RS U. S. Fish and Wildlife Service e
Region 2

)
%HCH 3,

The Impact of Anthropogenic Discharges on Arkansas River Shiner

(Notropis girardi) Habitat within the South Canadian River Watershed in the
Texas Panhandle, Texas 2001-2002

Project ID No. 2F40/200120003

Prepared by
Craig M. Giggleman, Michael P. Armstrong, Omar R. Bocanegra, and
Jacob M. Lewis

Arlington Ecological Services Field Office
711 Stadium Drive, Suite #252
Arlington, Texas 76011

July 2002




The Impact of Anthropogenic Discharges on Arkansas River Shiner (Notropis girardi)
Habitat within the South Canadian River Watershed in the Texas Panhandle, Texas
2001-2002

Project ID No. 2F40/200120003

ABSTRACT

In 2001, the USFWS Arlington, Texas Field Office initiated a one-year study on the mainstem of
the South Canadian River in the Texas Panhandle to determine the impact of anthropogenic
discharges on the aquatic habitat of the federally listed Arkansas River shiner. Surface water,
sediment and biological samples were collected at six sites (five in Texas and one in New Mexico)
on the mainstem of the South Canadian River during high flow and low flow conditions. Surface
water samples were analyzed for total fecal coliforms and nutrient content. Sediment samples were
analyzed for total metals and total petroleum hydrocarbons during the high flow phase and total
metals, total petroleum hydrocarbons, and organochlorines during the low flow sampling phase.
Resulting data from the surface water and sediment analyses were compared with other studies and
criteria protective of aquatic wildlife. The biological samples consisted of fish and
macroinvertebrates. Data from the fish sampling were used to calculate Indices of Biotic Integrity
(IBI), while data from the macroinvertebrate sampling were used to calculate diversity indices as
well as IBI.

At the time this study was conducted, anthropogenic discharges into the South Canadian River did
not appear to be affecting the fish and macroinvertebrate communities in an adverse manner at the
sites sampled. Residual contaminants, possibly associated with past discharges, were detected in
sediments throughout the stream, but with the exception of nickel, these contaminants were below
levels where adverse effects to fish and wildlife resources would be expected to occur. In
comparison to other lotic systems, the fish and macroinvertebrate assemblages measured within the
South Canadian River during the course of this study were classified as limited to intermediate;
however, this appears to be more of a factor associated with natural conditions (elevated salinity and
periods of limited surface water flow), the lowering of groundwater levels, and the construction of
surface water impoundments (Meredith, Ute, and Conchas Reservoirs) within the watershed which
have modified in-stream habitat and flow regimes rather than to actual discharges.
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Thomas Cloud, Dr. Barry Forsythe, Dr. Allen White, and Mr. Steve Robertson for reviewing the
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INTRODUCTION

INn 1999, informal consultationswere conducted between the United States Fishand Wildlife Service
(USFWS), the U.S. Environmental Protection Agency (USEPA), and the Texas Natural Resource
Conservation Commission (TNRCC), concerning theimplementation of TNRCC srules(Title30, Texas
Administrative Code 321, Sub-chapter B) regulating concentrated animal feeding operations(CAFOs)

withinthe State of Texas. Considering that documented detrimental eventsoccurredat Buffalo Lake
National Wildlife Refuge, in the Texas Panhandle (Irwin and Dodson, 1991; Baker et al., 1998;

Giggleman, 1999) and withinthe BrazosRiver dranagein central Texas(Armstrong, 1998) that were
attributed to discharges and run-off from CAFQOs, the USFWSwas concerned that the ruleswere not
stringent enough to prevent possible adverseimpactsto the federally listed Arkansas River shiner’s
(Notropis girardi) habitat in the South Canadian River watershed (USFWS, 1999b). Accordingtothe
TNRCC' sregulations(Title30, TexasAdminigtrative Code 321, Sub-chapter B), CAFOsareprohibited
from discharging wastes from their waste management unitsinto waters of the State except during
catastrophicrainfall eventswhich are defined asany storm eventsequal to or in excessof a25-year, 24-

hour rainfall event. In the Texas Panhandle, approximately 4.5 inches (11.43 centimeters (cm)) of

precipitation representsa25-year, 24-hour storm event (USFWS, 19994). Since 1949, at least 11 rainfall

events greater than 4.5 inches (11.43 cm) in intensity have been documented in this area of Texas
(USFWS, 19994). Between 1993-1998, three separatedi schargesfrom CAFOsinto the Canadian River
werereportedtothe USEPA (USFWS, 1999a). However, theonly adverseimpactstofish communities
attributed to rel easesfrom CAFOsdocumented within the Canadian River waershed occurredin 1973
and 1979 (TPWD, 1999). Considering thelimited dataavailableonimpactstofishinthe Canadian River
from CAFOdischarges, the USFWSagreedin principal toliftitsobjectionsto the State’ srulesprovided
that the TNRCC, in conjunction withthe USEPA, conduct astudy to determinetheimpactson surface
water quality invariouswatershedsin Texas (Canadian River included) from CAFO discharges(USFWS,

1999c). Whilethisfull scale study wasbeing planned, the USFWS proposed to gather sitespecificdata
for theCanadianRiver. In2001, theUSFWSArlington, TexasEcol ogical ServicesFied Office (ESFO)
initiated astudy onthe mai nstem of the South Canadian River inthe TexasPanhandleto determinethe
impact of anthropogeni cdischargesontheaguatichabitat of the ArkansasRiver shiner. Althoughinitially
focusing onthe potential impact of dischargesfrom CAFOs, additional concernswererai sed duringthe
courseof thisstudy about the potential impact of rel easesfrom the numerousgasand/or oil production
facilitieslocated throughout thewatershed. Surfacewater, sediment, and biologica sampleswerecollected



at sx gtes(fivein Texasand onein New Mexico) onthemainstem of the South Canadian River during high
flow and low flow conditions. Surfacewater sampleswereanalyzedfor tota feca coliformsand nutrient
content. Sediment sampleswereanayzedfor total metal sandtota petroleum hydrocarbonsduring thehigh
flow phase and total metal s, total petroleum hydrocarbons, and organochlorines during thelow flow
sampling phase. Resulting datafrom the surfacewater and sediment anal yseswere compared with other
studies and criteria protective of aguatic wildlife. The biological samples consisted of fish and
macroinvertebrates. Datafrom thefish sampling wereusedto cal culatel ndicesof Bioticlntegrity (1BI),
whiledatafrom the macroinvertebrate sampling wereused to cal cul ated diversity indicesaswell asIBI.

STUDY AREA & BACKGROUND INFORMATION

A component of the Arkansas River Ecosystem, the South Fork of the Canadian River originates as
drainagefrom the northeastern slopesof the Sangre de Cristo M ountainsin northeastern New Mexico
(Figure 1). From its headwaersin New Mexioo, this river flowsapproximately 906 miles (1,460
kilometers)inageneral eastward directionthrough the Texas Pandhandleand acrosssouthern Oklahoma
until it joinswiththe North Fork of the Canadian River at EufalaReservoirin Mclntosh County, Oklahoma
(Shearer Publishing, 1997; Gandaraet al., 2000; RRA, 2000). Thetotal drainageareafor the South Fork
of the Canadian River isapproximately 22,866 miles? (59, 223 kilometers®) (Gandaraet al., 2000; RRA,
2000). In Texas, themainstem of the South Fork of the Canadian River traversesthrough portions of
Oldham, Potter, Moore, Hutchinson, Roberts, and Hemphill Countiesand receivesdrainagedirectly from
portionsof Dallam, Hartley, Deaf Smith, Carson, Ochiltree, Gray, and Lipscomb Counties(TWC, 1989;
TexasA&M, 1995). Theclimateof thisareaisconsidered semi-arid. Ambient air temperaturesaverage
21.2°Farenheit (F) [-5.9°Celsius (C)] in the winter and 91.7°F (33.2°C) in the summer. Winds are
predominantly out of the south-southwest (NWS, persona communication, 1998). Averageannud rainfall
isapproximately 16 inches(41 cm) (NMWQCC, 1994). Total populationinthesecountiesisestimated
at lessthan250,000 people(TDED, 1997). Land useinthisareaconsistsprimarily of irrigated, dry land
farming, cattleranching, and gasand oil production (RRA, 2000). Permitted wastewater trestment facilities
withinthewatershedinclude50 outfal I sthat discharge approximately 34.4 million gallonsof trested effluent
per day (130.2millionlitersper day) (TNRCC, 1996). Therearea so 85 permitted CAFOslocated in
thewatershed, of which, an estimated 10 havethe possibility of discharging directly intothemainstem of
the South Canadian River intheevent of a25-year, 24-hour storm event (Morris, personal communication,
2002). In additiontothe permitted discharges, hundreds of unauthorized rel eases of various producs
(crudeail, brine, diesel, gasoline, carbon black, polychlorinated bi phenyls, etc.) have been documented
within the watershed since 1972 (TNRCC, 1997; TPWD, 1999).

InNew Mexico, therearetwo principa lenticimpoundmentson themainstem of the South Canadian River,
ConchasReservoirand UteReservoir. ConchasReservoir wasconstructedin 1935in San Miguel County
andimpoundsapproximately 9,600 acres (3,885 hectares), whileUte Reservoir wasconstructedin 1963
in Quay County and impounds 8,200 acres (3,318 hectares) (NMWQCC, 1994). Both of these






reservoirs have been classified by the State of New Mexico asimpaired surface water bodies due to
potential elevated mercury levels and consequently limited fish consumption advisories have been
established (NMED, 2002; USEPA, 2002). Designated usesfor the mainstem of the South Canadian
RiverinNew Mexicofromthe Texasstatelineto Ute Reservoir includeirrigation, limited warm-water
fishing, livestock watering, wildlife habitat, and secondary recreational contact (NMED, 2001). The
mainstem of the South Canadian River in Texascontainsonemgjor surfacewater impoundment, M eredith
Reservoir (designated by the State of Texasas Texas Canadian River Segment No. 0102). Thisreservoir
was constructed in 1965 in Hutchinson County and impounds approximately 16,505 acres (6,679.6
hectares) (TPWD, 2000).

In Texas, theannual meanflow of the South Canadian River above M eredithReservoiris 281 feet/second
(7.96 meters®/second), while below Meredith the annual mean flow is 284.0 feet®/second (8.04
meters’/second) (Gandaraet al., 2000). Peak flow usually occursfrom Junethrough September, while
low flow conditionstypically occur from December through March (Gandaraet al., 2000). Extreme
variationsinsurfacewater quality occur naturally withinthe Canadian River watershed. Accordingtothe
Red River Authority of Texas(1996), surfacewatersin the South Canadian River above Ute Reservoir
inNew Mexico containrdativelylow total dissolved solids(TDS) and low sdlinity values, whilebelow Ute
ReservoirandintheTexasportion of thewatershed, TDSand salinity valuesareelevated. Theprimary
constituentscontributing to thesehigh TDSva uesareelevated levelsof salts(RRA, 1996). Thesesalts
areprincipally composed of sulfatesand chloridesand arenaturally rel eased into surfacewatersthrough
thedischargeof brine groundwater originating from formationsrichin haiteaswell assurfacewater run-off

from sheet flow of sscormwater over expaosed formationshighinsalt content (RRA, 1996). 1n1998, the
mainstem of the Canadian River in Texasabove M eredithReservoirin Oldham and Potter Countieswas
placed onthe State8303(d) List asimpaired dueto elevated bacterialevel s, however thissegment was
no longer designated as impaired on the draft 2002 8303(d) List (TNRCC, 1998; TNRCC, 2002).

Themainstem of the South Canadian River in Texasabove M eredith Reservoirin Oldham County and in
Potter County to the confluencewith Coetas Creek hasbeen designated ascritical habitat for thefederally
listed ArkansasRiver shiner (Federa Register, 2001). Theeasternportion of Hemphill County extending
to the Oklahomaborder has al so been designated ascritical habitat for thisspecies(Federal Register,
2001). Listed asthreatenedin 1998 dueto water quality degradation and excessive habitat modification
attributed to stream dewatering, ground water pumpage, and the construction of impoundments, the
ArkansasRiver shiner (Figure2) originally demonstrated awide geographicdistribution throughout the
entireArkansasRiver watershed (Federal Register, 1998). Currently, thisspeciesisconfined primarilyto
the Canadian River sygemin New Mexico, Texas, and Oklahoma. Preferred habitat for thisspecies
consistsof open broad sandy channel swith stablesand ridgesand steady, shallow flow for adults, whereas
juvenilesareassociated morewith backwater areaswith limited flow (Federal Register, 1998). Dietis
dominated by small aquaticinvertebrates, a gae, detritus, and sand (Federal Register, 1998). Theestimated
lifespanfor thisspeciesisthreeyearswith spawning usually occurringin July; however, thisshiner does
not appear to spawn unless conditions are favorable for survival of thelarvae (Federal Register,
1998).



Figure 2. The Arkansas River Shiner (Notropis girardi).

MATERIALS & METHODS

Toeva uatethevariability of thetrangport of contaminants(primarily nutrients) associated with different
surfacewater flow regimes, sampleswerecollected on the main-stem South Fork of the Canadian River
during high flow andlow flow conditionsin 2001. Thetargeted highflow conditionswerewithin 24 hours
of theinitia surgeof sormwater runoff associated withasignificant rainevent, whereaslow flow conditions
focused on zeroto negligibleflow rates. Six sampling Sitesweresd ected on the South Canadian River and
arepresentedin Tablel and Figurel. Threeof thesesites| CR4 (Figures6A-6C), CR5 (Figures7A-7B),

Table 1. Sampling Sites on the South Fork of the Canadian River in Texas and New Mexico.

Sitel CR1 Upstream of U.S.83 in Hemphill County, Texas.
Site 2 CR2 Upstream of SH 70 in Roberts County, Texas.

Site 3 CR3 Upstream of SH 152 in Hutchinson County, Texas.
Site 4 CR4 Upstream of U.S.287 in Potter County, Texas.
Site5 CR5 Upstream of U.S.385 in Oldham County, Texas.
Site 6 CR6 Upstream of SH 54 in Quay County, New Mexico.

and CR6 (Figures8A-8B)] were upstream of M eredith Reservoir whiletheremaining threesiteswere
below Meredith Reservair [CR1 (Figures3A-3B), CR2 (Figures4A-4B), and CR3 (Figures5A-5B))].
Thesesampling siteswere sel ected becausethey contained appropriateand comparabl ehabitat aswell as
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Figure 3A. CR1 (upstream of U.S.83 in Hemphill County, Texas).

Figure 3B. Facing downstream of CR1.



Figure 4A. CR2 (upstream of SH 70 in Roberts County, Texas).

Figure 4B. Facing downstream of CR2 towards SH 70.
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Figure SA. CR3 (upstream of SH 152 in Hutchinson County, Texas).

Figure 5B. Facing downstream from CR3 towards SH 152.
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Figure 6A. CR 4 (upstream of U.S.287 in Potter County, Texas).

Figure 6B. Facing downstream from CR4 towards U.S. 287.

Figure 6C. Stream channel at CR4.
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Figure 7A. CRS (upstream of U.S.385 in Oldham County, Texas).

Figure 7B. U.S. 385 downstream of CRS.
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Figure 8A. CR6 (upstream of SH 54 in Quay County, New Mexico).

Figure 8B. SH 54 downstream of CR6.
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providing easeof accessthrough publicright-of-ways. Thesoilswithinthedirect drainagesof Sites1, 2,
and 5 arecharacterizedasLincolnloamy finesands(Williams ez al., 1974; Pringle, 1977; Wyrick, 1981).
At Site 3, the soil typeis predominantly characterized as Lincoln loamy fine sands with calcareous
inclusons(Stringer, 1976), whileat Site4, the soil typeisdominated by Likesloamy finesands(Pringle,
1974).

Surfacewater temperaturein degrees°C, conductivity inmicromhos per centimeter (umhos/cm), dissolved
oxygen (DO) inmilligramg/liter (mg/L ), and pH (standard units) weremeasured at a| Six Steswherewater
waspresent during each sampling period using aHydrol ab Scout 2, submersible, multi-parameter water
quality instrument. Surfacewater grab samplesand compositesurficia sediment sampleswerecollected
from each of thesix sitesduring high flow and low flow conditions. The surfacewater sampleswere
collected mid-channel using 1.0 L, polypropylene containersand preserved with sulfuricacid. After
collection, thesesampleswereplaced oniceinacooler, transported to Talem, Inc. (306 West Broadway
Avenue, Fort Worth, Texas), and anal yzed for nutrient content (ammonia-nitrogen, nitrate-nitrite, total
organicnitrogen, total kjeldahl nitrogen, and total phosphorus). Ammonia-nitrogen concentrationswere
determined pursuant to USEPA Method 350.1 (1979); nitrate-nitriteconcentrationsweredetermined as
per USEPA Method 353.2 (1979); total kjeldahl nitrogen concentrationswere determined following
USEPA Method 350.3 (1979); total phosphorus concentrationsweredetermined using USEPA Method
365.2 (1979); andtota organicnitrogen valueswerecal culaed for each siteby subtractingtheammonia
nitrogen concentrationsfromthetotal kjeldahl nitrogen values. Additional surfacewater sampleswere
collected at each siteduring each sampling phaseusing 100.0 milliliter (mL), plasticwhirl bags. These
sampleswereplaced oniceinacooler andimmediately transported to Ana-L ab Corporation (4515 South
Georgia, Suite129, Amarillo, Texas) and analyzedfor total fecal coliformsper 100 mL using American
Public Health Association Method 9222D (1995).

Surficial composite sediment sampleswerecollected at adepth of 0.0to 6.0inches(0.0to 15.0 cm) from
depositional areaswithinthechannel at each site during each sampling phaseusing disposableplastic
scoops. Oncecollected, each samplewasplaced in a950 mL, pre-cleaned glass container and placed
oniceinacooler. Thesesampleswere then transported to the USFWS Arlington, Texas ESFO and
remained refrigerated at 4°C until submitted through the Patuxent Analytical Control Facility (PACF) to
be analyzed for moisture content (as a percentage), sand, silt, and clay content (as percentages), total
aluminum, arsenic, barium, beryllium, boron, cadmium, chromium, copper, iron, lead, magnesium,
manganese, mercury, molybdenum, nickel, selenium, strontium, vanadium, and zinc content in
milligramg/kilogram (mg/kg) dry weight, and tota petroleum hydrocarbon (TPH) contentinmg/kg dry
weight (for analytical methodssee Appendix A). Additiona sediment sampleswerecollected at thesame
six sitesinthe samemanner during thelow flow sampling period and submitted through the PACFto be
anayzedfor organochlorinecontent [ 1,2,3,4-terachlorobenzene, 1,2,4,5-tetrachl orobenzene, aldrin,
hexachl orobenzene(HCB), heptachl or, total polychlorobiphenyls(PCB), alphahexachlorocyclohexane
(«BHC), apha («) chlordane, beta hexachlorocyclohexane (BBHC), cis-nonachlor, delta
hexachlorocyclohexane(8BHC), dieldrin, endosulfan 11, endrin, gammahexachl orocyclohexane(yBHC),
gamma(y) chlordane, heptachlor epoxide, mirex, o,p’ -dichloro-diphenyl-dichloroethane(o,p’-DDD),
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o,p’ -dichloro-diphenyl-trichloroethane(o,p’-DDT), oxychlordane, p,p’ -dichloro-diphenyl-dichloroethane
(p,p’-DDD), p,p’ -dichloro-diphenyl-dichloroethylene(p,p’ -DDE), p,p’ -dichloro-diphenyl-trichl oroethane
(p,p’-DDT), pentachl oro-ani sol e, toxgphene, and trans-nonachl or] inmg/kg dry weight (for analytical
methods see Appendix A).

In addition to the sediment and surfacewater sampl es, fish and macroinvertebrateswerecollected at all

six sitesduring both sampling periodsto cal culatean Index of Bioticlntegrity (I1BI) for eachsite. Thefish
werecollected using two straight seines[one 50 feet by 6 feet seinewith %inch mesh (15 metersby 2
metersseinewith 6.35 millimetersmesh) and one 20 feet by 4 feet seinewith /& inch mesh (6 metersby
1.2 metersseinewith 3.18 millimetersmesh)], abag seine[50 feet by 6 feet with 3 inch mesh (15 meters
by 2 meters seinewith 9.53 millimeters mesh)], and fine mesh dip nets. Attemptsto useaback-pack
shocker (Smith-Root Type VI Electrofisher) proved ineffective due to the elevated surface water
conductivity. Eight successful seinehaulswereconducted at each sitewith theexception of site CR3
(upstream of SH 152 inHutchinson County, Texas). Each seinehaul covered adistance of approximately
50.0 feet (17.0 meters) and was considered successful when minimal physical restrictions were
encountered and very few fish escaped. At CR3, thenarrownessof thechannel [averagewidthlessthan
5.0feet (lessthanl.7 meters)] combined withthethick aquati c vegetati on (predominantly sedges) during
the high flow period, prevented the effective use of seines. Consequently, dip nets were used as a
supplement tothe seinesat thissite. Furthermore, CR3wascompletely dry at thetimeof thelow flow
sampling period so no fishwerecollected during that phase. Oncecollected, al fishwereidentifiedinthe
fiddtothelowesttaxanomicleve practical, enumerated, and rel eased downstream fromthesampling site.

If theidentification of aparticul ar fish specieswasundeterminedinthefield, arepresentativeof thisspecies
wasplaced inaglasscontainer, preservedin 10% formalin, and transported to the USFWS Arlington,

TexasESFOfor further identification. All fishspecieswereidentified using Leeet al. (1980), Robison and
Buchanan (1988), Hubbset al. (1991), Pflieger (1991), Robinsand ez al. (1991), and Etnier and Starnes
(1993). Theresulting datawerecomparedto statewide(Table2) andregional 1Bl scoring criteria(Table
3andFigure9). Asproposed by Karr (1981), an Bl isdesigned to eval uatethequality or condition of

an aguati c system based on theattributes of thefish assemblagewithinthat system using representative
samples. The Texas statewide IBI wasinitially developed by Texas Parksand Wildlife Department
(TPWD). ThisIBI consistsof 12 attributesincluded in threecategories. speciescomposition, trophic
composition, and health and abundance of fish (Table2). Speciescomposition attributesfocusonthe
overall speciesrichnessand richnesswithin major taxonomicgroupsaswell asthe occurrencesof notably
tolerant and intolerant species. Feeding strategies of a fish assemblage, as caegorized by trophic
composition, areproductsof thediversity and productivity of thelower trophiclevel swithintheaquatic
system. Linam and Kleinsasser (1991) havedesignated fishesinto trophi cand tol eranceclassifications
withinthe Stateof Texas. Fishabundanceand fish healthreflect system productivity and habitat stability.

