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More information and guidance on biological assessments and criteria can be found
in the websites and documents listed below.


USEPAOffice of Environmental Information, Biological Indicators of Watershed Health
website: http://www.epa.gov/bioindicators/index.html


USEPAOffice of Science and Technology, Bioassessment and Biocriteria website:
http://www.epa.gov /ostlbiocriterialindex.html


USEPAOffice of Water, Monitoring and Assessing Water Quality, Biological Assessment
website: http://www.epa.gov /owow/monitoring/bioassess.html


Clean Water Act: sections 303; 304(a)(8).


Davis, W.S. and T.P. Simon (editors). 1995. Biological assessment and criteria: Tools for
water resource planning and decision making. Lewis Publishers, Boca Raton, Florida.


Frey, D.G. 1977. Biological integrity of water - an historical approach. Pages 127-140 in R.K.
Ballentine and L.J. Guarraia (editors). The Integrity of Water. Proceedings of a Symposium,
March 10-12, 1975. U.S. Environmental Protection Agency, Washington, DC.


Intergovernmental Task Force on Monitoring Water Quality [ITFM]. 1995. The strategy for
improving water-quality monitoring in the United States: Final report of the
Intergovernmental Task Force on Monitoring Water Quality. Technical Appendixes. U.S.
Geological Survey, Reston, VA.


Jungwirth, M., S. Muhar, and S. Schmutz. 2000. Assessing the ecological integrity of running
waters. Kluwer. Boston, MA.


Karr, J.R. and D.R. Dudley. 1981. Ecological perspectives on water quality goals.
Environmental Management 5: 55-68. .


Karr, J.R., K.D. Fausch, P.L. Angermeier, P.R. Yant, and I.J. Schlosser. 1986. Assessing
biological integrity in running waters: A method and its rationale. Illinois Natural History
Survey. Special Publication 5, Champaign, Illinois.


Karr, J. R. and E. W. Chu. 1999. Restoring life in running waters: better biological
monitoring. Island. Covelo, CA.


Loeb, S.L., and A. Spacie. 1993. Biological monitoring of aquatic ecosystems. Lewis. Boca
Raton, FL.
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Simon, T. P. 2002. Biological response signatures: indicator patterns using aquatic
communities. CRe. Boca Raton, FL.


USEPA1983. Technical support manual: Waterbody surveys and assessments for conducting
use attainability analyses. U.S. Environmental Protection Agency, Office of Water Regulations
and Standards, Criteria and Standards Division, Washington, De.


USEPA.1989. Rapid bioassessment protocols for use in streams and rivers: Benthic
macroinvertebrates and fish. EPA440-4-89-001. U.S. Environmental Protection Agency, Office
of Water Regulations and Standards, Washington, De.


USEPA.1989. Regionalization as a tool for managing environmental resources. EPA/600/3-
891060. U.S. Environmental Protection Agency, Environmental Research Laboratory, Corvallis,
OR.


USEPA.1989. Standard operating procedures for the collection of and laboratory
identification of freshwater benthic macroinvertebrates. U.S. Environmental Protection
Agency, Region 5, Chicago, IL.


USEPA.1990. Biological criteria: National program guidance for surface waters. EPA-440/5-
90-004. U.S. Environmental Protection Agency, Office of Water, Washington, De.


USEPA.1990. Macroinvertebrate field and laboratory methods for evaluating the biological
integrity of surface waters. EPA/600/4-901030. u.s. Environmental Agency, Office of Water,
Washington, De.


USEPA.1991. Biological criteria: Guide to technical literature. EPA/5-91-004. u.S.
Environmental Protection Agency, Office of Water, Washington, De.


USEPA.1991. Biological criteria: Research and regulation - Proceedings of a symposium.
EPA-440/5-91-005. U.S. Environmental Protection Agency, Office of Water, Washington, De.


USEPA.1991. Biological criteria: State development and implementation efforts. EPA-440/5-
91-003. u.S. Environmental Protection Agency, Office of Water, Washington, De.


USEPA.1991. Transmittal of Final Policy on Biological Assessments and Criteria
(Memorandum). U.S. Environmental Protection Agency, Office of Water. From Tudor T.
Davies, Director, Office of Science and Technology to Waste Management Division Directors,
Regions I-X. June 19, 1991.


USEPA.1992. Procedures for initiating narrative biological criteria. EPA822-6-92-002. U.S.
Environmental Protection Agency, Office of Science and Technology, Washlngton, De.


USEPA.1994. Water Quality Standards Handbook, Second Edition. EPA823-6-94-005. U.S.
Environmental Protection Agency, Office of Water, Washington, De.


USEPA.1995. Generic quality assurance project plan guidance for programs using community
level biological assessment in wadeable streams and rivers. EPA841-6-95-004. U.S.
Environmental Protection Agency, Office of Water, Washington, De.
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USEPA.1996. Bioindicators for assessing ecological integrity of prairie wetlands.
EPA/600/R-96/082. U.S. Environmental Protection Agency, Environmental Research
Laboratory, Corvallis, OR.


USEPA.1996. Biological assessment methods, biocriteria, and biological indicators.
Bibliography of selected technical, policy, and regulatory literature. EPA230-6-96-001. U.S.
Environmental Protection Agency, Office of Policy, Planning and Evaluation, Washington, DC.


USEPA.1996. Biological criteria: technical guidance for streams and small rivers. EPA822-6- .
96-001. U.S. Environmental Protection Agency, Office of Science and Technology,
Washington, DC.


USEPA.1996. Summary ofstate biological assessment programs for streams and rivers. EPA
230-R-96-007. U.S. Environmental Protection Agency, Office of Policy, Planning, and
Evaluation, Washington, DC.


USEPA.1996. The volunteer monitor's guide to quality assurance project plans. EPA841-6-
96-003. U.S. Environmental Protection Agency, Office of Water, Washington, DC.


USEPA.1997. Field operations manual for lakes. EPA620-R-97-001. U.S. Environmental
Protection Agency, Corvallis, OR. .


USEPA.1997. Volunteer stream monitoring: A methods manual. EPA841-6-97-003. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.


USEPA.1998. Development of biological criteria for coral reef ecosystem assessment. U.S.
Environmental Protection Agency, Office of Science and Technology, Health and Ecological
Criteria Division, Washington, DC.


USEPA.1998. Lake and reservoir bioassessment and biocriteria technical guidance document.
EPA841-6-98-007. U.S. Environmental Protection Agency, Office of Water, Washington, DC.


USEPA.1998. Water quality criteria and standards plan - Priorities for the future. EPA822-R-
98-003. U.S. Environmental Protection Agency, Office of Water, Washington, DC.


USEPA.1998. Wetland bioassessment fact sheets. EPA843-F-98-001. U.S. Environmental
Protection Agency, Office of Water, Washington, DC.


USEPA.1999. Rapid bioassessment protocols for use in streams and wadeable rivers:
Periphyton, benthic macroinvertebrates and fish, Second edition. EPA841-6-99-002. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.


USEPA.2000. Estuarine and coastal marine waters: Bioassessment and biocriteria technical
guidance. EPA822-6-00-024. U.S. Environmental Protection Agency, Office of Water,
Washington, DC.


USEPA.2000. Mid-Atlantic Highlands streams assessment. EPA903-R-00-015. U.S.
Environmental Protection Agency, Corvallis, OR.
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USEPA. 2000. Stressor identification guidance document. EPA 822-8-00-025. U.S.
Environmental Protection Agency, Offices of Water and Research and Development,
Washington, De.


USEPA. 2002. Biological assessment and criteria: Crucial components of water quality
programs. EPA 822-F-02-006. u.s. Environmental Agency, Office of Water, Washington, De.


USEPA. 2002. Methods for evaluating wetland condition: Developing metrics and indexes
of biological integrity. EPA-822-R-02-016. U.S. Environmental Protection Agency, Office of
Water, Washington, De.


USEPA. 2002. Methods for evaluating wetland condition: Introduction to wetland biological
assessment. EPA-822-R-02-014. U.S. Environmental Protection Agency, Office of Water,
Washington, De.


USEPA. 2002. Methods for evaluating wetland condition: Wetlands classification. EPA 822-R-
02-017. U.S. Environmental Protection Agency, Office of Water, Washington, De.


USEPA. 2002. Methods for evaluating wetland condition: Developing an invertebrate index of
biological integrity for wetlands. EPA 822-R-02-019. U.S. Environmental Protection Agency,
Office of Water, Washington, De. .


USEPA. 2002. Methods for evaluating wetland condition: Using amphibians in bioassessments
of wetlands. EPA 822-R-02-022. U.S. Environmental Protection Agency, Office of Water,
Washington, De.


USEPA. 2002. Methods for evaluating wetland condition: Biological assessment methods for
birds. EPA 822-R-02-023. U.S. Environmental Protection Agency, Office of Water, Washington,
De.


USEPA. 2002. Summary of biological assessment programs and biocriteria development for
states, tribes, territories, and interstate commissions: Streams and wadeable rivers. EPA
822-R-02-048. U.S. Environmental Protection Agency, Office of Environmental Information &
Office of Water, Washington, De.


Yoder, e.0. and E.T. Rankin. 1995. Biological criteria program development and
implementation in Ohio. In Biological Assessment and Criteria: Tools for Water Resource
Planning and Decision Making, W.S. Davis and T.P. Simon (editors), pp. 109-144. Lewis
Publishers, Boca Raton, Florida.
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Most Recent Macroinvertebrate Bioassessments
in the Colorado/Grand Canyon Watershed, 1992-2000
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Most Recent
Macroinvertebrate
Bioassessments


in the
Bill Williams
Watershed
1992-2000
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in the Little Colorado Watershed, 1992-2000


s ,.'- ",' ,I ~- •• -.:::;:~.J:.''
- ..:':-;~'.:::


c-
,.',t.


~.:.- . ~:r:


_~~~:':;~:f,::~~·:.
IiiI, •• '''' I


'...,:
• - - I '."


~ ::>:',:,-;;:'trt'/ .
:.: '::'·::Ld:~>:~.·:'-


I , :


._,t


Legend


Cold Water atocrtterta Sites • Towns Land Own ersh ip


• Exceptional === Major Highways Private


o Good - - - Ephemeral Streams BlM


•• Impaired -- Intermittent Streams -- Stale Trust


-- Perennial Streams -- Forest
Very Impaired _ Lakes Indian Res.


Warm Water Biocriterla Sites c:::I Little Colorado Wtrshd Bndry - Military
A Exceptional _ Nail, Parks


6 Good - local or State Parks


A Impaired - Wildlife


lib Very Impaired = Other


Arizona's
Watersheds


~
_ _ Miles


, 36 LCWLROOO,92


LCWLR001.23
18 27o 4.5 9







Most Recent
Macroinvertebrate
Bioassessments


in the
Middle Gila
Watershed
1992-2000
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Arizona's Watersheds


Upper Gila Wtrshd Bndry
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Most Recent
Macroinvertebrate
Bioassessment


in the
San Pedro
Watershed
1992-2000
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ADEQ Bioassessment References


• Meyerhoff & Spindler. 1994. Biological sampling protocols.
• Lawson. 1998. Stream ecosystem monitoring procedures manual.
• Lawson. 1999. Diatom classification in AZ.
• ADEQ. 2001. QAPP for Biocriteria Program (includes previous 2
documents)


• Spindler. 2001. Macroinvertebrate community distribution
among reference sites in AZ.


• Gerritsen & Leppo. 1998. Development & testing of a biological
index for warmwater streams of AZ


• Leppo & Gerritsen. 2000. Development & testing of a biological
index for .coldwater streams of AZ


• Spindler. 2004. Stream channel morphology & macroinvertebrate
community associations in the San Pedro and Verde


USEP A Bioassessment References


• Barbour et al. 1999. Rapid bioassessment protocols for use in
wadeable streams & rivers


• Klemm .et al. 1990. Macroinvertebrate field & lab methods ...
• Lazorchak et ale 1998. EMAP field operations & methods for
measuring ecological conditions of wadeable streams.


• USEPA. 2000. Stressor identification guidance document
• USEPA. 2002. Summary of biological assessment programs &
biocriteria development for States, Tribes ...


Bioassessment Web sites


• www.adeg.state.az.us/environ/water/assessment/bio.html


• www.epa.gov/ost/biocriteria/index.html


_. www.csg.org/CSGlPolicy/environment/national+biological+assess
ment+and+criteria+workshop.htm








ADEQ Bioassessment Sites 1992-2000, sorted by Reference category and SitelD
NEW SITEID
BWBR0019.21
BWCNG003.82
BWFRAOOO.79
BWFRAO01.73
BWPEE002.42
BWSMR015.10
BWTRT006.15
CMNCA020.06
LCBRB003.84
LCECL007.86
LCLCR173.84
LCLIL001.66
LCMAM001.73
LCMIN014.01
LCPADOOO.85
LCRUD005.17
LCSLR001.29
LCWLR001.08
LCWLR004.09
MGANTOll.29
MGSYD004.90
RMRUC005.85
RMSYC002.33
SCCIE012.55
SPARA007.92
SPARAO 10 .48
SPBASOOO.75
SPBHC002.46
SPCRC008.61
SPMLC008.64
SPRDC006.89
SPRMC007.43
SPSPR095.71
SRCGN007.70
SRCKN001.23
SRCRS003.27
SRCYN031.50
SRD4E003.91
SREFB005.46
SRFSH004.06


STREAM_NAME
BURRO CREEK
CONGER CREEK
FRANCIS CREEK
FRANCIS CREEK
PEOPLES CANYON CREEK
SANTA MARIA RIVER
TROUT CREEK
NORTH CANYON CREEK
BARBERSHOP CANYON CREEK
EAST CLEAR CREEK
LITTLE COLORADO RIVER
LILY CREEK
MAMIE CREEK
MINERAL CREEK
PADDY CREEK
RUDD CREEK
SOUTH FORK LITTLE COLORADO RIVER
WEST FORK LITTLE COLORADO RIVER
WEST FORK LITTLE COLORADO RIVER
ANTELOPE CREEK
SYCAMORE CREEK
RUCKER CANYON CREEK
SYCAMORE CANYON
CIENEGA CREEK
ARAVAIPA CANYON CREEK
ARAVAIPA CANYON CREEK
BASS CANYON
BUEHMAN CANYON
CARR CANYON
MILLER CANYON
REDFIELD CANYON
RAMSEY CANYON
SAN PEDRO RIVER
CAMPAIGN CREEK
CONKLIN CREE'K
CHRISTOPHER CREEK
CANYON CREEK
DEER CREEK
EAST FORK BLACK RIVER
FISH CREEK


DESCRIPTION
ABOVE CONF WITH FRANCIS CREEK
BELOW CONGER SPRING
ABOVE ROAD CROSSING
ABV SPENCER CREEK CONF NEAR PUI
BELOW SOUTH PEOPLES SPRING
ABV HWY 93 AND SANTA MARIA RANCI
ABOVE DIVIDE CANYON CONFLUENCE
BELOW NORTH CANYON SPRING
BELOW MERRITT DRAW CONFLUENCE
ABOVE CONFLUENCE WITH YEAGER C
ABV S. FK LITTLE COLORADO RIVER CI
BELOW FORK; BELOW FOREST ROAD 1


BELOW FOREST SERVICE ROAD #275
ABOVE FOREST SERVICE ROAD #404
APPX 1.2 MILES ABV NUTRIOSO CRK C
ABOVE BENTON CREEK CONFLUENCE
ABOVE SOUTH FORK CAMPGROUND
ABOVE GOVERNMENT SPRINGS
ABOVE MOUNT BALDY WILDERNESS B
ABV ROAD CROSSING NR STANTON
NR DUGAS, ABV SYCAMORE RANGER:
ABOVE BEAR CANYON CONFLUENCE
ENTERS SONORA, MEXICO, ABV PENA
ABOVE THE NARROWS
AT HELLS HALF ACRE CANYON (WEST
AT PARSONS CANYON (EAST END)
ABOVE DOUBLE R CANYON CONFLUE~
2 MILES BELOW CONFLUENCE WITH BI
NEAR HEADWATERS
NEAR HEADWATERS
BELOW SYCAMORE CANYON CONFLUI
ABOVE THE NATURE CONSERVANCY E
BELOW GRAVEYARD GULCH CONFLUE
AT SUPERSTITION WILDERNESS BOUf\
ABOVE FOREST SERVICE ROAD #25
BELOW HERMAN SPRING
ABOVE VALENTINE CANYON
AT MAZATZAL WILDERNESS BOUNDAR
ABOVE DIAMOND ROCK CAMPGROUN[
0.25 MILES UPSTREAM OF HIGHWAY 81


31TE TYPE
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R


ELEV
3100
4360
3200
3280
2480
1830
3230
7440
6950
6450
7490
8620
8590
8070
8485
8100
7620
8550
9240
3850
4090
6220
3790
4050
2650
2980
4040
3160
7225
6750
-3900
6175
3920
3355
7200
6300
6270
3630
7920
2280


LAT
344438.030
344531.127
344501.002
344547.500
342235.500
342400.721
345913.605
362429.500
342939.904
343359.500
340440.287
335837.500
335801.517


- 341047.724
335504.500
340039.500
340414.536
335921.154
335722.105
341145.500
342050.500
314707.411
312438.741
315305.188
325439.435
325412.519
322106.500
322406.048
312536.562
312417.500
322709.195
312613.745
313814.384
333126.847
334054.500
342039.500
341529.939
340235.500
334919.500
333131.500


LONG
1131422.820
1130710.395
1131516.868
1131548.500
1131615.500
1131023.750
1133115.462
1120440.500
1110954.730
1110848.500
1092534.246
1090532.500
1090455.178
1093705.561
1090902.500
1091651.500
1092434.634
1092752.745
1093106.442
1124251.500
1115702.500
1091733.788
1111144.508
1103315.216
1103259.050
1102739.500
1101405.500
1103237.654
1101823.743
1101705.500
1101854.687
1101906.877
1101029.760
1110511.709
1092636.500
1110054.500
1104742.008
1112513.500
1091746.500
1111807.500







ADEQ Bioassessment Sites 1992-2000, sorted by Reference category and SitelD
NEW SITEID
SRHAG003.51
SRNBEOOO.54
SRRESOOO.30
SRREYOOO.70
SRSPI006.86
SRTON032.31
SRWF'B003.73
SRWRK005.34
UBCMB002.16
UGBLR008.07
UGBLR033.04
UGBON004.82
UGCOL002.49
UGEAG023.34
UGETK007.70
UGF'RY007.00
UGLANOOO.60
UGMRW007.98
UGPIGOOl.33
UGSCV002.26
UGSCV002.45
VRELL004.47
VREVR018.56
VROAK023.21
VROAK023.91
VRPIEOOO.20
VRPIE013.89
VRROUOOl.79
VRSYHOOO.16
VRSYM009.33
VRSYWOOl.41
VRVER095.54


.VRVERO 95.73
VRWBV006.79
VRWCL006.14
VRWCL012.50
VRWCL016.81
VRWEB006.03
VRWOKOOO.64
WPGRA006.56


STREAM NAME
HAIGLER CREEK
NORTH FORK BEAR WALLOW CREEK
RESERVATION CREEK
REYNOLDS CREEK
SPRING CREEK
TONTO CREEK
WEST FORK BLACK RIVER
WORKMAN CREEK
CAMPBELL BLUE CREEK
BLUE RIVER
BLUE RIVER
BONITA CREEK
COLEMAN CREEK
EAGLE CREEK
EAST TURKEY CREEK
FRYE CANYON CREEK
LANPHIER CANYON
MARIJILDA CREEK
PIGEON CREEK
SOUTH FORK CAVE CREEK
SOUTH FORK CAVE CREEK
ELLISON CREEK
EAST VERDE RIVER
OAK CREEK
OAK CREEK
PINE CREEK
PINE CREEK
ROUNDTREE CREEK
SYCAMORE CREEK
SYCAMORE CREEK
SYCAMORE CREEK
VERDE RIVER
VERDE RIVER
WET BEAVER CREEK
WEST CLEAR CREEK
WEST CLEAR CREEK
WEST CLEAR CREEK
WEBBER CREEK
WEST FORK OAK CREEK
GRANT CREEK


DESCRIPTION ,ITE TYPE
1.4 MILES BELOW ALDERWOOD RECRf R
ABOVE S. FK BEAR WALLOW CRK CON R
ABOVE BLACK RIVER CONFLUENCE R
BELOW MCFADDEN CREEK CONFLUEf\ R
ABOVE BRYANT CANYON CONFLUENC R
BLW HAIGLER CR. CONFLUENCE @ HI R
ABOVE WEST FORK CAMPGROUND R
BELOW WORKMAN CREEK FALLS R
ABOVE CONFLUENCE WITH K E CANYC R
ABOVE FRITZ RANCH (LOWER) R
BELOW JACKSON BOX (UPPER) R
ABOVE CONFLUENCE WITH GILA RIVEI R
BELOW TURKEY CREEK CONFLUENCE R
BELOW GAGING STATION R
ABOVE FOREST ROAD 42 R
AT FIRST CROSSING OF FS TRAIL #36 R
ABOVE FOREST SERVICE TRAIL #51 CF R
ABOVE TRAIL #308 CROSSING R
ABOVE BEAR CREEK CONFLUENCE R
ABOVE SOUTH FORK CAMPGROUND R
ABOVE SOUTH FORK CAMPGROUND R
HEADWATERS R
BELOW WASHINGTON PARK R
BELOW CAVE SPRING CAMPGROUND R
BELOW PINE FLAT CAMPGROUND R
ABOVE EAST VERDE RIVER CONNFLUf R
NEAR HEADWATERS R
THREE MILES ABV TANGLE CRK CONF R
TRIBUTARY TO HORSESHOE RESERVC R
IN MAZATZAL MTNS, ABV MESQUITE W R
IN WILDERNESS AREA, NR SUMMERS: R
ABOVE PERKINSVILLE CROSSING R
NEAR PAULDEN @ INSCRIPTION POIN- R
ABOVE USGS GAGE R
ABOVE BULL PEN RANCH R
AT CALLAWAY BUTTE R
AT MAXWELL TRAIL, UPPER R
BELOW GERONIMO BOY SCOUT CAMP R
ABOVE FOURTH TRAIL CROSSING R
1 MILE BELOW POST CREEK CONFLUE R


ELEV
4870
7740
6790
5065
4260
3940
7800
6160
6670
4310
6110
3180
7850
4645
6520
5800
5725
5520
4300
5520
5560
6160
5840
5400
5550
3360
5760
3300
2080
2060
3625
3820
4200
4025
3660
5000
5985
5380
5310
5600


LAT
341213.500
333546.849
334156.871
335232.500
340450.500
341254.500
334738.801
334925.500
334419.500
331936.079
334103.967
325723.402
334617.335
331739.500
315431.097
324436.500
333511.133
324101.500
331634.500
315113.500


.315104.500
342243.925
342515.895
345934.500
350012.281
341327.470
342515.615
340821.403
340446.503
334416.500
345256.102
345337.177
345202.885
344023.735
343218.500
343339.540
343312.500
342357.500
345946.500
323906.530


LONG
1110028.500
1092559.232
1092836.320
1105916.500
1110432.500
1110556.500
1092521.939
1105618.500
1090547.500
1091122.617
1090456.782
1093152.209
1091112.340
1092938.500
1091509.291
1095018.500
1090744.551
1094842.500
1091338.500
1091132.500
1091141.500
1111029.453
1111545.364
1114410.500
1114405.894
1112916.164
1112624.733
1115046.549
1114204.006
1113054.500
1120358.979
1121241.378
1122403.996
1114006.033
1114100.500
1113130.633
1112427.500
1112150.972
1114443.500
1095528.364







