidae Larvae 2

Larvae 41

Total: OTU Taxa: 21 Genera: 11 Families: 16 962
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The foliowing taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected September 24™, 2014 at the station
CRANDMD-02, Crandall Creek, Midstream, Emery County, Utah. The sample was collected from the
targeted riffle habitat using a Kick Net. The total area sampled was 0.74 square meters. Of the collected
sample, 50% was identified and retained. A total of 613 individuals were separated from the total
sample, identified and retained for future reference. The sample identification number is 152969.

OTU= Operational Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida  Clitellata Adult 11
Arthropoda Arachnida Trombidiformes Lebertiidae Lebertia Adult 41
Sperchonidae Sperchon Adult 24

Insecta  Coleoptera Elmidae Narpus concolor Larvae 3

Diptera Ceratopogonidae Ceratopogoninae Probezzia Larvae 1341

Chironomidae Orthocladiinae Larvae 27

Empididae Neoplasta Larvae 1

Hemerodromiinae Chelifera Larvae 135

Muscidae Larvae 11

Ephemeroptera Baetidae Baetis Larvae 3

Plecoptera Perlodidae Megarcys signata Larvae 8

Trichoptera Limnephilidae Larvae 7

Rhyacophilidae Rhyacophila Larvae 49

Total: OTU Taxa: 13 Genera: 9 Families: 11 1661
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The following taxonomic list and densities are of the aquatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected September 24™, 2015 at the station
CRANDLWR-03, Crandall Creek, Lower, Emery County, Utah. The sample was collected from the

reachwide habitat using a Kick Net. The total area sampled was 0.46 square meters. Of the collected

sample, 100% was identified and retained. A total of 513 individuals were separated from the total
sample, identified and retained for future reference. The sample identification number is 15270.

OTU= Operational Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Annelida  Clitellata Adult 46
Arthropoda Arachnida Trombidiformes Adult 2
Arrenuridae Arrenurus Adult 4

Entognath: Collembola Larvae 4

Insecta  Coleoptera Elmidae Larvae 4

Diptera Ceratopogonidae Pupae 15

Ceratopogoninae Probezzia Larvae 43

Chironomidae Larvae 191

Chironominae Larvae 17

Orthocladiinae Larvae 2

Empididae Larvae 59

Hemerodromiinae Pupae 26

Psychodidae Pericoma Larvae 30

Simuliidae Larvae 22

Larvae 2

Simuliinae Simulium Larvae 48

Tipulidae Larvae 9

Dicranota Larvae 28

Limoniinae Antocha monticola Larvae 161

Tipulinae Tipula Larvae 4

Ephemeroptera Baetidae Larvae 11

Baetis Larvae 13

Diphetor hageni Larvae 11

Plecoptera Perlodidae Larvae 7

Isoperlinae Isoperla Adult 304

Trichoptera Hydropsychidae Hydropsychinae  Hydropsyche Larvae 37

Limnephilidae Larvae 2

Limnephilinae Hesperophylax Adult 2

Mollusca  Bivalvia Veneroida Pisidiidae Pisidiinae Pisidium Larvae 9
Total: OTU Taxa: 28 Genera: 13 Families: 13 1113
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The following taxonomic list and densities are of the aguatic invertebrates identified and retained at
Utah State University’s Buglab. The sample was collected September 24™, 2014 at the station
CRANDLWR-03, Crandall Creek, Lower, Emery County, Utah. The sample was collected from the
targeted riffle habitat using a Kick Net. The total area sampled was 0.74 square meters. Of the collected
sample, 81.25% was identified and retained. A total of 680 individuals were separated from the total
sample, identified and retained for future reference. The sample identification number is 152971.

OTU= Operational Taxonomic Unit.

Phylum Class Order Family SubFamily Genus Species Life Stage Density
Arthropoda Arachnida Trombidiformes Hygrobatidae Adult 2
Lebertiidae Lebertia Adult 3

Sperchonidae Sperchon Adult 17

Insecta  Coleoptera Haliplidae Brychius Adult 2

Diptera Chironomidae  Orthocladiinae Larvae 77

Empididae Neoplasta Larvae 3

Hemerodromiinae Chelifera Larvae 2

Psychodidae Pericoma Pupae 2

Simuliidae Larvae 78

Simuliinae Simulium Larvae 7

Tipulidae Dicranota Larvae 23

Limoniinae Antocha monticola Larvae 2

timoniinae Limnophila Larvae 674

Ephemeroptera Baetidae Baetis Larvae 2

Diphetor hageni Larvae 15

Leptophlebiidae Paraleptophlebia Larvae 70

Plecoptera Perlodidae Isoperlinae Isoperla Larvae 80

Trichoptera Hydropsychidae Larvae 20

Hydropsychinae Hydropsyche Larvae 1

Limnephilidae Larvae 2

Limnephilinae Hesperophylax Larvae 42

Rhyacophilidae Rhyacophila Larvae 12

Total: OTU Taxa: 22 Genera: 17 Families: 15 1136
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