UsingthestatewidelBl, arepresentative sampleisassigned aval ue of one, threeor fivepointsfor each
attributebased on the compari son to expectationsassoci ated with apristine stream of ssimilar sizewithin
thesameregion. Total scoresfromthisIBI characterize stream health into four classesranging from
exceptional (pristine) tolimited (degraded). By comparison, aregional | Bl accountsfor aspectsof local

stream fish communitiesand speciestol eranceswhich arenot considered by thestatewideIBI. InTexas,
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Table 2. Texas statewide index of biotic integrity scoring criteria for stream fish assemblages
(Note - Total Score for Aquatic Life Use Subcategories: 58-60 = Exceptional; 48-52 = High;
40-44 = Intermediate; and <34 = Limited) (TPWD).

Category Metric Scoring
5 3 1
Species 1. Total number of species * * *
Richnessand | 2. Total number of darter species >3 1-2 0
Composition | 3. Total number of sunfish species (excluding bass) >2 1 0
4. Total number of sucker species >2 1 0
5. Total number of intolerant species >3 1-2 0
6. Percentage of individuals as tol erants <5 5-20 >20
Trophic 7. Percentage of individuals as omnivores <20 20-45 >45
Composition | 8. Percentage of individuals as insectivores >80 >40-80 | <40
9. Percentage of individuals as piscivores >5 1-5 <1
Fish 10. Number of individualsin sample >200 | >50-200 | <50
Abundanceand | 11. Percentage of individuals as hybrids 0 >0-1 >1
Condition 12. Percentage of individuals with disease or <2 >2-5 >5
other anomaly

% First-second order streams = >7(5), 4-6(3), <3(1)
Third-fourth order streams = >10(5), 5-9(3), <4(1)
Fifth-sixth order streams = >16(5), 8-15(3), <7(1)
Seventh-eighth order streams = >22(5), 11-21(3), <10(1)

Table 3. Regional index of biotic integrity scoring criteria for stream fish assemblages in the
Western High Plains and Southwestern Tablelands, Texas (Note - a score >36 = Exceptional;
ascore 34-35 =High; a score 24-33 = Intermediate; and a score <24 = Limited ) (Linam et al.,

2002).
Metric Scoring Criteria

5 3 1
1. Total number of fish species * * *
2. Number of native cyprinid species >2 2 <2
3. Number of sunfish species >1 1 0
4. % of individuals as omnivores <9% 9-16% >16%
5. % of individuals as insectivores >65% 33-65% <33%
6. Number of individual s/seine haul >41.7 20.9-41.7 <20.9
7. % of individuals as non-native species <1.4% 1.4-2.7% >2.7%
8. % of individuals with disease or othe anomaly <0.6% 0.6-1% >1%

% Refer to Figure 9 to obtain scoring criteriafor Metic No.1.
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Figure 9. Fish species richness verses drainage basin area for Western High Plains and
Southwestern Tablelands streams used to determine scoring criteria for Metric No. 1 in
the Regional Index of Biotic Integrity (from Linam et al., 2002).

Linam et al. (2002) havedevel oped aproposed | Bl for thegeographicregion (WesternHigh Plainsand
Southwestern Tablelands) that i sinclusive of the South Fork Canadian River. AswiththestatewidelBl,
the total scoring of stream habitat quality ranges from exceptional to limited.

Themacroinvertebrate sampleswerecollected at each siteusing finemesh dip netsfollowing therapid
bi oassessment protocol sfor multi habitat sampling recommended by the USEPA (1999). Oncecollected
thesesampl eswere placedin polypropylenecontainers, preservedin 95% ethanol , and transported to the
USFWSArlington, TexasESFOfor identificationtothel owest taxonomicleve practical utilizing Usinger
(1968), Brown (1976), McCafferty (1983), Pescador et al. (1995), Epler et al. (1996) and Merrit and
Cummins(1996). Theresulting datawerecompared withthestatewidel Bl scoring criteriafor benthic
macroinvertebrates in Texas streams (Table 4).

Theuseof macroinvertebrates, especially insects, intheeva uation of water quality hasbeenwidely used
dueinpart totheir abundancein avariety of aquatichabitats, easeof collection, sedentary nature, and an
extensiverangein responseto environmental perturbations(M erritand Cummins, 1996; Rosenberg and
Resh, 1993). The IBI which was developed using fish (Karr, 1991), has since been expanded to
macroinvertebratestudies (Table4) that requirerapi d assessment and comparison to referenceconditions
(Merrittand Cummins, 1996). Aswithfish, thedevd opment of an 1Bl toeval uate macroinvertebrate
communitiesismost of ten accomplished on astatewideor regional level and formul atesmetricsdeemed
effectivein eva uating community structure, trophicrel ations, tolerancelevels, diversity, and other stream
attributes. In Texas, an | Bl has been devel oped by the TNRCC using rgpid bioassessment protocols
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Table 4. Statewide index of biotic integrity scoring criteria for benthic macroinvertebrates in
Texas streams (Note - a score >36 = Exceptional; a score 29-36 = High; a score 22-28 =
Intermediate; and a score <22 = Limited) (Harrison, 1996).

Scoring Criteria

Metric 4 3 3 1
1. Taxarichness >21 15-21 8-14 <8
2. Ephemeroptera, Plecoptera, and
Trichoptera (EPT) richness >9 7-9 4-6 <4
3. Hilsenhoff Biotic Index >3.77 3.77-4.52 4.53-5.27 >5.27
4. % Chironomidae <0.79-4.10% 4.11-9.48% 9.49-16.9% <0.79 or >16.19%
5. % Dominant taxon <22.15% 22.15-31.01% 31.02-39.88% >39.88%
6. % Dominant functional group <36.5 36.5-45.3% 45.31-54.12% >54.12
7. % Predators 4.73-15.2% 15.21-25.67% 25.68-36.14% <4.73 or >36.14%
8. Ratio intolerant to tolerant taxa >4.79 3.21-4.79 1.63-3.2 <1.63
9. % Trichopteraas Hydropsychids <25.5% 25.51-50.5% 50.51-75.5% >75.5% or no

trichoptera

10. Number of non-insect taxa >5 4-5 2-3 <2
11. % Collector - gatherers 8-19.23% 19.24-30.46% 30.47-41.68% <8 or >41.68%
12. % EImidae 0.88-10.04% | 10.05-20.08% 20.09-30.12% <0.88 or >30.12%

(Plafkinet al., 1989) for wadeabl estreams(Harrison, 1996). ThislBI uses12 metricsderivedusing data
extracted from 54 kick net samplesfrom 33 referencestreamsand wascalibrated from an additional 60
samplesfrom non-referencestreams(Harrison, 1996). Each metricisassigned ascore (1-4) based on
criteriafromreference stream dataand thesum of all scoresfor asampleiscompared withtherangesfor
Exceptional, High, Intermediate, and Limited Aquatic Life Use Designations.

Inadditiontousing thel BI to characterizethe macroinvertebrate communitiesat the six sitesduring both
sampling phases, the Shannon Diversity I ndex was used to desaribethe macroi nvertebrate community
structures within the stream. Thisindex (D) was calculated by using the following equation:

S
D=-Y PlnP,
i=1

where Sisthetotal number of taxain the sample and P; isthe proportion of theith taxatothe sample
(Begonet. d., 1990). Evennessor equitability, describesthedistribution of individual samong the species
and canbequantified by the expression of diversity asaproportion of maximumdiversity, whichisthe
valueobtainedwhendl individual sinasamplearedistributed evenly among species(Begon et al., 1990).
Maximum diversity (D) and evenness (E) are described as follows:

D, =InS

E=DID,,
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Inconjunctionwiththesurfacewater, sediment, and biologica sampling, in-stream habitat eva uationswere
performed at each site during each sampling phase (Appendix D). The paameters used inthese
eval uationswere modified from the parameters recommended by the USEPA (1999) for low gradient
streams. According tothe USEPA (1999), low gradient streamsor glide/pool prevaent streamsarethose
inlow to moderategradient landscapes. Natural low-gradient streamshave substratesof finesediment or
infrequent aggregationsof morecourse(gravel or larger) sediment particles(USEPA, 1999). All of the
parametersmeasured wereeva uated and rated on anumerical scaleof 0to 20, with zero being thelowest
score and 20 the highest.

RESULTS & DISCUSSION

Surface Water

Surfacewater flow rates, temperature, conductivity, DO, pH, andfecal coliformsmeasured at thesix Sites
on the South Canadian River during thetwo sampling periodsin 2001 are presentedin Table5. Highflow
conditionswerecons dered during themonth of April, 2001, whilelow flow conditionswereconsidered
during August, 2001. Peak flow ratesfor the month of April occurred from April 1 - April 7 (62.57
feet’/second (1.77 meters’/second)) with an additional surgeoccurringon April 12 (30.00feet*/second
(0.85 meters’/second)) (USGS, 2002). Inthemonth of August, 2001, zeroflow rateswererecordedfor
the South Canadian River from August 1 - August 10 (USGS, 2002). Actual peak flow and zero flow
conditionsfor thesemonthswerenot sampled dueto safety issuesaswell aslogistica problemsassociated
with mobilizing the sampling team.

Themeasured parameterswere compared with surfacewater quality standardsand/or criteriaprotective
of aguaticliferecommended by the State of Texasfor Canadian River Segment 0101 (below Meredith
Reservoir) and Canadian River Segment 0103 (aboveMeredithReservoir) (TNRCC, 1996). All of the
measured parameters from both sampling periodsfor all six sites were within surface water quality
standardsand/or comparative criteriawiththe exception of thefecal coliform count measured at CR2
(upstream of SH 70 in Roberts County, Texas) during high flow conditions. Though elevated, this
measurement waswel | bel ow thetotal fecal coliform count (greater than 1,016/100 mL ) recordedin 1999
by USFWS personnel for TierraBlancaCreek asit flowsinto Buffalo LakeNational WildlifeRefugein
Randall County, Texas(Giggleman, 1999). Although not acontributor to the Canadian River watershed,
TierraBlancaCreek (Figurel) isacomponent of the Red River watershedthat islocated withinthe Texas
Panhandleand has documented nutrient contamination attributed to dischargesand run-off from CAFOs
(Irwin and Dodson, 1991; Baker et al., 1998).

Ammonia-nitrogen, nitrate-nitrite, total organicnitrogen, total kjeldahl nitrogen, and total phosphorus
concentrationsmeasured at the six sitesduring thetwo sampling periodsarepresentedin Table6. These
valueswerecompared to screening va uesand criteriarecommended by the State of Texasto beprotective
of aguaticlifefor Canadian River Segments0101 and 0103 aswell aswith other criteriaand resultsfrom
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Table 5. Surface water temperature, conductivity, dissolved oxygen, pH, and total fecal
coliforms measured at six sites on the South Canadian River (CR1-CR6) during high flow and
low flow conditions compared to water quality standards and/or criteriaprotective of aquatic
life for Segments 0101 and 0103 (Note - DO is dissolved oxygen; HF is high flow conditions;
LF is low flow conditions; nd is none detected; and na is not applicable due to lack of water at

the site).
April, 2001 - HF = 21.00 feet'/second (0.59 meters®/second) (USGS, 2002)

Site Temperature Conductivity DO pH Fecal Coliform
O (umhos/cm) (mg/L) (#/100 mL)

CR1 10.5 2160.0 9.2 8.7 nd
CR2 12.8 2570.0 84 8.8 430
CR3 19.9 2820.0 7.6 8.2 60
CR4 21.0 3000.0 14 8.8 nd
CR5 12.8 3130.0 8.2 8.8 nd
CR6 17.5 2920.0 1.7 8.5 nd
August, 2001 - LF = 1.60 feet’/second (0.04 meters*/second) (USGS, 2002

CR1 215 1120.0 7.9 8.8 290
CR2 29.9 1301.0 8.3 9.0 10
CRS3 na na na na na
CR4 20.5 1430.0 7.9 8.9 25
CR5 27.5 1830.0 8.1 9.0 80
CR6 28.1 4580.0 9.0 9.0 25
0101' 35.0 5294.37 5.0 6.5 400
0103? 35.0 2655.00 5.0 6.5 400

Values from State of Texas Canadian River Segment 0101, below Meredith Reservoir (TNRCC, 1996).
2Vaues from State of Texas Canadian River Segment 0103, above Meredith Reservoir (TNRCC, 1996).

(Note - conductivity values presented for Segments 0101/0103 represent reported X values, not actual water quality standards,
while actual wate quality standard for pH for both segments rangesfrom 6.5-9.0).

comparative studies (TNRCC, 1996).

[Ammonia (NH,-N)] Ammonia-nitrogen concentrationswerenot detected abovetheanalytica detection
[imit at any of thesix sampling siteson the South Canadian River during the high flow sampling phasein
2001. Detected ammoniaconcentrationsfromthelow flow sampling period in 2001 were below the
screening value (1.0 mg/L) recommended by the State of Texas for Segments 0101 and 0103 to be
protectiveof aquaticlife(TNRCC, 1996). Freeammoniapresent insurfacewatersat levelsabove2.5
mg/L istoxictomost freshwater organisms(TEEX, 1989). Ammoniacompoundsgenerally occurat 1.0
mg/L or lessinunpolluted waters(TNRCC, 1996), whereasraw, untreated wastewater typically contains
between 12.0-50.0 mg/L ammonia-nitrogen (Qasim and Udomsinrot). The detected ammonia
concentrations from the low flow sampling phase appear to be below levels of concern.
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Table 6. Ammonia, nitrate-nitrite, total organic nitrogen, total kjeldahl nitrogen, and total
phosphorus concentrations measured in mg/L from six sites on the South Canadian River (CR1-
CR6) during high flow and low flow conditions (Note - TON is total organic nitrogen; TKN is
total kjeldahl nitrogen; TP is total phosphorus; HF is high flow conditions; LF is low flow
conditions; bdl is below the analytical detection limit; and na is not applicable because no
samples were collected due to lack of water at the site).

April 2001 (HF)

Site Ammonia' Nitrate + Nitrite? TON? TKN* TP

CR1 bdl 0.23 0.61 bdl 0.12
CR2 bdl 0.53 0.72 bdl 0.12
CR3 bdl bdl 0.75 bdl bdl

CR4 bdl 0.27 0.60 bdl bdl

CR5 bdl bdl 0.36 bdl bdl

CR6 bdl bdl 0.43 bdl bdl

August 2001 (LF)

CR1 0.34 bdl 1.6 bdl bdl

CR2 0.20 bdl 2.2 2.4 bdl

CR3 na na na na na

CR4 bdl 0.62 1.3 bdl bdl

CR5 bdl bdl 2.2 2.2 0.57
CR6 bdl bdl 0.91 bdl bdl

0101°¢ 1.00 1.00 no criterion no criterion* 0.20
01037 1.00 1.00 no criterion no criterion* 0.20

*detection limit = 0.20 mg/L.

?detection limit = 0.10 mg/L.

Sdetection limit = 0.20 ng/L.

“detection limit = 2.00 mg/L.

*detection limit = 0.10 ng/L during HF and 0.25 mg/L during LF

Screening values from State of Texas Canadian River Segment 0101, bd ow Meredith Reservoir (TNRCC, 1996).
"Screening values from State of Texas Canadian River Segment 0103, above Meredith Reservoir (TNRCC, 1996).
*Criterion for TKN in freshwater systems recommended by U.S. Army Corps of Engineers (1994) is1.00 mg/L.

[Nitrate-Nitrite (NO;-NO,)] Nitrateisthemost highly oxidizedform of nitrogenandtypically themost
abundant form of inorganicnitrogen present in freshwater sysiems, whereasnitriteisgenerally only present
intraceamountsin freshwater (Horneand Goldman, 1994). Raw wastewater usually containsvery little
measurablenitrates (TEEX, 1989). Incontrast, polluted streamscan contain up to 10.0 mg/L nitrite-
nitrogen (Horneand Goldman, 1994). Detected nitrate-nitriteconcentrationsfrom both sampling periods
during 2001 werebel ow the screening value (1.0 mg/L ) recommended by the State of Texasfor Segments
0101 and 0103 to be protective of aquatic life (TNRCC, 1996).

[Total Organic Nitrogen (TON)] Infreshwater,total organic nitrogen representsnitrogenwhichis
bound to proteins, amino acids, and urea(Qasim and Udomsinrot). Inuntreated wastewater, 35.0 mg/L
would be considered high, while 8.0 mg/L would be considered low (Qasimand Udomsinrot). Total
organicnitrogen wasdetected in surfacewater samplesfromall six siteson the South Canadian River
during both sampling phasesin 2001. Thesevaluesincreasedinconcentrationamost three-foldfromthe
highflow sampling period (X =0.58 mg/L ) tothelow flow sampling period (X = 1.64 mg/L) withthe
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highest concentrationsbeing recorded at sites CR2 (upstream of SH 70in Roberts County, Texas) and
CRS5 (upstream of U.S.385in Oldham County, Texas). Aquaticlifecriteriaand/or screening valueshave
not been established by the State of Texasfor organic nitrogen level swithinthe South Canadian River
watershed, however organic nitrogen has been designated by the Red River Authority of Texasasa
contaminant of possibleconcernfor the South Canadian River aboveMeredithReservoir (RRA, 1996).
Thedetectedtotal organicnitrogen concentrations measured inthe South Canadian River in 2001 were
considerably less than 8.0 mg/L, as well as being less than the detected total organic nitrogen
concentrations (X = 3.97 mg/L) measured by USFWS personnel in 1993 in Tierra Blanca Creek,
upstream of Buffalo Lake National Wildlife Refuge (Baker et al., 1998).

[Total Kjeldahl Nitrogen (TKN)] Total kjeldahl nitrogenisconsidered by the Red River Authority of
Texasasacontaminant of concern for the South Canadian River below MeredithReservoir (RRA, 1996).
In 2001, total kjeldahl nitrogen wasnot detected at any of the six sampling siteson the South Canadian
River during thehigh flow sampling phaseand only detected at two sites, CR2 (upstream of SH 70in
RobertsCounty, Texas) and CR5 (upstream of U.S.385in Oldham County, Texas), during thelow flow
sampling phase. Themeasured total kjeldahl nitrogenlevel at thesetwo sitesexceeded thefreshwater
criterion (1.0 mg/L) recommended by the U.S. Army Corps of Engineers (1994) to be protective of
aguatic life. In addition, the detected total kjeldahl nitrogen concentrations at both of these sites
corresponded to the highest concentrationsof total organi cnitrogen detected during the courseof thestudy.
Thispoint, combined withthelow nitrate-nitritel evel's, indicatesthat concentrationsof nitrogen detected
in the South Canadian River during the 2001 study can be attributed more to nitrogenous cellular
constituentsof living organismsrather thantoinorganicformsof nitrogen presentinthewater column.

[Total Phosphorus (TP)] Considered by theRed River Authority of Texasasacontaminant of concern
for the South Canadian River upstream and downstream of Meredith Reservoir (RRA, 1996), total
phosphoruswasdetected abovetheanaytica detectionlimit at SitesCR1 (upstream of U.S.83inHemphill
County, Texas) and CR2 (upstream of SH 70in RobertsCounty, Texas) during the high flow stageand
at SteCR5 (upstream of U.S.385in Oldham County, Texas) during thelow flow phase. Of thesedetected
values, only thetotal phosphorusconcentration measured at CR5 (0.57 mg/L) exceededthecriterion (0.2
mg/L) recommend by the Stateof Texasto be protectiveof aguaticlifefor Canadian River Segment 0103
(TNRCC, 1996). Innaturd surfacewater, € evated phosphorus concentrationsareindicative of excessive
organicloading associated with sewageor run-off from agricultural industriessuchas CAFOs (USEPA,
1986). Inwastewater,atotal phosphoruslevel of 4.0 mg/L isconsidered aweak concentration (Qasim
and Udomsinrot). Though elevated, thetotal phosphorusconcentration detected at CR5waswell bel ow
thisvalue. Furthermore, the detected total phosphoruslevel at CR5waswell bel ow the concentration
(1.20 mg/L) measured by USFWS at Tierra Blanca Creek in 1999 (Giggleman, 1999).

Sediments

M easured moisture, sand, silt, and clay content (aspercentages) for the sediment samplescollected from
six siteson the South Canadian River during both sampling phasesin 2001 are presented in Table 7.
Results of the and TPH and metal s anal yses of the sediments collected at the six sites on the South
Canadian River during both sampling phasesare presentedin Tables8A and 8B, whiletheandyticd results
formtheorganochl orineandysesof sedimentscollected during thelow flow sampling phaseare presented
inTable9. Whereapplicable, theseanaytical resultswerecompared with sediment criteriaprotectiveof
aquaticwildliferecommended by the Ontario Ministry of the Environment, L ong and others, MacDonald
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Table 7. Moisture, sand, silt, and clay content as percentages measured in sediment samples
collected from six sites on the South Canadian River (CR1 - CR6) during high flow and low
flow conditions in 2001 (Note - HF is high flow conditions; and LF is low flow conditions).

April 2001 (HF)

Sample Site % Moisture % Sand % Silt % Clay
CR1 125 98.3 0.5 1.3
CR2 14.2 98.6 05 0.9
CRS3 44.6 9.5 59.3 312
CR4 14.6 98.1 19 0.0
CR5 13.6 95.5 4.3 0.3
CR6 17.3 96.0 4.0 0.0
August 2001 (LF)

CR1 16.8 99.0 0.7 0.2
CR2 25.6 99.3 0.7 0.0
CR3 27.9 55.7 30.0 14.3
CR4 16.4 97.6 11 1.3
CR5 155 98.9 11 0.0
CR6 19.9 87.5 11.0 15

and others, additional screening criteria, and datafrom comparative studiesto determinetheextent and
possi bl eeffectsof contamination detected within sediments coll ected from the South Canadian River.

Indefining criteria, theOntario Ministry of theEnvironment (OME) considersthelowest effectslevel (LEL)
toindicatealeve of sediment contamination that isnon-toxicto themg ority of benthicorganismswhereas
thesevereeffectleve (SEL) isindicative of contaminated sedimentsthat would be detrimenta toamagjority
of benthic organisms(Persaud ez al., 1993). Incomparison, accordingto Long ez al. (1995), theeffects
range-low (ER-L ) of adetected chemical representsthelower 10" percentileof toxicol ogical effectsdata
for that specificchemica,whereastheeffectsrange-median (ER-M) representsthetoxi col ogical effects
datafor thechemical at the 50" percentile. Concentrationsdetected below the ER-L represent avalue
whereminimal effectswould be expected, whereasconcentrations detected at or abovethe ER-L but
below the ER-M, represent apossibleeffectsrange(Long ez al., 1995). Concentrations detected at or
abovethe ER-M represent aprobabl eeffectsrangewhereadversetoxicol ogical effectswoul d frequently
occur (Long et al., 1995). In aconsensus based approach towards evaluating screening criteriain
sediments, Macdonaldet al. (2000) statethat thethreshol deffect concentration (TEC) for acontaminant
in sedimentsisthe concentration bel owwhich adverse effectsare not expected, whereasthe probable
effect concentration (PEC) isthelevel abovewnhich adverseeffectswouldlikely occur. AswiththeOME
LEL and SEL vaues,ER-L, ER-M, TEC, and PEC valuesarenon-regul atory sediment screening criteria
that can be used to assessthe degree of contaminationinagivenarea(Persaudet al., 1993; Longet al.,
1995; Macdonald et al., 2000).