ADEQ Bioassessment Sites 1992-2000, sorted by Reference category and SitelD
NEW SITEID STREAM NAME DESCRIPTION :lITE TYPE ELEV LAT LONG
WPWRCOOO.31 WARD CANYON ABOVE SAULSBURY CANYON CONFLU R 6260 315153.730 1091945.240
CMBRAOOO.29 BRIGHT ANGEL CREEK BELOW PHANTOM RANCH R? 2520 360608.500 1120542.500
CMCRYOOO.03 CRYSTAL CREEK ABOVE COLORADO RIVER CONFLUEN( R? 2360 360807.500 1121435.500
CMDEEOOO.03 DEER CREEK ABOVE CONFLUENCE WITH COLORAD' R? 1960 362321.500 1123027.500
CMHRMOOO.09 HERMIT CREEK ABOVE COLORADO RIVER CONFLUEN< R? 2400 360555.500 1121231.500
CMKANOOO.20 KANAB CREEK ABOVE COLORADO RIVER CONFLUEN( R? 1880 362339.500 1123754.500
CMNANOOO.15 NANKOWEAP CREEK ABOVE COLORADO RIVER CONFLUEN< R? 2800 361818.500 1115135.500
CMNATOOO.34 NATIONAL CREEK ABOVE COLORADO RIVER CONFLUEN< R? 2120 361517.500 1125307.500
CMRYAOOO.06 ROYAL ARCH CREEK ABOVE COLORADO RIVER CONFLUEN( R? 2160 361150.500 1122700.500
CMSPGOOO.11 SPRING CANYON CREEK ABOVE COLORADO RIVER CONFLUEN( R? 1520 360107.500 1132109.500
CMTAPOOO.16 TAPEATS CREEK ABOVE COLORADO RIVER CONFLUEN< R? 2000 362215.500 1122750.500
CMTHSOOO.04 THREE SPRINGS CREEK ABOVE COLORADO RIVER CONFLUEN( R? 1440 355307.500 1131830.500
LCBCK003.81 BUCK SPRINGS CANYON CREEK INSIDE EXCLOSURE (OF CATTLE AND I R? 7520 342603.951 1110832.289
SPPAI007.50 PAIGE CREEK BELOW HELLS GATE R? 3680 321047.803 1102523.774
SRDEVOOO.29 DEVILS CHASM ABOVE CONFLUENCE WITH CHERRY C R? 3420 334922.500 1105136.500
VRAPA002 .46 APACHE CREEK ABOVE HUNT TANK R? 5360 345330.841 1125258.902
VRGAPOOO.52 GAP CREEK 0.5 MILES ABOVE SALT MINE ROAD R? 3080 342451.681 1114739.715
VRHOU002.75 HOUSTON CREEK ABOVE FOREST SERVICE ROAD #16 CI R? 2920 341902.816 1114301.959
VRLIMOOO.71 LIME CREEK 1 MI ABV CONFL WITH VERDE BLW HOI R? 2120 335917.717 1114519.151
VRSPNOOl.36 SPRING CREEK TRIBUTARY TO OAK CREEK, NEAR RO, R? 3480 344549.077 1115459.084
VRTGLOOO.31 TANGLE CREEK ABOVE VERDE RIVER CONFLUENCE R? 2080 340515.206 1114300.031


BWCTC007.19 COTTONWOOD CANYON TRIB TO SMITH CYN, TRIB TO SYCAMO N 4740 344346.500 1125348.500
BWDAT019.44 DATE CREEK ABOVE DATE CREEK RANCH N 2990 341358.500 1130050.500
CMVGROI0.55 VIRGIN RIVER AT LITTLEFIELD N 1780 365349.500 1135511.500
LCCHC037.39 CHEVELON CANYON CREEK AT TELEPHONE RIDGE N 6470 342625.500 1105022.500
LCCHC038.75 CHEVELON CANYON CREEK ABOVE CONFLUENCE WITH LONG TO~ N 6535 342519.500 1105110.500
LCCHC040.40 CHEVELON CANYON CREEK AT CHEVELON RIDGE N 6670 342358.500 1105200.500
MGA2S021.69 ASH CREEK ABOVE ASH CREEK SPRING N 6100 343818.500 1120738.500
MGAFR064.91 AGUA FRIA RIVER BELOW GAGING STATION N 3445 341850.500 1120338.500
MGCVE028.41 CAVE CREEK NR ASHDALE STATION, BLW SEVEN SF N 3280 335749.500 1115241.500
MGDVC004.36 DEVILS CANYON SOUTH OF HIGHWAY 60 (TRIB OF MINE N 3560 331635.500 1110137.500
MGHSR041.53 HASSAYAMPA RIVER AT THE HASSAYAMPA RIVER PRESER\ N 1925 335536.500 1124108.500
MGLAS003.16 LITTLE ASH CREEK NEAR ESTLER PEAK N 3840 342301.500 1120130.500
MGLIOOOO.16 LION CANYON ABOVE WEAVER CREEK CONFLUENCE N 3850 341014.500 1124135.500
MGPOLOOl.41 POLAND CREEK BELOW DANNY'S LOWER SPRING N 3080 341432.500 1121502.500
MGTUL004.05 TULE CREEK AT TULE SPRING N 2230 340042.500 1121627.500
SCACW004.93 AGUA CALIENTE ABV CORONADO NATIONAL FOREST E N 2960 321757.216 1104219.918
SCCAV002.95 CAVE CREEK NEAR MOUNT WRIGHTSON WILDERNE N. 6340 314254.500 1104934.500
SCCOOO16.55 CANADA DEL ORO SOUTH OF PINAL/PIMA COUNTY LINE N 4600 323043.500 1104702.500







ADEQ Bioassessment Sites 1992-2000, sorted by Reference category and SitelD
NEW SITEID
SCGDNOIO.49
SCMAD007.63
SCSAB007.56
SPHSC006.13
SPSPR003.74
SRCHEOll.08
SRCHE024.73
SRCRSOOO.66
SRCRSOOl.24
SRCRSOOl.57
SRCRSOOl.93
SRCRS002.50
SRCRS002.90
SRHRT002.24
SRTON025.82
SRTON038.31
UGSFROll.68
UGSFR060.36
VRBEV002.62
VRBLA006.03
VRDBV007.67
VRELLOOO.12
VREVROOO.46
VREVR008.23
VREVR015.85
VROAK006.49
VROAKOI0.29
VROAK013.08
VROAK016.59
VROAK019.98
VRREDOOl.97
VRVER036.65
VRVER064.80
VRVER066.74
VRVER078.79
VRVER084.38
VRWALOll.07
VRWBV003.18
VRWBV004.95
VRWCL002.91


STREAM NAME
GARDNER CREEK
MADERA CANYON CREEK
SABINO CANYON CREEK
HOT SPRINGS CANYON
SAN PEDRO RIVER
CHERRY CREEK
CHERRY CREEK
CHRISTOPHER CREEK
CHRISTOPHER CREEK
CHRISTOPHER CREEK
CHRISTOPHER CREEK
CHRISTOPHER CREEK
CHRISTOPHER CREEK
HORTON CREEK
TONTO CREEK
TONTO CREEK
SAN FRANCISCO RIVER
SAN FRANCISCO RIVER
BEAVER CREEK
BLACK CANYON CREEK
DRY BEAVER CREEK
ELLISON CREEK
EAST VERDE RIVER
EAST VERDE RIVER
EAST VERDE RIVER
OAK CREEK
OAK CREEK
OAK CREEK
OAK CREEK
OAK CREEK
RED CREEK
VERDE RIVER
VERDE RIVER
VERDE RIVER
VERDE RIVER
VERDE RIVER
WALNUT CREEK
WET BEAVER CREEK
WET BEAVER CREEK
WEST CLEAR CREEK


DESCRIPTION 31TE TYPE
NR MOUNT WRIGHTSON WILDERNESS N
1 MILE BELOW SPRUNG SPRING N
ABOVE E. FK SABINO CANYON CONFLl N
BELOW WILDCAT CANYON CONFLUEN N
BLW ESKIMINZIN WASH CONFL, AT THI N
ABOVE CONFLUENCE WITH DEVILS CI- N
ABOVE CONFLUENCE WITH TURKEY C N
BELOW R BAR C RANCH N
BELOW CHRISTOPHER CREEK CAMPG N
ABOVE CHRISTOPHER CREEK CAMPGI N
BELOW CHRISTOPHER CREEK COMML N
ABOVE HIGHWAY 260 BRIDGE N
MIDDLE REFERENCE SITE N
ABOVE FOREST SERVICE ROAD #26 N
ABOVE GISELA N
ABOVE BEAR FLATS N
BELOW SYCAMORE GULCH CON FLUB N
ABOVE ARIZONNNEW MEXICO BORDE N
NEAR CAMP VERDE, ABOVE MONTEZU N
BELOWGADDES CANYON N
BELOW CONFLUENCE WITH JACKS CA N
ABOVE CONFLUENCE WITH EAST VERI N
JUST ABOVE CONFLUENCE WITH VERI N
BELOW PINE CREEK CONFLUENCE N
BELOW ELLISON CREEK CONFLUENCE N
ABOVE PAGE SPRINGS N
AT RED ROCK STATE PARK N
AT CHAVEZ CROSSING N
AT GRASSHOPPER POINT N
AT SLIDE ROCK STATE PARK N
ABOVE SECOND ROAD CROSSING N
ABOVE SHEEP BRIDGE N
AT BEASLEY FLAT RECREATION ARE.A N
ABOVE CONFLUENCE WI WEST CLEAR N
BELOW OAK CREEK CONFLUENCE N
DEADHORSE STATE PARK IN COTTON' N
ABOVE FOREST SEVICE ROAD #95 N
AT MONTEZUMA WELL N
AT CAMPGROUND N
AT CAMPGROUND N


ELEV
6070
6060
3720
3830
3920
3190
4390
5480
5600
~640
5720
5360
6080
7995
2950
5000
3595
7410
3180
6000
3760
5000
2480
3320
4920
3480
3840
4080
4600
4960
2560
2040
2940
3000
3160
3200
5160
3520
3760
3260


LAT LONG
314204.500 1104859.500
314216.500 1105158.500
322204.179 1104651.331
322114.556 1101602.228
325602.500 1104437.500
334942.151 1105123.126
340129.692 1105348.537
341829.500 1110322.500
341830.500 1110228.500
341828.500 1110158.500
341847.500 1110125.500
341912.500 1110041.500
342001.500 1110041.500
334205.500 1091856.500
340739.500 '1111506.500
341800.500 1110401.500
330814.500 1091642.500
334940.500 1090112.500
343625.500 1114955.500
343914.821 1120609.664
344422.443 1114616.154
342106.501 1111639.776
341707.981 1113937.992
341319.354 1112928.928
342107.271 1111700.553
344604.500 1115334.500
344846.417 1114949.760
345033.250 1114637.828
345310.103 1114353.123
345646.799 1114509.054
341011.521 1114609.378
. 340432.880 1114229.724
342850.500 1114755.500
343020.500 1115006.500
.344031.886 1115621.104
344503.688 1120050.914
345512.250 1125051.987
343855.764 1114500.088
344002.500 1114255.500
343050.941 1114521.391







ADEQ Bioassessment Sites 1992-2000, sorted by Reference category and SitelD
NEW SITEID STREAM NAME DESCRIPTION 31TE TYPE ELEV LAT LONG


BWFRAOOO.37 FRANCIS CREEK ABOVE BURRO CREEK CONFLUENCE NR 3120 344442.500 1131456.500
CMBRAOOO.91 BRIGHT ANGEL CREEK ABOVE PHANTOM RANCH NR 2660 360642.500 1120510.500
CMCRYOOO.31 CRYSTAL CREEK ABOVE COLORADO RIVER CONFLUEN( NR 360819.500 1121420.500
CMGDNOOO.82 GARDEN CREEK BELOW INDIAN GARDEN, TRIB TO PIPE NR 3600 360500.500 1120723.500
CMHRMOOO.23 HERMIT CREEK ABOVE COLORADO RIVER CONFLUEN( NR 2440 360548.500 1121238.500
CMHRMOO1.35 HERMIT CREEK ABOVE TONTO TRAIL CROSSING NR 2920 360450.500 1121248.500
CMSPGOOO.30 SPRING CANYON CREEK ABOVE COLORADO RIVER CONFLUEN( NR 1600 360103.500 1132125.500
CMTAPOOO.39 TAPEATS CREEK ABOVE COLORADO RIVER CONFLUEN( NR 2120 362234.500 1122751.500
MGAFR064.94 AGUA FRIA RIVER ABOVE CONF WITH BIG BUG CREEK NR 3480 341854.400 1120357.291
MGNWR040.70 NEW RIVER ABOVE BURNT HOLE CANYON CONFLl NR 3960 340359.155 1115628.497
SPCOPOO7.09 COPPER CREEK ABOVE BLUEBIRD MINE DRAINAGE NR 4040 324516.500 1102803.500
SRFIS002.53 FISH CREEK TRIB TO BLACK RIVER, NEAR BEAR WI NR 7640 334104.500 1092346.500
SRHAGOO3.51 HAIGLER CREEK 1.75 MILES BELOW ALDERWOOD RECF NR 4860 341211.500 1110029.500
SRSNK001.19 SNAKE CREEK TRIB TO BLACK RIVER, NEAR BEAR WI NR 7200 334029.500 1092703.500
SRSTI001.76 STINKY CREEK TRIB TO W.FK. BLACK RIVER, BELOW F NR 9000 335214.953 1092921.570
SRWFBOll.08 WEST FORK BLACK RIVER ABOVE THOMPSON CREEK CONFLUEI\ NR 8940 335350.979 1092859.817
VRAPAOOO. 81' APACHE CREEK BELOW HUNT TANK NR 5240 345447.500 1125142.500
VRCAM014.17 CAMP CREEK ABOVE BLUE WASH CONFL. AND CAMF NR 2960 335244.254 1114809.967
VREVR016.18 EAST VERDE RIVER ABOVE ELLISON CREEK CONFLUENCE NR 5120 342139.500 1111647.500
VRSYM010.09 SYCAMORE CREEK IN MAZATZAL MTNS, ABV OTERO CAN't NR 2120 334454.484 1113026.315
VRSYM012.45 SYCAMORE CREEK BELOW LOG CORRAL CANYON CONFLI NR 2280 334719.500 1113020.500
VRTGLOOO.78 TANGLE CREEK NEAR TANGLE PEAK NR 2200 340503.500 1114348.500


LCRDFOO6.78 RIO DE FLAG BELOW FLAGSTAFF WWTP EDW 6760 351226.500 1113433.500
MGQEN028.97 QUEEN CREEK ABOVE BOYCE-THOMPSON ARBORETl EDW 2440 331638.500 1110904.500
MGSLROOO.54 SALT RIVER ABOVE GILA R CONFL. AT 107TH AVE EDW 935 332252.500 1121730.500
MGSLROOO.85 SALT RIVER UPSTREAM 0.25MI FROM GILA R. CON EDW 935 332252.500 1121701.500
SCSCR022.85 SANTACRUZ R. @ RANCHO SANTACRUZ AT RANCHO SANTACRUZ; ABV JOSEPI EDW 3280 323043.500 1110215.500
SRPNL012.46 PINAL CREEK ABOVE RADIUM, BELOW IRENE GULCI- EDW 3275 332647.500 1104907.500
VRAMGOO2.16 AMERICAN GULCH BLW PAYSON WWTP, ABV ROAD XING EDW 4760 341404.500 1112159.500
VRBITOO2.64 BITTER CREEK 0.5 MILES BELOW JEROME WWTP EDW 4440 344526.414 1120619.004


CLELROO5.60 EAST FORK LITTLE COLORADO RIVER NEAR MT. BALDY WILDERNESS BOUN[ IMP 9440 335534.500 1092948.500
CMBDWOOO.08 BEAVER DAM WASH ABOVE CONF WITH VIRGIN RIVER IMP 1780 365344.500 1135515.500
CMBDWOOO.52 BEAVER DAM WASH NEAR GOLF COURSE IMP 1820 365357.500 1135546.500
CMBDWOO6.00 BEAVER DAM WASH AT WELCOME CREEK IMP 2060 365822.500 1135901.500
CMHAVOOO.30 HAVASU CREEK ABOVE COLORADO RIVER CONFLUEN( IMP 1840 361815.500 1124529.500
CMKAN039.55 KANAB CREEK BELOW LOST SPRING WASH CON FLUE IMP 4680 365740.500 1123145.500
CMMATOOO.03 MATKATAMIBA CREEK ABOVE COLORADO RIVER CONFLUEN( IMP 1900 362037.500 1124017.500







ADEQ Bioassessment Sites 1992-2000, sorted by Reference category and SitelD
NEW SITEID
CMPAROOl.Ol
CMVGR017.14
LCBCK003.20
LCBRBOOO.18
LCCHC027.06
LCECL004.07
LCLCROOO.21
LCLCR171.07
LCLCR173.85
MGHSR059.84
MGHSR076.00
MGTRKOOO.91
SCRED003.70
SCSCR099.40
SRGOD003.95
SRGRE005.20
SRSAL014.92
tJGEAG035.99
UGEMCOll.21
UGEWHOll.06
UGGRAOOO.65
VREVROll.19
VROAK005.91
WPGCW004.68


STREAM NAME
PARIA RIVER
VIRGIN RIVER
BUCK SPRINGS CANYON CREEK
BARBERSHOP CANYON CREEK
CHEVELON CANYON CREEK
EAST CLEAR CREEK
LITTLE COLORADO RIVER
LITTLE COLORADO RIVER
LITTLE COLORADO RIVER
HASSAYAMPA RIVER
HASSAYAMPA RIVER
TURKEY CREEK
REDROCK CANYON CREEK
SANTA CRUZ RIVER
GORDON CANYON CREEK
GREENBACK CREEK
SALOME CREEK
EAGLE CREEK
EMIGRANT CANYON
EAST WHITETAIL CREEK
GRANT CREEK
EAST VERDE RIVER
OAK CREEK
GOUDY CANYON CREEK
BEAR CREEK


DESCRIPTION 31TE TYPE
ABV COLORADO RIVER CONFLUENCE IMP
AT REST STOP IMP
OUTSIDE EXCLOSURE (OF CATTLE ANI IMP
ABOVE EAST CLEAR CREEK CON FLUE IMP
AT CHEVELON CROSSING IMP
ABOVE MACKS CROSSING IMP
ABOVE COLORADO RIVER CONFLUEN< IMP
BELOW NUTRIOSO CREEK CONFLUENI IMP
BLW S. FK LITTLE COLORADO RIVER C IMP
BELOW COTTONWOOD CREEK CONFL IMP
BELOW BOARD CREEK CONFLUENCE IMP
AT SPRING, BELOW GOLDEN TURKEY I IMP
TRIBUTARY TO SONOITA CREEK IMP
BELOW USGS GAGING STATION @LO( IMP
NEAR OXBOW MOUNTAIN IMP
ABOVE DEVIL'S CANYON CONFLUENCI IMP
BELOW LITTLE TURKEY CREEK CONFJ IMP
ABOVE HONEYMOON CAMPGROUND IMP
BELOW MAVERICK CANYON CONFLUE IMP
BELOW BLUMBERG CANYON CONFLUf IMP
ABOVE BLUE RiVER CONFLUENCE IMP
ABOVE BRUSHY CANYON CONFLUENC IMP
BELOW PAGE SPRINGS IMP
1 MILE BELOW GOUDY SPRING IMP


IMP


ELEV
3120
2150
7480
6540
6130
6265
2760
6770
7305
3270
4750
2880
4650
4630
5340
3640
4820
5435
4840
5280
5580
4280
3460
5400
5475


LAT LONG
365221.500 1113600.500
365708.500 1134720.500
342637.580 1110819.940
343250.500 1110942.500
343521.500 1104718.500
343710.500 1110534.500
361130.500 1114730.500
341033.500 1091806.500
340511.500 1092409.500
341112.500' 1123221.500
342515.500 1123128.500
341505.500 1121229.500
313123.500 1103830.500
312057.500 1103524.500
341421.500 1105901.500
335036.500 1110914.500
335445.778 1110223.207
332846.049 1092830.196
320720.327 1092202.001
320002.101 1091628.875
333441.500 1091116.500
341712.222 1112304.677
344532.500 1115335.500
323912.500 1095712.500
312249.560 1102144.427
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Primary
Objective


of the CWA


To restore & maintain
the chemical, physical, &
Biological Integrity of the
nation's waters


'WQS Are Fundamental


• WQS standards playa central role in Arizona's
water quality management programs
• WQS establish water quality goals
• Basis for 305(b) water quality assessments
• Used to identify impaired waters on the 303(d)


list


• TMDLs
• Water quality-based AZPDES permit limits


ADEQ Biocriteria Training 4120/04National Biological Assessment and Criteria
Workshop, 3/31 - 4/412003
BIO 101_01 - Introduction


Elements of Ecological Integrity


.BIOLOGICAL
;~ IN'r.EGRITY


ECOLOGICAL INTEGRITY'







What Are Water Quality Standards?


Two basic types: 1. Numeric
2. Narrative


Third major element of the water quality
standards is an antidegradation policy.


Numeric Water Quality Standards


• Water quality criteria expressed as
concentration limits on specificpollutants.


• Expressed in terms of protection of designated
uses.


• Generally,established to protect human health,
aquatic life, and agriculturaluses.


Protection of Aquatic Life


• Aquatic and wildlife (cold water) (A&Wc)


• Aquatic and wildlife (warm water) (A&Ww)


• Aquatic and wildlife (ephemeral) (A&We)


• Aquatic and wildlife (effluent dependent
water) (A&Wedw)


Applied Biocriteria Research


ADEQ has used biocriteria research in its
WQS program already:


• In 1996,ADEQ revised aquatic life use
definitions using an elevation model
developed for macroinvertebrate regions


• Updated table of designated uses for
streams


ADEQ Biocriteria Training 4120104National Biological Assessment and Criteria
Workshop, 3/31 - 4/412003
BIO 101_01 - Introduction 2







Revised A&Wc definition


• Aquatic and wildlife (cold water) means the use
of a surface water by animals, plants, or other
cold water organisms, including salmonids,
generaIly occurring at elevations greater
than 5000~for habitation, growth, or
propagation,


Oak Creek: Revised A&W
Designated Uses


Revised A&Ww Definition


• Aquatic and wildlife (warm water) means the use
of a surface water by animals, plants, or other
warm water organisms, excluding salmonids,
generally occurring at elevations less than
5000~for habitation, growth, or propagation.


Numeric Water Quality Criteria
for Arsenic to Protect Aquatic Life


A&W A&W
A&Wc A&Wc A&Ww A&Ww A&We


Acute Chronic Acute Chronic
(edw) (edw)


Acute
(j.Lg/L)


Acute Chronic
(j.Lg/L)(j.Lg/L) (j.Lg/L) (j.Lg/L)


(j.Lg/L) (j.Lg/L)


360D 190D 360D 190D 360D 190D 440D


ADEQ Biocriteria Training 4/20/04National Biological Assessmentand Criteria
Workshop, 3/31 - 4/4/2003
BIO 101_01 - Introduction


"
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What's Wrong With Using a
Chemical-Specific Approach in


WQS?


• Addresses chemical integrity only.


• Based on limited toxicity data.
• Criteria are not available for many


pollutants.


• Does not address additive, antagonistic and
synergistic effects.
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Advantages of Bioassessments


• Direct measure of biological integrity
• Focus on resource not pollutants
• Integrate stressors and synergistic impacts over


time


• Taxonomy cost is 1/10 of chemical suite cost
for ADEQ


• Biology may identify impact where chemical
data misses impact


VALUE OF BIOLOGICAL CRITERIA:
Ohio Comparison of Biosurvey


with Chemical Evaluation


Chemical Evaluation
Indicates No Impairmen


Biosurvey Shows
Impairment


Biosurvey Shows
No Impairment


Section 303(c)2(B):


" ...wherenumeric criteria
are not available, States
shall adopt criteria based
on biological.. assessment
methods ..• "
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A Different Approach


"The true health of our aquatic
environments is reflected by the
biological communities that reside
within them"


Prof. J. Karr
University of Washington
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A Definition of
Biological Integrity


The ability of an aquatic ecosystem to
support and maintain a balanced adaptive
community of organisms having a species
composition, diversity, and functional
organization comparable to that of natural
habitats within a region.


BIOLOGICAL CRITERIA
(in the WQS Sense)


Definition: narrative
descriptions or numerical
values of the structure and
function of aquatic communities
in a water body necessary
to protect the designated
aquatic life use, implemented
through water quality
standards.


NARRATIVE AND NUMERIC
BIOCRITERIA


..-Narrative Biocriteris- General statements of the
structure and function of aquatic communities in a
surface water necessary to protect the designated
aquatic life use.


..-Numeric Biocriteria- Specific quantitative
measures of the structure and function of aquatic
communities in a surface water necessary to protect
the designated aquatic life use.
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Narrative Biocriterion


• ADEQ has proposed a new narrative biocriterion in the
current triennial review.


• Implementation procedures will accompany the
standard and will include bioassessment protocols,
indexes of biological integrity and guidance for
identifying stressors


• Proposals will soon be on-line at
www.azdeq.gov!environ!water!assessment!


• Comments accepted thru August
• Rules to be published in early 2006


aa


Proposed Narrative Biocriterion


The biological integrity of wadeable,
perennial streams, as determined by the
Arizona Indexes of Biological Integrity, shall
be protected at or above the zs» percentile
of reference condition.


Biocriteria
Implementation Procedures


• Applicable waterbodies
• Indexes of Biological Integrity
• Reference methods document (QAPP)
• Assessment and listing guidance (305b, 303d)
• Stressor identification


Applicable waterbody type


• Perennial streams or reaches
• Wadeable (rule of 9; 2.5' deep x 4ft/ s)
• Non-effluent dominated
• Riffle/run; fast water or erosional habitat
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Non-applicable conditions


• Recent high-flow conditions have scoured
stream bottom


• Substrate is >50% bedrock, travertine or sand
dominated


• Flow regime is not perennial
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Non-applicable waterbodies


• Intermittent reaches
• Large, non-wadeable rivers
• Effluent dependent streams


• Ephemeral streams


• Lakes


KEY COMPONENTS OF
BIOLOGICAL CRITERIA


,~~~~;;~i../Bioassessment
protocols


../Classification~~ .•
irilliiliili;l~~../Reference conditions


28


ADEQBiocriteria Training 4120/04National Biological Assessmentand Criteria
Workshop, 3/31 - 4/412003
BIO 101_01 - Introduction


PROCESS FOR
DEVELOPING


BIOLOGICAL CRITERIA


7







Developing Biocriteria


1. Develop standardized bioassessment protocols
(Original protocols 1994, QAPP 2005)


2. Identify reference sites


3. Classify surface waters into simiiargroups or
classes (1996, 2001)


4. Collect biological & habitat data at reference and
non-reference sites
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Arizona Bioassessments for
Wadeable, Perennial Streams


Creating the Biological Indexes


5. Test metrics for response to gradient of
conditions


6. Select metrics that best discriminate between
reference and non-reference conditions


7. Develop scoring criteria for each metric
8. Aggregate metrics to derive Index of


Biological Integrity (IBI)
9. Develop & test Index for each aquatic life use
10. Apply biocriteria to surface waters to protect


aquatic life uses, thru assessment process


Community Components for
wadeable perennial streams


Macroinvertebrates


s~
!Jx> --


~,~!).
l.1 , .._


~
zooPlankto~
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Macroinvertebrate
sampling methods


• 3-minute timed composite sample
• Approximately 3 m2 sampled area


• D-frame 0.5 mm dip net
• Preservation with 99% isopropyl alcohol with 1 capful


of 37% formalin per liter of sample
• Chemical & habitat data collected concurrently
• Field effort 3-4 hrs for 2 person team
• Spring index period (April-May for ww, May-June for


cw)
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Advantages of dip-net method
compared with surber method


• Versatile - useable in deep water, most substrate
types


• Cost effective - 1 composite sample vs. multiple
samples


• Cost effective - no field sorting time required


• Greater counts of organisms collected
• Taxa richness greater (42% greater in dip net


sample according to USEP A)


Macroinvertebrate
Taxonomy


• Taxonomic identification of minimum 500
speclffiens


• Sub-sampling with Caton Tray recommended
where >500 specimens/sample


• Identification of insects to genus level
• Chironomidae to family level
• Non-insects to family level or higher
• References: QAPP & Master taxa list


Taxonomy data consistency


• Current ADEQ contract lab for
macroinvertebrates is EcoAnalysts, Inc.


• Recommend Split samples or Voucher specimen
IDs checked by ADEQ contract lab


• Recommend using ADEQ tolerance values and
functional feeding group standard values for
ADEQ metric and index calculations
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Algae - Diatom
Sampling methods;
Initial survey design


• Natural substrates
• High variability among reference sites
• Post-flood period & successional stage need to


be standardized for among site comparisons
(Lawson, 1999)


• Recommended artificial substrates
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Algae- Diatoms
New survey design


• Santa Cruz River Basin pilot study
• 10 sites ranging from reference to nutrient


enriched


• Green flagging tape as artificial substrate
• 30 day incubation period, April-May
• Metric testing & analysis not yet completed


Fish community methods


• AGFD testing out USEP A's EMAP methods
• West-wide index for fish under development by


USEPA


• Western EMAP Pilot Project - study to be
released in 2006


Reference Sites Developed Statewide


• Approximately 100 sites statewide


• Distributed among 10 surface water basins


• Coverage of ecoregions
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Initial Reference site
selection criteria


• Sites represent least disturbed condition
available for each basin


• >0.5 km downstream of road crossings


• No known discharges upstream
• No major impoundments upstream
• No channel alterations at the site
• Accessible (within a 2-hour walk or 3-4 mi from


nearest 4WD road)


Field assessment of
reference condition


• Site should be truly perennial (indicators: fish,
univoltine insects, riparian indicators)


• Site should be free of local land use impacts
• Site should be free of channel alterations
• No violations of pH or dissolved oxygen water


quality standards


Classification


v' Identifies Regions of Ecological
Similarity from Which To Select
Reference Sites for Index development


<Biological Conditions Expected to be
Similar within a region


Arizona Classification Analysis


• Evaluation of USEP A ecoregions


• Multivariate analysis of statewide
macroinvertebrate data


• Elevation-based model developed to classify
macroinvertebrate communities across AZ
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Level IIT Ecoregiolls or the I inire«] St;ltes


)


\ .. "


~.:


h,~,,,
--.;


Problem with USEPA Ecoregions


• Five ecoregions in Arizona
• Mixture of macroinvertebrate community types


in Southern Deserts & Arizona-New Mexico
Mtns


• High topographic variability - Verde Valley
lowland streams are warmwater, Sky islands of
SE AZ are coldwater


• Model doesn't work unless you subdivide
ecoregions


Mountain streamsDesert Streams
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Macroinvertebrate communities and
associated ecoregions of Arizona
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Multivariate analysis


• Statewide dataset of approximately 90 reference
sites


• Detrended correspondence analysis
• Graphic of samples by elevation show elevation


split at 5000' elevation


• Similar pattern over 3 year dataset
• Elevation map corrects for ecoregion error
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Elevation-based classification


• Warm water community found at elevations
<5000'


• Cold water community found at elevations
>5000'
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Two Indexes of
Biological Integrity


• Warmwater IBI


Multimetric Index
Development and testing


• Testing of 30 metrics for discrimination ability


• Redundant metrics avoided (pearson correlation
coefficient <0.9)


• Selection of metrics from 4 attribute categories
(richness, composition, tolerance & trophic metrics)


• Scoring thresholds based on either 5"' percentile for
metrics that increase with distu!bance or 95th percentile
value for metrics that decrease with disturbance


• Assessment categories based on 25th percentile of total
reference score


• Coldwater IBI


Computing multimetric
Indexes of


Biological Integrity


• Calculate macroinvertebrate metric values


• Calculate metric percent of reference score


• Average metric scores for final IBI score


• Determine assessment category
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Nine Metrics in Warmwater IBI


• Total taxa richness (ref. Value 34)


• Mayfly taxa richness (ref. Value 7)
• Caddis fly taxa richness (ref. Value 8)
• Diptera taxa richness (ref. Value 9)
• Percentdominant taxon (ref. Value 20.9)
• Percent composition by mayflies (ref. Value 70.8)
• HiisenhoffBiotic Index (ref. Value 4.9)
• Percent Scraper composition (ref. Value 25.1)
• Scraper ta-xarichness (ref. Value 7)


Warm water IBI
Assessment categories


• Exceptional


• Good
• Impaired
• Very Impaired


73 - 100
53 - 72 ( > 25% ile )
27 - 52
0-26


Index Scoring


• For Sensitive indicator Metrics
• Metric score = (sample value/ ref. threshold


value) *100


• For tolerant indicator metrics
• Metric score = (100 - sample value)/
• (100 - ref. threshold value) *100


ADEQ Warmweter 181 scomg exanpe; Sabbo Cr abv E. Fork Sabino, 1994


Metre MetreVaJue Reererce Metre Score


Scoeog Tbresbold


Total taxa 22 34 78


Trcboptera taxa 23.8


Ephemeroptera taxa 71.4


Dptera taxa 66.7


Scraper taxa 71.4


Percent scraper 29 25.1 11.7


Percent Epterreroptea 54.8 70.8 77.4


Percent Doninart Taxon 50 20.9 63.2


Hisenboff'Bctc Index 5.0 4.9 98


I
ww 181 Score


I 6~~1Assessnen category


ss 60
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Seven metrics in Coldwater IBI


• Total taxa richness (ref.value 23)


• Diptera taxa richness (ref.value 5)
• Intolerant taxa richness (ref.value 4)


• Hilsenhoff Biotic Index (ref.value 5.5)
• Percent stonefly composition (ref.value 1.3)
• Percent scraper composition (ref.value 8.8)
• Scraper taxa richness (ref.value 5)


Cold water IBI
Assessment categories


• Exceptional


• Good
• Impaired


• Very Impaired


97 - 100


88 - 96 ( > 25% ile )
44 - 87
0-43


ADEQ Biological Database


• Ecological Data Application System (EDAS) in
Microsoft ACCESS format (windows 2000)
contains:


• Site/station information
• Sample description
• Taxonomy data and complete phylogeny for


macroinvertebrates and algae
• Stream habitat data
• Queries to calculate Indexes


Applying Biocriteria


Sample test sites and compare to biocriteria
! ! 1


r-------~-------, -----N-o-t~l-m-pa-ir-ed-.-;--.'1
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Str~$SOI" Id~ntifiCQtio"


UST CANDIDATE CAUSES- . - - . -." -


ANALYZE CAUSES


CHARACTERIZE CAUSES


I~..-m
1QA1.E~
.._--


MANAGEMENT ACTION: ,_
8imino.te 01'"Control Causes; ,


Monitor Results


Stressor
Identification


Identifying
Unknown
causes of
biological
impairment
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Current Biocriteria Program
Objectives


• Propose narrative biocriterion in current
triennial review


• Prepare to update ADEQ's Credible data policy
to include bioassessment provisions for 30Sb
and 303d purposes


• Conduct bioassessments and list of impaired
waters for 2008 Water Quality Assessment
Report


Program Goals
<Use bioassessments to evaluate the health of aquatic life
in all surface waters


<Use bioassessment data to better define aquatic life
designated uses


,fDevelop quantifiable biocriteria in water quality
standards to protect aquatic life uses


<'Use biocriteria & bioassessments to assess the
effectiveness of water quality management efforts


,fUse bioassessment data and biocriteria to better
communicate the health of the Nation's waters


Future Biocriteria Objectives


• Develop index for fall sampling period


• Develop diatom (algae) bioassessments


• Examine EP A's EMAP methods for use in AZ


• Develop tolerance values for stressor ID
purposes


• Test Stressor Identification process for AZ
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Future Biocriteria Objectives


• Develop bioassessment methods for other
surface water types:


• Large Rivers
• Intermittent Streams
• Effluent dependent waterbodies
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ADEQ Contractors and Suppliers for Bioassessment Services 4/15/2004


Taxonomy Services D-frame dip nets, with reinforced 500p net


Mr. Gary Lester
EcoAnalysts, Inc.
105 E. Second Street, Suite 1
Moscow, ID 83843
(208) 882-2588
(208) 883-4288 fax
glester@ecoanalysts.com
www.ecoanalysts.com


Research Nets, Inc.
PO Box 249
Bothell, WA 98041
Contact: Jackie
(~25) 821-7345


D-frame handle, 500p sieve


Database development / Index testing &
Development


Wards Natural Science
PO Box 5010
San Luis Obispo, CA 93401
1-800-962-2660


Jeroen Gerritsen or Michael Barbour
Tetra Tech, Inc.
10045 Red Run Blvd Suite 110
Owings Mills, MD 21117
(410) 356-8993
(410) 356-9005 fax
michael. barbour@tetratech.com
jeroen. gerritsen@tetratech.com


Nalgenejars, 99% isopropanol, 37%
formalin


Alameda Chemical suppliers (Phoenix,
local)
480-785-4685


VWR Scientific Products (CA)
1-800-932-5000








Fief ID
21~5Lt85


ADEQ Bioassessment
Workshop


For the National Park Service
At Montezuma's Castle National Monument


and Beaver Creek


April 11-12,2005
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Macroinvertebrate Sampling
Equipment & supplies needed


• D-frame dip net with 500 micron mesh net
• Metal sieve with 500 micron mesh
• Two gallon bucket
• Forceps & plastic spoon
• White dissecting tray
• Sample jars
• 99% isopropanol preservative
• 370/0 formalin preservative
• Write in the rain paper and clear tape for
labeling








WQDB Site Number: _


ADEQ'~''>'(
Arizona Department
of Enviromnental Quality .~


.Arizona Department of Environmental Quality
Stream Ecosystem Monitoring
Field Data Sheets


Site Code ------------------------------- Date Water Sample Time _
(MM/DD!yyyy)


Field Crew ---------Site Name -----------------------------------------------------
Elevation


Entered: IApproved:


> Meter Resu Its '"
"


,.... , '"


E. coli Cfu/100 ml TDS MglL


Air Temp oC Conductivity ,umos/cm


Water Temp oC pH SU


D.O. MglL Turbidity
Average =


NTU
Sig. Avg. =


%0.0. % Multiple Turbidity Results =
'.


Deviations from SOP


% D.O." Precal Reading =


Meter Type
,.,<.)/;< <''''''''


Model Serial Number DEQ Name


Turbidity" Standard =
r> ". "",<


Standard solution reading = I % Difference =
'.".,,",-. .. }:>.",:/. '", e--" , ,', , .• ,' •...•. '"..,."'.':C.c',' ""',,., ,.,":" ,:•..•,.>; .•>::. . •.:.):'$..,;. ,'-;';";:i:'. \.:.,...... :..•..•..


Barometric Press. in. Hg = mm HI•.• I PosteaI reading =
X 25.4 = 'F.


Hydrolab
Turbidimeter
Incubator
Flow Meter
Camera Make :
Chlorine Colorimeter
Laser Level


' ........,.. ".,.,.,,"'" ~. " '"' '>C'.'.,': ",S',:':·ii·/c·}·):·:·)...·:t);,,,"'::........•...•", ...,.> '•."'?".....:,:.;.•. "'} F 1111 VII -: ·,.c·:·;;,. ...i\··.··· ,..:.,;;.....,.'" ....•':>}".. .": ....,. ':":'"
Sample Method Quality Control Bottle Label Identification


Equal Width Increment (EWI) Equipment Churn Blank


Modified EWI Sample Split


Equal Discharge Increment Sample Duplicate
Grab 01 Blank


If Grab Sample - distance (1/4, 1/3, 1,h, etc.) from REW = ; Taken from- run 0 pool 0 riffle 0
Parameter Sets if not FSN suite I Inorganics n. Nutrients n. Total metals n. Dissolved metals Di Bacteria Di Other-


DRY CHANNEL D PONDED WATER - NO FLOW D
Revised 4 October 2004
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Flow Measurements ..


Marsh-McBirney Flow Meter
Measurement from: riffle 0 run 0 pool 0


Station Distance from Initial Pt., ft. Width, ft. Depth, ft. Velocity, ft/s Discharge, ds
1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30


Total Width QC width Average Average Total Q


USGSGage Height = I USGS Discharge =


From USGS Gage


Float Method Discharge Measurement
Avg. time Float Avg.


Timed Measurements, seconds (s) distance (ft) velocity(ft/s)


I I I I I I I
Avg. Velocity X 0.85 correction factor = Corrected velocity (ft/sec)


Width (ft) X Depth (tt) X Corrected Velocity (ft/sec) = Discharge (ft3/s)
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.... CPS measurements . " ':. . > ....
..


Location on reach Lat/Long (dms) .
Method Error (epe')


.. (Garrniri/Geoexplorer)


.iF ......".ji •...•••••. ·.i> ••..•"/ .1i.I .....Rea<:n<PhotosY> '..i' ii> .......n..:..""~.Il..;[ D· 1"~r.i">··>·· ......>
>..iT ·•..•,rIIl.ll::,. .•.•.... ..•.Ie ......................... ......


Photo' 'number .( DescriptiOh> ,> ·i\ Vi< ··?i;'· ··.·.··.·Ci ". .,.../» >.XU( . Ii> ..••.·rs· ).'. i>./i·'
,


Upstream looking downstream
Upstream, look at Right bank cross-section
Upstream, look at Left bank cross-section
Upstream, Riffle substrate
Downstream Looking upstream
Downstream, look at Right bank cross-section
Downstream, look at Left bank cross-section
Downstream, Riffle substrate
At Cross-Section discharge location, looking upstream
At Cross-Section discharge location, looking downstream
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Field Conditions at-Time of Visit/ ..i\ ..i···· .... .....> ...' " .. ' .. ...........


Flood Evidence w/in Last Month .• None 0; Fresh debris line in channel abv Bankfull elevation 0; Grasses Laid Over 0;
Fresh debris line in bushes/trees 0; Flood Width Riparian Vegetation Scoured away 0


Weather Conditions:
Precipitation at sample time: None 0; Light 0; Moderate 0; Heavy 0; Cloud Cover ('Yo) =
Previous Precipitation (w/in 24hrs.) : None 0; tight 0; Moderate 0; Heavy 0


..... > ;.: Reach Observations ... .... .' .. ..>{ .... /


General appearance in the channel (check all that apply)
No refuse visible 0; Small refuse visible 0; Small volume
refuse common 0; large volume refuse (tires, carts) rare 0;


(GAS)
large volume refuse common 0


General appearance along the banks (check all that apply)
No refuse visible 0; Small refuse visible 0; Small volume
refuse common 0; large volume refuse (tires, carts) rare 0;


(GAB)
large volume refuse commonD


Water Clarity (WAP)
Clear 0; Milky 0; Light brown 0; Dark brown 0;
Oily sheen 0; Greenish 0; Other


Water odor (check all that apply) None 0; Sewage 0; Chlorine 0; Fishy 0; Rotten eggs 0;
(WOO) Other


Appearance at water's edge (check one)
No evidence of salt crusts 0; White crusty deposits rare 0;
Numerous white crusty deposits 0;


(AWE)
banks covered with white crusty deposits 0


Fish presence Absent 0; rare 0; Common 0
Crayfish presence Absent 0; rare 0; Common 0
Sunfish presence Absent 0; rare Oi Common 0
Leopard frog presence Absent Oi Number observed alive i Dead
Floating leaves or other organic mater (not algae) Absent Oi rare Oi Common 0
Leavesor other organic matter on streambed Absent Oi rare Oi Common 0
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Flow Regime ','


0 Perennial stream channel. Surface water persists all year long (P)


0
Intermittent stream channel. One which flows only seasonally or occasionally. Surface source includes springs, snow
melt, and flows that reappear along various locations of a reach, then run subterranean (interrupted) (I)


0 Subterranean stream channel. Flows parallel to and near the surface for various seasons (S)
0 Ephemeral stream channel. Flows only in response to precipitation (E)


.'••. '...•,'
-:


Categorv., "
.:


" . "".' c·
"


0 Seasonal variation in stream flow dominated primarily by snowmelt runoff (1)


0 Seasonal variation in stream flow dominated primarily by stormflow runoff (2)
0 Uniform stage and associated stream flow due to spring fed conditions (3)
0 Regulated stream flow due to diversions, dam releases, dewatering, effluent dominated, etc. (4)


0
Altered flows due to development, such as urban streams, cut-over watersheds, vegetation conversions (e.g. forested to
grassland) that changes flow response to precipitation events (5)


, Strearn.T ype Identification ,n 'Ix y •.
" .. '


; ·Li.


Walk the reach and flag all likely bankfull indicators. Select the riffle with the best bankfull indicators to collect
measurements. A measuring tape, stadia rod, and calculator are sufficient, although a laser level can also be used. Calculate
the classification variables and use Rosgen stream type classification chart to identify stream type.
Watershed Area: Valley Type
Predicted Cross-section Area: 01 0111 OV OVII o IX


Which regional curve used? I 0 Central/Southern 011 OIV OVI o VIII OXo Eastern AZ / New Mexico


Measurements for Determining Stream Type, ,. .,.


." .


Measurement Riffle Cross-section#1 RiffleCross-section#.2 Bankfull Indicators Used
BankfullWidth 0 Top of point bars
Bankfull Max. Depth 0 Change in particle size
Correction Factor 0 Slope break
Bankfull Mean Depth 0 Vegetation line
Cross-sectionalArea 0 Rock stains
FloodproneWidth


0 Undercut banks(2x BKFmax depth)


STREAMTYPE= 0
Presence of a floodplain at the elevation of
incipient flooding


••••
'., •• c ••..• ,', ", """"'c


X". ./.>.:(1:( . ...


Extensive, large debris dams either continuous or influencing


0 No organic debris or channel blockages (1) 0 over 50% of channel area. Forces water onto flood plain even
with moderate flows. Generally presents a fish migration
blockage. (6)


0 Infrequent debris, what's present consists of small, floatable 0 Beaver dams. Few and/or infrequent. Spacing allows for normal
organic debris. (2) stream/flow conditions between dams. reduced between dams.


(7)


0 Moderate frequency, mixture of small to medium size debris 0 Beaver dams - Frequent. Back water occurs between dams -
affects less than 10% of active channel area. (3) stream flow velocities (8) .


-


0 Numerous debris mixture of medium to large sizes - affecting up 0 Beaver dams - abandoned where numerous dams have filled in
to 30% of the area of the active channel. (4) with sediment and are causing channel adjustments of lateral


rnloration evulsion. and deoradation etc (9\


0 Debris dams of predominantly large material affecting over 30% 0 Man made structures - diversion dams, low dams, controlled by-
to 50% the channel area and often occupying the total width of pass channels, baffled bed configuration with gabions (10)
the active channel. (5)
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... ".
< Decision Criteria for SamplingMacroinvertebrates i / . /.< ...