Of the 19 metallic anal ytes, cadmium, mercury, molybdenum, and sel enium concentrationswere not
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Table 8A. Results of metals and TPH analyses in mg/kg dry weight for sediment samples
collected from six sites on the South Canadian River (CR1 - CR6) during high flow conditions
in April, 2001 (Note bdl is below the analytical detection limit).

Analyte Detection CR1 CR2 CR3 CR4 CRS CRe6
Limit

TPH * 3.37 2.52 63.80 1.85 bal 4.40
Aluminum 10.00 404.00 | 497.00 | 16,242.00 | 2,064.00 | 1,673.00 | 1,980.00
Arsenic 0.50 0.71 0.89 8.11 1.40 2.20 3.08
Barium 1.00 42.90 32.30 174.00 79.20 92.00 [ 123.00
Beryllium 0.20 bdl bdl 1.29 bdl bdl bdl
Boron 10.00 bdl bdl 21.10 bdl bdl bdl
Cadmium 0.20 bal bal bal bal bal bal
Chromium 1.00 2.82 4.17 35.20 6.92 7.23 7.30
Copper 1.00 bal bal 18.40 bal 1.70 2.57
Iron 10.00 | 1,143.00 | 1,554.00 | 18,899.00 | 2,878.00 | 2,835.00 | 4,569.00
Lead 5.00 bdl bdl 9.07 bdl bdl bdl
Magnesium 10.00 445.00 | 671.00 | 29,027.00 | 1,857.00 | 1,670.00 | 1,426.00
Manganese 5.00 55.30 [ 194.00 449.00 | 209.00 | 316.00 | 408.00
Mercury 0.20 bal bal bal bal bal bal
Molybdenum 5.00 bal bdl bal bdl bdl bal
Nickel 5.00 bal bal 21.50 bal bal bal
Selenium 1.00 bal bal bal bal bal bal
Strontium 5.00 16.00 23.40 129.00 48.30 84.30 82.10
Vanadium 1.00 2.31 2.53 32.70 5.60 7.41 8.08
Zinc 5.00 9.33 11.10 60.30 15.10 16.30 14.00

% Detection limits for TPH:

CR1=1.14 mg/kg
CR2=1.17 mg/kg

CR3 =1.81 mg/kg
CR4 =1.17 mg/kg

CR5 =1.16 mg/kg
CR6 = 1.21 mg/kg
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Table 8B. Results of TPH and metals analyses in mg/kg dry weight for sediment samples
collected from six sites on the South Canadian River (CR1 - CR6) during low flow conditions in
August, 2001 (Note - bdl is below the analytical detection limit).

Analyte Detection CR1 CR2 CR3 CR4 CRS CR6
Limit

TPH * 6.35 4.17 45.40 2.18 2.34 4.19
Aluminum 10.00 577.00 | 912.00 | 17,921.00 | 1,140.00 | 2,117.00 | 2,333.00
Arsenic 0.50 0.68 0.96 7.50 1.01 1.66 3.69
Barium 1.00 27.10 35.10 147.00 70.50 67.40 | 170.00
Beryllium 0.20 bal bal 1.38 bal bal 0.22
Boron 10.00 bal bal 28.50 bal bal bal
Cadmium 0.20 bdl bdl bdl bdl bdl bdl
Chromium 1.00 2.75 28.20 32.30 5.14 6.60 9.52
Copper 1.00 bdl 13.50 18.10 bdl 1.24 2.98
[ron 10.00 | 1,269.00 | 1,670.00 | 20,556.00 | 1,535.00 | 2,521.00 | 4,678.00
Lead 5.00 bal bal 8.61 bal bal bal
Magnesium 10.00 524.00 [ 986.00 | 29,716.00 | 1,326.00 | 1,619.00 | 1,659.00
Manganese 5.00 53.00 | 248.00 398.00 | 161.00 | 232.00 | 437.00
Mercury 0.20 bdl bdl bdl bdl bdl bdl
Molybdenum 5.00 bdl bdl bdl bdl bdl bdl
Nickel 5.00 bdl 54.60 18.70 bdl bdl bdl
Selenium 1.00 bal bal bal bal bal bal
Strontium 5.00 19.40 24.60 102.00 35.30 50.40 | 102.00
Vanadium 1.00 2.62 3.18 34.30 3.50 5.59 8.62
Zinc 5.00 12.00 9.59 45.80 7.98 8.32 14.40

% Detection limits for TPH:

CR1 = 0.0006 mg/kg
CR2 = 0.0007 mg/kg

CR3 = 0.0007 mg/kg
CR4 = 0.0006 mg/kg

CR5 = 0.0006 mg/kg
CR6 = 0.0006 mg/kg
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Table 9. Results of organoch lorine analyses in m g/kg dry weight for sediment samples collected from six sites on
the South Canadian River (CR1 - CR6) during low flow conditions in August, 2001 (Note - dl is the analytical
detection limit; and bdl is below the analytical detection limit).

Analyte CR1 CR2 CR3 CR4 CR5 CR6

1,2,3,4-tetrachlorobenzene bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
1,2,4,5-tetrachlorobenzene 0.00038 0.00026 0.00052 0.00038 0.00042 0.00015
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
aldrin bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
HCB bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
heptachl or bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
total PCB bdl bdl 0.02220 bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
aBHC bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
achlordane bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
pBHC bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
cis-nonachlor bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
0BHC bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
dieldrin bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
endosulfan |1 bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
endrin bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
yBHC bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
ychlordane bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
heptachlor epoxide bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
mirex bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
o,p’-DDD bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
o,p’-DDE bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
0,p’-DDT bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
oxychlordane bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
p.p’-DDD bdl bdl bdl bdl bdl bdl
di 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
p,p’-DDE bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
p'p’-DDT bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
pentachloro-anisole bdl bdl bdl bdl bdl bdl
di 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
toxaphene bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
trans-nonachlor bdl bdl bdl bdl bdl bdl
dl 0.00015 0.00017 0.00017 0.00015 0.00015 0.00015
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detected abovetheanal ytical detectionlimitsinany of the sediment samplescollected fromthesix sites
during either sampling period. Of thesix sitessampled, CR3 (upstream of SH 152 in Hutchinson County,
Texas) cond stently contai ned the highest metal sconcentrations. Thisisprobably attributed to the sediment
composition at thissite. Sediment samplescollectedfrom CR3weretheonly sedimentsthat contained
gppreciableamountsof claysand siltswhichtypically bind metalsmorereadily than sedimentsdominated
(greater than 90%) by sands Of the 28 organochl orine compounds analyzed for during thelow flow
sampling phase, only two, 1,2,4,5-tetrachl orobenzeneand total PCBs, weredetected abovetheanalytica

detectionlimits. Detectabl econcentrationsof 1,2,4,5-tetrachl orobenzenewere measured in sediments
collected from al six sites, whileatotal PCB concentration above the analytical detection limit was
measured only at onesite, CR3. Following aretheindividual constituentswhichweredetectedinoneor
more of the sediment samples collected during the sampling periods.

[Total Petroleum Hydrocarbons (TPH)| Total petroleum hydrocarbonsrefersto the sum of total
purgeabl eand extractabl epetrol eum hydrocarbonspresent in agiven samplemedium (CCME, 1997).
The TPH analysis includes severa hundred hydrocarbons of petroleum origin that can be broadly
categorized as aliphatic and aomatic hydrocarbons (TNRCC, 2001). Thisanalysisisarelatively
inexpensive screening mechanism that is useful indetermining the possible presence of petroleum
contamination (TNRCC, 1995). With the exception of site CR3(upstream of SH 152 in Hutchinson
County, Texas), all detected TPH concentrationswerelessthan 10.0 mg/kg dry weight. Thedetected
concentrationsat CR3(63.80 mg/kg dry weight during the high flow phaseand 45.40 mg/kg dry weight
inthelow flow phase) werelessthan 100.0 mg/kg, an acoeptable TPH level in soilsat asensitive site
[Canadian Council of Ministersof the Environment (CCME), 1997]. The CCME definesasenditivesite
asanareawherethereexistsanimminent threat to public heathor safety; al residential and agricultural
areas, areaswhich havethepotentid of contaminating private, municipal, or industria water supply sources,
and areas within the boundaries of a protected water supply or ecological reserve (1997). Though
indicativeof petroleum contamination, possibly even associated with past oil spillsthat occurredinthearea
(Glass, personal communication, 2002), the detected TPH concentrationswerebelow level swhereany
adverse effect to wildlife would likely occur.

[Aluminum (Al)] Approximately 8.1% of the Earth’ scrustiscomposed of duminum (Miller and Gardiner,
1998). Background surface soil concentrationsinthewestern U.S. can range up to 74,000 mg Al/kg
(Shackletteand Boerngen, 1984) whileasoilsconcentration of 30,000 mg Al/kgiscons dered background
in the State of Texas (TNRCC, 2001). According to the National Oceanic and Atmospheric
Adminigration (NOAA) the ThresholdEffectsLevel (TEL) for duminuminfreshwater sedimentsis25,500
mg Al/kg dry weight (Buchman, 1999). Detected sediment-al uminum concentrationsduring high flow
conditionsmeasured on the South Canadian River in 2001 ranged from 404 mg Al/kgto 16,242 mg Al/kg
dry weight, whiledetected aluminum concentrationsduring thelow flow phaseranged from 577 mg Al/kg
t017,921 mg Al/kgdry weight. Site CR3 (upstream of SH 152 in Hutchinson County, Texas) contained
the highest aluminum concentrati onsduring both sampling phases. Thesediment-a uminum concentrations
at CR3 exceeded the highest sediment-al uminum concentration (14,900 mg Al/kg dry weight) detected
by USFWS personnel at TierraBlanca Creek in 1987 (Irwin and Dodson, 1991), but were bel ow the
lowest concentration (17,939 mg Al/kg dry weight) measured by USFWS personnel inbed sedimentsat
Buffalo Lake National Wildlife Refugein 1993 (Baker et al., 1998) and the TEL recommended by
NOAA. Based on these comparisons, the detected aluminum concentrations appear to be more
attributabl eto thea uminum content in the surrounding soil srather thanto residua contamination associated
with discharges from anthropogenic sources.
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[Arsenic (As)] Arseniccompoundshavebeenwidely usedinagricultureasinsecticidesand herbicides
(Richardsonet al., 1978). Incotton production, arsenic compounds have been used asdefoliants, post-
emergenceherbicides, boll weevil insecticides, and asdesi ccantstofacilitateharvesting (Richardsonez al.,
1978; Pennington, 1991). According to Shackletteand Boerngen (1984), theestimated arithmeticmean
for background elemental arsenic concentrationsin surfacesoilsinthewesternUU.S.is7.0mg As/kg.
Pennington (1991) reported soil -arsenicconcentrationsranging up to 13.36 mg As/kg in Potter County,
Texasand amaximum soil concentration of 6.83 mg As’/kginMooreCounty, Texas. Elemental arsenic
isinsolubleinwater, whereasmany arsenic speciesarehighly solubleinfreshwater (Schneider, 1971).
Common arsenic speciesinclude arsenate, arsenite, methanearsonic acid, and dimethyl arsenic acid
(USEPA, 1980). Inaerobicwaters, reduced formsof arsenictendto beoxidizedinto arsenates(USEPA,
1980). Inturn, theadsorption of arsenateby metal oxidesand theformation of arsenicsulfideappearsto
removearsenicfromthewater column, binding it to the sediments, and preventing high concentrationsof
arsenicbeing presentinsolution (USEPA, 1980). TheOME suggestasediment LEL of 6.0mgAskg
dry weight and asediment SEL of 33.0 mg As/kg dry weight (Persaud ez al., 1993), whileLong et al.
(1995), consider 8.2 mg Agkg dry weight asthe ER-L for arsenicin sediments. MacDona det al. (2000),
recommend asediment TEC of 9.79 mg As/kg dry weight and asediment PEC of 33.0mg Askgdry
weight. Accordingtothe TNRCC (1996), the 85" percentil e screening criterion protective of aquatic
wildlifefor arsenicin sedimentsinthe Canadian River bel ow Meredith Reservoiris6.9mg Agkgdry
weight. All six sitessampled onthe South Canadian River during both high flow and low flow conditions
in 2001 contai ned sedimentswith detectabl earsenicconcentrations. Of thesix sites, only onesite, CR3
whichwasupstream of SH 152 in Hutchinson County, Texas), contained an appreci abl esediment-arsenic
levels(8.11 mg Agkg dry weight during high flow and 7.50 mg As/kg dry weight during low flow) that
exceededthe OME L EL andthe screening criterion recommended by the TNRCC to be protective of
aquaticwildlifeinthe Canadian River downstream of MeredithReservoir. Thoughelevated at thissite, the
detected concentrationswerestill below level swheres gnificant adverseeffectsto aquaticorganismswould
be expected (i.e. less than the SEL and PEC values).

[Barium (Ba)] Barium compoundsareusedinavariety of industria applications. Innature, barium chiefly
occursastherelatively insoluble salts, bariteand witherite (USEPA, 1986). Shackletteand Boerngen
(1984) reported an estimated arithmeticmean of 670 mg Balkg asbackground for soilsinthewesternU.S.
whileasoilsconcentration of 300 mg Balkgisconsidered backgroundinthe State of Texas(TNRCC,
2001). Accordingtothe TNRCC (1996), the 85" percentile screening criterion protectiveof aquatic
wildlifein sediments of the Canadian River bd ow Meredith Resavoir is 189 mg Balkg dry weight.
Sedimentscollected fromall six siteson the South Canadian River during both sampling phasesin 2001
contained detectabl ebarium concentrations. During high flow conditions, the detected concentrations
ranged from 32.3 mg Bal/kg to 174 mg Balkg dry weight, whileduring thelow flow phase, the measured
concentrationsranged from 27.1 mg Balkgto 170 mg Balkg dry weight. All of theseconcentrationswere
below any level where adverse effects to aquatic organisms would be expected to ocaur.

[Beryllium (Be)] Although not truly a heavy metal, beryllium isarare element that is considered
potentially toxic (Irwin and Dodson, 1991; Manahan, 1991). The distribution of beryllium in the
environment largely resultsfrom the combustion of coal and oil (Goyer, 1991; Manahan, 1991). Coal
mined fromthe mid-westU.S. containsan average of about 2.5 mg Be/kg whilecrude oil can contain
approximately 0.08 mg Belkg (Goyer, 1991). Beryllium concentrationsin soilsintheU.S. canrangeup
to 15.0 mg Be/kg (Shacklette and Boerngen, 1984), however according to Shacklette and Boerngen
(1984), theestimated arithmeticmean for background beryllium concentrationsin soilsinthewestern U.S.
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1S0.97 mg Be/kg. Inthe State of Texas, aberyllium-soilsconcentration of 1.5mg Be/kgisconsidered
background (TNRCC, 2001). Irwinand Dodson (1991) statethat in the absence of aknown source,
water inloticsystemsusually containsvery low or non-detectabl econcentrationsof beryllium. Sediment-
beryllium concentrationswere detected abovetheandytica detectionlimitsat only onesite, CR3 (upstream
of SH 152inHutchinson County, Texas), during highflow conditionsin 2001 and at two sites, CR3and
CR6 (upstream of SH 54 in Quay County, New Mexico), during thelow flow sampling periodin 2001.
Thereiscurrently nofreshwater criterion availablefor beryllium concentrationsin sediments, but both of
the detected concentrationsat CR3(1.29 mg Be/kg dry weight during high flow and 1.38 mg Be/kg dry
weight during low flow conditions) exceeded the highest sediment-beryllium concentration (1.2 mg Be/kg
dry weight) detected by USFW S personnel at TierraBlancaCreek in 1987 (Irwinand Dodson, 1991),
thehighest beryllium concentration (1.25 mg Befkg dry weight) measuredin bed sedimentscol | ected by
USFWS personnel from Buffalo Lake National Wildlife Refugein 1993 (Baker ez al., 1998), and the
highest concentration (1.2 mg Be/kg dry wei ght) detected by USFWSpersonnel in 1991 at BigMinera
Creek downgradient fromahigtorica crudeail spill inHagerman Nationa WildlifeRefugewhichislocated
intheRed River watershedin Grayson County, Texas (Baker et al., 1995). However,incomparisonto
additional surfacewater bodiesinthe Texas Panhandl e, the concentrationsdetected at CR3werebel ow
the sediment-beryllium concentrations (X = 1.57 mg Be/kg dry wei ght) measured at three undisturbed
playasby USFWS personnel in1990 (Irwinet al., 1996). Itisunderstood that playastypically function
moreasseasond lenticenvironmentsrather than loti c systems, but assuming that the congtituentscontained
withinthe bed sedimentsin theseplayasarerefl ectiveof the surrounding watershed and cons dering that
theseplayasreceived noinfluent or dischargesfrom any known anthropogeni csourcesother than through
aeria deposition(Irwinet al., 1996), the bed sedimentswithinthese playas shoul d containelementswhich
arecharacteristicof the surrounding soils. Based on thiscomparisonand considering thehigh clay and silt
content at CR3, the detected concentrationsat thissite may beétributed moretolocal beryllium-soil
concentrations rather than to residual contamination associated with anthropogenic discharges.

[Boron (B)] Boroncompoundsareused intheproduction of fertilizersand other agricultura chemicals
such as herbicides and insecticides (Moore et al., 1990; USDOI, 1998). In the U.S., boron
concentrationsin soilstypicaly rangefrom 10-300 mg B/kg (USDOI, 1998). Accordingto Shackletteand
Boerngen (1984), the estimated arithmeticmean for background boron concentrationsinwestern soilsis
29 mg B/kg whileasoils concentration of 30 mg B/kg isconsidered backgroundintheStateof Texas
(TNRCC, 2001). Usually, arid, salinesoilswill containhigher boron concentrationsin comparisonto
watered, loamy soils(USDOI, 1998). Furthermore, soil sformed from marine sedimentstypically contain
higher concentrations of boron than thoseformed fromigneousrocks(Mooreet al., 1990). Inaquatic
systems, boron can react and bind with clays, suspended matter, and sediments (USDOI, 1998). Eidler
(1990) reportsthat freshwater sedimentswith ahigh clay composition usually containlessthan 10.0mg
B/kgdry weight. During both sampling periodsconducted on the South Canadian River in 2001, sediment-
boron concentrationsweredetected abovetheanalytical detectionlimit at only onesite(CR3whichwas
upstream of SH 152 in Hutchinson County, Texas). Aswith beryllium, thereiscurrently nofreshwater
criterion for boron concentrati onsin sediments, but the detected concentrationsat CR3(21.1 mg B/kg dry
weight and 28.5 mg B/kg dry weight during high flow andlow flow conditions, respectively) werewell
bel ow the highest sediment-boron concentration (54.3 mg B/kg dry wei ght) measuredin bed sediments
collected by USFWS personnel from BuffaloLakeNationa WildlifeRefugein 1993 (Baker et al., 1998),
and bel ow the maximum concentration (75.1 mg B/kg dry wei ght) detected by USFWS personnel inbed
sediments of an undisturbed playain the Texas Panhandle in 1990 (Irwin et al., 1996).
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[Chromium (Cr)] Chromium compoundsarewidely usedinindustrid andagricultureoperations,including
meta lurgy, theproduction of fertilizers,and intanning solutions (Eider, 1986). Shackletteand Boerngen
(1984) reported an estimated arithmeticmean of 56 mg Cr/kg asbackgroundfor soilsinthewesternU.S,,
whileachromium-soil sconcentration of 30 mg Cr/kg can be considered backgroundinthe Stateof Texas
(TNRCC, 2001). Infreshwater systems, hydrolysis and precipitation are more important physical
processesin determining thefateof chromiumin comparisonto adsorption and bioaccumulation (Eidler,
1986). Accordingto Eider (1986), themajority of chromium boundin sedimentsisunavailablefor living
organisms. Molluscs accumulate chromium from contaminated sediments at comparatively low
concentrations(Eider, 1986). TheOME suggestaL EL of 26 mg Cr/kg dry weight and aSEL of 110mg
Cr/kgdry weight for chromiuminsediments(Persaud et al., 1993), whereasMacDonald et al. (2000),
recommend asediment TEC of 43.4 mg Cr/kg dry weight andaPEC of 111 mg Cr/kg dry weight. The
85™ percentil escreening criterion recommended by the Stateof Texasto beprotectiveof aguaticwildlife
for the Canadian River below Meredith Reservoiris20mg Cr/kg dry weight (TNRCC, 1996). All sites
sampled onthe Canadian River in 2001 during both sampling phases contained detectabl e amounts of
chromium. Of thesesites, themeasured concentration (35.2 mg Cr/kg dry weight) at CR3 (upstream of
SH 152 inHutchinson County, Texas) during the high flow phaseand the detected concentrationsat CR2
(upstream of SH 70in RobertsCounty, Texas) and CR3(28.2 mg Cr/kg dry weight and 32.3mg Cr/kg
dry weight, repectively) during thelow flow sampling phase contai ned sedi ment-chromium concentrations
which exceeded lower threshold screening criteria. Although dightly elevated, theseconcentrationswere
still below levelswhere significant adverse effectsto aquati c organismswoul d beexpected to occur.

[Copper (Cu)] Copper compoundsarewidely usedin biocides, agricultural fertilizers andinveterinary
products(Eider, 19984). Accordingto Shackletteand Boerngen (1984), theestimated arithmeticmean
for background copper concentrationsin surface soilsinthewestern U.S. is27.0 mg Cu/kg whileasoils
concentration of 15mg Cuwkgisconsdered backgroundinthe Stateof Texas(TNRCC, 2001). Insurface
water, the solubility of copper and copper saltsis decreased under reducing conditionsand isfurther
modified by pH, temperature, and hardness; sizeand density of suspended materias; ratesof coagulation
and sedimentation of particulates; and concentration of dissolved organics (Eisler, 1998a). Copper
concentrationsin sediment interstitial porewaterscorrel atepositively with concentrationsof dissolved
copper intheoverlyingwater column (Eider, 1998a). Typically, sediment bound copper isavailableto
benthicorganismsunder anoxicandlow pH conditions (Eider, 1998a). The OM E recommendsasediment
LEL of 16 mg Cuw/kg dry weight and aSEL of 110 mg Cu/kg dry weight (Persaud et al., 1993), whereas
Longetal. (1995), consider 34 mg Cu/kg dry weight asthe ER-L for copper in sediments. MacDonald
et al. (2000), suggest asediment TEC of 31.6 mg Cu/kg dry weight and a PEC of 149 mg Cu/kg dry
weight. Accordingtothe TNRCC (1996), the 85" percentile screening criterion protective of aquéic
wildlifein sedimentsof the Canadian River bd ow Meredith Reservoir is19.2 mg Cu/kg dry weight.