....
i


The target stream habitat for collecting macroinvertebrates must be wadeable, perennial, contain riffle habitat, contain
heterogeneous substrates, and must be sampled during the spring index period. Spring index period is April - May for warm
water streams and May - June for cold water streams. Use the following specific decision criteria to determine whether to
collect a macroinvertebrate sample. Where you have found the stream conditions to be inappropriate for macroinvertebrate
sampling, circle the reason or record a comment indicating the rationale for not collecting.
Item Condition Action to Take
Bankfull or Extreme Flood Baseflow conditions occurring approximately 4 or


more weeks after a bankfull flow event is the target
sampling condition. Using known watershed area,


Collect
use appropriate Regional Curve and field bankfull


macroi nvertebrates
indicators to estimate bankfull elevation. Look for
high flow indicators at or below this elevation as an
indicator of a bankfull flow event.
A bankfull magnitude flow event has recently


Do not collect
occurred.
A substrate consisting of a mixture of some of the


Collect
Substrate Type following particle sizes is the target condition:


macroi nvertebrates
boulder, cobble, gravel, sand, clay, silt, bedrock.
Streams which have substrates dominated (consisting
of >50% of that substrate type) by bedrock,


Do not collect
travertine, or sand are considered non-target
conditions.


The target waterbody type is a flowing stream with Collect
Waterbody Type riffle or run (erosional) habitats present. macroinvertebrates


We do not have methods developed for the following
waterbody types and are not sampling them at this
time: Effluent dependent streams, wetlands, Do not collect
ephemeral streams, lakes, seasonally intermittent
streams.


Comments: (indicate rationale for not collecting macroinvertebrate sample, if different from the above descriptions)
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... •..•.<. Biological Sampling and Observations i····· .•.... .: ....
.............. ...... .... ........ .....


Biological Samples Collected
Macroi nvertebrates o Riffle Sample o Pool Sample o Edge Sample


Riffle field split: Pool field split: Edge field split:
o 1/4 Field split o 1/4 Field split o % Field split
o 1/2 Field split o 1/2 Field split o 1/2 Field split


Algae Diatoms-natural substrate: Diatoms-artificial substrate: Filamentous algae - Natural
o Riffle o Riffle substrate:
o Pool o Pool o Riffle


Incubation period (days): o Pool
o Composite


Comments (Excessfilamentous algae or organic debris in sample, insects seen):


.. ...........•\Algae Observations ( ...•.. ';(....t IL.', '" ..' ····(c ..
-c- '-. ... : .... :. .


Filamentous Algae Covering Streambed throughout 1) <1% 2) 1-25% 3) 26-50% 4) 51-75% 5) 76-100%
the reach
Floating algae (detached clumps/mats) floating 1)<1% 2) 1-25% 3) 26-50% 4) 51-75% 5) 76-100%
downstream
Algal slime on rocks, wood, etc. (diatoms, not Absent Oi thin coating Oi thick coating 0
filamentous)
Comments:


\i .'
. ,: .... .. -.i 'ili\;} ·••.···:···.··i: .....MacrophYtes '.'y;,;., iY> ,d.> i.,;,:] .:.i,,). .;«,i


Macrophytes covering streambed, within wetted 1)<1% 2) 1-25% 3) 26-50% 4) 51-75% 5) 76-100%
channel, throughout the reach
Comments:


.r:l -c- ::,>... . x;:" '}\:lderitificatiOri6f AlgaE! (A) and Ma:CropnYies(M) ;: .:.":"...:........:,.. "'2;: iLl:.:..... ·.><;8 ..' .:'. .


OA Cladophora (hairlike feel, long beards) OM Watercress (Rorippa)
OA Spirogyra (slimy to touch, bright green) OM Monkey flower ( Mimulus, yellow flower)


OA
Nostoc (looks like jelly beans or round black to OM Pondweed (Potomogeton, submerged water
blue colored nodules) grass)


OA
Blue-greens (blue-green to black in colo, e.g. OM Columbine (yellow fower)
Oscillatoria, Anabena)


OA
Stoneworts (feels gritty, looks like a vascular OM White water buttercup (Ranunculus, white
plant, found in upwelling zones) flower)


OA Vaucheria (dark green felt-like mats) OM Eurasian water rnilfoil (Myriophyllum)
OA Hydrodictyon (bright green, net forming algae) OM Hvdrilla


OA
Praesiola (cold water algae, looks like sea
lettuce)







<i > ...)<, \< ..•... ...•. ....•..> > Site Sketch >.......... > > .. ·····i>i.(i> ................•....


Include location of riffles, pools, snags, submerged logs, undercut banks, areas of stable cobble habitat, type of bar
formations, location and types of riparian vegetation, and areas with cut or eroding banks. Pace off length of eroding banks,
length and width of riffles.


+
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i ...•.•.NON-POINT SOURCE CODES "<it,
....


... .... .... .(') .............
Circle sources directly impacting the site, asterisk sources located in the watershed. Source Group is bolded, Category Code is italicized, and
Sub-category Code is regular style font.


Code Source Category Code Source Category Code' Source Category


1000 Agriculture (Agriculture) 7350 Upstream impoundment .6600 Hazardous waste
storage/disposal


1050 Crop-related sources 7400 Flow regulation/Modification/Diversions 8000 Highway salt storage/use


1100 Non-irrigated crop production
7550


Habitat Modification 8200 Storage tank leaks


1200 Irrigated crop production 7555 Erosion materials from tributaries 8250 Underground storage tank
leaks


1300 Specialty crop production 7600 Removal of riparian vegetation 8275 Above ground storage tank


Grazing-related sources Stream bank modification or destabilization .0JOi); ..Point .1350 7700 ." . ""cU'i ':" ..,;}., ......


1400 Pasture grazing - riparian and/or upland 7750 Highway/Road/Bridge-erosion or aggradation 0110 Major industrial point source


1410 Pasture grazing - riparian 7800 Drainage/Filling of wetlands 0120 Minor industrial point source


1420 Pasture grazing - upland 7900 Marinas and recreational boating 0200 Municipal point source


1500 Range grazing - riparian and/or upland 7910 Boating with in-water releases 0210 Major municipal point source


1510 Range grazing - riparian 7920 Boating with on-land releases 0220 Minor municipal point source


1520 Range grazing - upland 5000 Mining (Resource extraction)
.... ·i:......·· 0230 Package plants (small flows)


7600 Intensive Animal feeding Operations 5075 Active Mining operation 0300 .Other Wastewater


1620 Concentrated Animal Feeding Operations 5100 Surface Mining 0400 Combined system (sewage and
point source/permitted) stormwater)


1640 Confined animal feeding operations (non- 5150 Sand and gravel operations 0500 Collection system failure
point source


7700 Aquiculture/Fish Hatchery 5200 Subsurface mining 0900 Sewage lagoons


2000 Forestry(Si/vicultuie) .··..,;i; ..
... :;.' ..... 5300 Placer mining 0975 Reuse (Effluent to lakes, golf


· '. . .... ..... ... courses, artificial


2100 Harvesting, restoration (residue 5400 Dredge mining 6500 Septic systems
management)


2200 Forest management (fertilization, pesticide 5500 Petroleum activities 6700 Septage disposal (e.g. from
use) septic tank trucks)


2300 Logging roads 5600 Mill tailings ···~.~~g!I~.·j••: .. .'. .........
,i{


ii';··.t:·····.·
Clear cutting Mill or mine tailings 8400/ Spiti~'


...2500 5650 ..... ". iC<· ;....... }....•.•.....


:.,~"'::..
'.' .Cdntan,i~ated ~ediments8610 Wildfires or controlled burns 5700 Mine tailings 8500 :;:-: ···.({··i... "


.-:::{:-


;~Ak.... :";;i!!f>/' 5800 Acid mine drainage 8510......; ,,,it';; ..
................... .....
3100 Highway/Road/Bridge construction 5900 Abandoned mining operation 8530
3200 Land development/Land clearing 5950 Inactive mining operation 8540
4000') Urban runoff/StormWaters~;'ers ......Arti' .....8700,~i'" ".". ,'" .......


• ••••••••••••••.0' •••• ••••••
8600


4100 Non-industrial (NPDES) stormwater runoff 8710 Golf courses 8910 -
4200 Industrial (NPDES) stormwater runoff 8720 Camping/Campground recreation


OtI1¢r Non-paifi(SolJrce Observations a! .
. tii~~iteq~\vithi";t6~:;eaCH;;;·j;)';:::L.<;;;:.


4300 Other urban runoff 8730 All terrain vehicles/Off road vehicles/Biking


4400 Illicit connections to stormwater sewers (dry 1·.··:3j.~·.••y ni~ri,.,~~f,i. i.,
weather flows) I·..··.·,· .. .•• (y .•{. .... ,................. ,;.)...•..';'


4500 Urban Highway/Road/Bridge runoff 6100 Sludge disposal/storage


4600
...... ...". ....•. ... .: .


Landfills·...Non-urban runoff/Erosion and sedimentation 6300· ... •..••.:0 •.•.••••.•• " •••• ••.. ..• . ....••. .


8300 Non-urban (highway/Road/Bridge 6350 Inappropriate waste disposal/Wildcat
Runoff/Maintenance) dumping


7000 Hydrological modifications 6400 Industrial land treatment
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Metals Blank


Albion Sam Ie Documentation


; Grab ; Com osite ; Du licate ;S lit


; Grab ; Com osite ; Du licate ;S litH Blank


E. Coli


Collection Time 1 Distance (1/4, 1/3, %, etc) from REW .1 From run 0; riffle 0; pool 0
Incubation Period is 24 hours for membrane filter technique and 18 hours for colilert technique


Beginning Incubation Time ; Enumeration Time


Membrane Filter Results
Dilution Used


Dilution, ml Number of colonies in Calculation Quality Control


0 Pass Fail


0 Equipment Blank 0 0
0 Technique Blank 0 0


Calculated Colony Forming Units/1 00 ml ¢ Comments:


Colilert Results
Sample Number Number Large Wells Positive Number Small Wells Positive Most Probable Number form Table


1


2


3


4


Average Most Probable Number = du / 100 ml
Comments
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.< ... '/ . .. . ..•........... ······.·.·RifflePebbleCount ....•i ..........
•••••••••


i> .......
For transect method, tally 1DO-pebbles in riffle habitat only. Measure particles at equal increments across multiple transects
within the wetted width of available riffle habitat throughout the reach.


Size Class Size Range Tally Count Percent Cum. %


Silt/Clay * <0.062


Sand ** 0.063 - 2.0


Very Fine Gravel 3-4


Fine Gravel 5-8


Medium Gravel 9 -16


Coarse Gravel 17 - 32


Very Course Gravel 33 -64


Small Cobble 65 - 96


Medium Cobble 97 -128


Large Cobble - 129 -180


Very Large Cobble 181 - 256


Small Boulder 257 - 512


Medium Boulder 513 -1024


Large Boulder 1025 - 2048


Very Large Boulder 2049 - 4096


Bedrock >4097


Totals
Comments: % fines


<2 mm
# Size
Classes


015


050


Note: * Silt / clay particles feel slick when rubbing between thumb and forefinger.
084


** Sand Particles feel gritty when rubbing between thumb and forefinger.
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Riffle Embeddedness


Embeddedness measurements are collected concurrently with particle sizes within wetted width of riffle
transects, from which macroinvertebrates have been collected. Count sand and fines as 100% embedded,
bedrock and travertine as 0% embedded, and gravel from a gravel patch as 100% embedded.
Embeddedness is taken as a visual estimate. Calculate average embeddedness from 100 particles.


Particle Percent Particle Percent Particle Percent Particle Percent
Number Embedded Number Embedded Number Embedded Number Embedded


1 26 51 76


? ?7 112 77
3 28 53 78
4 ?~ 114 7~
11 30 55 80
R ::11 116 R1
7 32 F.7 R?
A ::\::\ 58 83
9 14 11~ R4
10 35 60 85
11 ::\6 61 86
12 17 6? R7
13 38 63 88
14 1~ 64 A~


15 40 R11 ~o
16 41 66 91
17 4? R7 ~?
18 43 68 93
1~ 44 6~ ~4
20 4F. 70 ~F.
21 46 71 96
22 47 7? ~7
2::1 4R 73 9R
24 4~ 74 ~~


25 50 75 00
i:!ij,%!! ·••;,;\1,••···.'


).•;.•;1;\ .•••.. ,.... ';'\"<......, ....
~.. I\~~."? iT .....
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Riffle Geometry ,.


Riffle# Length Width Length / Width ratio
1
2
3
4


I Average length / width ratio


" " Reach Channel/Habitat Complexity, ,"' ..'. "
,


ii
'.,." ....,',. " ".,


Reach length equals 2 meander lengths or 20-30 times bankfull width. Use minimum of 300 foot reach to identify habitat
types for large streams
Habitat Number of paces Total


Pool


Riffle


Run


Riffle / Run Ratio =


". "if/,.? """, '.'.'.',;?'\·/i ;'~i'i 'Segment l-I£bitafQu~lit)rD ";// .,.,....\.+;<i(';',i .<) ·i)i·?


Segment length equals 2 meander lengths or 20-30 times bankfull width of the stream. Use a minimum 300-feet reach to identify
habitat types for large streams or rivers.


Cobble Absent 0; rare 0; Common 0; Abundant 0
Undercut banks Absent 0; rare 0; Common 0; Abundant 0
Leaf packs Absent 0; rare 0; Common 0; Abundant 0
Root masses Absent 0; rare 0; Common 0; Abundant 0
Macrophyte beds Absent 0; rare 0; Common 0; Abundant 0
Submerged logs / snares Absent 0; rare 0; Common 0; Abundant 0
Sand dominated substrate Absent 0; rare 0; Common 0; Abundant 0
Filamentous algae beds Absent 0; rare 0; Common 0; Abundant 0
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o Point Bars (1) o Diagonal Bars (5)


o Point Bars with Few
Mid-Channel Bars (2)


o Main Channel Branching with
Numerous Mid-Bars and Islands (6)


o Numerous Mid-
Channel Bars (3)


o Side Bars and Mid-Channel Bars
with Length Exceeding 2 to 3 times
Channel Width (7)


o Side Bars (4) Delta Bars (8)


...


Canopy Density ...... .:i ./'..... .... :..


Number of Points Intercepted Along the Transect
Position Upper Reach Mid-Reach Lower Reach


Right Edge Water


Middle - Looking Upstream


Middle - Looking Downstream


Left Edge Water


Sum


Mean Number of Points = Sum of the three columns -:-3 --
If stream order <5 Percent Canopy Density = Mean Number of Points * 1.5 = %


If stream order >5 Percent Canopy Density = Mean Number of Points * 0.75 = %
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•••••


i.i . ... ' .:
Habitat AssessmentField Data Sheet ...,..... .. , ... > ••,.•


Habitat Condition Category
Parameter Optimal Sub-optimal Marginal Poor


Large variety of habitats available Moderate variety of habitats Habitat has minimal variety, Homogeneous substrate
for colonization which may include which may include cobble, substrate dominated by one dominated by sand, shallow


Habitat Quality cobble, undercut banks, snags, leaf packs, root masses, particle size, may have some with uniform velocity, no
submerged logs, leaf packs, root macrophyte beds or other cobble, macrophyte beds, or shade on riffles, may have
masses, macrophyte beds or other organic material. algae beds. extensive filamentous algae
organic material. beds.


Score ® @ @ Q)
Well developed riffle that is as wide Riffle is as wide as stream, Reduced riffle area does not Riffles virtually non-existent;
as stream and its length extends 2x but is less than 2x stream extend across entire cross- sand, gravel, large boulders


Extent of Riffle the wetted width of the stream. width; abundance of cobble; section and is less than 2x or bedrock prevalent; cobble


Habitat boulders and gravel are width; gravel or large lacking.
'I. common. boulders and bedrock


prevalent; cobble present.


Score ® @ @ Q)
Gravel, cobble, and boulder Gravel, cobble, and boulder Gravel, cobble, and boulder Gravel, cobble, and boulder


Embeddedness particles are 0-25% surrounded by particles are 25-50% particles are 50-75% particles are more than 75%


of Riffles fine sediment (bedrock is 0% surrounded by fine surrounded by fine surrounded by fine sediment
embedded). sediment. sediment. (sand is 100% embedded).


Score ® @ @ Q)
Point bars in C type channel Point bars with few mid- Numerous mid-channel or Branched or braided C
maintained, no mid-channel or side channel bars or side bars in C diagonal bars in C type channel with numerous mid-
bars. No bimodal particle size type channels. No bimodal channels. Some loss of pool channel bars and islands, some


Sediment distribution. No excess sediment in particle size distribution. and riffle habitat in A, B, and exceeding 2-3x channe width


Depostion
riffles and pools of A, B, or C type Some filling in of pools in A, C type channels. Bimodal in length. Heavy deposites of
channels. B, and C type channels. distribution may be present finae material evident with


with excess fines in the bimodal particle distribution.
substrate. Pools and riffles filled in, with


run habitat dominating.


Score ® @ @ Q)


Bank Stability Banks stable; no evidence of erosion Banks moderately stable; Banks moderately unstable; Unstable; many eroded areas;


within the active or bank failure; <5% of bank affected. infrequent, small areas of 30-60% of bank in reach has "raw" areas frequent along
erosion mostly healed over. 5- areas of erosion; high erosion straight sections and bends;


bankfull channel 30% of bank in reach has potential during floods. 60-100% of bank has


(score each areas of erosion. erosional scars.


bank)
Score
Left Bank ® @ @ Q)
Score
Right Bank ® @ @ Q)


Rating Category
Sum of Habitat Category Scores ¢ 0-7 8 -14 15 - 20


0 Very Impaired 0 Impaired 0 Good Condition
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.... . ..... ....•. ····.RiparianVegetationCover ..... . .... ...
i......... . ..... .......


Record the percent cover of each vegetation type within the floodplain. Consider each vegetative layer separetly with a score
of 0 -1 00% for each. The object is to identify what vegetation type is holding the banks and floodplain together.


Riparian Vegetation Cover Estimated Percent Cover
Canopy of riparian trees> 15 feet high
Understory of woody shrubs, saplings, herbs, grasses and
forbs - 1.5 to 15 feet high
Ground cover of woody shrubs, seedlings, herbs, and forbs -
< 1.5 feet high
Barren or bare dirt


- - - - - --- - II -- -- - - •• - - -
5% 10% 150/0-- •- • - --- •II-- -
20% 300/0 40%,


• -..-..I _
• • II. •-80%


o


o


o mixed broadleaf species such as Big-tooth Maple; Narrowleaf
Cottonwood; Box-elder; SW Choke Cherry; Arizona Alder; Pacific,
Co ote, Red, or Bebb's Willow; located at 5740' - 8200' elevation


Cottonwood-Willow & Mesquite located at <3280' elevation


Interior riparian deciduous forest (2) Actic - Boreal forest (4)


Cottonwood-Willow & mixed broadleaf species such as Sycamore,
Ash, Walnut, Alder, Soapberrry, and Hackberry located at 3280' -
5740' elevation


Distinctive riparian communities are not present however there are
some indicator species such as shrubby Scouler and Bebb's willows,
Red Elderberry, Shrubby Cinquefoil, Goose-berry Currant, Raspberry,
and Thin-leaf Alder located along streams of subalpine forests and
meadows at >8200' .


o
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.
Riparian Species..


0
Alder,


0 Cinquefoil 0
Hawthorn,


0 Tamarisk 0
Willow, 0 Equisetum


Thinleaf River Peachleaf


0
Alder,


0
Cottonwood,


0
Maple, Big-


0
Walnut,


0 Willow, Red 0 Monkeyflower
Arizona Fremont tooth Arizona


0 Ash, Lowell 0 Cottonwood, 0 Maple, Rocky 0 Willow,
0


Willow,
0 Phragmites


Lanceleaf Mountain Arizona Scouler


0 Ash, velvet 0
Cottonwood, 0 Mesquite 0 Willow, 0 Willow, Seep 0 Rushes
Narrowleaf Arroyo


0 Birch 0
Elder,· 0


Netleaf
0 Willow, Bebb 0


Willow,
0 Sedges


Blueberry Hackberry Yewleaf


0 Boxelder 0
Elder, 0


New Mexican
0


Willow,
0


Willow, 0 Sacaton
Mexican Locust Bonpland Unknown


0 Buckthorn,
0 Elderberry 0 Raspberry 0


Willow,
0 Bamboo 0


Birchleaf Coyote


0 Buckthorn, 0 Elderberry, 0
Red-osier


0 Willow, 0 Carex 0
California Desert Dogwood Desert


0 Burro bush 0 Gooseberry 0 Soapberry 0 Willow, 0 Cattail 0
Gooding


0 Chokecherry 0
Hawthorn, 0 Sycamore, 0 Willow, 0 Deer Grass 0
Cerro Arizona Pacific


)' iii/.><iii ........I· Regel1eration PQ1:entiarofRipafia.lllj" rees.).;i ../ • r, ......
>;f ...... .( ........


Species
Mature Trees Young Trees Saplings Seedlings


>16" @ 3 ft height -1 %" @ 3 ft. height < 1 1/4" New growth
1
2
3
4
5


. ; ...
. .../ .. ? .••.•••.AgeClassesbftheDominaritRipariari.Tree Species> ....····i. . ..... ) ..: .


.. . .\ :"., .... ·.i.········';. ...• ""'...
No regeneration evident, few


Species abundant in Abundant in 2 age One age class present
mature trees present, no


D D D D saplings or seedlings, or if
3 age classes (1) classes (2) (3)


present, they are heavily grazed
(4)
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GUIDELINES FOR COMPLETING THE PFC CHECKLIST


General guidance: If 75% or more of stream reach is PFC, classify entire reach as PFC. All "No" answers must have
comments in notes section. Answers can go on the line between "Yes" and "No", but consider it a "No" and comment in
notes section.


Q1. Instantaneous peak flows don't count. Inundation means to bankfull depth. Bankfull can be identified from top of the
point bars, changes in vegetation, topographic break in slope, change in size of bank materials, evidence of an
inundation feature such as small benches, exposed root hairs below an intact soil layer indicating exposure to erosive
flow, and bank undercuts. "No" if channelization or entrenchment. "N/A" if a "V"-canyon without floodplain
development.


Q2. Usually "N/A", but may be applicable at high altitude sites; also, consider the present environment (could they be
present).


Q3. Based on the stream type expected & the regional curves, all three features must be present for a "YES". Use bankfull
width, not wetted width. "NO" if straightness, excessive sediment, or entrenched channel.


Q4. Widening can mean encroaching on the channel as well as moving toward the terraces. The age of the vegetation in an
indicator. "NO" if upland species encroaching on the floodplain or Kentucky bluegrass present. "YES" if recruitment
of wetland/riparian species on new landforms. "N/A" if an A1 stream type.


Q5. Need to look at upland ground cover and erosion signs (e.g. plants on pedestals, debris dams around plants, rills,
gullies). "NO" if side channel and mid-channel bars, gullies, fan shaped deposits from tributaries, braided channels,
overloading of point bars, or cementing of streambed.


Q6. "YES" if 3 age classes (mature, young, saplings) present for a single species, or young and sapling classes if recruitment
& replacement is occurring, or dense matting of herbaceous riparian/wetland plants. "NO" if individual plants. "N/A"
if A1 Stream Type.


Q7. Maintenance means recruitment. Is it occurring? "YES" if several different species present (e.g. willows, rushes,
sedges). It depends on the elevation and the potential natural community that might be present if all constraints are
removed. In some environments, 2 species could be a "YES". Usually "NO" if 1 species present.


Q8. "YES" if sedges, rushes, willows, seep willows, alders, cottonwoods, etc. Don't consider quantity. Do you see any at
all?


Q9. A high stream flow event is one that occurs once in 25-30 years. Q9 is similar to Q*, but you are now looking for
quantity. "NO" if presence of upland species. "YES" if willows, alder, aspen, birch, cottonwood, sedge, rush, bulrush,
and wetland grasses.


Q10. Are the plants healthy and dense? "NO" if yellow leaves, stunted plants, many dead stems and branches, a thin crown,
infested with insects, diseased, or grazed down by browsers.