Sediment-copper concentrationsweredetected abovetheanalytical detectionlimitsat threesites(CR3,
CR5, and CR6) during high flow conditionsin 2001 and at four sites(CR2, CR3, CR5, and CR6) during
thelow flow sampling periodin 2001. Of the detected concentrations, only onesite(CR3whichwas
upstream of SH 152in Hutchinson County, Texas), contained sediment-copper concentrations(18.40mg
Cu/kg dry weight and 18.10 mg Cu/kg dry wei ght during high flow and low flow conditions, respectively)
which exceeded any of therecommended |ower thresholdlevels. However, these concentrationswere
still below levelswhere significant adverse effectsto aquatic organismswoul d beexpected to occur.

[Iron (Fe)] Iron composes approximately 5% of the Earth’s crust (Miller and Gardiner, 1998).
Background iron concentrations in surface soils in the western U.S. range up to 26,000 mg Fe/kg
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(Shackletteand Boerngen, 1984). In Texas, median backgroundiron-soil sconcentrationscan rangeup
to 15,000 mg Felkg (TNRCC, 2001). Under normal oxidizing conditionsin freshwater, ferriciron
predominatesover ferrousiron, andinturn, ferriciron formsinsol ublecompoundsthat rapidly disassociate
fromthewater columnand drop to the sediments(Horneand Goldman, 1994). The OM E recommends
aLEL of 20,000 mg Fe/kg dry weight and aSEL of 40,000 mg Fe/kg dry weight for ironin sediments
(Persaudetal., 1993). AccordingtoBeyer (1990), sedimentsfromthe Great L akescontaininglessthan
17,000 mg Felkg dry weight are considered non-polluted, whereas sediments containing iron
concentrationsgreater than 25,000 mg Fe/kg dry weight are considered extremely polluted. Though high
at steCR3 (upstream of SH 152 in Hutchinson County, Texas) the detectediron concentrations (18,899
mg Fe/kg dry weight and 20,556 mg Fe/kg dry weight during high flow and low flow conditions
respectively) werebel ow level swheres gnificant adverseeffectsto aguati c organismswoul d be expected
to occur.

[Lead (Pb)] Lead compoundsarewidely usedinindustrial and agricultureoperations. Pennigton (1991)
statesthat |ead arsenateisthemost extensively used arseni cal insecticide. According to Shackletteand
Boerngen (1984), theestimated arithmetic mean for background lead concentrationsin surfacesoilsinthe
western U.S. 1s20 mg Pb/kg whileasoil sconcentration of 15 mg Pb/kgisconsidered backgroundinthe
Stateof Texas(TNRCC, 2001). Thedeposition of |ead to sedimentsin aqueousenvironmentsisattributed
primarily to the strong binding capacitiesof many sediment componentsfor metals(Pain, 1995). Inturn,
lead concentrationsin aqueati cplantshavebeen directly correl ated with sediment | ead concentrations(Pain,
1995). The OME suggestsasediment LEL of 31 mg Pb/kg dry weight and aSEL of 250 mg Pb/kg dry
weight (Persaud et al., 1993), whileLong et al. (1995), consider 47 mg Pb/kg dry weight asthe ER-L
forleadinsediments. MacDonald ez a/. (2000), suggest asediment TEC of 35.8 mg Pb/kg dry weight
andaPEC of 128.0 mg Pb/kg dry weight. The TNRCC recommendsalead-sediment screening criterion
inthe Canadian River below Meredith Reservoir of 40.0 mg Pb/kg dry weight. During both sampling
phases conducted at the South Canadian River in 2001, | ead was detected abovetheana ytical detection
limit only at one site (CR3 which was upstream of SH 152 in Hutchinson County, Texas), and these
detected values(9.07 mg Pb/kg dry weight during high flow and 8.61 mg Pb/kg dry weight during low
flow) werewell below any of the proposed criteriaor screening level sprotective of aquatic wildlife.

[Magnesium (Mg)] Magnesiumiswidelyusedfor avarigy of purposesinindustrial and agriculture
applicationsand likemany metals,isacomponent of fossil fuels. West TexasIntermediateCrudecontains
approximately 24.7 mg Mg/L (ETC, 2000). The Earth’s arust is composed of approximately 2.1%
magnesium (Miller and Gardiner, 1998). Along with calcium, magnesiumisoneof thetwo most common
polyvalent metallicionsin freshwater (Irwin and Dodson, 1991). Shacklette and Boerngen (1984),
estimatethearithmeticmean for background magnesium concentrationsin surfacesoilsinthewesternU.S.
as10,000mgMg/kg. Magnesiumwasdetected abovetheanaytica detectionlimitsat all six sitesduring
both sampling periods conducted on the South Canadian River in2001. Thehighest sediment-magnesum
concentrations were detected at CR3 (upstream of SH 152 in Hutchinson County, Texas). Aswith
beryllium and boron, thereiscurrently no freshwater criterionfor magnesium concentrationsin sediments,
but both of the detected concentrationsat CR3 (29,027 mg Mg/kg dry weight during high flow and 29,716
mg Mg/kg dry weight during low flow conditions) exceeded the highest sediment-magnesium concentration
(19,100 mg Mg/kg dry weight) detected by USFWSpersonnel at TierraBlancaCreek in 1987 (Irwinand
Dodson, 1991), the highest concentration (16,267.83 mg Mg/kg dry weight) measured by USFWS
personnel inbed sedimentsat Buffalo LakeNational WildlifeRefugein 1993 (Baker ez al., 1998), andthe
highest concentration (5,930 mg M g/kg dry weight) measured by USFWS personnel in bed sedimentsof
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undisturbed playain the Texas Panhandlein 1990 (Irwin et al., 1996). However, the concentrations
detected at CR3werewe | |essthan thehighest concentration (53,100 mg M g/kg dry weight) detected by
USFWS personnel in 1990 from bed sedimentsof asaineplayalocatedinthe TexasPanhandle(lrwinet
al.,1996). Consequently, thehigh magnesium level sdetected at CR3 may beattributed to the elevated
salinity that naturally occurswithin the South Canadian River watershed, rather than theinfluence of
anthropogenic sources.

[Manganese (Mn)] Manganeseisawidely distributed, abundant €l ement that constitutes approximately
0.085% of the earth’ scrust and isused in variousindustrial and agricultural applications (Irwin and
Dodson, 1991). According to Shacklette and Boerngen (1984), the estimated arithmetic mean for
background manganeseconcentrationsin surfacesoilsinthewestern U.S.is480 mg M/kgwhileasoils
concentration of 300 mgMn/kgisconsidered backgroundinthe Stateof Texas(TNRCC, 2001). The
OME recommendsalL EL of 460 mg Mn/kg dry weight and a SEL of 1,200 mg Mn/kg dry weaght in
sediments(Persaud ez al., 1993). The85" percentilescreening criterion protectiveof aquaticwildlifefor
manganeseconcentrationsin sedimentsinthe Canadian River below LakeMeredithin Texasis490 mg
Mn/kgdry weight (TNRCC, 1996). Sedimentsfromthe Great L akescontaining lessthan 300mg Mn/kg
dry weight are cons dered non-polluted, whereas sedimentscontai ning manganese concentrationsgreater
than 500 mg Mn/kg dry weight areconsidered heavily polluted (Beyer, 1990). Irwinand Dodson (1991)
reported amaxi mum sedi ment-manganese concentration of 420 mgMn/kg dry weightin TierraBlanca
Creek in 1987. Thedetected manganeseconcentrationsin sedimentscollected from the South Canadian
River in 2001 during both sampling phases[maximum vaueof 449 mg Mn/kg dry weight at CR3 (upstream
of SH 152 inHutchinson County, Texas) during high flow conditionsand amaximum concentration of 437
mg Mn/kg dry weight at CR6 (upstream of SH 54 in Quay County, New Mexico)] during low flow
conditions) werebel ow any level whereadverseeffectsto aquati c organismswoul d be expected to occur.

[Nickel (Ni)] Nickel isused inelectroplating, the production of metallic alloys, as acomponent of
fungicides,and asacatal ystfor the hydrogenation of oils(Merck, 1989; Eisler, 1998b). Nickd isalsoa
component of fossil fuels(Eider, 1998b). West Texas| ntermediateCrude containsapproximately 18.8
mg Ni/L (ETC, 2000). Background surfacesoil-nickel concentrationsinthewestern U.S. rangeupto 19
mg Ni/kg and upto 10 mg Ni/kgin Texas(Shackletteand Boerngen, 1984; TNRCC, 2001). Inaguatic
systems, nickel occursassoluble saltsadsorbed onto clay particlesand organic matter (Eider, 1998b).
Thefateof nickel inanagueousenvironment can beaffected by pH, ionic strength, and avail ability of solid
surfacesfor adsorption (Eider, 1998b). Sedimentsfrom the Canadian River below Meredith Reservoir
in Texas have been documented to contain elevated levels of nickel (TNRCC, 1996). The OME
recommendsasediment L EL of 16 mg Ni/kg dry weight and aSEL of 75mgNi/kg dry weight (Persaud
etal.,1993), whereasLong et al. (1995), recommend 21 mg Ni/kg dry weight asthe ER-L for nickel in
sediments. MacDonald et al. (2000), suggest a sediment TEC of 22.7 mg Ni/kg dry weight and a
sediment PEC of 48.6 mg Ni/kg dry weight. The 85" percentil escreening criterion recommended by the
Stateof Texasto beprotectiveof aquaticwildlifefor the Canadian River below MeredithReservoiris15
mg Ni/kg dry weight (TNRCC, 1996). During high flow conditions, nickel was detected above the
anaytical detectionlimitonly at onesite, CR3 (upstream of SH 152 in Hutchinson County, Texas), and at
two sites, CR2 (upstream of SH 70in Roberts County, Texas) and CR3, during thelow flow sampling
phase. Thedetected concentrationsat CR3(21.5mg Ni/kg dry weight during thehigh flow phaseand
18.7 mg Ni/kg dry weight during low flow) exceeded lower threshold screening criteria, whereasthe
detected concentration at CR2 (54.6 mg Ni/kg dry wei ght) not only exceeded thesel ower thresholdcriteria
but al so exceeded the PEC va uerecommended by MacDonaldet al. (2000). Although dlightly elevated
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at CR3, thenickel concentrationsat thissiteprobably do not represent aconcernfor wildliferesources
since nickel isreadily boundto clay. In contrast, considering the predominance of sand at CR2, the
detected nickel concentration at CR2 could represent apotential threat towildliferesourcesand further
monitoring at this site may be warranted.

[Strontium (Sr)] Strontium compoundsare used inthemanufacturing of pyrotechni cs, the production of
glassand ceramics, and sugar refining (Merck, 1989). Strontiumisafairly common alkalineearthmeta
(Irwinand Dodson, 1991). Accordingto Shackletteand Boerngen (1984), the estimated arithmeticmean
for background strontium concentrations in western soilsin theU.S. is 270 mg Sr/kg while a soils
concentration of 100 mg Sr/kg is considered background in the State of Texas (TNRCC, 2001). In
localitieswhereitisabundant, likecal cium, strontiumisanimportant freshwater quality ionthat contributes
to water hardness (Irwin and Dodson, 1991). NOAA considers 49 mg Sr/kg dry weight to be the
backgroundlevd for strontiuminfreshwater sediments(Buchman, 1999). Strontium wasdetected above
theanaytical detectionlimitsat al six sitesduring both sampling periodsconducted onthe South Canadian
Riverin2001. Thehighest sediment-strontium concentrationsweredetected at CR3 (upstream of SH 152
in Hutchinson County, Texas). Both of thedetected concentrationsat CR3 (129 mg Sr/kg dry weight
during high flow and 102 mg Sr/kg dry weight during low flow conditions) exceeded the background
concentrationrecommended by NOAA, but these concentrationswerebel ow 130 mg Sr/kg dry weight,
which accordingto Irwin and Dodson (1987), wasthe concentration abovewhichsedimentin Tierra
BlancaCreek had alikelihood of being contaminated by run-off from CAFOs. In addition, the detected
concentrationsat CR3 were bel ow the average concentration measured in 1990 by USFW S personnel
in bed sedimentscollected from four CAFO playas (X = 167.5 mg Sr/kg dry weight) and three saline
playas(X =243.67 mg Sr/kg dry weight) inthe Texas Panhandle (Irwinet al., 1996). Based onthese
comparisons, it appearsthat thestrontium level sdetectedin sedimentsat CR3aremorelikely areflection
of the surrounding natural soil chemistry rather thanto the influence of anthropogenic sources.

[Vanadium (V)] Vanadium compounds are used in the production of rust-resistant metals, the
manufacturing of glass, and ascatalystsin thedistillation of alcohols(Merck, 1989). Vanadiumisa
component of pigmentsused indyeing and printing fabricsand isal soacomponent of fossil fuels(Merck,
1989; ETC, 2000). West Texas| ntermediate Crude containsapproximately 3.2mgV/L (ETC, 2000).
Approximately 0.01% of the Earth’s crust is composed of vanadium (Merck, 1989). Vanadium
concentrationsin soilsintheU.S. canrangeup to 500 mg V/kg (Shackletteand Boerngen, 1984). The
estimated arithmeticmean for background vanadium concentrationsinwestern soilsinthe U.S. according
to Shackletteand Boerngen (1984), is88 mg V/kg whileasoilsconcentration of 50 mg V/kgisconsidered
backgroundinthe Stateof Texas(TNRCC, 2001). Vanadium wasdetected abovetheanalytical detection
limitsat all six sitesduring both sampling periodsconducted on the South Canadian Riverin2001. The
highest sedi ment-vanadium concentrationswere detected at CR3 (upstream of SH 152 in Hutchinson
County, Texas). Both of thedetected concentrationsat CR3 (32.7 mg V/kg dry weight during high flow
and 34.3 mg V/kg dry weight during low flow conditions) exceeded the highest sediment-vanadium
concentration (22 mg V/kg dry weight) detected by USFW S personnel at TierraBlancaCreek in 1987
(Irwinand Dodson, 1991), but were bel ow thel owest concentration (35.41 mg V/kg dry weight) measured
by USFWS personnel in bed sedimentsat Buffalo LakeNational WildlifeRefugein 1993 (Baker et al.,
1998) and below the average concentration (X = 43.78 mg V/kg dry weight) detected by USFWS
personnel in bed sedimentsof undisturbed playasinthe TexasPanhandlein 1990 (Irwinet al., 1996). In
addition, themeasured vanadium concentrationsat CR3werebelow 50 mgV /kg dry weight, whichisthe
value considered by the NOAA to be the background vadue for vanadium in freshwater sed ments
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(Buchman, 1999).

[Zinc (Zn)] Zinccompoundsarewidely usedinindustrial and agricultural operations. Zincisacommon
additivein many livestock feeds. Shackletteand Boerngen (1984), estimate the arithmeticmean for
background zinc concentraionsin surfacesoilsinthewestern U.S. at 65mg Zn/kg. In Texas, median
background zinc-soil sconcentrations can range up to 30 mg Zn/kg (TNRCC, 2001). AccordingtoEider
(1993), the majority of zinc introduced into an aguatic environment is partitionedinto the sediment.
Bioavailability of zincfrom sedimentsisenhanced under conditionsof high dissolved oxygen, low sdlinity,
low pH, and high level sof inorgani c oxides and humic substances (Eisler, 1993). In sediments, zinc
concentrationslessthan 90 mg Zn/kg dry weight are considered supportive of aquaticbiota, whereaszinc
concentrationsgreater than 200 mg Zn/kg dry weight are harmful to aquatic biota(Eisler, 1993). The
OME recommendsasediment LEL of 120 mg Zn/kgdry weight and aSEL of 820 mg Zn/kg dry weight
(Persaudet al., 1993), whileLong et al. (1995), consider 150 mg Zn/kg dry weight asthe ER-L for zinc
insediments. MacDonadet al. (2000), suggest asediment TEC of 121 mg Zn/kg dry weight andaPEC
of 459 mg Zn/kg dry weight. Thescreening criterion protectiveof aquaticwildlifefor zinc concentrations
insedimentsinthe Canadian River below LakeMeredithin Texasis83 mgZn/kg dry weight (TNRCC,
1996). Detected sediment-zinc concentrationsfromthesix sitesranged from 9.33 mg Zn/kg to 60.3mg
Zn/kg dry weight during the high flow phase, and from 7.98 mg Zn/kg to 45.8 mg Zn/kg dry weight during
thelow flow phase. All measured zinc concentrationswerewe | below any level whereadverseeffectsto
aquatic organisms would be expected to occur.

[1,2,4,5-Tetrachlorobenzene] Listed by the USEPA &s a persistent, bio-accumulative, and toxic
chemical (PBT), 1,2,4,5-tetrachl orobenzeneisacommon component of many herbicides,insecticides,
defoliantsand electrical insulation fluids (Sax and Lewis, 1987; NDDH, 2002). During thelow flow
sampling phasethisorganochl orinecompound wasdetected in sedimentscollected fromall sx sites. These
detected concentrationsranged from 0.00015 mg/kgto 0.00052 mg/kg dry weight. Infreshwater, the
federal water quality criterion for the protection of human health through the consumption of aquéic
organismsis 0.0029 mg/L (RAIS, 2002). The 85™ percentile screening criterion for sedimentsin
freshwater | otic systemsin Texasis0.67 mg/kg dry weight (TNRCC, 2000). Buchman (1999) reportsa
remedial target valuefor agricultural soilsas0.10 mg/kg for residual chlorobenzenesasagroup. Though
indicativeof residual contamination, possibly even associ aied with applicationsof pesticidesto crop-land
withinthewatershed, the detected 1,2,4,5-tetrachl orobenzeneconcentrationswere bel ow screening criteria
and do not appear to be at levels that represent a threat to wildlife resources.

[Total Polychlorinated Biphenyls (PCBs)] Polychlorinated biphenyls were used in electrical
transformers, capacitors, heat transfer fluids, and el ectrical utilitiesas|ubricants,insulators, and coolants
until production was banned in 1979 (USEPA, 1994; Moring, 1997). Total PCBs represents a
quantification of approximately 209individua congeners(Moring, 1997). Thesecongenersarerelatively
stablecompoundsthat exhibitlow water solubilities, high hest capacities, |ow flammabilities,low electric
conductivities,andlow vapor pressures(USEPA, 1994; Moring, 1997). Duringthelow flow sampling
phase, total PCBsweredetected abovetheana ytical detectionlimit at only onesite, CR3 (upstream of
SH 152 in Hutchinson County, Texas). Thedetectedtotal PCB concentration at CR3was0.022 mg/kg
dry weight. Thesourceof thetotal PCBsfound at CR3isunknown. ItispossiblethesePCBsmay be
residua contamination from past unauthorized dischargesfrom unknown sourcesl ocated upstream of the
site(Winsborough, persona communication, 2002). Incomparisontothedetected concentrationat CR3,
the OME suggest asediment LEL of 0.07 mg/kg dry weight andaSEL of 5.3 mg/kg dry weight (Persaud
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etal.,1993), whileLong et al. (1995), consider 0.05 mg/kg dry weight asthe ER-L for total PRCBsin
sediments. MacDonald et al. (2000), recommend a sediment TEC of 0.06 mg/kg dry weight and a
sediment PEC of 0.68 mg/kg dry weight. Thedetected total PCBsconcentrationat CR3 washbelow any
of therecommended screening criteriafor direct toxicity, even thelower threshol d val ues, and doesnot
appear to represent a threat to wildlife resources at this time; however, PCBs ae known to
bioaccumulate/biomagnify in aquatic trophic levels.

Fish
Atota of 1,532individua fish, comprising sevenfamiliesand 18 species, werecollectedfromall six sites

onthe South Canadian River during thehigh flow andlow flow sampling phasesin 2001. Fish species
collected and their associatedtol erance levd sand trophic guilds are presentedin Table 10 while the

Table 10. Fish species and their associated tolerance levels and trophic guilds collected from
six sites on the South Canadian River during high flow and low flow conditions, 2001 (Note - I
= intermediate; N = intolerant; and T = tolerant).

Family Taxa Common Name Tolerance | Trophic Guild
Clupeidae Dorosoma cepedianum Gizzard shad T omnivore
Cyprinidae Campostoma anomalum | Central stoneroller I herbivore
Hybognathus placitus Plains minnow T omnivore
Hybopsis gracilis Flathead chub T invertivore
Notropis atherinoides Emerald shiner [ invertivore
Notropis girardi Arkansas River shiner I invertivore
Notropis lutrensis Red shiner T invertivore
Notropis stramineus Sand shiner | invertivore
Notropis volucellus Mimic shiner N invertivore
Pimephales vigilax Bullhead minnow I invertivore
Catostomidae Carpoides carpio River carpsucker T omnivore
Ictaluridae Ameriurus melas Black bullhead T omnivore
Ictalurus punctatus Channel catfish T omnivore
Cyprinodontidag| Fundulus zebrinus Plains killifish T invertivore
Poecillidae Gambusia affinis Western mosquitofish T invertivore
Centrarchidae | Lepomis cyanellus Green sunfish T piscivore
Lepomis macrochirus Bluegill T invertivore
Micropterus salmoides Largemouth bass I piscivore

Tolerance levds and trophic guilds are from Linam and Kleinsasser (1991)
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number of fish collected from each site per each sampling phaseare presented in Table 11. In both
sampling phases, CR1 (upstream of U.S.83in Hemphill County, Texas) contained themost fish species
(nine species collected during both phases). Thelowest number of speciesrecorded at asitewasone
speciescollected at CR4 (upstream of U.S.287 in Potter County, Texas) during highflow conditions. No
fishwerecollected at CR3 (upstream of SH 152 in Hutchinson County, Texas) during thelow flow phase
becauseof thelack of water. Theaveragenumber of fish speciescollected per sitewas5.2 (n=6) during
thehighflow period and 6.8 (n=5) during thelow flow phase. At site CR1, seven of thenine species
captured were collected during both sampling phases. At site CR2 (upstream of SH 70in RobertsCounty,
Texas) five specieswerecoll ected during the high flow phaseand six specieswerecollected during thelow
flow phase, of these, threewere collected during both phases. Sevenand six specieswerecollected at
CRS5 (upstream of U.S.385in Oldham County, Texas) during thehighand low flow phases, respectively.
Of these, three specieswere collected during both phases. At CR6 (upstream of SH 54in Quay County,
New Mexico) four specieswerecoll ected during the high flow phaseand six specieswerecollected during
thelow flow phase, of these, threewere collected during both phases. The predominant trophic group
collected withintheentire stream during both sampling periodswasinsectivorusfish (Figure 10). Arkanses
River shinerswerecollected at every siteduring the high flow sampling phasewith theexception of site
CR1; however nonewere collected at any of the sitesduring thelow flow sampling phase. The most
common speciescollected wastheplainskillifish (Fundulus zebrinus). Accordingto Pflieger (1975), this
speciesnormally inhabitsstreamswith akalineor salinewaters, with few other fish speciespresent, and
occupiesavariety of habitatsranging from pool sand backwatersto shallow sandy areaswith considerable
current. Other speciesregularly collected were the red shiner (Notropis lutrensis), the sand shiner
(Notropis stramineus), and the westem mosquitofish (Gambusia affinis). Thered shinerinhabitsa
variety of habitatsincluding pools, backwaters,andrifflesandistolerant of highturbidity and siltation,
whereasthe sand shiner ispredominantly foundin streamswith sandy bottoms, permanent flow, moderately
clear water, and low to moderategradients (Pflieger, 1975). Inmany prairiestreamsthesand shineris
second inabundanceonly tothered shiner (Pflieger, 1975). Mosqguitofishinhabitawidevariety of aquatic
habitatsand are consi dered one of the most abundant and wi despread speciesin the Southwest United
States (Pflieger, 1975; Etnier and Starnes, 1993).