Q11. This is a quantity question. Use 80% cover as a guide. Look for riparian plants, herbaceous cover, salt cedar
(tamarisk), seep willows, etc. "NO" if "NO" on Q9. If Q6-Q1 0 are "NO", this is probably a "NO".


Q12. "N/A" for meadows, desert streams, and probably intermediate elevation streams, or sedge/grass community streams.
"YES" if fallen trees. For some locations consider living and dead trees and trees along banks out of the water.


Q13. "YES" if large boulders, roughness of the floodplain, large trees & dense vegetation along stream banks. "NO" if
incision & no access of stream to floodplain.


Q14. "YES" if sedge/rush components. Consider potential, height and newness of the point bar. Sandy soils don't hold
water well and there may be no potential for revegetation. Ai Stream Type is "N/A".


Q15. "NO" if straight channel, not confined geologically, and channel movement with every high flow event. "YES" if single
channel, stable banks (especially on straight segments), & natural deposition.


Q16. "NO" if entrenchment, down cutting (some is natural), excessive aggradation, unstable vertical banks. "YES" if
streambed is armored with large rock, bedrock, heavy gravel. Don't consider old down cutting. If a bedrock stream
then "N/A".


Q17. "NO" if excessive sediment from side drainages, excessive aggradation, mid-channel bars, braiding, or unstable
banks. "NO" if Q5 is "NO".
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Proper Functioning Condition Worksheet
....


.....


Yes No N/A Hydrologic


1) Flood plain inundated in "relatively frequent" events (1-3 years)


2) Active/stable beaver dams


3) Sinuosity, width/depth ratio, and gradient are in balance with the landscape
setting (i.e., landform, geology, and bioclimatic region)


4) Riparian zone is widening or has achieved potential extent.


5) Upland watershed not contributing to riparian degradation


Vegetative


6) Diverse (3) age structure of vegetation (Recruitment for maintenance/recovery)


7) Diverse composition of vegetation (For maintenance/recovery)


8) Species present indicate maintenance of riparian soil moisture characteristics


9) Streambank vegetation is comprised of those plants or plant communities that
have root masses capable of withstanding high streamflow events


10) Riparian plants exhibit high vigor


11) Adequate vegetative cover present to protect banks and dissipate energy during
high flows


12) Plant communities in the riparian area are an adequate source of coarse and/or large woody
debris


Erosion Deposition
13) Flood plain and channel characteristics (i.e., rocks, coarse and/or large woody debris)
adequate to dissipate energy


14) Point bars are revegetating


15) Lateral stream movement is associated with natural sinuosity


16) System is vertically stable


17) Stream is in balance with the water and sediment being supplied by the watershed
(i.e., no excessive erosion or deposition)


Functional Rating
0 Proper Functioning Condition 0 Functional at risk, downward trend
0 Functional at risk, upward trend 0 . Non-Functional
0 Functional at risk, no apparent trend 0 Unknown


Channel cross-section sketch:
- -- PNC


- - -- PFC
F
A
R


- - -- Non-Functional
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>
PFC Remarks:


Checklist # Comment . }, . ,.'


\








Habitat Assessments associated with Bioassessments


ADEQ's Stream Ecosystem Monitoring field data sheets (FDS, Appendix A) provide ecological
information needed to interpret macro invertebrate bioassessments. These field forms provide for the
collection of water chemistry and discharge data, field observations about the hydrology, biology and
general condition of the stream reach, non-point source observations, a site sketch, photos, the ADEQ
Habitat Assessment Index, Rosgen stream type classification, and riparian community assessment. The
sum of all these data provide an ecological context in which to place the macro-invertebrate data.
Causes and sources of biological impairment can be explained by the chemical physical, biological and
land use information produced in this habitat assessment.


1. Site information
The Stream Ecosystem Monitoring field data sheets (FDS) provides for the collection of
locational information needed for data entry, mapping and general site information. Required
information includes stream name and site description, date, time, Site code, field crew,
program name, topographic map, latitude/longitude, ownership, elevation, watershed area, and
predicted cross-sectional area of the channel. Optional information includes watershed name,
HUC-reach number, upland vegetation formation, designated uses, site recommendations.


2. Field measurements, observations & Sample collection information
a. Precipitation, cloud cover, air temperature, and field measurements of the water are


recorded. There is room for 3 measurements of physicochemical parameters to allow
for variations in measurements over space and time. Other information is also recorded,
such as the water collection method, which samples were collected, and which analyses
will be performed. There is a place for sample time and to check if a QC sample was
collected.


b. Bacteria values (E. coli)
c. Stream habitat variables are selected as a decision matrix to inform the sampler when it


is an appropriate time to sample.
d. A discharge measurement is collected using one of three methods: USGS staff height,


Marsh-McBimey method, and float method. There are other sampling methods which
can be used for discharge, but these are the methods we most commonly employ
(ADEQ, 1995; Harrelson, et aI., 1994).


3. Non-point source observations - Sources of potential impairment must be identified as part
of the bioassessment process. The non-point source codes used in the 305(b) water quality
assessment process are presented for ease of use. Sources adjacent to the study reach as well
as sources within the watershed are identified from visual observations in the field and from
topographic maps or aerial photos.


4. In-stream observations - Narrative observations about the general stream condition can be
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helpful in diagnosing potential problems. These observations consist of general appearance of
the stream reach and streambank, water appearance and odor, presence of fish, especially
sunfish and crayfish as well as hydrological information about flood or drought evidence, flow
regime and water source. Biotic interactions by exotic species such as crayfish and sunfish are
an important cause ofimpainnent of the macro-invertebrate community and must be actively
searched for in the field. Hydrological information is important for identifying flood or drought
impacts, and ensuring that the stream is perennial prior to macro invertebrate sample collection.


5. Algae/macrophytes - Observations about the percent cover by filamentous and diatomaceous
algae and macrophytes can be very helpful for diagnosing nutrient problems and understanding
the trophic structure of the macro invertebrate community. Notes are collected on the percent
cover of filamentous algae and macrophytes, the presence of floating algae mats and diatom
cover, and the types of flora present in the study reach.
a. Percent cover by filamentous algae is visually estimated for the whole study reach.


Filamentous algae consists of green and blue-green algae that can form small tufts to
. large beards attached to substrates.


b. Floating algae mats refers to clumps of green or blue green algae that detach because
of the large quantity present in the stream due to nutrient enrichment. Sometimes
floating mats will naturally occur in desert streams in summer or during drought
conditions, when decaying late successional communities are present.


c. Algal slime refers to the abundance of diatom cover on substrates. The diatom cover
can be detected visually as a brown staining on cobbles and can be felt as a slippery
coating of material on cobble.


d. Macrophytes are generally found along the edge of water, but sometimes are found in
shallow water or covering the stream bed (water grass). Percent cover of macrophytes
within the wetted channel area is visually estimated for the study reach and is generally a
low number unless there is nutrient enrichment.


e. Identification of aquatic plants and algae species can be helpful in understanding nutrient
cycling (eg. abundance of nitrogen fixing blue-green algae indicates that nutrients are
bound up in vegetation and are not abundant in the water) and whether nuisance
species of macrophytes are present. Hydrilla and Eurasian milfoil infest waterbodies and
are difficult to eradicate. Identification guides are available. We currently use the
following identification references:


• How to Know the Freshwater Algae (Prescott, 1978)
• U of Florida macrophyte key
• Western Wetland Flora


6. Site sketch - A sketch ofthe stream reach provides a visual idea of the general habitat
available to the macro invertebrate community. The site sketch demonstrates the relative
proportions of macro-habitats, such as riffle, run, and pool, as well as displaying micro-habitats
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such as woody debris, leaf packs, macrophyte and algae beds, undercut banks and riparian
vegetation. The sketch can also give clues to potential causes of impairment such as excess
sediment in the form of side and mid-channel bars from cut banks or degraded tributaries. Be
sure to scale the map to include the entire study reach, displaying floodplains, and terraces,
features such as trees, rocks or flood debris. Also include the stream name, date, direction of
stream flow, north arrow, cross-section pins, point bars, abandoned channels, and composite
sample locations.


7. Photo-documentation - Photos are required to track changes in the channel over time and to
demonstrate the substrate and channel conditions at the time of macro invertebrate sampling.
The camera and film type should be recorded in addition to the photo number corresponding
the list of suggested photos to be taken. If there are cross-section benchmarks in the study
reach, collect photos looking upstream, downstream and viewing each bank with the cross-
section tape in view.


8. Habitat Assessment Index - While all the notes in the field data sheets are considered part of
the broad level habitat assessment, ADEQ provides a specific substrate and bank habitat
assessment. The habitat condition parameters were extracted from USEP A's visual based
habitat assessment protocols described in the Rapid Bioassessment Protocols (Barbour et al.,
1999) and USEPA's Environmental Monitoring and Assessment Protocols (Lazorchak et al.,
1998).


a. Riffle habitat quality
Habitat quality within riffles is evaluated through a survey of the variety of natural
structures within the stream reach, such as cobble, large rocks, woody debris, and
undercut banks available for colonization by macroinvertebrates. A wide variety and
abundance of submerged structures provides benthic macroinvertebrates with a large
number of habitat niches, thus increasing community diversity. As the variety and
abundance of cover decreases, the habitat structure becomes less complex, community
diversity decreases, and the potential for community recovery after disturbance
decreases.


Complete the Segment habitat quality portion of the field form prior to conducting the
habitat scoring. Walk a minimum distance of 100m or 25 times the bankfull width of the
stream, identifying the relative abundance of each micro and macro-habitat. For warm
water streams, give an optimal score if there are 2-3 habitats in the common to
abundant categories, suboptimal if there are 2+ habitats with 1 abundant, marginal if
there is sand common or abundant with 1 additional habitat, and poor ifthe habitat is
dominated by abundant sand with possible algae or macrophytes present. For cold
water streams, give an optimal score ifthere are 3+ habitats in the common to abundant
categories, suboptimal if there are 2+ habitats with 1 abundant, marginal if there are 2+
habitats that are rare or common, and poor if the habitat is dominated by abundant sand
with possible algae or macrophytes present.
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b. Extent of riffle habitat
In addition to habitat quality, the quantity of the riffle habitat is also an important factor
in the support of healthy biological communities in streams. Riffles should fill the width
of the stream, extend twice the width in length, and contain an abundance of cobble to
provide abundant habitat for maintenance of the macro invertebrate community and
support of the aquatic food web. Where cobble substrate is lacking, riffles are also
lacking. In streams with excess sediment, riffles become homogenous sandy runs.
Diverse macro invertebrate communities cannot develop in sandy runs which lack
interstitial spaces and which have constant bedload movement.


Complete the Riffle Geometry portion of the field form prior to conducting the habitat
scoring. Mark the widths and lengths of 3 or more riffles in the study reach. Calculate
the length to width ratios for each then calculate the average ratio. Use these data to
score the Extent of Riffle Habitat.


c. Embeddedness in riffles
Embeddedness refers to the extent to which rocks (gravel, cobble, and boulders) and
woody debris are covered or sunken into the silt, sand, or mud in stream riffles.
Generally, as rocks become more embedded, the surface area available as habitat for
macro invertebrates decreases. Embeddedness is the result of an infusion of fine
sediments from upland and stream bank erosion into stream substrates. Embeddedness
is one of the best measures of excess bottom deposits that reduce interstitial spaces and
available habitat for macroinvertebrates.


Complete the Embeddedness portion of the field form prior to conducting the habitat
scoring. To calculate embeddedness, collect 100 measurements across multiple straight
transects within the wetted width of riffle habitats where the macro invertebrate sample
was collected. Embeddedness measurements should be collected at the same time as
the pebble count measurements for efficiency purposes. Collect particles at even
increments across each transect. Measure particle embeddedness with a ruler or make
a visual estimate of the percent that cobbles are embedded in the finer particles of the
stream bottom. Begin and end transect at the edges of riffles. Count patches of gravel,
sand, silt and clay as 100% embedded and bedrock and travertine as 0% embedded.


d. Sediment deposition
This parameter measures the amount of sediment that has accumulated on the stream
bottom and in pools throughout the reach. This parameter is also an indicator of large-
scale movement of sediment into a stream. Sediment deposition may cause the
formation of side or mid-channel bars, enlargement of point bars, or may result in the
filling of runs and pools. Usually sediment deposition is evident in areas that are
obstructed by natural or manmade debris and in areas where stream flow decreases,
such as bends. Large amounts of fine sediment deposition throughout the reach creates
a homogenous, unstable, sandy substrate that is unsuitable for macro invertebrate
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colonization.


Complete the Depositional features and Riffle pebble count sections of the field form
prior to conducting the habitat scoring. For the depositional features parameter, mark
all categories that apply to the stream channel within the selected study reach. Keep in
mind that A and B type streams generally don't have depositional features.


The riffle pebble count is a modified version of the Wolman pebble count (Leopold, et
al. 1964). The purpose of the riffle pebble count is to evaluate whether a bimodal
particle size distribution exists and to determine the amount of fine sediment in the
substrate, affecting colonization space. The ADEQ riffle pebble count consists of
measuring particles at equal increments across multiple straight transects within the
wetted width of riffle habitats where the macro invertebrates were collected to achieve
an approximately 100 count of particles. Be sure to complete the last transect, even if
100 particles have already been collected.


Field staff should be familiar with Rosgen stream types (Rosgen, 1996) and be able to
identify the stream type of the study reach (see following discussion of Stream Type
Identification). The stream type is needed to evaluate whether excess sediment is
present for that stream type and to determine whether the channel features are typical
or not. There is more detailed discussion of bar features, bimodal particle size
distribution, and excess sediment presented in each category of the sediment deposition
parameter in the Habitat Assessment.


e. Bank stability
This habitat parameter evaluates stream bank stability within the active, bankfull channel
and is an indicator of the source and amount of sediment contributing to sediment
deposition in the stream. Stable, well vegetated banks with little erosion will maintain a
stable geomorphic profile and adequate cobble habitat. Unstable banks are
characterized by steep walls, unvegetated banks, exposed tree roots, and exposed soil.
Unstable banks will erode during moderate flows, contributing large amounts of
sediment to the stream bed.


This parameter is evaluated by visual estimation or measurement of the linear percent
that each bank is eroding. Both bank scores are summed for the total bank stability
score. A visual estimate of bank erosion for each bank can be determined from
markings on the site sketch. To measure bank erosion, the length of eroding banks can
be paced off or measured with a longitudinal profile tape, as a percentage of the total
bank length. Any vertical bank (>45°) that is higher than bankfull is considered eroding.
Bankfull height or depth is evaluated by field observation and through the use of the
Arizona Regional Curves. See the following section on Stream Type Identification for
more information.
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f. Habitat Assessment Index Scoring
Scores for the five habitat parameters are summed for either a warm water or cold
water index score. The habitat parameters are the same but the field assessment criteria
are slightly different in the cold and warm water Habitat Assessment Indexes, allowing
for the increased habitat diversity common in cold water streams. The five in-stream
and bank habitat parameters are scored on a scale of 1 to 4, with higher scores
indicating better condition. The habitat scores are summed for a total habitat score
ranging from 5-20, with habitat improving with increasing scores. The Habitat
Assessment Index score is then categorized as being good, impaired or very impaired,
using the 25th percentile of ADEQ reference habitat assessment scores as the primary
criterion and half of that value of 14 as the criterion for very impaired. The 25th'


percentile of reference method was selected because it is a conservative scoring criteria
and allows for the natural variance among reference site scores. The range of values for
each Habitat Assessment Category are shown in Table 1. The scoring criteria are the
same for both the cold and warm water Habitat Assessment Indexes. Ifboth the IBI
score and Habitat Assessment Index score are impaired, then the biological impairment
is determined to be associated with sediment and habitat impairment.


Table 1. Habitat Assessment Index categories for perennial, wadeable streams in
Arizona.


Habitat Assessment Good Impaired Very Impaired
Category


Habitat Assessment 15 - 20 18 - 14 10-7
IIndex Scores


9. Rosgen Stream Type Identification
a. Six stream types, letter codes A to G, were classified by Rosgen (1996). The stream


type is determined from the following five variables: 1) entrenchment ratio, 2) bankfull
width/depth ratio, 3) sinuosity, 4) slope, and 5) median particle size of the channel
material. The following procedure describes methods for determining stream type
without a rotating laser level, using the Arizona Regional Curves for cross-sectional
area.


b. The Regional Curve is a series of regression lines on a log-log graph of watershed area
vs. cross-sectional area of channels atbartkfull (Moody and Odem, 1999). The curve is
based on empirical data from 66 gaged and ungaged study site's, statewide and is a
good broadscale tool for predicting the cross-sectional area and bankfull elevation you
would expect to find at a study site of known watershed area. There are two regression
lines; one for central and southern Arizona, and one for eastern Arizona and New
Mexico. Apply the central and southern Arizona curve for streams in the Verde, Santa
Cruz, San Pedro and middle/lower Gila Rivers. Apply the eastern Arizona and New
Mexico curve to streams in the the upper Little Colorado River, upper Gila and Salt
Rivers and their tributaries as well as streams in New Mexico.
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c. To identify bankfull width and depth - Begin survey by walking the study reach,
marking bankfull indicators with flag stakes for a stream reach length of 25 times
bankfull width. This distance allows for study of two full meander lengths of the stream.
Bankfull indicators include: top of point bars, a change in particle size, a slope break, a
vegetation line, presence of a floodplain at the point of incipient flooding, undercut
banks, or rock stains. At a representative riffle cross-section, run the measuring tape
across the stream to the width identified as bankfull during the toothpick survey.
Position the stadia rod in the thalweg, touching the measuring tape. Ensure that the tape.
is horizontal to the water surface. Determine maximum depth from the location where
the tape touches the stadia rod.


d. To calculate cross-sectional area of the channel at bankfull elevation, the mean depth
must be calculated. To do this, multiply the maximum depth by an appropriate
correction factor; 0.4 for triangular shaped channels to 0.8 for rectangular shaped
channels (Appendix B). Multiply the mean depth by bankfull width to calculate cross-
sectional area. Compare this field calculated value with the regional curve value for that
region (Appendix C). The field value should be similar, but not exactly matched, to the
regional curve value. If not, look for and measure at a different bankfull value, or try to
identify a reason why the area is different (such as a water diversion, impoundments in
the watershed). Remember that the field observed bankfull indicators are more
important than the regional curve value. Do not modify field measurements to
fit the curves.


e. To identify floodprone width, take a width measurement at 2 times the maximum
bankfull depth, measured in the thalweg. The width measured at this elevation should be
close to the correct floodprone width. Other field observations of floodplain indicators
may be used as well. The field protocol for doing this is to maintain the stadia rod in the
thalweg, then raise the tape to the Floodprone Depth and run the measuring tape out on
both sides of the stream along the cross-section until earth is encountered. Ensure that
the tape is horizontal to the water surface. The distance between the ends of the tape is
Floodprone Width.


f. The five classification variables are calculated and Rosgen' s classification chart used to
identify the stream type.
• Entrenchment Ratio is calculated by dividing floodprone width by bankfull


width.
• Bankfull width/depth ratio is calculated by dividing bankfull width by bankfull


mean depth.
• Sinuosity can be calculated from an orthophotoquad or aerial photo.
• Slope can be calculated from a longitudinal profile of the stream bottom.
• The median particle size (D50) can be estimated from the riffle or reach pebble


count cumulative percent data or from a graph of the cumulative percent by
particle size class.


• Determine stream type by using Rosgen's classification chart and the
classification variables calculated: Entrenchment Ratio, Bankfull Width/Depth
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Ratio, sinuosity, slope, and median particle size. The classification chart can
also be found in Applied River Morphology (Rosgen, 1996).


10. Riparian community assessment


a. Vegetation cover - Percent cover of different canopy layers of the riparian community
is a semi-quantitative measure of riparian health. Record the percent cover of the
overstory of riparian trees, the understory of shrubs, ground cover and barren ground
within the floodprone width of the channel. Consider each vegetative layer separately
with a score of 0-100 percent for each. Use the "Methods of measuring areal extent"
provided on that page for visually estimating percent cover.


b. Riparian associations and riparian species - The riparian association indicates the
broad biotic community or zone in which the site occurs. This is identified primarily by
presence of riparian tree species and secondarily by elevation in which it occurs.
Individual riparian species may also be listed or circled. Some riparian species
identification guides include:


i.Shrubs and Trees of the southwest uplands (Elmore and Janish, 1976)
ii.Desert Plants: Riparian forest and scrubland community types of Arizona and New
Mexico (Szaro, 1989)
iii.Trees of Arizona (Little, 1968; Brockman, 1968)
iv.Salicaceae: willow family key (Argus, 1995)
v.Willow quick ID guide (ADEQ)
vi.Riparian tree quick ID guide (ADEQ)


c. Measuring Percent Canopy Density with the Spherical Densiometer
Percent canopy density is measured with a Spherical Densiometer, manufactured by
Forest Densiometers, Bartlesville, OK This procedure is discussed in "A New
Instrument for Measuring Forest Overstory Density" by Paul E. Lemmon, 1957,
Journal of Forestry 55(9)667-668. Measurements are taken at 3 cross-sections of the
reach being assessed: 1) The uppermost end of the reach, 2) At mid-reach, and 3) The
lowermost end of the reach. At each cross-section, four measurements are taken; 1)
'At right edge of water facing the right bank, 2) At mid-channel facing upstream, 3) At
mid-channel facing downstream, and 4) At left edge of water facing the left bank. The
field procedure is as follows:
i. At right edge of water while standing in the stream, facing the right bank, hold


the instrument level 12 inches above the water surface and 12 inches from the
edge of water. Your head should be just outside of the grid area and touching
the top of the grid line. The bubble in the bubble level in the right comer should
be centered. Black dots have been marked on the Densiometer at comers and
grid intersections. Count the dots that are covered by vegetation and record
that number on the field data sheet (Attachment A) in the appropriate location.


11. Move to the center ofthe stream and face upstream. Hold the instrument level
12 inches above the water surface. Your head should be just outside of the
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grid area and touching the top of the grid line. The bubble in the bubble level in
the right comer should be centered. Black dots have been marked on the
Densiometer at comers and grid intersections. Count the dots that are covered
by vegetation and record that number on the field data sheet in the appropriate
location.


111. Repeat this procedure facing downstream at mid-channel.
IV. Repeat step 1 at the left bank except that you should face the left bank when


taking the measurement.
v. Repeat steps 1 through 4 at mid-reach and again at the lower reach cross-


section.
VI. On the field data sheet, sum the tallies for each column. Each column


represents a cross-section. Sum the cross-section tallies and divide by 3 to
obtain the mean number of points.


VII. If the stream order is less than 5, multiply the mean number of points by 1.5.
This value is the percent canopy density. If the stream order is greater than or
equal to 5, multiply the mean number of points by 0.75.


d. Regeneration potential- Observations of regeneration capacity aid in evaluating the
health of the riparian community. A stressed community will exhibit reduced age class
diversity, changes in percent cover, loss of species diversity and increased abundance
of exotic species. To complete the regeneration potential table, record the presence of
the 5 most common trees in 4 age classes; mature trees, young trees, saplings, and
seedlings. The community is considered in best condition if tree species are abundant in
3 age classes. Use the scoring table given to evaluate riparian condition.


e. Proper functioning condition (PFC) assessment - This riparian condition
assessment technique was adopted from the document "Process for assessing proper
functioning condition"(BLM, 1993). This is a visual based method used by professional
biologists, hydrologists, and geomorphologists at the BLM to provide screening level
assessments for riparian communities along stream reaches. ADEQ has developed
Guidelines for completing the PFC checklist which aid staff in answering the 17 )
questions on the checklist. Several of the previous habitat measurements can be used to
assist the evaluations, such as depositional features, pebble count, regeneration
potential, and Rosgen stream type. If a "no" answer is given, a remark must also be
given as to why. The number of yes and no answers on the checklist are used to
summarize the overall condition into one of 6 categories: Proper functioning condition,
Functional at risk/upward trend, Functional at risk/downward trend, Functional at
risk/no apparent trend, Non-functional, and Unknown. There is no numeric scoring
involved. Best professional judgement is used to determine the appropriate assessment
category.


f. Field observations - Field observations can be helpful in identifying field conditions
which may have affected the sample. Note hydrologic conditions, channel features,
streambed structure, sedimentation issues, possible predators, comments on the riparian
vegetation, or other notes about potential non-point sources, relocating the site, and any
future recommendations for the study site.
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Habitat Monitoring & Assessment


• Understand stressors on the biological
community for assessment & listing purposes:


• Flow regime
• Habitat strucrure
• Chemistry
• Energy / food resources
• Biotic interactions


Ecosystem Health
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Habitat assessments -
Historical overview


• USEP As visual-based Rapid Bioassessment
Protocol for Habitat assessment used 1992-6


• USEP As new habitat assessment methods used
in Western EMAP srudy


• Shift to more quantitative methods in 1997 with
"Stream Ecosystem Monitoring (SEtv!)"
approach
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SEM Habitat assessment approach


• Addresses 5 major categories of stressors by
collecting quantitative and qualitative habitat
data with some chemistry data


Physical Habitat structure


• Pebble count (%fInes)


• Embeddedness
• 5-parameter Habitat Assessment Index


• Riparian vegetation evaluation


Habitat Assessment Index


• Riffle Habitat Quality


• Extent of Riffle Habitat


• Embeddedness in Riffles


• Sediment Deposition


• Bank Stability
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Habitat assessments


• Good
• Impaired


• Very Impaired


15 - 20


8 - 14


0-7
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ADEQ Bioassessment references


• ADEQ. 2001. Quality assurance program plan for the Biocriteria Program. Arizona Department
of Environmental Quality, Phoenix, AZ.


• Lawson, 1.1. 1998. Stream ecosystem monitoring procedures manual for surface water quality
monitoring. Arizona Department of Environmental Quality, TM98-8. Tucson, AZ.


• Lawson. 1999. Diatom classification in AZ.


• Gerritsen, J. and E.W. Leppo, 1998. Development and testing of a biological index for warm
water streams of Arizona. Tetra Tech, Inc. Owings Mills, MD.


• Leppo, E.W. and J. Gerritsen. 2000. Development and testing of a biological index for cold water
streams of Arizona. Tetra Tech, Inc. Owings Mills, MD.


• Spindler, P.H. 2001. Macroinvertebrate community distribution among reference sites in Arizona.
Arizona Department of Environmental Quality OFR 00-05. Phoenix, AZ.


• Spindler, P.H. 2004. Stream channel morphology and macroinvertebrate community associations
in the San Pedro River and Verde River Basins of Arizona, 1999-2002. Arizona Department of
Environmental Quality OFR 04-01. Phoenix, AZ.


USEPA Bioassessment references


Barbour, M.T., J. Gerritsen, B.D. Snyder, LB. Stribling. 1999. Rapid Bioassessment protocols for use in
wadeable streams and rivers: periphyton, benthic macroinvertebrates, and fish, Second edition. EPA 841-
B-99-002. U.S. Environmental Protection Agency; Office of Water; Washington, D.C.


Klemm et a1. 1990. Macroinvertebrate field & lab methods (See USEPA citation below)


Lazorchak et a1. 1998. EMAP field operations & methods for measuring ecological conditions of
wadeable streams.


USEP A. 2000. Stressor identification guidance document. ...


USEP A. 2002. Summary of biological assessment programs & biocriteria development for States,
Tribes ...


Bioassessment websites


• www~adeg:state.az.us/envjron/water/assess111ent/bio.html


• www.epa.gov/ost/biocriterialindex.html
• www.csg.org/CSGlPolicy/environment/national+biological+assessment+and+criteria+workshop.
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ADEQ Macroinvertebrate Indexes of Biological Integrity:
Calculation Procedures


General instructions for calculating
the Indexes of Biological Integrity


1. Calculate macro invertebrate metric values for a sample


2. Identify the appropriate reference community using the site elevation (warm
water community <5000'; cold water community >5000')


3. Calculate the metric percent of reference score (using either the warm or cold
water reference metric threshold values associated with the appropriate
community type)


4. Average the percent of reference scores for all metrics in the warm or cold
water index to calculate the IBI score


5. Determine assessment category for IBI score







Descriptions for the warm water and cold water metrics used in Arizona's IBIs.


Category Metric Definition Expected Response to
increasing disturbance


Richness Total number of taxa Number of different macro invertebrate taxa Decrease
measures


# Ephemeroptera taxa Number of mayfly taxa Decrease


# Trichoptera taxa Number of caddisfly taxa Decrease


# Diptera taxa Number of true fly larvae. Decrease


# Intolerant taxa Number of taxa having a tolerance value s3 Decrease


Composition % Dominant taxon Percent abundance of the single most abundant taxon. Increase
measures


% Ephemeroptera Percent abundance of mayflies, compared to total abundance Decrease
of the sample


% Plecoptera Percent abundance of stoneflies, compared to total abundance Decrease
of the sample


Tolerance Hilsenhoff Biotic Index Abundance-weighted average tolerance of assemblage Increase
measure


Trophic % Scrapers Percent abundance of the scraper functional feeding group, Decrease
measures compared to total abundance of the"sample


# Scraper taxa Number of taxa in the scraper functional feeding group Decrease







Index Scoring System


Use the follow formula to calculate the metric score (percentage of reference) for
sensitive metrics whose values decrease with disturbance. Apply this formula to the
following metrics:


1. Total taxa richness
2. Number of ephemeroptera taxa
3. Number oftrichoptera taxa
4. Number of diptera taxa
5. Number of intolerant taxa
6. Percent ephemeroptera
7. Percent plecoptera
8. Percent scrapers
9. Number of scraper taxa


(
Sample value )


Metric Score = -Metric thresholdvalue---- X 100


Apply the following formulas to calculate the metric score (percentage of reference)
for tolerant metrics whose values increase with disturbance.


1. Hilsenhoff Biotic Index


Metric score (
10 - Samplevalue )


= -10 - Metricthresholdvalue- X 100


2. Percent dominant taxon


(
)00 -, Samplevalue )


Metric score = -100 - Metricthresholdvalue- X 100







Reference scoring thresholds for warm water metrics


Metric Taxonomy ID Level Metric threshold value


Total taxa Split-LevelID 34
Trichoptera taxa Split-LevelID 8.0
Ephemeroptera taxa Split-LevelID 7.0
Diptera taxa Split-LevelID 9.0
Scraper taxa Split-LevelID 7.0
Percent scraper Split-LevelID 25.1
Percent Ephemeroptera Split-LevelID 70.8
Percent Dominant Taxon Split-LevelID 20.9
Hilsenhoff Biotic Index Split-LevelID 4.9







Reference scoring thresholds for cold water metrics


Metric Taxonomy ID Level Scoring threshold


Total taxa Split-LevelID 23


Diptera taxa Split-LevelID 5.0
Intolerant taxa Split-LevelID 4.0
Scraper taxa Split-LevelID 5.0
Percent scraper Split-LevelID 8.8


Percent Plecoptera Split-LevelID 1.3


.Hilsenhoff Biotic Index Split-LevelID 5.5







ADEQ Warmwater IBI scoring example; Sycamore Creek near Round
Valley bridge (Hwy 87), spring 1995


Metric Metric Value Reference Metric Score
Scoring Threshold


Total taxa 24 34 71


. Trichoptera taxa 6 8 75


Ephemeroptera taxa 5 7 71


Diptera taxa 7 9 78


- Scraper taxa 3 7 43


Percent scraper 20.3 25.1 81


Percent Ephemeroptera 26 70.8 37


Percent Dominant Taxon 41 20.9 75


HilsenhoffBiotic Index 5.73 4.9 84


WW IBI Score 68
Assessment category Good







Index of Biological Integrity (IBI) assessment categories and ranges of values for each
waterbody type.


Waterbody type Exceptional Good Fair/Impaired Poor/V ery Impaired


Warm water 73 - 100 53 - 72 27 - 52 0-26


Cold water 97 - 100 88 - 96 44 - 87 0-43


* Exceptional and good are attaining A&W use.
Fair and Poor are not attaining A&W use.*


Interpretive descriptions of the assessment categories.


Assessment Category Description Attainment
Status


Exceptional Exceptionally high species richness, sensitive Attains A& W use
species abundant, community tolerance low


Good High species richness, sensitive species present, Attains A&W use
community tolerance moderate


Fair/Impaired Declining species richness, sensitive species Does not attain A& W use
absent or in low abundance, community
tolerance high


Poor/Very impaired Very low species richness, only most tolerant Does not attain A& W use
species present, community tolerance very high
and community organization lacking








ADEQ Warmwater IBI scoring form


Metric Metric Value Reference Metric Score
Scoring Threshold


Total taxa 34


Trichoptera taxa 8


Ephemeroptera taxa 7


Diptera taxa 9


Scraper taxa 7


Percent scraper 25.1


Percent Ephemeroptera 70.8


Percent Dominant Taxon 20.9


Hilsenhoff Biotic Index 4.9
- - - -- - ~-.- --
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ADEQ Macroinvertebrate Master Taxa List, Spring 2002


Arthropoda Arachnida Acari Acari Acari Acari 5 PA
Arthropoda Malacostraca Amphipoda Gammaridae Gammaridae Gammaridae 6 CG
Arthropoda Malacostraca Arnphipoda Gammaridae Gammarus Gammarus 6 CG
Arthropoda Malacostraca Amphipoda Hyalellidae Hyalella Hyalella azteca 8 CG
Mollusca Bivalvia Basommatophora Lymnaeidae Lymnaeidae Lymnaeidae 8 CG
Mollusca Bivalvia Basommatophora Planorbidae Planorbidae Planorbidae 8 SC
Mollusca Gastropoda Bassornmatophora Ancylidae Ferrisla Ferrissia 6 SC
Mollusca Bivalvia Bassommatophora Physidae Physella Physella 8 CG
Mollusca Gastropoda Bassommatophora Planorbidae Gyraulus Gyraulus 6 SC
Arthropoda Branchiopoda Cladocera Cladocera Cladocera Cladocera 8 FC
Arthropoda Insecta Coleoptera Coleoptera Coleoptera Coleoptera 11 UN
Arthropoda Insecta Coleoptera Dryopidae Dryopidae Dryopidae 5 SH
Arthropoda Insecta Coleoptera Dryopidae Helichus Helichus 5 SH
Arthropoda Insecta Coleoptera Drvopidae Postelichus Postelichus 5 SH
Arthropoda Insecta Coleoptera Dytiscidae Dytiscidae Dytiscidae 7 PR
Arthropoda Insecta Coleoptera Elmidae Cleptelmis Cleptelmis 6 SC
Arthropoda Insecta Coleoptera Elmidae Cylloepus Cylloepus 5 SC
Arthropoda Insecta Coleoptera Elmidae Dubiraphia Dubiraphia 8 SC
Arthropoda Insecta Coleoptera Elmidae Elmidae Elmidae 4 SC
Arthropoda Insecta Coleoptera Elmidae Heterelmis Heterelmis 4 SC
Arthropoda Insecta Coleoptera Elmidae Heterlimnius Heterlirnnius 3 SC
Arthropoda Insecta Coleoptera Elmidae Huleechius Huleechius 4 SC
Arthropoda Insecta Coleoptera Elmidae Macrelmis Macrelmis 4 SC
Arthropoda Insecta Coleoptera Elmidae Microcylloepus Microcylloepus 7 SC
Arthropoda Insecta Coleoptera Elmidae Narpus Narpus 4 SC
Arthropoda Insecta Coleoptera Elmidae Neocylloepus Neocylloepus 4 SC
Arthropoda Insecta COleoptera Elmidae Neoelmis Neoelmis 4 SC
Arthropoda Insecta Coleoptera Elmidae Optioservus Optioservus 5 SC
Arthropoda Insecta Coleoptera Elmidae Xenelmis Xenelmis 4 SC
Arthropoda Insecta Coleoptera Elmidae Zaitzevia Zaitzevia 6 SC
Arthropoda Insecta Coleoptera Gyrinidae Dineutus Dineutus 8 PR
Arthropoda Insecta Coleoptera Gyrinidae Gyretes Gyretes 8 PR
Arthropoda Insecta Coleoptera Gyrinidae Gyrinus Gyrinus 8 PR
Arthropoda Insecta Coleoptera Haliplidae Haliplus Haliplus 8 MH
Arthropoda Insecta Coleoptera Haliplidae Peltodytes Peltodvtes 8 MH
Arthropoda Insecta. Coleoptera Hvdraenidae Hvdraenldae Hvdraenidae PR
Arthropoda Insecta Coleoptera Hydrophilidae Berosus Berosus 8 PR
Arthropoda Insecta Coleoptera Hydrophilidae Hydrophilidae Hydrophilidae 7 PR
Arthropoda Insecta Coleoptera Hydroscaphidae Hydroscapha Hydroscapha 11 SC
Arthropoda Insecta Coleoptera Lutrochidae Lutrochus Lutrochus 11 CG
Arthropoda Insecta Coleoptera Noteridae Noteridae Noteridae 11 PR
Arthropoda Insecta COleoptera Psephenidae Psephenus Psephenus 7 SC
Arthropoda Insecta Coleoptera Scirtidae Elodes Elodes 11 OM
Arthropoda Insecta Coleoptera Scirtidae Prionocyphon Prionocyphon 11 OM
Arthropoda Insecta COleoptera. Scirtidae Scirtidae Scirtidae 11 OM
Arthropoda Copepoda Copepoda Copepoda Copepoda Copepoda 8 CG







ADEQ Macroinvertebrate Master Taxa List, Spring 2002


Arthropoda Malacostraca Decapoda Astacidae Orconectes Orconectes 6 OM
Arthropoda Insecta Diptera Athericidae Atherix Atherix 7 PR
Arthropoda Insecta Diptera Blephariceridae Aqathon Acathon arizonicus 3 SC
Arthropoda Insecta Diptera Brachvcera Brachvcera Brachycera 6 PR
Arthropoda Insecta Diptera Cecidomviidae Cecidomviidae Cecidomyiidae 11 UN
Arthropoda Insecta Diptera Ceratopogonidae Ceratoooaonidae . Ceratopoqonidae 7 PR
Arthropoda Insecta Diptera Ceratopogonidae Ceratooogoninae Ceratopogoninae 7 PR
Arthropoda Insecta Diptera Ceratopogonidae Dasyhelea Dasvhelea 7 PR
Arthropoda Insecta Diptera Ceratopogonidae Forclpomvilnae Forcipomyiinae 7 PR
Arthropoda Insecta Diptera Chironomidae Chironomidae Chironomidae 6 UN
Arthropoda Insecta Diptera Culicidae Culicidae Culicidae 8 CG
Arthropoda Insecta Diptera Dixidae Dixa Dixa 3 CG
Arthropoda Insecta Diptera Dixidae Dixella Dixella 8 CG
Arthropoda Insecta Diptera Dixidae Merincodixa Meringodixa 2 CG
Arthropoda Insecta Diptera Dolichopodidae Dolichopodidae Dolichopodidae 6 PR
Arthropoda Insecta Diptera Emclcldae Chelifera Chelifera 6 PR
Arthropoda Insecta Diptera Empididae Clinocera Clinocera 6 PR
Arthropoda Insecta Diptera Empididae Empididae Empididae 5 PR
Arthropoda Insecta Diptera Empididae Hemerodromia Hernerodrornia 6 PR
Arthropoda Insecta Diptera Ernoididae Oreoaeton, Oreogeton 1 PR
Arthropoda Insecta Diptera Emoididae Wiedemannia Wiedemannia 5 PR
Arthropoda Insecta Diptera Ephydridae Ephydridae Eohvdridae 9 CG
Arthropoda Insecta Diptera Muscidae Limnoohora Limnophora 8 PR
Arthropoda Insecta Diptera Muscidae Muscidae Muscidae 8 PR
Arthropoda Insecta Diptera Mycetophilidae Mvcetoohilidae Mvcetophilidae 11 UN
Arthropoda Insecta Diptera Nematocera Nematocera Nematocera UN
Arthropoda Insecta Diptera Psychodidae Maruina Maruina 5 SC
Arthropoda Insecta Diptera Psychodidae Pericoma Pericoma 5 CG
Arthropoda Insecta Diptera Psychodidae Psvchoda Psvchoda 10 CG
Arthropoda Insecta Diptera Psychodidae Psychodidae Psychodidae 5 CG
Arthropoda Insecta Diptera Ptychopteridae Ptvchontera Ptychoptera 7 CG
Arthropoda Insecta Diptera Sciaridae Sciaridae Sciaridae 11 UN
Arthropoda Insecta Diptera Sciomyzidae Sciomvzidae Sciomvzidae 11 PR
Arthropoda Insecta Diptera Simuliidae Prosimulium Prosimulium 7 UN


Arthropoda Insecta Diptera Simuliidae Simuliidae Simuliidae 6 FC


Arthropoda Insecta Diptera Stratiomviidae Stratiomviidae Stratiomyiidae 8 CG


Arthropoda Insecta Diptera Svrohidae Syrphidae Svrphidae 10 CG


Arthropoda Insecta Diptera Tabanidae Tabanidae Tabanidae 7 PR


Arthropoda Insecta Diptera Tanyderidae Tanvderidae Tanvderidae 1 UN
Arthropoda Insecta Diptera Thaumaleidae Thaumaleidae Thaumaleidae 11 UN


Arthropoda Insecta Diptera Tipulidae Antocha Antocha 6 CG


Arthropoda Insecta Diptera Tipulidae Crvotolabis Crvptolabis 4 UN


Arthropoda Insecta Diptera Tioulidae Dicranota Dicranota 6 PR


Arthropoda Insecta Diptera Tioulidae Erioptera Erioptera 4 CG


Arthropoda Insecta Diptera Tioulidae Gonomvia Gbnomyia 4 UN


Arthropoda Insecta Diptera Tioulidae Hesoeroconooa Hesperoconopa 1 UN


-i:







ADEQ Macroinvertebrate Master Taxa List, Spring 2002


Arthropoda Insecta Diptera Tipulidae Hexatoma Hexatoma 5 PR
Arthropoda Insecta Diptera Tipulidae Holorusia Holorusia 5 SH
Arthropoda Insecta Diptera Tipulidae Limonia Limonia 7 MH
Arthropoda Insecta Diptera Tipulidae Molophilus Molophilus 4 UN
Arthropoda Insecta Diptera Tipulidae Paradelphomyia Paradelphomyia 4 UN
Arthropoda Insecta Diptera Tipulidae Pedicia Pedicia 6 PR
Arthropoda Insecta Diptera Tipulidae Rhabdomastix Rhabdomastix 2 UN
Arthropoda Insecta Diptera Tipulidae Tipula Tipula 6 OM
Arthropoda Insecta Diptera Tipulidae Tipulidae Tipulidae 4 UN
Arthropoda Insecta Ephemeroptera Ameletidae Ameletus Ameletus 3 CG
Arthropoda Insecta Ephemeroptera Baetidae Acentrelia Acentrelia 6 CG
Arthropoda Insecta Ephemeroptera Baetidae Acentrelia Acentrelia insignificans 6 CG
Arthropoda Insecta Ephemeroptera Baetidae Acentrelia Acentrella turbida 6 CG
Arthropoda Insecta Ephemeroptera Baetidae Baetidae Baetidae 4 UN
Arthropoda Insecta Ephemeroptera Baetidae Baetis Baetis 5 CG
Arthropoda Insecta Ephemeroptera Baetidae Baetis Baetis bicaudatus 4 CG
Arthropoda Insecta Ephemeroptera Baetidae Baetis Baetis tricaudatus 4 CG
Arthropoda Insecta Ephemeroptera Baetidae Baetodes Baetodes 4 SC
Arthropoda Insecta Ephemeroptera Baetidae Caliibaetis Caliibaetis 9 CG
Arthropoda Insecta Ephemeroptera Baetidae Camelobaetidius Camelobaetidius 4 UN
Arthropoda Insecta Ephemeroptera Baetidae Centroptilum Centroptilum 6 CG
Arthropoda Insecta Ephemeroptera Baetidae Cloeodes Cloeodes 4 UN
Arthropoda Insecta Ephemeroptera Baetidae Diphetor Diphetor 5 CG
Arthropoda Insecta Ephemeroptera Baetidae Diphetor Diphetor haqeni 5 UN
Arthropoda Insecta Ephemeroptera Baetidae Fallceon Faliceon 4 UN
Arthropoda Insecta Ephemeroptera Baetidae Fallceon Faliceon quilieri 4 UN
Arthropoda Insecta Ephemeroptera Caenidae Caenis Caenis 7 CG
Arthropoda Insecta Ephemeroptera Ephemereliidae Drunelia Drunella coloradensis/flavilinea 2 CG
Arthropoda Insecta Ephemeroptera Ephemerellidae Ephemereliidae Drunella doddsi 1 CG
Arthropoda Insecta Ephemeroptera Ephemereliidae Drunella Drunelia grandis 2 CG
Arthropoda Insecta Ephemeroptera Ephemereliidae Ephemerelia Ephemerelia 3 CG
Arthropoda Insecta Ephemeroptera Ephemerellidae Ephemerelia Ephemerelia inermis/infrequens 3 CG
Arthropoda Insecta Ephemeroptera Ephemereliidae Ephemerellidae Ephemereliidae 1 CG
Arthropoda Insecta Ephemeroptera Ephemerellidae Serratella Serratella micheneri 2 CG
Arthropoda Insecta Ephemeroptera Ephemerellidae Serratelia Serratelia tibialis 2 CG
Arthropoda Insecta Ephemeroptera Heplaqeruidae Cinyqmula Cinvqrnula 4 SC
Arthropoda Insecta Ephemeroptera Heptageniidae Epeorus Epeorus 1 SC
Arthropoda Insecta Ephemeroptera Heptageniidae Epeorus Epeorus orandis o SC
Arthropoda Insecta Ephemeroptera Heptageniidae Heptagenia/Nixe Heptaqenia/Nixe 4 SC
Arthropoda Insecta Ephemeroptera Heptageniidae Heptaoeniidae Heptaqeniidae ' 4 SC
Arthropoda Insecta Ephemeroptera Heptageniidae Rhithrogena Rhithroqena 2 SC
Arthropoda Insecta Ephemeroptera Heptageniidae Stenonema Stenonema 6 SC
Arthropoda Insecta Ephemeroptera Isonychiidae Isonychia Isonychia 4 FC
Arthropoda Insecta Ephemeroptera Leptophlebiidae Choroterpes Choroterpes 7 CG
Arthropoda Insecta Ephemeroptera Leptophlebiidae Leptophlebia Leptophlebia 7 CG
Arthropoda Insecta Ephemeroptera Leptophlebiidae Leptophlebiidae Leptophlebiidae 6 CG
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ADEQ Macroinvertebrate Master Taxa List, Spring 2002