Statewideandregional indicesof bioticintegrity (1BI) werecal culated for fishcommunitiesat eachsite
during each sampling phaseusing the parametersstated in Tables2 and 3and arepresentedin Appendix
B. Theresultsof thestatewideindices performed on thefish datacollected during thehigh flow sampling
period indicated that only CR1 approached anintermediatestream health category, whereastheremaining
fivesteswereclassfied aslimited (Figure11). Incontrast, theregional | Blsperformed onthesamedata
(Figure12) characterizedtheaquaticlifeuseat CR1 asexceptiona whiletheremainingfivesiteswere
categorized asintermediate. Atlow flow conditions, theresultsof the Statewidel Bl indicated that thefish
community at CR1wasclassfied asintermediate, whilethecommunitiesat CR2 and CR6 wereclassified
as limited-intermediate and as limited at CR4 and CR5 (Figure11). In contrast, the Regional 1Bl
characterized thefish assemblagesat sitesCR1, CR2, CR4, andCR6 asintermediateand site CR5 as
limited during thelow flow phase(Figure 12). Bothindicesdemonstrated that CR1 contained the highest
aquaticlifeuseduring thetwo sampling phases. Bothindicesal soindicated that overall aquaticlifeuse
vaueswithinthestreamincreased dightly fromthe high flow tolow flow sampling period. Thismay be
attributed tothedifferent physical conditionsof the stream betweenthehigh flow and low flow phases
which due to the lowering of the water volume at certain sites allowed for easier capture of fish.

The predominant aguaticlife usecharacterization of fish communitiesthroughout the stream ranged from
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Fish

Macroinvertebrates

Figure 10. Fish and macroinvertebrate trophic groups from the South Canadian River
during high flow and low flow conditions, 2001.
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Figure 11. Statewide IBI results for fish collected from six sites (CR1-CR6) on the South
Canadian River during high flow and low flow conditions in 2001.

Figure 12. Regional IBI results for fish collected from sites on the South Canadian River
(CR1-CR6) during high flow and low flow conditions in 2001.
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limitedtointermediate Thismay beattributed moreto natural conditions (elevated salinity and periodsof
limited surfacewater flow), thelowering of groundwater level s, and the constructionof surfacewater
impoundments(Meredith, Ute, and Conchas Reservoirs) withinthewatershed rather than to anthropogenic
discharges. Damsandimpoundmentsdramatically ater the physi cal and chemical characteristicsof lotic
systems (Wilde and Ostrand, 1999). Impoundments tend to serve as distributional barriersto fish
communitiesrather than asriver continuum resetting devices (Goreand Bryant, 1986). Accordingto
Winston et al. (1991), Wilde and Ostrand (1999), and Bonner (2000) two typesof loticfishes can be
distingui shed with respect to the effectsimpoundments: facul tati veriverine speciesand obligateriverine
specieswhichrequirestreamsfor al or portionsof their lifehistories. Facultativeriverinespeciessuchas
largemouthbass (Micropterus salmoides) and gizzard shad (Dorosoma cepedianum) can proliferatein
reservoirsand then moveupstreaminlargenumbers, possibly causing significant changesintheupstream
loticenvironment (Winston et al., 1991; Wildeand Ostrand, 1999). In contrast, modificationsin stream
flowsand other physical and chemical conditionsassociated withimpoundments can adversely effect
obligate riverine species such as the Arkansas River shiner, both upstream and downstream of an
impoundment (Winston et al., 1991; Bonner, 2000).

Macroinvertebrates

A total of 13,109 macroinvertebratesrepresenting 70 different taxawerecollected, sorted, and identified
fromthesampl escollected at the six siteson the South Canadian River during high flowand low flow
conditionsin2001 (Table12). Theaveragenumber of macroinvertebratescollected per samplewas1471
for thehighflow phaseand 857 for thelow flow phase. Individua numbersof taxacollected areprovided
inAppendix C. Theresultsof thediversty, evenness, maximum diversity, richness,and 1Bl cdculationsare
providedin Tables 13-14 and in Appendix C. No resultsare given for CR3 (upstream of SH 152 in
Hutchinson County, Texas) under low flow conditions due to the lack of water at the site.

Thediversty indicesindicateamorediverseand evenly distributed macroinvertebratecommunity occurring
during low flow conditionswithinthe stream. Samplescollected during both sampling phasesshowed a
decreaseindiversity progressing fromthedownstream sitesto theupstream sitesinrel ation to the surface
impoundments, with the exception of anincrease at CR6 (upstream of SH 54 in Quay County, New
Mexico). SitesCR1 (upstream of U.S.83in Hemphill County, Texas) and CR2 (upstream of SH 70in
Roberts County, Texas) had the highest number of taxa of any sites during both high and low flow
conditions. Richness, whichisthenumber of taxaper sample(Figure 13), waslow (lessthan 18) at sites
CRS3, CR4 (upstream of U.S.287 in Potter County, Texas), and CR5 (upstream of U.S.3851n Oldham
County, Texas) for thehigh flow samplesand at CR5 under low flow conditions. Similarly,diversity
(Figure 14) was high at CR1 and CR2 during both sampling phases; however, thelow flow samples
showed morecong stency indiversity thanthehigh flow samples. Thelow flow dataal soreceived higher
(except CR2) and more consi stent evennessva uesthan thehigh flow data(Figure 15), indicatingamore
equal distribution of individuals across taxa.

Thehighest diversity value (D = 2.41) occurred at CR1 during low flow sampling, which also had the
highest evennessvalue (£ = 0.67) and richnessnumber (37 taxa), although 70% of the sampleconsisted
of fivetaxa. Thelowestdiversity vaue(D =0.74, E=0.29) occurred at CR5 during high flow conditions,
which contained only 13 taxaand wasdominated by chironomids(76%) and smuliids(20%). Amongthe
low flow samples, CR5 al so demonstrated thelowest diversity (D = 1.53) and only contained 12 taxa;
however, individuals were more evenly distributed among the taxa (E = 0.62), which was largely
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Table 12. Macroinvertebrate taxa and their associated trophic guilds collected from six sites on the South Canadian
River during high flow and low flow conditions, 2001 (Note - P is predator; GC is gatherer-collector; FC is filtering
collector; SCR is scraper; and SHR is shredder).

Group/Family
Turbellaria
Oligochaeta
Bivalvia
Gastropoda
Hydracarina
Amphipoda
Cambaridae
Collembola
Baetidae
Caenidae
Isonychidae
Tricorythidae
Calopterygidae

Coenagrionidae

Gomphidae

Macromiidae
Libellulidae

Perlidae
Belostomatidae
Corixidae
Hebridae
Gerridae
Veliidae

Hydroptilidae
Hydropsychidae

Leptoceridae
Sialidae
Curculionidae

Genus

Caenis sp.
Isonychia sp.
Tricorythodes sp.
Hetaerina sp.
Argia sp.
Enallagma sp.

Ischnura sp.

Erpetogomphus sp.

Progomphus sp.
Macromia sp.
Erythemis sp.
Orthemis sp.
Sympetrum sp.
Perlesta sp.

Belostoma sp.

Merragata sp.

Microvelia sp.

Rhagovelia sp.

Cheumatopsyche sp.
Hydropsyche sp.
Nectopsyche sp.
Sialis sp.

Trophic Group
P

GC

FC

SCR

P

GC/SHR

GC

T U U U U U U U U U TV T

T U T ®
(@)

P
GC/SHR/SCR
FC

FC
SHR/IGC/P

P

SHR

Group/Family
Haliplidae

Helophoridae
Hydrophilidae

Hydrochidae
Hydraenidae
Scirtidae
Staphylinidae
Ceratopogonidae
Chironomidae
Culicidae
Dolichopodidae
Ephydridae
Sciomyzidae
Simuliidae

Stratiomyidae
Tabanidae

Tipulidae
Elmidae

Dytiscidae

Dryopidae
Gyrinidae

Genus
Haliplus sp.
Peltodytes sp.
Helophorus sp.
Berosus sp.
Chaetarthria sp.
Enochrus sp.
Helochares sp.
Paracymus sp.
Tropisternus sp.
Hydrochus sp.
Ochthebius sp.

Nemotelus sp.

Odontomyia sp.

Dubiraphia sp.
Microcylleopus sp.
Stenelmis sp.
Agabus sp.

Celina sp.
Hydroporus sp.
Laccophilus sp.
Oreodytes sp.
Helichus sp.
Dineutus sp.

Gyretes sp.

Trophic Group
SHR/P
SHR/P

SHR

P

PIGC

GC

GC

P

P

GC

P
SCR/GC/SHR
P

P/GC
P/GCIFC
FC/IGC

P
GC/SHR/SCR
P

FC
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represented by chironomids (40%), simuliids (34%), oligochaetes (10%), and caenids (7%).

Incomparisontothediversity indices, thel Bl scoresfor the macroinvertebratedata(Tables 13-14 and
Figure 16) indicated adisparity betweenthedownstream sites(CR1 and CR2) and the upstream sites
(CR3, CR4, CR5, and CR®6) in relation to Meredith Reservoir under both flow conditions, with the
exception of CR4 which scored considerably higher during thelowflow sampling phase. Aswiththe
diversity andrichnessva ues, the Bl scoresappear toindicatethat stesCR1 and CR2weremorediverse
incommunity structurethan thefour remaining upstreamsites. Withintherangeof AquaticLifeUse
Designations, CR1 and CR2, under bothflow conditions, werecharacterizedintheintermediateand high
categories, repectively. All other samplesitesreceived scoreswithinthelimited rangewiththeexception
of CR4 atlow flow, whichrankedintheintermediatecategory. Thesamplesfrom CR3and CR4 scored
thesameunder high flow conditions, which correspondsto thelow diversity indicesand evennessval ues
which could be attributed to the dominance of chironomids and simuliids at both sites.

Thediscrepancy betweenthehighandlow flow samplesat CR4 isa soindicated by thediversity indices
andrichnessvalues. Thisdifferenceisduein part to seven additional taxacollected fromthelow flow
samplesand the even distribution of individuals (£ = 0.65) anongtaxa. Thevariaioninevennessis
apparent fromthe proportion of dipteransin the high flow sample (88%) compared withthelow flow
sample(69%). Additionaly, amongthe21 taxaidentifiedinthelow flow sample, seven (13% of sample)
of thetentaxanot occurringinthehighflow samplearelargely represented by speciesthat utilizelentic-
littoral, lotic-depositiond, or lotic-marginhabitats. Theelevated diversity exhibitedinthe CR4 low flow
dataislikely theresult of thevariationin habitat created by low flow conditionsthat favorsuseby bothlotic
and lentic species. Theelevated IBI scorefor the CR4 low flow dataisin part dueto an artifact of the
metricscoringcriteria. A singlecaddisfly identified fromthelow flow sampleaccounted for four of the
seven point difference in scores between samples.

Boththediversityindicesand Bl scoresreved adifferencein community structureduring flow periods,
however thediversity indicesdemonstrated amore pronunced and consi stent variation between flow
conditions. All low flow samplescontained amorediverseand evenly distributed macroinvertebratefauna
thanthesamesitesat highflow conditions. During thelow flow phase, the samplesfrom CR2, CR4, and
CR6 received higher | Bl scoresthan the equival ent high flow sampl es, whereasthe sampl ecollected from
CR1 during the high flow phase scored higher than the low flow sample.

The predominant macroinvertebratetrophicgroup collected throughout theentire stream during high flow
conditionswasfiltering collectorsfollowed by gatherer/collectorsand predators(Figure 10). Duringthe
low flow phase, gatherer/collectorswere predominant, followed by predatorsand shredders(Figure 10).
According to the USEPA (1999), filter feedersarethought to be sensitive to environmental stressors
(pollution; modificationinflow conditions) inlimited water quality streams. Gatherer/collectorsemploy a
generalistfeeding strategy which allowsfor abroad range of acceptablefood materials,andthus, these
organismstend to bemoretol erant of environmenta stressesthat might ater theavailability of certainfood
items (USEPA, 1999). Specialized feeders such as scrapers, shredders, and predatorsrely on more
specificfooditemsand would bedetrimental lyimpacted by stressorswhich affect thesefood sources
(USEPA, 1999).

In comparison to the fish assemblages measured in 2001, the predominant aquatic life use for
macroinvertebratecommunitiesinthe South Canadian River a soranged fromlimited tointermediae. As

40



Table 13. Shannon Diversity, Evenness, Maximum Diversity, Richness, and IBI Scores for
macroinvertebrate samples collected from six sites on the South Canadian River (CR1-CR6)
during high flow conditions in 2001.

Site Diversity Evenness Maximum Richness IBI Score
Diversity
CR1 1.40 041 3.40 30 28
Intermediate
CR2 197 0.60 3.29 27 31
High

CR3 0.93 0.33 2.83 17 20
Limited

CR4 0.98 0.37 2.64 14 20
Limited

CR5 0.74 0.29 2.56 13 19
Limited

CR6 1.36 0.45 3.04 21 18
Limited

Table 14. Shannon Diversity, Evenness, Maximum Diversity, Richness, and IBI Scores
macroinvertebrate samples collected from six sites on the South Canadian River (CR1-CR6)
during low flow conditions in 2001 (Note - NS is not sampled due to lack of water).

Site Diversity Evenness Maximum Richness IBI Score
Diversity
CR1 241 0.67 3.61 37 27
Intermediate
CR2 212 0.59 3.58 36 34
High
CR3 NS NS NS NS NS
CR4 1.99 0.65 3.04 21 27
Intermediate
CR5 1.53 0.62 248 12 19
Limited
CRG6 1.84 0.61 3.00 20 21
Limited
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Figure 13. Richness values for macroinvertebrate samples collected from six sites on the South
Canadian River (CR1-CR6) during high flow and low flow conditions in 2001.

Figure 14. Diversity values for m acroinvertebrate sam ples collected from six sites on the South
Canadian River (CR1-CR6) during high flow and low flow conditions in 2001.
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Figure 15. Evenness values for macroinvertebrate samples collected from six sites on the South
Canadian River (CR1-CR6) during high flow and low flow conditions in 2001.

Figure 16. IBI results for macroinvertebrate samples collected from six sites on the South Canadian
River (CR1-CR6) during high flow and low flow conditions in 2001.
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withthethefish communities, thisappearsto be moreattributabl eto natura conditionsexisting withinthe
watershed (elevated salinity and periods of limited surface water flow) and the development of
impoundments(Meredith, Ute, and ConchasReservoirs) which haveresulted in modificationsin surface
water dynamicsand habitat structure, rather than to anthropogenic dischargesof oil or CAFO waste.

In-stream Habitat

Theresults of thein-gream habitat evd uationsfor each site during eachflow phase are presented in
AppendixD. Overal scoresfor each sitefrom each flow regimearepresented in Table 15. Deviating

Table 15. In-stream habitat evaluation scores for six sites on the South Canadian River (CR1-
CRO6) during high flow (HF) and low flow (LF) conditions in 2001 (Note - NE is not evaluated
due to lack of water).

Site In-stream Habitat Evaluation Score
HF LF
CR1 108 108
CR2 107 106
CR3 110 NE
CR4 86 101
CR5 104 97
CRG6 118 126

from themethodol ogy proposed by the USEPA (1999) which recommendsthat the resultsof the habitat
evaluationsbe compared to areference stream, the scoresfrom each sitewerecompared to each other.
During highflow conditions, scoresranged from 86 at CR4 (upstream of U.S.287 in Potter County, Texas)
to 118 at CR6 (upstream of SH 54 in Quay County, New Mexico), while during thelow flow phase,
scoresranged from 97 at CR5 (upstream of U.S.385in Oldham County, Texas) to 126 at CR6. In-stream
habitat at CR3 (upstream of U.S.83in Hemphill County, Texas) wasnot eval uated during thelow flow
phase dueto lack of water at the site. During both flow regimes, CR6 scored the highest, whileCR1
(upstream of U.S.83inHemphill County, Texas) averaged the second highest score. Thehigh scoresat
CR6 (during both phases) and CR3 (during the high flow phase) may beareflection of thelocation of these
sitesinrelation to surfaceimpoundments. Site CR6 wasdownstream of UteReservoirwhile CR3was
downstream of Meredith Reservoir. No definitivetrendsor conclusionsrel ated to habitat preferences
coul d be ascertai ned when comparing thefish and macroinvertebratel Bl resultswith the habitat eval uation
results. During both sampling events, with theexception of CR3, the South Canadian River channel at the
remaining fivesiteswascharacterized predominantly by long, broad, flat, and shallow runs. At CR3the
channel wasnarrow and braided. Overdl,thesubstratewithinthechannel consisted primarily of sasndwith
theexception of CR3which had significant clay and silt components. Riparian vegetation throughout the
streamwasdominated by sdt cedar (Tamarix ramosissima) and/or switchgrass (Panicum virgatum).
Other thanthe obviousdifferencesthat woul d be expected between thetwo flow periods such aslower
water depthsduring thelow flow phasereducing theavail ability of aquatichabitats, no definitiveadverse
impactsto theaquati chabitatsat thesix steswereidentified which could be attributed to anthropogenic
discharges.
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CONCLUSIONS & RECOMMENDATIONS

Definitivetrendsaredifficultto ascertainduring the courseof aone-year study, but at thetimethisstudy
was conducted, anthropogeni c dischargesfrom CAFOsand other sources such asgasand/or crudeoil
productionfacilitiesintothe South Fork of the Canadian River did not appear to be affecting fish (including
the Arkansas River shiner) and macroinvertebrate assemblages in an adverse manne. Residual
contaminants, possi bly associated with past discharges, weredetected in sedimentsthroughout the stream,
but with the exception of nickel, thesecontami nantswerebel ow |evel swheresignificant adverseeffectsto
fishandwildliferesourceswoul d be expectedto occur. Other than thisresidual contamination, no other
definitivedetrimentstothe ArkansasRiver shiner’ shabitat that could be attributed to anthropogenic
dischargeswereidentified. Elevatedlevel sof nickel weredetectedin sedimentscollected upstream of SH
70in RobertsCounty, Texas(CR2). Themeasured nickel concentrationat thissitewashighenoughto
possibly warrant further monitoring.

In comparing the different flow regimes, nutrients detected in surface water increased slightly in
concentration from the high flow to the low flow phase, but no definitive pattern or trend could be
determined fromthisdata. With the exception of nickel, themetal sdetected in sedimentsremainedfairly
constant between the two flow regimes. Aquatic life use values for the fish and macroinvertebrate
communitiesincreased dightly fromthehighflow to thelow flow phase. Thiswasprobably attributed to
to the lower surface water depthslimiting the availahility of aquatic habitats.

In comparisonto other lotic systems, thefish and macroi nvertebrate assembl ages measured withinthe
South Canadian River during thecourseof thisstudy wereclassified aslimitedtointermediate. However,
thisappearsto be moreof afactor associated with natural conditions (el evated salinity and periods of
limited surfacewaterflow), thelowering of groundwater level s, and the construction of surfacewater
impoundments(Meredith, Ute, and Conchas Reservoirs) withinthewatershed which havemodified in-
stream habitat and flow regimes rather than to actual discharges.

Had sampling been conducted during the high flow phasewithin 24 hoursof theinitia peak surgeof runoff
fromasignificant storm event, theresults(especially the surfacewater nutrient level s) may have changed.
Therefore, the USFW Srecommendsthat the TNRCC perform astudy to determinethe possibleeffects
of CAFO dischargesinto surfacewaterswithin State of Texas. The TNRCC agreed to do such astudy
throughinformal consultationsbetweenthe USEPA, USFWS, and TNRCCin 1999, and funding hasbeen
madeavailableby the USEPA (Crocker, 2002). Furthermore, the USFWSwould bewillingto provide
technical guidance to these agencies towards the implementation of this study.
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APPENDIX A
(ANALYTICAL METHODS)



Method Code 007

Andytica Methodology for Aluminum, Arsenic, Boron, Barium, Beryllium, Cadmium, Chromium, Copper,
Iron, Mercury, Magnes um, Manganese, Molybdenum, Nickel, Lead, Selenium, Strontium, Vanadium, and
Zinc in Sediments.

Laboratory: Texas A&M Geochemical & Environmental Research Group

Summary:

Sedimentsaredigested withaguaregia(3:1HCI:HNO3) in glassbeakerson ahotplate
anddiluted tovolumewithdistilled water. Metalsin thedigestate are determined by 3
techniques, depending upon concentration and element. Mercury isdetermined by cold
vapor atomic absorption spectrometry (AAS) in which Sn2+ isused to reduce HgO.
Arsenic, selenium, cadmium, and lead aredetermined by graphitefurnace AAS, inwhich
el ectrical heatingisused to producean atomic cloud. Remaining €l ements(and cadmium
or lead whenin high concentration) aredetermined by atomicemissonusing argon plasma

Method Code 028

Analytical Methodology for Total Petroleum Hydrocarbons (TPH) in Sedimerts.

Laboratory: Texas A&M Geochemical & Environmental Research Group

Summary:

Sediment sampl eswerefreezedried and extracted in aSoxhl et extraction apparatus. The
freezedried sediment sampl eswerehomogeni zed and a15.0-gram samplewasweighed
into the extractionthimble. Surrogatestandardsand methylene chloridewereadded and
the samples extracted for 12 hours. The extracts were treated with copper to remove
sulfur. Extract wasthen rotovaped to 5.0 ml and then brought to drynessunder aclean
nitrogen stream. GC internal standards were added and the extract was run on gas
chromatographwith aflameionization detector. TPH wasdetermined by summing thetota

unresolved complex mixture (UCM) and the total resolved (all peaks in the
chromatogram). The concentrationwasbased on theaverageof theresponsefactorsfor

alkanes from n-C10 through n-C34.

Method Code 003

Analytical Methodology for Percent (%) Moisture.

Laboratory: Texas A&M Geochemical & Environmental Research Group

Summary:

Approximately 1.0 gram of wet sampleisweighedinto aclean, [abeled, preweighed 10.0
ml beaker. Thebeaker isplacedinaforcedair ovenat approximately 75°Cfor 24 hours.
Thebeaker withthe dry sampl eisthen weighed and the % dry weight iscad culated by the
following formula:

(weight of dry sample and beaker) - (weight of beaker)(100)
(weight of wet sample and beaker) - (weight of beaker)
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Method Code 006

Analytical Methodology for Grain Size of Sediments.

Laboratory: Texas A&M Geochemical & Environmental Research Group

Summary:

A small aliquot of sediment istreated with 30% hydrogen peroxideto removeorganic
coating from grains. A dispersing agent is then added to the sample. The sand/mud
fractionsarethen separated usinga63 micron sieve. Thesand fraction (greater than 63
microns)isretained on the screen and themud fraction (silt and clay |essthan63 microns)
iswashedintoaoneliter volumetric cylinder. Thesandfractionisdried, sevedona63
mi cron screen and wel ghed. The sediment whi ch passesthrough the screen asecondtime
isaddedtotheoneliter cylinder. Themud fractionisanayzed by stirring thecylinder and
sampling 20 ml aliquotsat 4 and 8 phi intervals. The4 and 8 phi samplesaredriedand
weighed. The % sand, silt, and clay fractions are determined on a dry weight basis.

Method Code 004

Analytical Methodology for 1,2,3,4-terachlorobenzene, 1,2,4,5-tetrachlorobenzene, adrin,
hexachl orobenzene (HCB), heptachlor, total polychlorobiphenyls(PCB), a phahexachl orocyclohexane
(«BHC), apha (x) chlordane, beta hexachlorocyclohexane (BBHC), cis-nonachlor, delta
hexachlorocyclohexane(3BHC), diedrin, endosulfan |1, endrin, gammahexachl orocyclohexane(yBHC),
gamma(y) chlordane, heptachlor epoxide, mirex, o,p’ -dichloro-d phenyl-dichloroethane (o,p’-DDD),
0,p’-dichloro-diphenyl-trichloroethane(o,p’-DDT), oxychlordane, p,p’ -dichloro-diphenyl-dichl oroethane
(p,p’-DDD), p,p’ -dichloro-diphenyl-dichloroethylene(p,p’ -DDE), p,p’ -dichloro-diphenyl-trichl oroethane
(p,p’-DDT), pentachloro-anisd e, toxaphene, and trans-nonachor in sediments

Laboratory: Texas A&M Geochemical & Environmental Research Group

Summary:

The sediment sampleswerefreeze-dried and extractedin aSoxhl et extraction apparatus.
Briefly, thefreeze-dried sediment sampleswere homogenized and a10-gram samplewas
weighedintotheextractionthimble. Surrogatestandardsand methylenechloridewere
added and the samplesextractedfor 12 hours. Theextractsweretreated with copper to
removesulfur and werepurified by silica/a uminacolumnchromatography (MacLeod et
al., 1985; Brooks et al., 1989) to isolate the aliphatic and aromatic/pesticide/PCB
fractions.

Thequantitative analyseswere performed by capillary gaschromatography (CGC) with
flameionization detector for aiphatichydrocarbons, CGC with € ectron capture detector
for pesticidesand PCB’ sand amassspectrometer detector inthe SIM modefor aromatic
hydrocarbons (Wade et al., 1988).

Therearespecificcaseswhereandytesrequested for the pesticideand PCB analysesand
areknownto co-elutewith other analytesinthenorma CGCwitheectron capture. These
includethe pesticide Endosulfan | andthe PCB congeners114 and 157. Inthesecases,
thesampleswill beanalyzed by CGC withamassspectrometer detector intheSIM mode.
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APPENDIX B
(STATEWIDE/REGIONAL FISH IBI EVALUATIONS FOR THE SOUTH FORK CANADIAN RIVER)



Site:  Canadian River #1 Location: US83; N. of Canadian, TX; Hemphill County

Date: 17 April 2001 (HF)  Collectors: M. Armstrong, C. Giggleman, O. Bocanegra, &
J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 9(3) | 7.) % of individuals as omnivores: 0(5)

2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 67(3)

3.) Total # of sunfish species: 2(5) |9.) % of individuals as piscivores: 22(5)

4.) Total # of sucker species: 0(1) | 10.) # of individuals in sample: 54(3)

5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)

6.) % of individuals as tolerants: | 56(1) | 12.) % of individuals with disease or| 0(5)
anomaly:

IBI Total Score: 38 (Limited-Intermediate)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 9(5) | 7.) % of individuals as invertivores:| 67(5)

2.) # of native cyprinid species: 4(5) | 8.) # of individuals/seine haul: 6.8(1)

3.) # of sunfish species: 2(5) | 9.) % of individuals as non-native 0(5)
species:

4.) % of individuals as omnivores: | O(5) | 10.) % of individuals with disease or| 0(5)
other anomaly:

IBI Total Score: 36 (Exceptional)

B1




Site:  Canadian River #2 Location: SH 70; N. of Pampa, TX; Roberts County

Date: 17 April 2001 (HF) Collectors: M. Armstrong, C. Giggleman, O. Bocanegra, &
J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 5(3) | 7.) % of individuals as omnivores: 20(3)

2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 80(3)

3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 0(1)

4.) Total # of sucker species: 0(1) | 10.) # of individuals in sample: 65(3)

5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)

6.) % of individuals as tolerants:| 60(1) | 12.) % of individuals with disease or| 0(5)
other anomaly:

IBI Total Score: 28 (Limited)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 5(3) | 7.) % of individuals as invertivores:| 80(5)

2.) # of native cyprinid species: 4(5) | 8.) # of individuals/seine haul: 8.1(2)

3.) # of sunfish species: 0(1) |9.) % of individuals as non-native 0(5)
species:

4.) % of individuals as 20(1) | 10.) % of individuals with disease or| 0(5)

omnivores: other anomaly:

IBI Total Score: 26 (Intermediate)

B2




Site:  Canadian River #3 Location: SH 152; N. of Borger, TX; Hutchinson County

Date: 18 April 2001 (HF)  Collectors: M. Armstrong, C. Giggleman, O. Bocanegra, &
J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 5(3) |7.) % of individuals as omnivores: 20(3)

2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 80(3)

3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 0(1)

4.) Total # of sucker species: 1(3) | 10.) # of individuals in sample: 35(1)

5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)

6.) % of individuals as tolerants:| 40(1) | 12.) % of individuals with disease or| 0(5)
other anomaly:

IBI Total Score: 28 (Limited)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 5(3) | 7.) % of individuals as invertivores:| 80(5)

2.) # of native cyprinid species: 3(5) | 8.) # of individuals/seine haul: 4.4(1)

3.) # of sunfish species: 0(1) |9.) % of individuals as non-native 0(5)
species:

4.) % of individuals as 20(1) | 10.) % of individuals with disease or| 0(5)

omnivores: other anomaly:

IBI Total Score: 26 (Intermediate)

B3




Site: Canadian River #4 Location:

Date: 18 April 2001 (HF)  Collectors:

U.S. 287; N. of Amarillo, TX; Potter County

M. Armstrong, C. Giggleman, O. Bocanegra, &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 1(1) | 7.) % of individuals as omnivores: 0(5)
2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 100(5)
3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 0(1)
4.) Total # of sucker species: 0(2) 10.) # of individuals in sample: 9(1)
5.) Total # intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)
6.) % of individuals as 0(5) | 12.) % of individuals with disease or| 0(5)

tolerants:

other anomaly:

IBI Total Score: 32 (Limited)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 1(1) | 7.) % of individuals as invertivores:| 100(5)

2.) # of native cyprinid species: 1(1) | 8.) # of individuals/seine haul: 1.1(2)

3.) # of sunfish species: 01) |9) 0/? of individuals as non-native 0(5)
species:

4.) % of individuals as 0(5) | 10.) % of individuals with disease or| 0(5)

omnivores:

other anomaly:

IBI Total Score: 24 (Intermediate)
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Site: Canadian River #5 Location:

Date: 19 April 2001 (HF)  Collectors:

US 385; S. of Channing, TX; Oldham County

M. Armstrong, C. Giggleman, O. Bocanegra, &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 7(3) | 7.) % of individuals as omnivores: 29(3)

2.) Total # of darter species: 0(1) | 8.) % of individuals as 71(3)
insectivores:

3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 0(1)

4.) Total # of sucker species: 0(1) | 10.) # of individuals in sample: 48(1)

5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)

6.) % of individuals as tolerants:| 57(1) [ 12.) % of individuals with disease 0(5)

or other anomaly:

IBI Total Score: 26 (Limited)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 7(3) | 7.) % of individuals as invertivores:| 71(5)

2.) # of native cyprinid species: 5(5) | 8.) # of individuals/seine haul: 6.0(2)

3.) # of sunfish species: 0(1) |9.) % of individuals as non-native 0(5)
species:

4.) % of individuals as 29(1) | 10.) % of individuals with disease or| 0(5)

omnivores:

other anomaly:

IBI Total Score: 26 (Intermediate)

B5




Site: Canadian River #6 Location:

Date: 19 April 2001 (HF)  Collectors:

SH 54; Near Logan, NM; Quay County

M. Armstrong, C. Giggleman, O. Bocanegra, &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 4(3) | 7.) % of individuals as omnivores: 0(5)
2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 75(3)
3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 25(5)
4.) Total # of sucker species: 0(1) 10.) # of individuals in sample: 113(3)
5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)
6.) % of individuals as tolerants:| 50(1) [ 12.) % of individuals with disease or| 0(5)

other anomaly:

IBI Total Score: 34 (Limited)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 4(1) |7.) % ofindividuals as invertivores:| 75(5)

2.) # of native cyprinid species: 2(3) | 8.) # of individuals/seine haul: 14.1(2)

3.) # of sunfish species: 01 |9) % of individuals as non-native 0(5)
species:

4.) % of individuals as 0(5) | 10.) % of individuals with disease or| 0(5)

omnivores:

other anomaly:

IBI Total Score: 26 (Intermediate)
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Site: Canadian River #1 Location:

Date: 21 August 2001 Collectors:

(LF)

US 83; N. of Canadian, TX; Hemphill County

J. Lewis, C. Giggleman, O. Bocanegra &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 9(3) | 7.) % of individuals as omnivores: 22(3)
2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 56(3)
3.) Total # of sunfish species: 2(5) | 9.) % of individuals as piscivores: 22(5)
4.) Total # of sucker species: 1(3) 10.) # of individuals in sample: 560(5)
5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)
6.) % of individuals as tolerants:| 78(1) [ 12.) % of individuals with disease or| 0(5)

other anomaly:

IBI Total Score: 40 (Intermediate)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 9(5) |7.) % of individuals as invertivores:| 56(3)

2.) # of native cyprinid species: 2(3) | 8.) # of individuals/seine haul: 70.0(5)

3.) # of sunfish species: 25 19) 0/? of individuals as non-native 0(5)
species:

4.) % of individuals as 22(1) | 10.) % of individuals with disease or| 0(5)

omnivores:

other anomaly:

IBI Total Score: 32 (Intermediate)
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Site: Canadian River #2 Location:

Date: 21 August 2001 Collectors:

(LF)

SH 70; N. of Pampa, TX; Roberts County

J. Lewis, C. Giggleman, O. Bocanegra, &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 6(3) | 7.) % of individuals as omnivores: 0(5)
2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 67(3)
3.) Total # of sunfish species: 1(3) |9.) % of individuals as piscivores: 33(5)
4.) Total # of sucker species: 0(2) 10.) # of individuals in sample: 102(3)
5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)
6.) % of individuals as tolerants:| 67(1) | 12.) % of individuals with disease or| 0(5)

other anomaly:

IBI Total Score: 36 (Limited-Intermediate)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 6(3) | 7.) % of individuals as invertivores:| 67(5)

2.) # of native cyprinid species: 2(3) | 8.) # of individuals/seine haul: 12.8(1)

3.) # of sunfish species: 1(3) | 9.) % of individuals as non-native 0(5)
species:

4.) % of individuals as 0(5) | 10.) % of individuals with disease or| 0(5)

omnivores:

other anomaly:

IBI Total Score: 30 (Intermediate)
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Site: Canadian River #3 Location:

Date: 22 August 2001 Collectors:

(LF)

SH 152; N. of Borger, TX; Hutchinson County

J. Lewis, C. Giggleman, O. Bocanegra &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 0() 7.) % of individuals as omnivores: 0
2.) Total # of darter species: 0 8.) % of individuals as insectivores: 0
3.) Total # of sunfish species: 0 9.) % of individuals as piscivores: 0
4.) Total # of sucker species: §) 10.) # of individuals in sample: 0
5.) Total # of intolerant species: 0 11.) % of individuals as hybrids: 0
6.) % of individuals as tolerants: §) 12.) % of individuals with disease or 0

other anomaly:

IBI Total Score: N/A; Site was not sampled due to lack of water.

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 00) |7.) % ofindividuals as invertivores: 0

2.) # of native cyprinid species: 0 8.) # of individuals/seine haul: 0

3.) # of sunfish species: 0 9. % of individuals as non-native 0
species:

4.) % of individuals as 0 10.) % of individuals with disease or 0

omnivores:

other anomaly:

IBI Total Score: N/A; Site was not sampled due to lack of water.

B9




Site: Canadian River #4 Location:

Date: 22 August 2001 Collectors:

(LF)

U.S. 287; N. of Amarillo, TX; Potter County

J. Lewis, C. Giggleman, O. Bocanegra &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 5(3) | 7.) % of individuals as omnivores: 20(3)

2.) Total # of darter species: 0(1) | 8.) % of individuals as 80(3)
insectivores:

3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 0(1)

4.) Total # of sucker species: 0(1) | 10.) # of individuals in sample: 347(5)

5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)

6.) % of individuals as tolerants:| 80(1) [ 12.) % of individuals with disease 0(5)

or other anomaly:

IBI Total Score: 30 (Limited)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 5(3) | 7.) % of individuals as invertivores:| 80(5)

2.) # of native cyprinid species: 3(5) | 8.) # of individuals/seine haul: 4.4(1)

3.) # of sunfish species: 0(1) |9.) % of individuals as non-native 0(5)
species:

4.) % of individuals as 20(1) | 10.) % of individuals with disease or| 0(5)

omnivores:

other anomaly:

IBI Total Score: 26 (Intermediate)

B10




Site:  Canadian River #5 Location: US385; S. of Channing, TX; Oldham County

Date: 22 August 2001 Collectors: J. Lewis, C. Giggleman, O. Bocanegra &
J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 6(3) | 7.) % of individuals as omnivores: 50(1)

2.) Total # of darter species: 0(1) | 8.) % of individuals as 50(3)
insectivores:

3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 0(1)

4.) Total # of sucker species: 0(1) | 10.) # of individuals in sample: 71(3)

5.) Total # of intolerant species: 0(1) | 11.) % of individuals as hybrids: 0(5)

6.) % of individuals as tolerants:| 83(1) [ 12.) % of individuals with disease 0(5)
or other anomaly:

IBI Total Score: 26 (Limited)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 6(3) | 7.) % of individuals as invertivores:| 50(3)

2.) # of native cyprinid species: 2(3) | 8.) # of individuals/seine haul: 8.9(2)

3.) # of sunfish species: 0(1) |9.) % of individuals as non-native 0(5)
species:

4.) % of individuals as 50(1) | 10.) % of individuals with disease or| 0(5)

omnivores: other anomaly:

IBI Total Score: 22 (Limited)

Bl11




Site: Canadian River #6 Location:

Date: 22 August 2001 Collectors:

(LF)

SH 54; Near Logan, NM; Quay County

J. Lewis, C. Giggleman, O. Bocanegra &

J. Hughes

Statewide IBI Metric Calculations (IBI Score):

1.) Total # of species: 8(3) | 7.) % of individuals as omnivores: 13(5)
2.) Total # of darter species: 0(1) | 8.) % of individuals as insectivores: | 63(3)
3.) Total # of sunfish species: 0(1) |9.) % of individuals as piscivores: 13(5)
4.) Total # of sucker species: 0D 10.) # of individuals in sample: 128(3)
5.) Total # of intolerant species: 1(3) | 11.) % of individuals as hybrids: 0(5)
6.) % of individuals as tolerants:| 50(1) [ 12.) % of individuals with disease of | 0(5)

other anomaly:

IBI Total Score: 36 (Limited-Intermediate)

Western High Plains and Southwestern Tablelands IBI Metric Calculations (IBI Score):

1.) Total # of fish species: 8(5) |7.) % of individuals as invertivores:| 63(3)

2.) # of native cyprinid species: 4(5) | 8.) # of individuals/seine haul: 16.0(1)

3.) # of sunfish species: 0(1) |9) 0/? of individuals as non-native 0(5)
species:

4.) % of individuals as 13(3) | 10.) % of individuals with disease or| 0(5)

omnivores:

other anomaly:

IBI Total Score: 28 (Intermediate)
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APPENDIX C
(MACROINVERTEBRATE DATA FOR THE SOUTH FORK CANADIAN RIVER)



Site: CR1 Canadian River at US 83

Hemphill County, Texas

Specimen ID # Taxon
CR1.1H3 Amphipoda
CR1.1C5 Bivalvia
CR1.1F4 Gastropoda
CR1.1B4 Oligochaeta
CR1.1H1 Turbellaria
CR1.1G5 Collembola
CR1.1G2 Baetidae
CR1.1G1 Caenis sp.
CR1.1F5 Perlesta sp.
CR1.1G3 Nectopsyche sp.
CR1.1H2 Corixidae
CR1.1E1 Agabus sp.
CR1.1C3 Berosus sp.
CR1.1E4 Curculionidae
CR1.1C2 Dubiraphia sp.
CR1.1F2 Hydrochus sp.
CR1.1E2 Oreodytes sp.
CR1.1C4 Peltodytes sp.
CR1.1E5 Scirtidae
CR1.1F1 Tropisternus sp.
CR1.1B2B3 Ceratopogonidae
CR1.1A5B1 Chironomidae
CR1.1B5 Ephydridae
CR1.1F3 Sciomyzidae
CR1.1A1A2A3A4 Simuliidae
CR1.1C1 Tabanidae
CR1.1D1 Argia sp.
CR1.1D5 Gomphidae
CR1.1D3 Hetaerina sp.
CR1.1D4 Sympetrum sp.
# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tolerant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

Cl1

Date: 17-Apr-2001 (HF)

# of Individuals
66
26
344
35
1

2

9
35
1
19

511

1854

P W wonN

3058
1.40
3.40
0.41
6.03

16.7

60.6

67

9.3

0.03

0

5

9.8

0.29

28 - Intermediate



Site: CR2 Canadian River at SH 70
Roberts County, Texas

Specimen ID # Taxon

CR2.1E1 Amphipoda
CR2.1G3 Cambaridae
CR2.1A5 Gastropoda
CR2.1B3 Oligochaeta
CR2.1F5 Turbellaria
CR2.1C5 Caenis sp.
CR2.1D1 Baetidae
CR2.1D2 Hydropsyche sp.
CR2.1G1G2 Nectopsyche sp.
CR2.1C1 Agabus sp.
CR2.1B1 Berosus sp.
CR2.1B4 Dubiraphia sp.
CR2.1E2 Helichus sp.
CR2.1E3 Hydrochus sp.
CR2.1F4 Hydroporus sp.
CR2.1B5 Microcylloepus sp.
CR2.1E4 Staphylinidae
CR2.1G4 Tropisternus sp.
CR2.1E5F1 Ceratopogonidae
CR2.1A3A4 Chironomidae
CR2.1F2 Nemotelus sp.
CR2.1A2A3 Simuliidae
CR2.1F3 Tabanidae
CR2.1D3 Argia sp.
CR2.1C3 Erpetogomphus sp.
CR2.1B2 Hetaerina sp.
CR2.1C2 Progomphus sp
# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tolerant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

C2

Date: 17-Apr-2001 (HF)

# of Individuals
744

1

42

164

25

4

57

1

115

13
36

» ©

65

13
394

305

[En

13

27
2025
1.97
3.29
0.60
5.30

195
36.7
411
12.1
0.39
0.86

411

31 - High



Site: CR3 Canadian River at SH 152

Hutchinson County, Texas

Specimen ID # Taxon
CR3.1D1 Hydrocarina
CR3.1C4 Amphipoda
CR3.1A1A2 Cambaridae
CR3.1A3 Gastropoda
CR3.1A4 Oligochaeta
CR3.1B4 Collembola
CR3.1D2 Caenis sp.
CR3.1D3 Corixidae
CR3.1B5 Agabus sp.
CR3.1C2 Hydroporus sp.
CR3.1C1 Oreodytes sp.
CR3.1C5 Ceratopogonidae
CR3.1A5B1 Chironomidae
CR3.1B3 Culicidae
CR3.1D4 Dolichopodidae
CR3.1D5 Ephydridae
CR3.1B2 Simuliidae

# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tol erant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

C3

Date: 18-Apr-2001 (HF)

# of Individuals
1

1

30

7

41

1207
19

157

17
1544
0.93
2.83
0.33
6.13

78.2

78.2

36.8

29

0.01

0

5

33.4

0

20 - Limited



Site: CR4

Specimen ID #
CR4.1B5
CR4.1B2
CR4.1B1
CRA4.1A5
CR4.1B4
CR4.1C3
CR4.1B3
CR4.1C4
CR4.1C5
CRA4.1C5
CR4.1A4
CR4.1A2A3
CR4.1A1
CR4.1C1

# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tolerant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

Canadian River at US 287
Potter County, Texas

Taxon
Amphipoda
Cambaridae
Gastropoda
Oligochaeta
Caenis sp.
Gyretes sp.
Haliplus sp.
Helichus sp.
Hydroporus sp.
Oreodytes sp.
Ceratopogonidae
Chironomidae
Simuliidae
Argia sp.

C4

Date: 18-Apr-2001 (HF)

# of Individuals

14
352
0.98
2.64
0.37
5.99

75.6

75.6

37.1

27.6

0.02

0

4

29.6

0

20 - Limited



Site: CR5

Specimen ID #
CR5.1B1
CR5.1A5
CR5.1B2
CR5.1C1
CR5.1B5
CR5.1C3
CR5.1A4
CR5.1C5
CR5.1A2A3
CR5.1A1
CR5.1B4
CR5.1C2
CR5.1B3

# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tolerant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

Canadian River at US 385
Oldham County, Texas

Taxon
Cambaridae
Gastropoda
Oligochaeta
Caenis sp.
Hydropsyche sp.
Corixidae
Berosus sp.
Ceratopogonidae
Chironomidae
Simuliidae
Argia sp.
Gomphidae
Ischnura sp.