Arthropoda Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia Paraleptophlebia 4 CG
Arthropoda Insecta Ephemeroptera Leptophlebiidae Thraulodes Thraulodes 6 CG
Arthropoda Insecta Ephemeroptera Leptophlebiidae Traverella Traverella 6 FC
Arthropoda Insecta Ephemeroptera Siphlonuridae Siphlonuridae Siphlonuridae 7 CG
Arthropoda Insecta Ephemeroptera Siphlonuridae Siphlonurus Siphlonurus 7 OM
Arthropoda Insecta Ephemeroptera T ricorythidae Leptohyphes Leptohyphes 7 CG
Arthropoda Insecta Ephemeroptera Tricorythidae Tricorythidae Tricorythidae 7 CG
Arthropoda Insecta Ephemeroptera Tricorythidae Tricorythodes Tricorythodes 7 CG
Arthropoda Insecta Hemiptera Belostomatidae Abedus Abedus 8 PR
Arthropoda Insecta Hemiptera Corixidae Corixidae Corixidae 8 PR
Arthropoda Insecta Hemiptera Gerridae Gerris Gerris UN
Arthropoda Insecta Hemiptera Hebridae Hebrus Hebrus 11 PR
Arthropoda Insecta Hemiptera Mesoveliidae Mesovelia Mesovelia UN
Arthropoda Insecta Hemiptera Naucoridae Ambrysus Ambrysus 7 PR
Arthropoda Insecta Hemiptera Nepidae Ranatra Ranatra 11 PR
Arthropoda Insecta Hemiptera Notonectidae Buenoa Buenoa UN
Arthropoda Insecta Hemiptera Notonectidae Notonecta Notonecta 7 PR
Arthropoda Insecta Hemiptera Veliidae Microvelia Microvelia 6 UN
Arthropoda Insecta Hemiptera Veliidae Rhaqovelia Rhaqovelia 6 UN
Annelida Hirudinea Hirudinea Hirudinea Hirudinea Hirudinea 10 PR
Cnidaria Hydrozoa Hvdroida Hydridae Hydra Hydra 5 PR
Arthropoda Malacostraca lsopoda Isopoda Isopoda Isopoda 8 CG
Arthropoda Insecta Lepidoptera Pvralidae Petrophila Petrophila 6 SC
Arthropoda Insecta Megaloptera Corydalidae Corydalus Corydalus cornutus 6 PR
Arthropoda Insecta Megaloptera Corydalidae Neohermes Neohermes filicornis 4 PR
Arthropoda Insecta Megaloptera Sialidae Sialis Sialis 7 PR
Mollusca Bivalvia Mesoqastropoda Hydrobiidae Hydrobiidae Hydrobiidae 8SC
Mollusca Gastropoda Mesogastropoda Valvatidae Valvata Valvata 8 SC
Nematoda Nematoda Nematoda Nematoda Nematoda Nematoda 5 UN
Nematomorpha Nematomorpha Nematomorpha Nematomorpha Nematomorpha Nematomorpha 11 PA
Arthropoda Insecta Odonata Aeshnidae Aeshnidae Aeshnidae 5 PR
Arthropoda Insecta Odonata Aeshnidae Anax Anax 8 PR
Arthropoda Insecta Odonata Aeshnidae Oplonaeschna Oplonaeschna 5 PR
Arthropoda Insecta Odonata Calopterygidae Calopterygidae Calopterygidae 5 PR
Arthropoda Insecta Odonata Calopterygidae Hetaerina Hetaerina 6 PR
Arthropoda Insecta Odonata Coenagrionidae Argia Argia , 7 PR
Arthropoda Insecta Odonata Coenaqrionidae Coenaqrionidae Coenaqrionidae 9 PR
Arthropoda Insecta Odonata Coenaqrionidae Enallaqma/lschnura Enallaqma/Ischnura 9 PR
Arthropoda Insecta Odonata Cordulegastridae Corduleoaster Corduleqaster 3 PR
Arthropoda Insecta Odonata Corduliidae Macromia Macromia 2 PR
Arthropoda Insecta Odonata Gomphidae Erpetoqornphus Erpetoqornphus 5 PR
Arthropoda Insecta Odonata Gomphidae Gomphidae Gomphidae 4 PR
Arthropoda Insecta Odonata Gomphidae Ophiogomphus Ophiogomphus 4 PR
Arthropoda lnsecta Odonata Gomphidae Progomphus Progomphus 4 PR
Arthropoda Insecta Odonata Lestidae Archilestes Archilestes 9 PR
Arthropoda Insecta Odonata Lestidae Lestes Lestes 9 PR
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ADEQ Macroinvertebrate Master Taxa List, Spring 2002


Arthropoda Insecta Odonata Lestidae Lestidae Lestidae 9 PR
Arthropoda Insecta Odonata Libellulidae Brechmorhoga Brechmorhoga 9 PR
Arthropoda Insecta Odonata Libellulidae Brechmorhoga Brechmorhoga mendax 9 UN
Arthropoda Insecta Odonata Libellulidae Libellula Libellula 8 UN
Arthropoda Insecta Odonata Libellulidae Libellulidae Libellulidae 9 PR
Arthropoda Insecta Odonata Libellulidae Paltothemis Paltothemis 9 PR
Arthropoda Insecta Odonata Libellulidae Paltothemis Paltothemis lineatipes 9 PR
Annelida Oliqochaeta Oligochaeta Oligochaeta Oligochaeta Oliqochaeta 8 CG'
Arthropoda Ostracoda Ostracoda Ostracoda Ostracoda Ostracoda 8 CG
Arthropoda Insecta Plecoptera Capniidae Capniidae Capniidae 3 SH
Arthropoda Insecta Plecoptera Chloroperlidae Chloroperlidae Chloroperlidae 3 PR
Arthropoda Insecta Plecoptera Chloroperlidae Sweltsa Sweltsa 3 PR
Arthropoda Insecta Plecoptera Nemouridae Amphinemura Amphinemura 4 SH
Arthropoda Insecta Plecoptera Nemouridae Malenka Malenka 4 SH
Arthropoda Insecta Plecoptera Nemouridae Nemouridae Nemouridae 3 SH
Arthropoda Insecta Plecoptera Nemouridae Zapada Zapada 2 SH
Arthropoda Insecta Plecoptera Nemouridae Zapada Zapada cinctipes 4 SH
Arthropoda Insecta Plecoptera Nemouridae Zapada Zapada columbiana 1 SH
Arthropoda Insecta Plecoptera Nemouridae Zapada Zapada frigida 2 SH
Arthropoda Insecta Plecoptera Nernouridae Zapada Zapada Oregonensis Group 2 SH
Arthropoda Insecta Plecoptera Perlidae Anacroneuria Anacroneuria 4 PR
Arthropoda Insecta Plecoptera Perlidae Claassenia Claassenia sabulosa 4 PR
Arthropoda Insecta Plecoptera Perlidae Doroneuria Doroneuria 2 PR
Arthropoda Insecta Plecoptera Perlidae Hesperoperla Hesperoperla pacifica 4 PR
Arthropoda Insecta Plecoptera Perlidae Perlidae Perlidae 4 PR
Arthropoda Insecta Plecoptera Perlodidae Cultus Cultus 2 PR
Arthropoda Insecta Plecoptera Perlodidae Diura Diura 2 PR
Arthropoda Insecta Plecoptera Perlodidae Isoperla Isoperla 4 PR
Arthropoda Insecta Plecoptera Perlodidae Perlodidae Perlodidae 2 PR
Arthropoda Insecta Plecoptera Perlodidae Skwala Skwala 4 PR
Arthropoda Insecta Plecoptera Taeniopterygidae Taenionema Taenionema 2 SH
Arthropoda Insecta Plecoptera Taeniopterygidae Taeniopterygidae Taeniopterygidae 2 SH
Porifera Porifera Porifera Porifera Porifera Porifera 11 FC
Annelida Hirudinea Rhynchobdellida Glossiphoniidae Helobdella Helobdella stagnalis 9 PR
Arthropoda Insecta Trichoptera Brachycentridae Brachycentrus Brachycentrus 4 SC
Arthropoda Insecta Trichoptera Brachycentridae Brachycentrus Brachycentrus americanus 4 SC
Arthropoda Insecta Trichoptera Brachycentridae Brachycentrus Brachycentrus occidentalis 4 SC
Arthropoda Insecta Trichoptera Brachycentridae Micrasema Micraserna 4 MH
Arthropoda Insecta Trichoptera Calamoceratidae Phylloicus Phylloicus 3 SH
Arthropoda Insecta Trichoptera Glossosomatidae Aqapetus Aqapetus 4 SC
Arthropoda Insecta Trichoptera Glossosomatidae Culoptila Culoptila 6 SC
Arthropoda Insecta Trichoptera Glossosomatidae Glossosoma Glossosoma 4 SC
Arthropoda Insecta Trichoptera Glossosomatidae Protoptila Protoptila 6 SC
Arthropoda Insecta Trichoptera Helicopsychidae Helicopsyche Helicopsyche 7 SC
Arthropoda Insecta Trichoptera Hydrobiosidae Atopsyche Atopsyche 11 PR
Arthropoda Insecta Trichoptera Hvdropsvchidae Cheumatopsyche Cheumatopsyche 8 FC
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ADEQ Macroinvertebrate Master Taxa List, Spring 2002


Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche Hydropsyche 7 FC
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsychidae Hydropsychidae 11 FC
Arthropoda Insecta Trichoptera Hydropsychidae Leptonema Leptonerna 4 FC
Arthropoda Insecta Trichoptera Hydropsychidae Smicridea Smicridea 11 FC
Arthropoda Insecta Trichoptera Hydroptilidae Alisotrichia Alisotrichia 11 UN
Arthropoda Insecta Trichoptera Hydroptilidae Hvdroptila Hydroptila 7 PH
Arthropoda Insecta Trichoptera Hydroptilidae Hydroptilidae Hydroptilidae 6 PH
Arthropoda Insecta Trichoptera Hydroptilidae Ithytrichia Ithytrichia 8 SC
Arthropoda Insecta Trichoptera Hvdroptilidae Leucotrichia Leucotrichia 7 SC
Arthropoda Insecta Trichoptera Hvdrootilidae Leucotrichinae Leucotrichinae 7 PH
Arthropoda Insecta Trichoptera Hydroptilidae Mayatrichia Mayatrichia 7 SC
Arthropoda Insecta Trichoptera Hydroptilidae Neotrichia Neotrichia 7 SC
Arthropoda Insecta Trichoptera Hydroptilidae Ochrotrichia Ochrotrichia 6 PH
Arthropoda Insecta Trichoptera Hydroptilidae Oxyethira Oxyethira 8 PH
Arthropoda Insecta Trichoptera Hydroptilidae Zumatrichia Zumatrichia 7 PH
Arthropoda Insecta Trichoptera Lepidostomatidae Lepidostoma Lepidostoma 4 SH
Arthropoda Insecta Trichoptera Lepidostomatidae Lepidostoma Lepidostoma acarolum 4 SH-
Arthropoda Insecta Trichoptera Lepidostomatidae Lepidostoma l.epidostorna sp. 1 (sand case) 4 SH
Arthropoda Insecta Trichoptera Lepidostomatidae Lepidostoma Lepidostoma so. 2 (turret case) 4 SH
Arthropoda Insecta Trichoptera Lepidostomatidae l.epidostoma/Thellopsyc Leoidostoma/Thelionsvche 4 SH
Arthropoda Insecta Trichoptera Leptoceridae Leptoceridae Leptoceridae 4 OM
Arthropoda Insecta Trichoptera Leptoceridae Mvstacides Mystacides 5 OM
Arthropoda Insecta Trichoptera Leptoceridae Nectopsyche Nectopsyche 7 OM
Arthropoda Insecta Trichoptera Leptoceridae Oecetis Oecetis 8 OM
Arthropoda lnsecta Trichoptera Leptoceridae Leptoceridae Triaenodes 7 OM
Arthropoda Insecta Trichoptera Limnephilidae Apatania Apatania 2 SC
Arthropoda Insecta Trichoptera Limnephilidae Dicosmoecinae Dicosmoecinae 3 UN
Arthropoda Insecta Trichoptera Limnephilidae Hesperophylax Hesperophylax 7 OM
Arthropoda Insecta Trichoptera Limnephilidae Limnephilidae Limnephilidae 4 UN
Arthropoda Insecta Trichoptera Limnephilidae Limnephilus Limnephilus 6 SH
Arthropoda Insecta Trichoptera Limnephilidae Onocosmoecus Onocosmoecus unicolor 4 OM
Arthropoda Insecta Trichoptera Limnephilidae Psychoglypha Psychcqlypha 1 OM
Arthropoda Insecta Trichoptera Odontoceridae Marilia Marilia DOM
Arthropoda Insecta Trichoptera Odontoceridae Odontoceridae Odontoceridae o OM
Arthropoda Insecta Trichoptera Philopotamidae Chimarra Chimarra 5 FC
Arthropoda Insecta Trichoptera Philopotamidae Wormaldia Wormaldia 4 FC
Arthropoda Insecta Trichoptera Polycentropodidae Polycentropus Polycentropus 6 PR
Arthropoda Insecta Trichoptera Polycentropodidae Polyplectropus Polyplectropus 6 PR
Arthropoda Insecta Trichoptera Psvchomviidae Psychomyia Psychomyia 4 SC
Arthropoda Insecta Trichoptera Psvchornviidae Tinodes Tinodes . 3 SC
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila Rhyacophila 2 PR


Arthropoda Insecta Trichoptera Rhyacophilidae Rhvacophila Rhyacophila Anqelita Group 4 PR


Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila Rhvacochila Coloradensis Group 5 PR
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila Rhyacophila Rotunda Group o PR


Arthropoda Insecta Trichoptera Sericostomatidae Gumaga Gumaqa 8 SH


Arthropoda Insecta Trichoptera Uenoidae Neophylax Neophvlax 3 UN
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Arthropoda Insecta Trichoptera Uenoidae Oligophlebodes Oligophlebodes 1 SC
Arthropoda Insecta Trichoptera Metrichia Metrichia 11-UN
Platyhelminthes Turbellaria Turbellaria Turbellaria Turbellaria Turbellaria 4 UN
Mollusca Bivalvia Veneroida Corbiculidae Corbicula Corbicula 8 FC
Mollusca Bivalvia Veneroida Sphaeriidae Sphaeriidae Sphaeriidae 8 CG
Arthropoda Insecta Zyqoptera Platystictidae Platystictidae Platystictidae
Arthropoda Insecta Zygoptera Protoneuridae Protoneuridae Protoneuridae UN
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ADEQ BIOCRITERIA PROGRAM
REFERENCE SITE SELECTION PROCESS


May 1,2001


For initial reference site selection, bioassessment staff verified reference site conditions at 100 sites
prior to sampling in the spring of 1992. Since then new sampling sites have been evaluated individually
during site visits. Field reconnaissance consists of taking physicochemical water measurements, visual
based habitat measurements, noting riparian condition, noting any potential land use impacts to the site,
and collecting a sample for field identification and calculation of the FHBI or HBI. We began a
"Targeted Watershed Approach" to ambient monitoring in 2000 and thus have been monitoring old and
identifying new reference sites in two basins per year, covering all basins during a five-year cycle. New
reference site data will be incorporated into the warm and cold water reference conditions and the
Indexes of Biological Integrity at the end of the five-year period.


1. Identify potential reference sites
a. Regional coverage of perennial waters statewide
b. Distributed among all major river basins
c. Literature sources (e.g. Wild and Scenic Rivers report)
d. Survey state and federal environmental professionals for potential reference sites


2. Criteria for initial site selection
a. Accessible (within a 2-hour walk or 3-4 mi from nearest 4WD road)
b. >0.5 km downstream of road crossings
c. No known discharges upstream
d. No major impoundments upstream
e. No channel alterations at the site
f. Least impacted by land use activities


c


3. Field assessment of potential reference sites
The overall condition was determined using the physical, chemical and land use information.
The condition is confirmed using the FHBI score for the macro invertebrate community.
a. Site should be truly perennial (indicators: fish, univoltine insects, riparian indicators)
b. Site should be free of local land use impacts
c. Site should be free of channel alterations
d. No violations of pH or dissolved oxygen water quality standards
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The Key to the Rosgen Classification of Natural Rivers


® © @
Slope Range
-=-== ==--=


>
<.005


KEY to the ~@(gfM CLASSIFICATION of NATURAL RIVERS. As a function of the "continuum of physical variables" within stream
reaches, values of Entrenchment and Sinuosity ratios can vary by +/- 0.2 units; while values for Width / Depth ratios can vary by +/- 2.0 units.
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Entrchmnt . < 1.4 1.4 - 2.2 > 2.2 n/o > 4.0 > 2.2 < 1.4 < 1.4
WID Ratio < 12 >12 > 12 > 40 < 40 < 12 > 12 < 12
Sinuosity 1 - 1.2 > 1.2 > 1.2 n/o variable > 1.5 > 1.2 :> 1.2
H20 Slope .04-.099 .02-.039 < .02 < .04 <.005 <.02 < .02 .02-.039
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Tonto Creek blw Christopher Creek, Macroinvertebrate sample collected by ADEQ on 5-5-04
2004 Benthic Identification Data
Tonto Creek below Christopher Creek, 5-5-04 Corrected


Station 10 Order FFG TV FinaliD Individuals HBI calc Individuals


SRTON056.39 DecapodaOM 6 Cambaridae 1 0.01 120
SRTON056.39 DIP PRED 7 Bezzia/Palpomyia sp. (ceratopo; 6 0.08 720
SRTON056.39 DIP OM 6 Chironomidae 82 0.93 9840
SRTON056.39 DIP PRED 5 Neoplasta sp. (Empididae) 2 0.02 240
SRTON056.39 DIP Filter 7 Prosimulium sp. 87 1.15 10440
SRTON056.39 DIP Filter 6 Simulium sp. 113 1.28 13560
SRTON056.39 DIP OM 6 Tipula sp. 1 0.01 120
SRTON056.39 EPH CG 4 Baetis tricaudatus 177 1.34 21240
SRTON056.39 EPH SCRAP 4 Epeorus margarita 1 0.01 120
SRTON056.39 EPH SCRAP 1 Epeorus sp. 3 0.01 360
SRTON056.39 EPH CG 6 Thraulodes speciosus 3 0.03 360
SRTON056.39 MEG PRED 6 Corydalus sp. 2 .


0.02 240
SRTON056.39 MIS PAR 5 Acari 3 0.03 360
SRTON056.39 Nematode UN 5 Nematoda 1 0.01 120
SRTON056.39 Oligo CG 8 Oligochaeta 43 0.65 5160
SRTON056.39 TRI Filter 8 Cheumatopsyche sp. 2 0.03 240
SRTON056.39 TRI Filter 7 Hydropsyche sp. 3 0.04 360


530 5.64


Total taxa
Dip taxa
Intol taxa
Scraper Taxa
Perc scraper
Perc plecoptera
HBI


Metric score Scoring threshold IndexScore
23.00 0.0
5.00 0.0
4.00 0.0
5.00 0.0


0.75 8.80 8.5
0.00 1.30 0.0
5.64 5.50 96.9


AVG score








Macroinvertebrate Sampling & Analysis Procedures


1. Site selection


a. The study reach length should be 25 times the bankfull width ofthe stream in wadeable
streams, or a minimum of 100 meters in large rivers. For a definition of bankfull, see the
Rosgen stream type identification section ofthe habitat assessment protocol. This reach
length is long enough to encompass 2 meander lengths of the stream and multiple riffles
in which to produce a composite sample. The study reach should be selected to
represent typical habitat conditions in the larger stream segment. Begin the study reach
at the top of a riffle and end it at the bottom of a riffle or run.


b. I f the reach is to be used as a reference reach, the following criteria must be met:


1. Accessible (within a 2-hour walk or 3-4 mi from nearest 4WD road)
11. No known discharges upstream
111. No major impoundments upstream
IV. No human caused channel alterations at the site (eg. diversions, dredge and fill


projects)
v. >0.5 mi downstream of road crossings
VI. Site should be perennial (indicators: fish, univoltine insects, riparian indicators,


and flows continuously throughout the year)
V11. Site should be free of local land use impacts
V 111. No recorded violations of pH or dissolved oxygen water quality standards
IX. Habitat Asssessment Index score> 14 (for definition of index, see the Habitat


Assessment protocol)


2. Sample collection information


a. Macroinvertebrate samples are collected from riffle habitats of small to medium sized
wadeable perennial streams during the spring index period (April-May for warm water
streams and May-June for cold water streams).


b. Required Equipment includes a D-frame net fixed
with a 500 micron mesh net (Figure 8), forceps, a
large bucket, a metal sieve having a 500 mm mesh,
and a white dissecting tray.


c. The macro invertebrate sample should be collected
after the water and algal samples have been
collected, before the pebble count, and before any
disturbance to the stream channel by investigators.


Figure 8. D-frame net
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The collection begins at the bottom of the assessment reach and proceeds upstream.
d. A macro invertebrate sample consists of a three-minute timed composite sample from


kick samples collected from three riffle habitats within the study reach. Select 3 or more
riffles which represent the variety of substrate sizes, velocities, depths, and habitats
found within the reach. Collect one-minute timed samples from each of three habitats or
divide the time as needed among the variety of habitats. If three good-sized riffles are
not available to be sampled, spread the three minute sample time over whatever
riffle/run areas are available.


e. Do not collect macroinvertebrate samples when the following conditions occur:
i. Bankfull flows within 4 weeks of the sample date
11. Reach is >50% bedrock or travertine dominated
Ill. Reach is a cienega, wetland, or is sand dominated with edge vegetation only
IV. Reach is ephemeral or intermittently flowing
v. Flow is too deep or fast to safely wade


3. Sample collection and field processing procedure for Riffle/Run Habitat


a. Begin at the lowermost riffle of the riffles selected for sampling and fill a bucket half full
with stream water.


b. Place the D-frame net on the stream bed in the path of flowing water, and agitate the
substrate vigorously for one minute by kicking or hand turning rocks to collect
dislodged material. -Sample as much variation of the flow and substrate as possible and
attempt to sample large and small substrates.


c. Deposit the contents of the net into the bucket. At this point there is no need to pick
the net clean.


d. Repeat the sampling procedure for the second and third riffles. After the last riffle, use
forceps to remove organisms attached to the D- frame net.


e. Swirl the contents of the bucket and pour the non-sediment portion into a 500 11mmesh
sieve. Add water again to the bucket, swirl and pour the contents into the sieve.
Repeat this procedure several times until all insects and organic debris are emptied and
only sediment remains.


f. Dump the remaining sediment into a dissecting tray and search the sediment for any
remaining organisms, especially cased Trichoptera, and then discard the remaining
sediment.
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g. Gently, squeeze the sample to remove excess water from algae laden samples. Using a
plastic spoon or hands, GENTLY dispense the sample from the sieve into a wide
mouth, one-liter sample jar. Fill the jar half to three-quarters full; use an extra jar if
necessary to contain the sample. Rinse any leftover material in the sieve into a comer
and spoon out as much as possible. Check the sieve for any remaining animals. If the
entire sample does not fit into one jar, then add the remainder to a second jar. If the
sample will not fit into two jars, then field split the sample.


h. To perform a one-half field split, evenly spread the entire sample in a white dissecting
tray and divide the sample with your hands into two equal portions. Place one half of
the sample into the two sample jars; discard the other half into the stream. Note on the
field form that the sample was field split lh. A quarter split can be performed if a half-
split still provides too much sample material to fit in two jars.


1. Place the label(s) in the jar(s), add enough 99% isopropyl alcohol to cover the sample
material by about 1 inch, then add approximately one capful of 37% formaldehyde.


J. Seal the jar(s), and affix a second "write-in-the-rain" label to outside of the jar(s) with
clear plastic tape.


4. Labeling


Each macro invertebrate sample should have two identification labels penciled (or permanent
ink) on "write-in-the-rain" paper: one placed inside the jar, visible on the outside, and one
affixed to the outside of the jar, attached with clear plastic tape. If more than one jar is used for
a sample, put jar numbers on all labels (e.g., 1 of 2, 2 of 2). Each tag should have the following
information at a minimum:


a. Waterbody name
b. Site code number
c. Habitat sampled (riffle)
d. Date (spelled out, e.g., April 1, 1992)
e. ADEQ and collectors' initials


5. Preservation & storage


a. As indicated in section 3i, macroinvertebrate samples in l-liter jars are preserved with
99% isopropanol and a capful of 37% formaldehyde. Samples should be placed in an
ice chest with ice to cool the sample, prevent overheating and degradation of the
sample, and to prevent fumes from developing inside truck camper shells, which would
cause atoxic exposure to isopropanol and formalin.
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b. Samples should be stored in a cool environment and within flammable storage areas in
the laboratory prior to shipping to the laboratory.