C5

Date: 19-Apr-2001 (HF)

# of Individuals

W NP PP O O

449
115

B RN

13
587
0.74
2.56
0.29
6.02
2
76.5
76.5
45.3
26.8
0.003
100

3
26.7
0

19 - Limited



Site: CR6 Canadian River at SH 54
Quay County, New Mexico

Specimen ID # Taxon
CR6.1C2 Hydracarina
CR6.1A4 Gastropoda
CR6.1D4 Oligochaeta
CR6.1C1 Turbellaria
CR6.1C4 Baetidae
CR6.1D5 Belostoma sp.
CR6.1E3 Corixidae
CR6.1D5 Gerridae
CR6.1A5C3 Berosus sp.
CR6.1D3 Enochrus sp.
CR6.1D2 Oreodytes sp.
CR6.1C5 Paracymus sp.
CR6.1B1F2F3 Ceratopogonidae
CR6.1A2A3 Chironomidae
CR6.1E5 Dolichopodidae
CR6.1A1 Simuliidae
CR6.1E2 Tabanidae
CR6.1F4 Tipulidae
CR6.1B3 Argia sp.
CR6.1B4 Enallagma sp.
CR6.1E1 Libellulidae

# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tolerant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

Cé6

Date: 19-Apr-2001 (HF)

# of Individuals

565
450
15

BN

27

21
1260
1.36
3.04
0.45
6.31

35.7

44.8

49.2

49.2

0.02

0

4

35.9

0

18 - Limited



Site: CR1 Canadian River at US 83

Hemphill County, Texas

Specimen ID # Taxon
CR1.2D3 Amphipoda
CR1.2B2 Gastropoda
CR1.2A4 Oligochaeta
CR1.2E3 Baetidae
CR1.2C5 Caenis sp.
CR1.2G1 Isonychia sp.

CR1.2D1 Tricorythodes sp.
CR1.2C4 Hydropsyche sp.
CR1.2H4 Nectopsyche sp.
CR1.2C3 Belostoma sp.
CR1.2C5 Rhagovelia sp.
CR1.2B4 Sialis sp.
CR1.2D5 Berosus sp.
CR1.2H3 Celina sp.
CR1.2E5 Chaetarthria sp.
CR1.2F2 Dubiraphia sp.
CR1.213 Enochrus sp.
CR1.2E2 Haliplus sp.
CR1.2G3 Helichus sp.
CR1.214 Helochares sp.
CR1.2G2 Helophorus sp.
CR1.2E4 Hydrochus sp.
CR1.2F5 Laccophilus sp.
CR1.2F1G4 Paracymus sp.
CR1.2E1 Peltodytes sp.
CR1.2F3 Stenelmis sp.
CR1.2D2 Tropisternus sp.
CR1.2A5 Ceratopogonidae
CR1.2A2A3 Chironomidae
CR1.2H2 Dolichopodidae
CR1.2A1 Simuliidae
CR1.2D4 Tabanidae
CR1.2C1 Argia sp.
CR1.2C2 Erpetogomphus sp.
CR1.2B1 Hetaerina sp.
CR1.2B3 Macromia sp.
CR1.2B5 Progomphus sp.
# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tol erant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

C7

Date: 21-Aug-2001 (LF)

# of Individuals
255

100

14

14

87

3

100

22

198

452

(S I

13
13

42
37
1556
241
3.61
0.67
5.62

29

29

354

27.6

0.53

10

3

354

0.45

27 - Intermediate



Site: CR2

Specimen ID #
CR2.2A3
CR2.2H2
CR2.2B3
CR2.2A2
CR2.2B4
CR2.2C1
CR2.2B5
CR2.2C2
CR2.2H3
CR2.2H1
CR2.2H4H 51112
CR2.2B1
CR2.2A5
CR2.2G3
CR2.2E5
CR2.2D3

CR2.213

CR2.2B2
CR2.2D2
CR2.2C5
CR2.2D1
CR2.2D5G1
CR2.2J1

CR2.2D4
CR2.2G5
CR2.2F3
CR2.2E2J2
CR2.2A1E3
CR2.2E1
CR2.2F4

CR2.2F1
CR2.2C4
CR2.2A4F2F5
CR2.2G2

CR2.235

CR2.2C3

# of Taxa

# of Individuals
Diversity
Maximum Diversity
Evenness
Hilsenhoff Index
EPT

% Chironomidae
% Dominant Taxon
% Dominant Functional Group
% Predator
Intolerant/Tolerant
% Trichoptera =Hydropsychids
# Non-insect Taxa
% Collector-gatherers
% Elmidae

IBI Score

Canadian River at SH 70
Roberts County, Texas

Taxon
Amphipoda
Cambaridae
Gastropoda
Oligochaeta
Turbellaria
Baetidae
Isonychia sp.
Tricorythodes sp.
Cheumatopsyche sp.
Hydropsyche sp.
Nectopsyche sp.
Rhagovelia sp.
Berosus sp.
Curculionidae
Dineutus sp.
Dubiraphia sp.
Enochrus sp.
Haliplus sp.
Helichus sp.
Helophorus sp.
Hydrochus sp.
Microcylloepus sp.
Ochthebius sp.
Staphylinidae
Stenelmis sp.
Tropisternus sp.
Ceratopogonidae
Chironomidae
Nemotelus sp.
Tabanidae

Argia sp.
Erpetogomphus sp.
Hetarina sp.
Libellulidae
Macromia sp.
Progomphus sp.

C8

Date: 21-Aug-2001 (LF)

# of Individuals
543

1

74

39

2

18

11

18

193

1882
2.12
3.58
0.59
4.13

10.3
31
36.9
26.3
2.07
13

36.9
4.9
34 - High



Site: CR3 Canadian River at SH 152 Date: 22-Aug-2001 (LF)
Hutchinson County, Texas

No specimens collected due to
absence of water in channel.
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Site: CR4

Specimen ID #
CR4.2G4
CR4.2F1
CR4.2G1
CR4.2G2
CR4.2H2
CR4.2G5
CR4.2H2
CR4.233
CR4.2J1
CR4.2G3
CR4.2F2
CR4.2H4
CR4.2H3
CR4.2H5
CR4.2F3
CR4.214
CR4.2F5
CR4.2I15
CR4.2F4
CR4.211
CR4.212

# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tolerant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

Canadian River at US 287
Potter County, Texas

Taxon
Amphipoda
Cambaridae
Gastropoda
Oligochaeta
Baetidae
Caenis sp.
Tricorythodes sp.
Leptoceridae
Microvelia sp.
Berosus sp.
Dineutus sp.
Helichus sp.
Helophorus sp.
Hydroporus sp.
Tropisternus sp.
Ceratopogonidae
Chironomidae
Nemotelus sp.
Simuliidae
Argia sp.
Enallagma sp.

C10

Date: 22-Aug-2001 (LF)

# of Individuals

WFRPROFRPNNWRERERPEPNONOONDNLPR

21
178
1.99
3.04
0.65
5.91

34.8

34.8

43.1

24.4

0.16

0

4

24.4

0

27 - Intermediate



Site: CR5

Specimen ID #
CR5.2G4
CR5.2G5
CR5.211
CR5.2H5
CR5.2H1
CR5.2G1
CR5.2H4
CR5.2H3
CR5.2H2
CR5.2G3
CRb5.2G2
CR5.212

# of Taxa

# of Individuals

Diversity

Maximum Diversity

Evenness

Hilsenhoff Index

EPT

% Chironomidae

% Dominant Taxon

% Dominant Functional Group
% Predator

Intolerant/Tolerant

% Trichoptera =Hydropsychids
# Non-insect Taxa

% Collector-gatherers

% Elmidae

IBI Score

Canadian River at US 385
Oldham County, Texas

Taxon
Amphipoda
Oligochaeta
Baetidae
Caenis sp.
Berosus sp.
Dineutus sp.
Laccophilus sp.
Ceratopogonidae
Chironomidae
Simuliidae
Tabanidae
Coenagrionidae

Cl1

Date: 22-Aug-2001 (LF)

# of Individuals
4
16
2
12
1
1
1
2
66
55
1
2

12
163
1.53
2.48
0.62
6.14

40.5

40.5

47.2

17.8

0.02

0

2

30.1

0

19 - Limited



Site: CR6

Canadian River at SH 54
Quay County, New Mexico

Date: 22-Aug-2001 (LF)

Specimen ID # Taxon # of Individuals
CR6.2H1 Amphipoda 2
CR6.2G1 Gastropoda 26
CR6.2J1 Oligochaeta 10
CR6.2J3 Baetidae 1
CR6.2H2 Hydroptilidae 2
CR6.2J2 Corixidae 27
CR6.2H3 Merragata sp. 1
CR6.2G2I3 Berosus sp. 62
CR6.215 Enochrus sp. 3
CR6.212 Haliplus sp. 1
CR6.2G3 Ceratopogonidae 164
CR6.2G4G5 Chironomidae 161
CR6.2H5 Nemotelus sp. 7
CR6.2H4 Odontomyia sp. 1
CR6.211 Tipulidae 1
CR6.2F1 Argia sp. 7
CR6.2F2 Enallagma sp. 19
CR6.2F3 Erpetogomphus sp. 6
CR6.2F5 Erythemis sp. 1
CR6.2F4 Orthemis sp. 2

# of Taxa 20
# of Individuals 504
Diversity 1.84
Maximum Diversity 3.00
Evenness 0.61
Hilsenhoff Index 6.53
EPT 2

% Chironomidae 31.9
% Dominant Taxon 32.5
% Dominant Functional Group 46.5
% Predator 46.5
Intolerant/Tolerant 0.02
% Trichoptera =Hydropsychids 0

# Non-insect Taxa 3

% Collector-gatherers 37
% Elmidae 0
IBI Score 21 - Limited
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APPENDIX D
(IN-STREAM HABITAT EVALUATIONS)



PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Hemphill County, Texas
STATION # CR1 STREAM CLASS 4" Order
LAT 35.93537 RIVER BASIN  Canadian River
LONG -100.3742 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Mike Armstrong
FORM COMPLETED BY DATE 04/17/2001 REASON FOR SURVEY
Craig Giggleman TIME 0800 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) O O Yes [®= No
O rain (steady rain) a
O showers (intermittent) [ Air Temperature 51 °F
85 % [® % cloud cover [x] 95 %  Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [ Perennial O Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area__ 59,223 km?
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
0 Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=] No evidence 00 Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
[=] Agricultural O Other Local Watershed Erosion
O Residential O None [ Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION [=] Trees [® Shrubs [=] Grasses O Herbaceous
dominant species present _ Salt cedar and Russian olive
INSTREAM Estimated Reach Length ___ 100 m Canopy Cover
FEATURES Estimated Stream Width 50 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area __ 5000 m’ High Water Mark 2 m
Area in km* (m*/10°) 0.005  km’ Proportion of Reach Represented by
Estimated Stream Depth _ 1.0 m Stream Morphology Types
Surface Velocity __ 0.59 m’/sec [=] Riffle__10 % [® Run_ 85 %
(=] Pool 5 %
Channelized O Yes [®No
Dam Present O Yes [@ No
LARGE WOODY LWD 10 m’
DEBRIS Density of LWD 2000 m?/km* (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent [=] Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present ___unknown
Portion of the reach with aquatic vegetation __5 %
WATER QUALITY Temperature_ 10.5 °C Water Odors Water Surface Oils
Conductivity 2160 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen 9.2 O Petroleum O Chemical O Sheen [® None
pH 8.7 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No

Dl




INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)

Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 95%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 5%
Sand 0.06-2 mm (gritty) 99% Marl grey, shell fragments
Silt 0.004-0.06 mm 1%
Clay <0.004 mm (slick)

HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substmate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 13 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 8 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 5 20 19 18 17 16 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 10 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

D2




HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

(score each bank)

of erosion or bank
failure absent or
minimal, little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 19 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 7 20 19 18 17 16 15 14 13 12 Il 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

e

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 5 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been

macrophytes; growth potential to half of the potential removed to 5
disruption by grazing any great extent; more | stubble height centimeters or lessin
or mowing minimal or | than one half of the remaining. average stubble
not evident; almost all | potential plant stubble height.
plants allowed to grow | height remaining.
naturally.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 6 (RB) RightBank 10 9 38 7 6 5 4 3 2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

SCORE 10 (LB) LeftBank 10 9
SCORE 10 (RB)  RightBank 10 9
TOTAL SCORE___ 108

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6

D3

Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Roberts County, Texas
STATION # CR2 STREAM CLASS 4" Order
LAT 35.96786 RIVER BASIN  Canadian River
LONG -100.8587 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Mike Armstrong
FORM COMPLETED BY DATE 04/17/2001 REASON FOR SURVEY
Craig Giggleman TIME 1230 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) O O Yes [® No
O rain (steady rain) O
O showers (intermittent) O Air Temperature 60 °F
75 % [ % cloud cover [ _95 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [® Perennial O Intermittent O Tidal O Coldwater [® Warmwater
Stream Origin Catchment Area__ 59,223 km?
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
[0 Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=] No evidence O Some potential sources
[%] Field/Pasture O Industrial O Obvious sources
O Agricultural O Other Local Watershed Erosion
O Residential O None [ Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION O Trees O Shrubs [=] Grasses O Herbaceous
dominant species present __ Switch grass
INSTREAM Estimated Reach Length __ 100 m Canopy Cover
FEATURES Estimated Stream Width __15 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area _ 1500 m’ High Water Mark 1.0 m
Area in km? (m*/10°) 0.0015  km? Proportion of Reach Represented by
Estimated Stream Depth __ 0.5 m Stream Morphology Types
Surface Velocity __ 0.59 m’/sec [=] Riffle_ 2 % [® Run__ 95 %
[=] Pool__3 %
Channelized O Yes [®No
Dam Present O Yes [@ No
LARGE WOODY LWD 5 m’
DEBRIS Density of LWD 3333 m?/km* (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent [=] Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present _unknown
Portion of the reach with aquatic vegetation 5 %
WATER QUALITY Temperature_ 12.8  °C Water Odors Water Surface Oils
Conductivity__2570 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen 8.4 O Petroleum O Chemical O Sheen [® None
pH 8.8 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaquel Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [8] Normal O Sewage O Petroleum O Sludge O Sawdust
O Chemical O Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent O Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No

E4




INORGANIC SUBSTRATE COMPONENTS
(should add up to 100%)

ORGANIC SUBSTRATE COMPONENTS

(does not necessarily add up to 100%)

Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 98%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM)
Sand 0.06-2 mm (gritty) 98% Marl grey, shell fragments 2%
Silt 0.004-0.06 mm 1%
Clay <0.004 mm (slick) 1%
HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substrate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 4 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 9 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

(score each bank)

of erosion or bank
failure absent or
minimal, little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 20 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 8 20 19 18 17 16 15 14 13 12 Il 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

e

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

SCORE 6 (LB)
SCORE 6 (RB)

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody
macrophytes;
disruption by grazing
or mowing minimal or
not evident; almost all
plants allowed to grow

naturally.
Left Bank 10 9
Right Bank 10 9

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant
growth potential to
any great extent; more
than one half of the
potential plant stubble
height remaining.

8 7 6
8 7 6

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

half of the potential
stubble height
remaining.

5 4 3
5 4 3

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 4 (RB) RightBank 10 9 8 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been
removed to 5
centimeters or lessin
average stubble

height.
2 1 0
2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 9 (LB)
SCORE 9 (RB)
TOTAL SCORE

107

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.
Left Bank 10
Right Bank 10

[N=-RN-]

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Hutchinson County, Texas
STATION # CR3 STREAM CLASS 4" Order
LAT 35.73453 RIVER BASIN  Canadian River
LONG -101.4177 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Mike Armstrong
FORM COMPLETED BY DATE 04/18/2001 REASON FOR SURVEY
Mike Armstrong TIME 1030 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [®No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature _ 54 °F
80 % [® % cloud cover M _ 75 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | O Perennial [® Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area__ 59,223 km?
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
0 Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=INo evidence O Some potential sources
[=lField/Pasture O Industrial O Obvious sources
=] Agricultural O Other Local Watershed Erosion
O Residential O None [0 Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION [ Trees [EShrubs @ Grasses [=]Herbaceous
dominant species present Salt cedar
INSTREAM Estimated Reach Length __ 100 m Canopy Cover
FEATURES Estimated Stream Width 2 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area 200 m’ High Water Mark 1.0 m
Area in km* (m*/10°) __ 0.0002  km’ Proportion of Reach Represented by
Estimated Stream Depth 0.4 m Stream Morphology Types
Surface Velocity _ 0.59 m’/sec [=] Riffle % [® Run %
[=] Pool %
Channelized OYes [ENo
Dam Present [ Yes [ No
LARGE WOODY LWD 5 m’
DEBRIS Density of LWD 25000 m?*/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION (=] Rooted emergent O Rooted submergent O Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present Sedges
Portion of the reach with aquatic vegetation __ 60 %
WATER QUALITY Temperature_ 19.9 °C Water Odors Water Surface Oils
Conductivity_ 2820 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen_ 7.6 O Petroleum O Chemical O Sheen [® None
pH__ 82 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab O Clear O Slightly turbid [® Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells  [® Other __Clay
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)

Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 15%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 20%
Sand 0.06-2 mm (gritty) 70% Marl grey, shell fragments
Silt 0.004-0.06 mm 25%
Clay <0.004 mm (slick) 5%

HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substmate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 9 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 5 20 19 18 17 16 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

(score each bank)

of erosion or bank
failure absent or
minimal, little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

e

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

SCORE 9 (LB)
SCORE 9 (RB)

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody
macrophytes;
disruption by grazing
or mowing minimal or
not evident; almost all
plants allowed to grow

naturally.
Left Bank 0 9
Right Bank 10 9

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant
growth potential to
any great extent; more
than one half of the
potential plant stubble
height remaining.

8 7 6
8 7 6

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

half of the potential
stubble height
remaining.

5 4 3
5 4 3

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 9 (LB) Left Bank 0 9 8 7 6 5 4 3 2 1 0
SCORE 9 (RB) RightBank 10 9 8 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been
removed to 5
centimeters or lessin
average stubble

height.
2 1 0
2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 5 (LB)
SCORE 5 (RB)

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

TOTAL SCORE

Left Bank 10 9
Right Bank 10 9
110

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Potter County, Texas
STATION # CR4 STREAM CLASS 4" Order
LAT 35.46958 RIVER BASIN  Canadian River
LONG -101.8811 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Mike Armstrong
FORM COMPLETED BY DATE 04/18/2001 REASON FOR SURVEY
Mike Armstrong TIME 1430 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [® No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature 76 °F
15 % [® 9% cloud cover [ 30 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [ Perennial O Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area _ 59,223  km’
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
0 Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial O No evidence O Some potential sources
[=] Field/Pasture O Industrial [=] Obvious sources
O Agricultural [=] Other ATV use Local Watershed Erosion
O Residential O None [ Moderate [®] Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION [=] Trees [® Shrubs [=] Grasses [=] Herbaceous
dominant species present Salt cedar, switch grasses
INSTREAM Estimated Reach Length __ 100 m Canopy Cover
FEATURES Estimated Stream Width 50 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area __ 5000 m’ High Water Mark 2.0 m
Area in km* (m*/10°) 0.005  km’ Proportion of Reach Represented by
Estimated Stream Depth 1.0 m Stream Morphology Types
Surface Velocity __ 0.59 m’/sec O Riffle % [@ Run__ 100 %
O Pool %
Channelized OYes [ENo
Dam Present O Yes [ No
LARGE WOODY LWD 0 m’
DEBRIS Density of LWD 0 m?*/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent O Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present_none
Portion of the reach with aquatic vegetation 0 %
WATER QUALITY Temperature 21.0 °C  Water Odors Water Surface Oils
Conductivity 3000 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen 7.4 O Petroleum O Chemical O Sheen [® None
pH 8.8 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab O Clear [® Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)
Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 2%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 10%
Sand 0.06-2 mm (gritty) 100% Marl grey, shell fragments
Silt 0.004-0.06 mm
Clay <0.004 mm (slick)
HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substrate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 1 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 4 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel,; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 9 20 19 18 17 16 15 14 13 12 11 0 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

Habitat Condition Category
Parameter Optimal | Suboptimal | Marginal | Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 19 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 10 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

8. Bank Stability
(score each bank)

Banks stable; evidence
of erosion or bank
failure absent or
minimal; little
potential for future

Moderately stable;
infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

Moderately unstable;
30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Unstable; many

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

()

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

SCORE 8 (LB)
SCORE 2 (RB)

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody
macrophytes;
disruption by grazing
or mowing minimal or
not evident; almost all
plants allowed to grow

naturally.
Left Bank 10 9
Right Bank 10 9

surfaces covered by
native vegetation, but
one class of plants is
not well represented;
disruption evident but
not affecting full plant
growth potential to
any great extent; more
than one half of the
potential plant stubble
height remaining.

8 7 6
8 7 6

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

half of the potential
stubble height
remaining.

5 4 3
5 4 3

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 8 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 2 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the | 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been
removed to 5
centimeters or lessin
average stubble

height.
2 1 0
2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 8 (LB)
SCORE 3 (RB)

TOTAL SCORE

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

Left Bank 10 9
Right Bank 10 9
86

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

5 3
5 4 3

N

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Oldham County, Texas
STATION # CR5 STREAM CLASS 4" Order
LAT 35.52047 RIVER BASIN  Canadian River
LONG -102.2626 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Mike Armstrong
FORM COMPLETED BY DATE 04/19/2001 REASON FOR SURVEY
Omar Bocanegra TIME 0900 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [® No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature __ 62 °F
95 % @ % cloud cover [\ 80 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [ Perennial O Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area 59,223  km’
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
0 Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=] No evidence 00 Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
O Agricultural O Other Local Watershed Erosion
O Residential O None [ Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION [=] Trees [® Shrubs [=] Grasses [=] Herbaceous
dominant species present Reed canary grass, cottonwoods, salt cedar, and willow
INSTREAM Estimated Reach Length _ 100 m Canopy Cover
FEATURES Estimated Stream Width __ 10 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area _ 1000 m’ High Water Mark __ 2.0 m
Area in km* (m*/10°) 0.001  km? Proportion of Reach Represented by
Estimated Stream Depth 0.5 m Stream Morphology Types
Surface Velocity _ 0.59 m’/sec [=] Riffle_ 10 % [@ Run__ 87 %
mPool__ 3 %
Channelized O Yes [®No
Dam Present O Yes [@ No
LARGE WOODY LWD 0 m’
DEBRIS Density of LWD 0 m?*/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION [=] Rooted emergent O Rooted submergent O Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present Reed canary grass
Portion of the reach with aquatic vegetation 20 %
WATER QUALITY Temperature_ 12.8 °C Water Odors Water Surface
Oils
Conductivity_ 3130 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen 8.2 O Petroleum O Chemical O Sheen [® None
pH 8.8 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaquel Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [8] Normal O Sewage O Petroleum O Sludge O Sawdust
O Chemical O Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent O Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)
Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 5%
Cobble 64-256 mm (2.5"-10") 1% Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 10%
Sand 0.06-2 mm (gritty) 99% Marl grey, shell fragments
Silt 0.004-0.06 mm
Clay <0.004 mm (slick)
HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substrate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 8 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 8 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 2 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 12 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 9 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

(score each bank)

of erosion or bank
failure absent or
minimal; little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 19 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 14 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

eroded areas; “raw”
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

SCORE 2 (LB)
SCORE 2 (RB)

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody
macrophytes;
disruption by grazing
or mowing minimal or
not evident; almost all
plants allowed to grow

naturally.
Left Bank 10 9
Right Bank 10 9

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant
growth potential to
any great extent; more
than one half of the
potential plant stubble
height remaining.