6. Chain of Custody


a. Samples shall be locked in field trucks while sampling personnel are in the field.
b. Sample jars shall be placed in the large, locked flammable cabinet in the equipment


storage area of the ADEQ laboratory for storage, prior to shipping.
c. Use tamper-evident tape on shipping boxes to prevent tampering with samples during


. shipping.
d. A chain of custody form will accompany the samples during shipment.


7. Shipping procedures


a. Drain sample over a 500 micron sieve and large funnel into a waste container (we reuse
5-gallon isopropanol carboys) under a fume hood, then place sample back into sample
jar along with the correct interior label. Be sure to pick any specimens off the sieve and
place in sample container, then cap tightly. Rinse sieve and scrub with a brush prior to
draining the next sample.


b. Pack jars in 2-3" of vermiculite within a heavy duty garbage bag within a shipping box.
ADEQ uses ADOT approved boxes that are 14xl0xlO", single-wall construction,
edge Crush Test of 32 lbs/inch, gross weight limit of 65 lbs. After placing the jars into
the box, pack additional vermiculite to about the halfway mark around the jars. The
vermiculite is absorbent and prevents shock and deterioration of the sample specimens.
Close and seal the garbage bag. Place the Laboratory address on a sheet of paper
inside the box, along with an inventory of samples. Seal the box with tamper-proof tape
to continue chain of custody while samples are in transit.


c. Ship boxes via commercial carrier. ADEQ received verbal approval from DOT and
UPS to ship decanted macro invertebrate samples without having to meet hazardous
materials shipping requirements because of the very limited quantities of isopropanol
and formalin present in the decanted samples. No hazardous materials labeling is
required. ADEQ marks boxes with "this side up" arrows to further prevent leakage and
protect samples. Normal address labels are used for shipping. Enclose Chain of
custody form with samples.


d. All macro invertebrate samples from a spring sample event are shipped to the laboratory
in July of each year.


8. General lab procedures


a. Sample receipt - Upon receipt of samples, the laboratory will check and adjust the
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preservation in each sample, catalog the samples, check the attached inventory for
accuracy, and sign the chain of custody papers. The lab will then notify ADEQ of
receipt of samples, any damaged samples, or discrepancies between the inventory and
actual sample labels.


b. Sample Processing - Samples must be sorted to separate the invertebrates from the
sample matrix. The entire sample should be floated in water in a white plastic tray.
Large debris is rinsed and removed from the sample until all organic matter and
invertebrates are floated Off the mineral residue. Then the mineral residue is searched
for stone-cased caddisflies and molluscs.


c. Sub-sampling - Arizona samples typically contain thousands of invertebrates and must
be sub-sampled to result in a minimum of 500-600 organisms. A Caton Tray should be
used to randomly obtain fractions of the total sample from which all the invertebrates
are removed and counted. Additional fractions are selected until the 500-600 target
level is reached and the number of squares subsampled are recorded. Terrestrial insects
and non-benthic insects (eg. corixidae, other swimmers, mosquitos or surface tension
dwellers) should not be included in the count. Examine additional fractions if one
fraction is dominated by a single species. After the target number of specimens is
achieved, the entire unsorted sample is scanned for large or rare taxa, which may aid in
identification of smaller instars or may expand the taxa list for that sample. The
remaining unsorted sample shall be re-preserved with 70% isopropanol in individual
containers and archived at the laboratory for one year from the date of sample receipt,
at which time the laboratory will contact ADEQ prior to disposal.


d. Sorting - The sorting of invertebrates from the sample matrix shall be performed by
trained technicians, using dissecting scopes with a minimum magnification of 6X. After
identifications have been made, the sorted specimens, including the separated
Chironomidae, should be archived for one year or incorporated into the reference or
voucher specimen set. The laboratory shall keep logs for each sample sorted, the
fraction sorted, sample matrix problems, etc. in addition to bench sheets ofthe taxa
identified in each sample.


e. Sorting efficacy - The laboratory shall check the sample residues to check for a sorting
efficacy of 95% or better. A statement of sorting efficacy for the ADEQ batch of
samples should be presented in the laboratory report.


f. Taxonomic identification - Invertebrate identifications shall be performed by a trained
and experienced taxonomist. The taxonomy contractor is responsible for obtaining the
most accurate, consistently achievable identifications for ADEQ samples, using
specialists as needed to obtain identifications to the general taxonomic levels listed
below and to be consistent with identifications presented in the attached "ADEQ
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Macroinvertebrate Master Taxa List" (Table 1, Appendix A).
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Table 1.ADEQ Taxonomic levels of identification for macroinvertebrates


Invertebrate Group Level of taxonomy required


Aquatic insects (except the family Chironomidae) Genus or species, where consistently identifiable


Chironomidae Family level only


Semi-aquatic insects Family


Arachnida (Mites) Genus


Cladocera, Copepoda, Ostracoda Class


Amphipoda, Decapoda, Isopoda Class


Nematoda, Nematomorpha Phylum


Turbellaria Class


Annelida Class


Mollusca Family or Genus


g. Reference Collection and Storage - A set of reference or voucher specimens shall be
prepared from the batch of samples each year for incorporation into ADEQ's reference
specimen collection. Several specimens shall be preserved for each new taxon and the
best or largest larval instars of other taxa shall be preserved to represent the taxa found
that year and to update the historic reference collection at ADEQ. The Contractor shall
make recommendations for archiving any important specimens, if verification of
identification by national specialists is required.


h. Reporting - Laboratory reports containing taxonomic identifications and counts for all
samples for that year shall be submitted to ADEQ in electronic and printed copy. The
electronic data shall be submitted in ACCESS database format or Excel or QuattroPro
spreadsheets formatted for database uploading. The Contractor shall perform quality
control checks on the electronic data prior to submittal to ADEQ. The data set should
contain at a minimum the StationID, waterbody name and location, Habitat, Collection
date, complete taxa ID from phylum to lowest level ID, raw number of individuals,
portion of sample analyzed including field splits where applicable, and adjusted final
counts, which are corrected for sub-sample size and field splits. The printed copy
should include the same minimum data recorded in the electronic data and should also
include a copy of the bench sheets used by the taxonomist to develop the raw counts
per sample.


1. Quality Control Tasks - ADEQ may conduct Laboratory audits as needed. ADEQ
may periodically request the laboratory to examine quality control reconstituted samples
or voucher specimens from another lab and produce a short letter regarding the
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accuracy of identifications.


9. Quality Control field and lab procedures


a. Cleaning field equipment - The D-frame dip net, bucket, and sieve should be rinsed and
scrubbed with a brush to dislodge small invertebrates, egg masses, and organic
material, prior to leaving the site.


b. Biological field and laboratory quality control procedures and performance
characteristics are listed in Table 2.


T bl 2 B' I . I fi Id d I b r d d ha e IO ozica ie an a oratory qua rtv contro proce ures an per onnance c aractenstics,


Procedure Performance Description
Characteristic


Sampling Precision - repeatability The D-frame dip net is a good choice for use in Arizona streams, as it
device in a habitat can be used in riffle habitats with virtually all substrate sizes. The


precision of sampling with this net is repeatable because a timed
sampling effort is used which applies across different stream
substrate types.


Bias - exclusion of The D-frame sampler is outfitted with a 500,u mesh size net opening,
certain taxa (mesh size) which retains organisms of a consistent size for identification.


Interferences - Excess filamentous algae can foul a sample, but it is considered part
matrix/physical of the organic matter of a sample and is packaged with the biological
limitations sample.


Sampling Precision - variable Measurement error is quantified by replicate sampling at 10% of our
method metrics or measures sampling sites each year. Samples are processed and analyzed


among replicate samples separately and their metrics and IBI score compared to obtain a
at a site ' measure of the method precision. This is an estimate of the precision


of the entire method which includes variability due to small-scale
spatial variability within a site, operator consistency and bias, and
laboratory consistency.


Bias - exclusion of Riffle only, 500,u mesh size
certain taxa or habitats


Performance range - Riffle only, sample edge vegetation for sandy substrates riffles
limitations in certain
habitats or substrates


Interferences - high river Sampling not performed during high flows for safety reasons. The
flows, training of method has only been tested on a limited basis for large river
personnel sampling.


Field Sample Bias - efficiency of The sieve is carefully rinsed after straining a sample. The sieve is
Processing locating small organisms washed prior to leaving a sample site.


in sample transfer
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Performance range - Sample preserved with isopropanol and capful offonnalin for better
sample preservation and preservation in Arizona heat. Formalin also allows longer holding
holding time time.


Interferences - Weather Sample taking maybe performed during light rains and slightly
conditions elevated flows, but not during bankfull or greater flows.


Accuracy - of sample There is a standard format for sample labels which includes stream
transfer process and name, site id, date, habitat sampled, collector info, whether sample
labeling was field split and # of jars in sample.


Laboratory Precision - split samples Duplicate samples are collected at the rate of 10% of the total # of
sample samples during each year's index period. This is a test of the labs


processmg ability to create consistent IDs.


Bias - sorting certain Large specimens are removed first from the sample. All organisms,
taxonomic groups or regardless of size are sorted for ID from each 1/32 section of the
organism size sample.


Interferences - Field and lab equipment, such as sieves and nets, are thoroughly
distractions, equipment washed between sites and samples.


Accuracy - sorting Caton Tray used for consistent method of sorting samples, especially
method, lab equipment where thousands of insects per sample are found.


Taxonomic Precision - split samples The similarity of duplicate samples is verified using the Arizona warm
enumeration water and cold water IBI's, rather than the individual taxonomic


identifications.


Bias - counts and Our taxonomist offers 500 counts of insects per sample, which
identifications for certain exceeds the number of specimens counted by many other states.
taxonomic groups Where a particular taxa is dominant in the sample, that taxon is not


included in the 500 count. Our laboratory has used a number of
nationally recognized specialists to provide confirmed identifications
of specimens for our reference/voucher collection.


Interferences - List of taxonomic keys used by our laboratory is included in our
appropriateness of SOP's.
taxonomic keys


Sensitivity - level of Our standard taxonomic effort (identifications to genus in most cases,
taxonomy related to type with midges at family level) is generally used for all samples.
of stressor Identification of Chironomidae to genus can be done on an as-needed


basis for samples/sites found to be impaired.


Accuracy - identification Use of nationally recognized specialists to create the Arizona
and counts reference collection, by which all other samples are identified.


10. Data analysis - Calculating the Arizona Indexes of Biological Integrity


To calculate the warm water and cold water indexes of biological integrity for appropriate
macroinvertebrate samples, follow the following steps. It is not appropriate to apply these indexes to
samples from intermittent or effluent dominated streams, nor to samples collected in bedrock, travertine
or sand dominated or wetland habitats.


a. Identify the appropriate reference community using the site elevation (warm water
community <5000'; cold water community >5000').
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b. Calculate the macro invertebrate metric values required for either the cold or warm
water index following metric calculation procedures listed Figure 1. Table 3 lists all the.
metrics used in both indexes and their definitions. Metrics required for each index are
listed in Tables 4 and 5.


c. Calculate the metric percent of reference score using either the warm or cold water
reference metric threshold values associated with the appropriate community type
(Tables 4 and 5).


d. ' Calculate an average of the percent of reference scores for all metrics to produce the
IBI score. An example of the scoring system is provided in Table 6.


e. Determine assessment category for IBI score from Table 7. Interpretive descriptions of
the categories Exceptional, Good, Fair and Poor are provided in Table 8.


11. Bioassessment requirements for receiving water bioassessments in NPDES permits - In
addition to previously mentioned bioassessment protocols, the following apply to permittees:
a. Bioassessment should occur concurrently with ambient water monitoring
b. A bioassessment survey plan containing sample dates, locations of background and


study sites, sampling personnel and qualifications, name and location of contract
laboratory, biological and habitat sampling protocols and method of analysis, should be
completed and submitted to ADEQ by December 31 st each year.


c. ADEQ sampling and analysis protocols should be followed as closely as possible, using
the most updated Quality Assurance Program Plan.


d. Laboratory protocols should follow ADEQ recommendations in Table 2 above.
e. The bioassessment report should be submitted to ADEQ for review. The report should


contain: an executive summary, introduction, study area descripton including maps and
photos, methods, results and discussion, literature cited, and appendices with complete
taxa lists and copies of completed field forms for each site. The results and discussion
section should cover a physical characterization of the sites, a habitat assessment, water
quality, fish & wildlife, macro invertebrates, and long term trends at the study sites.


f. Macroinvertebrate analyses should contain: a list of taxa and abundances, the
calculated warm or cold water IBI score, the benthic habitat score, and graphs
indicating a comparison of reference and study site IBI scores for the current year,
changes in the reference and study IBI scores over a permit period and changes in the
reference and study site habitat scores or habitat values over the permit period.


g. The first bioassessment shall be subject to a quality assurance review to be conducted
by ADEQ. The voucher specimens from the laboratory should be submitted to ADEQ
for a quality control review of the taxonomic identifications by the ADEQ contract
taxonomist. Major revisions should be incorporated into the final bioassessment report.
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Table 3. D f d cold d in A . ,- IBIescn puons


Category Metric Definition Expected Response to
increasing disturbance


Richness Total number of taxa Number of different macro invertebrate taxa Decrease
measures


# Ephemeroptera taxa Number of mayfly taxa Decrease


# Trichoptera taxa Number of caddisfly taxa Decrease


# Diptera taxa Number of true fly larvae. Decrease


# Intolerant taxa Number of taxa having a tolerance value ::;3 Decrease


.Composition % Dominant taxon Percent abundance of the single most abundant taxon. Increase
measures


% Ephemeroptera Percent abundance of mayflies, compared to total abundance Decrease
of the sample


% Plecoptera Percent abundance of stoneflies, compared to total abundance Decrease
of the sample


Tolerance HilsenhoffBiotic Index Abundance-weighted average tolerance of assemblage Increase
measure


Trophic % Scrapers Percent abundance of the scraper functional feeding group, Decrease
measures compared to total abundance of the sample


# Scraper taxa Number of taxa in the scraper functional feeding group Decrease
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Figure 1. Formulas for calculating macro invertebrate metrics used in the cold water and warm water
Indexes of Biological Integrity.


Metric Calculations


Use the follow formula to calculate the metric score (percentage of reference) for sensitive metri cs .
whose values decrease with disturbance. Apply this formula to the following metrics:


Metric Score = (Sample value I metric threshold value) * 100


1. Total taxa richness
2. Number of ephemeroptera taxa
3. Number of trichoptera taxa
4. Number of diptera taxa
5. Number of intolerant taxa
6. Percent ephemeroptera
7. Percent plecoptera
8. Percent scrapers
9. Number of scraper taxa


Apply the following formulas to calculate the metric score (percentage of reference) for toleran
. metrics whose values increase with disturbance.


1. Hilsenhoff Biotic Index


Metric score = (l0 - Sample value) I (10 - Metric threshold value) * 100


2. Percent dominant taxon


Metric score = (loa - Sample value) I (l Of) - Metric threshold value) *100
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Table 4. Reference scoring thresholds for warm water metrics, used in the Arizona warm water Index of Biological Integrity.


Metric Taxonomy ID Level Metric threshold value


Total taxa Split-Level ID 34
Trichoptera taxa Split-Level Il) 8.0
Ephemeroptera taxa Split-Level ID 7.0
Diptera taxa Split-LevelID 9.0
Scraper taxa Split-Level ID 7.0
Percent scraper Split-Level ID 25.1
Percent Ephemeroptera Split-LevelID 70.8
Percent Dominant Taxon Split-LevelID 20.9
HilsenhoffBiotic Index Split-Level ID 4.9


Table 5. Refl hresholds D ld d in the A . ld Irid f Biolocical I
u u -


Metric Taxonomy ID Level Scoring threshold


Total taxa Split-LevelID 23
Diptera taxa Split-Level ID 5.0
Intolerant taxa Split-LevelID 4.0
Scraper taxa Split-LevelID 5.0
Percent scraper Split-LevelID 8.8
Percent Plecoptera Split-LevelID l.3


Hilsenhoff Biotic Index Split-LevelID 5.5
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Table 6. Example of the ADEQ Warm Water Index of Biological Integrity scoring system;
Sycamore Creek near Round Valley bridge (Hwy 87) collected during spring 1995.


Metric Metric Value Metric Score (compared to warm
water reference scoring threshold)


Total taxa 24 71


Trichoptera taxa 6 75


Ephemeroptera taxa 5 71


Diptera taxa 7 78


Scraper taxa 3 43


Percent scraper 20.3 81


Percent Ephemeroptera 26 37


Percent Dominant Taxon 41 75
-


HilsenhoffBiotic Index 5.73 84


Index Score 68 Good
(avg. of all scores)


Table 7. Index of Biological Integrity (IEI) assessment categories and ranges of values for cold water and warm water waterbody types
in Arizona.


Waterbody type Exceptional Good Fair/Impaired Poor/Very Impaired


Warm water 73 - 100 53 -72 27 - 52 0-26


Cold water 97 - 100 88 - 96 44 - 87 0-43


* Exceptional and good are attaining A&W use.
Fair and Poor are not attaining A&W use.*
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Table 8. Interpretive descriptions of ADEQ bioassessment categories.


Assessment Category Description Attainment
Status


Exceptional Exceptionally high species richness, sensitive species Attains A& W use
abundant, community tolerance low


Good High species richness, sensitive species present, community Attains A&W use
tolerance moderate


Fair/Impaired Declining species richness, sensitive species absent or in Does not attain A& W use
low abundance, community tolerance high


Poor/Very impaired Very low species richness, only most tolerant species Does not attain A& W use
present, community tolerance very high and community
organization lacking
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RIPARIAN TREE GUIDE


Arizona Alder 4500-7500' 68·80' 2-
3'd


sharply saw-
toothed


Med-Ig tree, open rounded
crown, bark dark grey


Elliptic, narrowed at
base


2-3"L d.green, paler
below


SE, Central, NWslightly toothedVelvet Ash 2500-7000' 40' 1'd sm-med tree spreading
branches, ounded crown


leaflets
1-3"


IVBpaired, compound
pinnate, 3-6", leaftets 5-
9 lance shaped or
elliptical


Water Birch 5-8000' finely branched spreading open I Ovate wI rounded base
crown, bark copper color


d.green, pale y-
g with shiny
resin dots blw


double saw-
toothed


25'H 1-2"L


Rounded shrub or smtree Cochlse to Apache cnty
and N.Coconino cnty


Birchleaf
Buckthorn


5500-7500' br.green hairy
blw


finely, sharply
toothed


8-18' 4"d oblong-elliptical or
obovate, blunt or short-
pointed


2-4"L


high mtns. And plateaus
statewide


Boxelder 4-8000' coarsely
sawtoothed


50' 2.5'd Med.tree broad rounded crown I compound pinnate w/3-
5 leaflets ovate, long-
pointed


leaflets
2-4"L


Fremont 150'-6000' 50-100' Lg. Tree wI broad flat open
Cottonwood crown of Ig. branches


Narrowleaf 5-7000' 50' Mad.tree narrow crown,
Cottonwood slender erect branches


Desert 1200-5000' 20-30' 1- Evergreen srn-rned tree with
Elderberry 2'd compact rounded crown


coarse, irreg.saw-
toothed, leathery


2-3"L 2-
3"w


shiny yellow-
green


broadly triangular


finely sawtoothedBright y-g, paler
blw


2-3"L
1"w.


lance shaped


Southern and central:
Cochise, Santa
Cruz,PimaGila, Yavapai,
Mohave cnty


finely saw:toothedIvs compound pinnate,
paired, leaflets 3-5
elliptical or ovate, short-
pointed, thick leathery


leaflets
1-3"L


Cerro
Hawthorn


5400-8000' coarsely
sawtoothed


15' spiny shrub-srn tree 1-2.5"L bright greenovate, short-pointed,
wedge shaped at base,
shallow 3-710bed


River
Hawthorn


5-6000' 20' spiny shrub-sm tree, open
crown, forming clumps, twigs
reddish-brown


blue-green abv,
pale y-g blw


finely sawtoothedelliptic, short-pointed,
tapering at base


2"L
<1"w


NeUeaf
Hackberry


2500-6000' 30' 1'd variable ovate, 1-sided, I 1-2.5"L
51. Heart shaped, 3 veins


d.green and
rough, y-g blw


entireLg.shrub-sm tree, spreading
crown, bark becoming rough
flssured wI Ig.corky warts, grey







YVILj~OW QUICK IDENTIFICATION GUIDE


I Elevati . Leaf Characteristics
on


WILLOW Prefer Tree Form Length ..Width . Coloration Edges
SPECIES ence. Height


Gooding 150'- 20-50' narrow lance, slight 2-4" 1/4-3/4" green or fine teeth
5K curved, broad @ base, yellowish, green


hairless @ maturity above and below


Bonpland 2.5-5K 20-50' narrow lance, broad @ 4-6" 1/2-314" green abv., white wlo teeth
mid., hairless @ maturity blw.


Pacific 5-7.SK 40+' lance, rounded @ base, 2-S" li2-I" dark green abv., fine teeth
hairless light green or


whiteish blw.


Red 1.8-5K to 40' lance or oblong-lance, 2-6" 3/4-1 112" dark green abv., slightly turned
hairless @ maturity paler blw. under,


obscurley saw-
toothed


Peachleaf 3-7K to 30' lance, round @ base, 2-7 1/2" S/8-\ 3/4" yellow green


I
hairless @ maturity abv., whiteish to


white blw.


almost stalkless, verry 1 1/2-4" 118.3/8 dense silver hair wlo teeth
I


Coyote 0-7K 6-\5'
Inarrow abv. & blw. I


Yewleaf 3.5-6K 20-40' very narrow, small, dense, 1/2-1 1/4" \/8" dense silver or wlo teeth I
I


almost stalkless grey hair abv. & I


blw. -
I


Arroyo 6-7.SK t030' very narrow, linear, to 2 112-6" 3/8-3/4" dark green abv., wlo teeth or I
oblanceolate (spatula-like) paleer or whitish slightly wavy


blw. wi few
inconspicuous
teeth


Bebb 8.5- to \5' elliptical, oblong, or 1-3 1/2" 3/8-1 " dull green abv., wlo teeth, or


I11K reverse lance-shaped whitish & net- some-what
pointed at both ends veined blw. wavy, thick & I


firm


Seep (Compositae) 2-S.5K 3-6' willow-like, slightly 1-3 1/2" bright, lustrous toothed
sticky, 3 ribbed green








ADEQ Bioassessment Workshop
For the National Park Service
At Montezuma's Castle National Monument
April 11-12, 2005


The workshop will consist of a half day of classroom training at the Montezuma's Castle
Visitor Center, followed by a day of fieldwork in a nearby stream. The workshop is
designed for those who will be conducting biological assessments or who are interested
in developing a bioassessment program. It is a hands-on training that will prepare you for
conducting your own sampling activities. Prepare to get wet!


Agenda for Monday, April 11th 1:00pm - 5:00pm


• Introductions
• ADEQ Biocriteria Program overview
• Macroinvertebrate monitoring and assessment methods
• Habitat monitoring and assessment methods
• Field schedule for Tuesday
• Questions & answer


Wednesday, April 12th 8:00am - 3:00pm


Hands-on field training at a stream site to be announced.


Supplies needed:
hipboots or irrigation boots or stream shoes
clipboard, calculator, pencil
water and lunch


Patti Spindler