8 7 6
8 7 6

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

half of the potential
stubble height
remaining.

5 4 3
5 4 3

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 5 (LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0
SCORE 5 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been
removed to 5
centimeters or lessin
average stubble
height.

1 0

2
2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 9 (LB)
SCORE 9 (RB)

TOTAL SCORE

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

Left Bank 10 9
Right Bank 10 9
104

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Quay County, New Mexico
STATION # CR6 STREAM CLASS 3" Order
LAT 35.52047 RIVER BASIN  Canadian River
LONG -103.4151 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Mike Armstrong
FORM COMPLETED BY DATE 04/19/2001 REASON FOR SURVEY
Mike Armstrong TIME 1215 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [®No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature __ 80 °F
50 % [ % cloud cover [ _60 % Other 20-30 mph winds
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [®] Perennial O Intermittent [ Tidal O Coldwater [=] Warmwater
Stream Origin Catchment Area _ 59,223 km’
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
O Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial O No evidence [® Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
[=] Agricultural O Other Local Watershed Erosion
O Residential [=] None [ Moderate O Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION O Trees [® Shrubs [=] Grasses [=] Herbaceous
dominant species present _ Willow
INSTREAM Estimated Reach Length ___ 100 m Canopy Cover
FEATURES Estimated Stream Width 12 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area _1200 m’ High Water Mark __ 2 m
Area in km*> (m*/10°) __ 0.0012  km® Proportion of Reach Represented by
Estimated Stream Depth __ 0.9 m Stream Morphology Types
Surface Velocity _ 0.59 m’/sec @ Riffle_ 15 % [® Run__ 70 %
(=] Pool___15 %
Channelized OYes [ENo
Dam Present [ Yes [ No
LARGE WOODY LWD_ 0 m’
DEBRIS Density of LWD 0 m?*/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION [=] Rooted emergent O Rooted submergent O Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present Sedges
Portion of the reach with aquatic vegetation 10 %
WATER QUALITY Temperature__ 17.5 °’C  Water Odors Water Surface Oils
Conductivity_ 2920 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen7.7 O Petroleum O Chemical O Sheen [® None
pH 8.5 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse =] Yes O No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)
Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 15%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 30%
Sand 0.06-2 mm (gritty) 100% Marl grey, shell fragments
Silt 0.004-0.06 mm
Clay <0.004 mm (slick)
HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substrate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 15 20 19 18 17 16 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 38 20 19 18 17 16 15 14 13 12 Il 10 9 8 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 13 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

(score each bank)

of erosion or bank
failure absent or
minimal; little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 20 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 14 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

eroded areas; “raw”
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

SCORE 3 (LB)
SCORE 3 (RB)

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody
macrophytes;
disruption by grazing
or mowing minimal or
not evident; almost all
plants allowed to grow

naturally.
Left Bank 10 9
Right Bank 10 9

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant
growth potential to
any great extent; more
than one half of the
potential plant stubble
height remaining.

8 7 6
8 7 6

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one
half of the potential
stubble height
remaining.

5 4
5 4

[ [ e

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 4 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been
removed to 5
centimeters or lessin
average stubble

height.
2 1 0
2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 8 (LB)
SCORE 8 (RB)

TOTAL SCORE

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

Left Bank 10 9
Right Bank 10 9
118

Width of riparian zone
12-18 meters; human
activities have
impacted zone only
minimally.

7
7 6

o0 100
()
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Width of riparian zon
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Hemphill County, Texas
STATION # CR1 STREAM CLASS 4" Order
LAT 35.93537 RIVER BASIN  Canadian River
LONG -100.3742 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Jacob Lewis
FORM COMPLETED BY DATE 08/21/2001 REASON FOR SURVEY
Omar Bocanegra, Craig Giggleman TIME 0800 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [® No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature 85 °F
5% @1 % cloud cover O ? % Other
[=] clear/sunny [x]
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [ Perennial O Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area _ 59,223  km®
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
O Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=] No evidence 00 Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
[=] Agricultural O Other Local Watershed Erosion
O Residential O None [ Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION [=] Trees [® Shrubs [=] Grasses O Herbaceous
dominant species present __Salt cedar and Russian olive
INSTREAM Estimated Reach Length ___ 100 m Canopy Cover
FEATURES Estimated Stream Width 40 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area __ 4000 m® High Water Mark 2 m
Area in km* (m*/10°) 0.004  km? Proportion of Reach Represented by
Estimated Stream Depth _ 0.15 m Stream Morphology Types
Surface Velocity _ 0.59 m’/sec [=] Riffle__ 20 % [® Run_75 %
[=] Pool 5 %
Channelized O Yes [®No
Dam Present O Yes [@ No
LARGE WOODY LWD 10 m’
DEBRIS Density of LWD 2500 m?/km* (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent [=] Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present unknown
Portion of the reach with aquatic vegetation ___ <5 %
WATER QUALITY Temperature 21.5 °C Water Odors Water Surface Oils
Conductivity_ 1120 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen7.9 O Petroleum O Chemical O Sheen [® None
pH 8.8 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse =] Yes O No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)

Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 90%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 10%
Sand 0.06-2 mm (gritty) 99% Marl grey, shell fragments
Silt 0.004-0.06 mm 1%
Clay <0.004 mm (slick)

HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substmate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 12 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 5 20 19 18 17 16 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 10 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

(score each bank)

of erosion or bank
failure absent or
minimal, little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 19 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 9 20 19 18 17 16 15 14 13 12 Il 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

e

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 4 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been

macrophytes; growth potential to half of the potential removed to 5
disruption by grazing any great extent; more | stubble height centimeters or lessin
or mowing minimal or | than one half of the remaining. average stubble
not evident; almost all | potential plant stubble height.
plants allowed to grow | height remaining.
naturally.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 7 (RB) RightBank 10 9 38 7 6 5 4 3 2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 10 (LB)
SCORE 10 (RB)

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

TOTAL SCORE

LeftBank 10 9
Right Bank 10 9
108

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Roberts County, Texas
STATION # CR2 STREAM CLASS 4" Order
LAT 35.96786 RIVER BASIN  Canadian River
LONG -100.8587 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Jake Lewis
FORM COMPLETED BY DATE 08/21/2001 REASON FOR SURVEY
Omar Bocanegra, Craig Giggleman TIME 1230 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [® No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature __ 95 °F
10 % [ % cloud cover [ _ 10 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [ Perennial O Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area 59,223 km®
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
O Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=] No evidence 00 Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
O Agricultural O Other Local Watershed Erosion
O Residential O None [ Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION O Trees [® Shrubs [=] Grasses O Herbaceous
dominant species present ___ Switch grass
INSTREAM Estimated Reach Length __ 100 m Canopy Cover
FEATURES Estimated Stream Width __12 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area _ 1200 m’ High Water Mark 2.0 m
Area in km* (m*/10°) 0.0012  km’ Proportion of Reach Represented by
Estimated Stream Depth __ 0.25 m Stream Morphology Types
Surface Velocity __ 0.04 m’/sec [=] Riffle__15 % [® Run__ 80 %
[=] Pool__5 %
Channelized O Yes [®No
Dam Present O Yes [@ No
LARGE WOODY LWD 5 m’
DEBRIS Density of LWD 4166 m?/km* (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent [=] Rooted floating
[=] Free floating O Floating Algae O Attached Algae
dominant species present _unknown
Portion of the reach with aquatic vegetation 5 %
WATER QUALITY Temperature_ 29.9 °C Water Odors Water Surface Oils
Conductivity_ 1301 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen 8.3 O Petroleum O Chemical O Sheen [® None
pH 9.0 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)

Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 97%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 2%
Sand 0.06-2 mm (gritty) 98% Marl grey, shell fragments 1%
Silt 0.004-0.06 mm 1%
Clay <0.004 mm (slick) 1%

HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substmate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 12 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 4 20 19 18 17 16 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

(score each bank)

of erosion or bank
failure absent or
minimal, little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 20 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 8 20 19 18 17 16 15 14 13 12 Il 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

e

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 4 (RB) RightBank 10 9 8 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been

macrophytes; growth potential to half of the potential removed to 5
disruption by grazing any great extent; more | stubble height centimeters or lessin
or mowing minimal or | than one half of the remaining. average stubble
not evident; almost all | potential plant stubble height.
plants allowed to grow | height remaining.
naturally.
SCORE 6 (LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0
SCORE 6 (RB) RightBank 10 9 38 7 6 5 4 3 2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 9 (LB)
SCORE 9 (RB)

TOTAL SCORE

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

LeftBank 10 9
Right Bank 10 9
106

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Potter County, Texas
STATION # CR4 STREAM CLASS 4" Order
LAT 35.46958 RIVER BASIN  Canadian River
LONG -101.8811 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Jacob Lewis
FORM COMPLETED BY DATE 08/22/2001 REASON FOR SURVEY
Omar Bocanegra, Craig Giggleman TIME 0915 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [® No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature 80 °F
25 % @ % cloud cover B _?2 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [ Perennial O Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area 59,223  km?
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
O Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=] No evidence 00 Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
O Agricultural O Other, Local Watershed Erosion
O Residential O None [ Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION [=] Trees [® Shrubs [=] Grasses O Herbaceous
dominant species present Salt cedar, switch grasses
INSTREAM Estimated Reach Length __ 100 m Canopy Cover
FEATURES Estimated Stream Width 50 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area __ 5000 m’ High Water Mark 2.0 m
Area in km* (m*/10°) 0.005  km’ Proportion of Reach Represented by
Estimated Stream Depth 0.15 m Stream Morphology Types
Surface Velocity __ 0.04 m’/sec [ Riffle_10 % @ Run_ 85 %
[ Pool__ 5 %
Channelized O Yes [®No
Dam Present O Yes [@ No
LARGE WOODY LWD 0 m’
DEBRIS Density of LWD 0 m?*/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent O Rooted floating
[=] Free floating O Floating Algae O Attached Algae
dominant species present_ unknown
Portion of the reach with aquatic vegetation 2 %
WATER QUALITY Temperature 20.5 °C  Water Odors Water Surface Oils
Conductivity 1430 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen 7.9 O Petroleum O Chemical O Sheen [® None
pH 8.9 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab O Clear [® Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)
Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 10%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 90%
Sand 0.06-2 mm (gritty) 99% Marl grey, shell fragments
Silt 0.004-0.06 mm 1%
Clay <0.004 mm (slick)
HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substrate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 4 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 6 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 19 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 12 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

8. Bank Stability
(score each bank)

Banks stable; evidence
of erosion or bank
failure absent or
minimal; little
potential for future

Moderately stable;
infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

Moderately unstable;
30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Unstable; many

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

()

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

SCORE 4 (LB)
SCORE 7 (RB)

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody
macrophytes;
disruption by grazing
or mowing minimal or
not evident; almost all
plants allowed to grow
naturally.

Left Bank 10 9

Right Bank 10 9

surfaces covered by
native vegetation, but
one class of plants is
not well represented;
disruption evident but
not affecting full plant
growth potential to
any great extent; more
than one half of the
potential plant stubble
height remaining.

8 7 6
8 7 6

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

half of the potential
stubble height
remaining.

5 4 3
5 4 3

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 4 (LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0
SCORE 7 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been
removed to 5
centimeters or less in
average stubble

height.
2 1 0
2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 10 (LB)
SCORE 10 (RB)

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.
Left Bank 10 9
Right Bank 10 9

TOTAL SCORE

101

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Oldham County, Texas
STATION # CR5 STREAM CLASS 4" Order
LAT 35.52047 RIVER BASIN  Canadian River
LONG -102.2626 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Jacob Lewis
FORM COMPLETED BY DATE 08/22/2001 REASON FOR SURVEY
Omar Bocanegra TIME 1229 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [® No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature 90 :
5 % [@ % cloud cover O_ 8 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [ Perennial O Intermittent O Tidal O Coldwater [®] Warmwater
Stream Origin Catchment Area 59,223 km®
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
O Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial [=] No evidence 00 Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
O Agricultural O Other Local Watershed Erosion
O Residential O None [ Moderate [ Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION [=] Trees [® Shrubs [=] Grasses O Herbaceous
dominant species present_grasses
INSTREAM Estimated Reach Length _ 100 m Canopy Cover
FEATURES Estimated Stream Width __ 25 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area _ 2500 m’ High Water Mark __ 2.5 m
Area in km* (m*/10°) __ 0.0025 km’ Proportion of Reach Represented by
Estimated Stream Depth 0.15 m Stream Morphology Types
Surface Velocity _ 0.04 m’/sec [=] Riffle_ 15 % [® Run, 8 %
[=] Pool___5 %
Channelized O Yes [®No
Dam Present O Yes [@ No
LARGE WOODY LWD 2 m’
DEBRIS Density of LWD 800 m?/km* (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent O Rooted floating
[=] Free floating O Floating Algae O Attached Algae
dominant species present unknown
Portion of the reach with aquatic vegetation 0.5 %
WATER QUALITY Temperature  27.5 °C Water Odors Water Surface Oils
Conductivity__1830 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen 8.1 O Petroleum O Chemical O Sheen [® None
pH 9.0 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse O Yes = No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)
Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 1%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 15%
Sand 0.06-2 mm (gritty) 99% Marl grey, shell fragments
Silt 0.004-0.06 mm 1%
Clay <0.004 mm (slick)
HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substrate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 6 20 19 18 17 16 15 14 13 12 Il 10 9 8 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 3 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel,; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 6 20 19 18 17 16 15 14 13 12 11 0 9 8 7 6 5 4 3 2 1 0
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HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS BEYOND SAMPLING REACH

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 20 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 13 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

8. Bank Stability
(score each bank)

Banks stable; evidence
of erosion or bank
failure absent or
minimal, little
potential for future

Moderately stable;
infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

Moderately unstable;
30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Unstable; many

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

e

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 3 (LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0
SCORE 4 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been

macrophytes; growth potential to half of the potential removed to 5
disruption by grazing any great extent; more | stubble height centimeters or lessin
or mowing minimal or | than one half of the remaining. average stubble
not evident; almost all | potential plant stubble height.
plants allowed to grow | height remaining.
naturally.
SCORE 4 (LB) LeftBank 10 9 8 7 6 5 4 3 2 1 0
SCORE 4 (RB) RightBank 10 9 8 7 6 5 4 302 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 10 (LB)
SCORE 10 (RB)

TOTAL SCORE

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

LeftBank 10 9
Right Bank 10 9
97

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA

STREAM NAME South Canadian River LOCATION Quay County, New Mexico
STATION # CR6 STREAM CLASS 3" Order
LAT 35.52047 RIVER BASIN  Canadian River
LONG -103.4151 AGENCY U.S. Fish & Wildlife Service
INVESTIGATORS Craig Giggleman, Omar Bocanegra, John Hughes, and Jacob Lewis
FORM COMPLETED BY DATE 08/22/2001 REASON FOR SURVEY
Craig Giggleman TIME 1615 hrs Off-Refuge Study
WEATHER Now Past 24 hours Heavy rain in last 7 days
CONDITIONS O storm (heavy rain) | O Yes [®No
O rain (steady rain) |
O showers (intermittent) [ Air Temperature 90 °F
5 % [ % cloud cover B _?2 % Other
O clear/sunny |
STREAM Stream Subsystem Stream Type
CHARACTERIZATION | [®] Perennial O Intermittent [ Tidal O Coldwater [=] Warmwater
Stream Origin Catchment Area 59,223  km?
O Glacial O Spring-fed
O Non-glacial montane [=] Mixture of origins
0 Swamp and bog O Other
WATERSHED Predominant Surrounding Landuse Local Watershed NPS Pollution
FEATURES O Forest O Commercial O No evidence [® Some potential sources
[=] Field/Pasture O Industrial O Obvious sources
[=] Agricultural O Other Local Watershed Erosion
O Residential [=] None [ Moderate O Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION O Trees [® Shrubs [=] Grasses [=] Herbaceous
dominant species present _ Willow
INSTREAM Estimated Reach Length ___ 100 m Canopy Cover
FEATURES Estimated Stream Width 10 m [=] Partly open O Partly shaded (I Shaded
Sampling Reach Area _1000 m’ High Water Mark __ 2.5 m
Area in km* (m2/10°) __ 0.001  km’ Proportion of Reach Represented by
Estimated Stream Depth __ 0.5 m Stream Morphology Types
Surface Velocity _ 0.04 m’/sec @ Riffle_ 15 % [® Run__ 70 %
(=] Pool___15 %
Channelized OYes [ENo
Dam Present [ Yes [ No
LARGE WOODY LWD_ 0 m’
DEBRIS Density of LWD 0 m?*/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION [=] Rooted emergent O Rooted submergent O Rooted floating
O Free floating O Floating Algae O Attached Algae
dominant species present Sedges
Portion of the reach with aquatic vegetation 10 %
WATER QUALITY Temperature_ 28.1 °’C  Water Odors Water Surface Oils
Conductivity_ 4580 [=] Normal/None [ Sewage O Slick O Flecks
Dissolved Oxygen9.0 O Petroleum O Chemical O Sheen [® None
pH 9.0 O Fishy O Other O Globs
Turbidity not measured Turbidity (if not measured) O Other,
WQ Instrument_hydrolab [=] Clear O Slightly turbid O Turbid
O Opaque Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE [l Normal [ Sewage O Petroleum O Sludge O Sawdust
O Chemical [0 Anaerobic [ None O Paper fiber [=] Sand
O Other O Relict shells O Other
Oils Looking at stones which are not deeply
[=] Absent [ Slight O Moderate embedded, are undersides black?
O Profuse =] Yes O No
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INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)
Substrate Diameter % Composition in | Substrate Characteristic % Composition in
Type Sampling Reach Type Sampling Area
Bedrock Detritus stitcks, wood, coarse
Boulder >256 mm (10") plant materials (CPOM) 15%
Cobble 64-256 mm (2.5"-10") Muck/Marl | black, very fine organic
Gravel 2-64 mm (0.1"-2.5") (FPOM) 40%
Sand 0.06-2 mm (gritty) 80% Marl grey, shell fragments
Silt 0.004-0.06 mm 20%
Clay <0.004 mm (slick)
HABITAT ASSESSMENT FIELD DATA - LOW GRADIENT STREAMS AT SAMPLING REACH
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
Substrate/ substrate favorable for | habitat; well-suited for | habitat; habitat habitat; lack of habitat

Available Cover

epifaunal colonization
and fish cover, mix of
snags, submerged
logs, undercut banks,
cobble or other stable
habitat and at stage to
allow full colonization
potential (i.e.,
logs/snags that are not
new fall and not

full colonization
potential; adequate
habitat for
maintenance of
populations; presence
of additional substrate
in the form of newfall,
but not yet prepared
for colonization (May
rate at high end of

availability less than
desirable; substrate
frequently disturbed or
removed.

is obvious; substrate
unstable or lacking.

transient). scale).
SCORE 15 20 19 18 17 16 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or
Characterization materials, with gravel mud, or clay; mud sand bottom; little or bedrock; no root mat
and firm sand may be dominant; no root mat; no or vegetation.
prevalent; root mats some root mats and submerged vegetation.
and submerged submerged vegetation
vegetation common. present.
SCORE 13 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3. Pool Variability Even mix of large- Majority of pools Shallow pools much Majority of pools

shallow, large-deep,
small-shallow, small-
deep pools present.

large-deep; very few
shallow.

more prevalent than
deep pools.

small-shallow or pools
absent.

SCORE 10 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
4. Sediment Little or no Some new increase in | Moderate deposition Heavy deposits of fine
Deposition enlargement of islands | bar formation, mostly of new gravel, sand or | material, increased bar
or point bars and less from gravel, sand or fine sediment on old development; more
than <20% of the fine sediment; 20-50% | and new bars; 50-80% | than 80% of the
bottom affected by of the bottom affected; | of the bottom affected; | bottom changing
sediment deposition slight deposition in sediment deposits at frequently; pools
pools. obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition of pools
prevalent.
SCORE 11 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
5. Channel Flow >Water reaches base Water fills >75% of Water fills 25-75% of | Very little water in
Status of both lower banks, the available channel; the available channel, channel and mostly
and minimal amount or <25% of channel and/or riffle substrates | present as standing
of channel substrateis | substrate is exposed. are mostly exposed. pools.
exposed.
SCORE 13 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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(score each bank)

of erosion or bank
failure absent or
minimal, little
potential for future

infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has

30-60% of bank in
reach has areas of
erosion; high erosion
potential during

Habitat Condition Category
Parameter Optimal | Suboptimal [ Marginal [ Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with
Alteration dredging absent or present, usually in extensive; gabion or cement;
minimal; stream with areas of bridge embankments or over 80% of the
normal pattern. abutments; evidence shoring structures stream reach
of past channelization, | present on both banks; | channelized and
i.e. dredging (greater and 40 to 80% of disrupted. Instream
than past 20 yr) may stream reach habitat greatly altered
be present; no recent channelized and or removed entirely.
channelization present | disrupted.
SCORE 18 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
7. Channel The bends in the The bends in the The bends in the Channel straight;
Sinuosity stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 3 to 2 stream length 1 to 2 channelized for a long
times longer than if'it times longer than ifit times longer than ifit distance.
was in a straight line. was in a straight line. was in a straight line.
(Note - channel
braiding is considered
normal in coastal
plains and other low-
lying areas. This
parameter is not easily
rated in these areas.)
SCORE 14 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
8. Bank Stability Banks stable; evidence | Moderately stable; Moderately unstable; Unstable; many

e

eroded areas; “raw
areas frequent along
straight sections and
bends; obvious bank

Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

SCORE 5 (LB)
SCORE 5 (RB)

streambank surfaces
and immdeiate
riparian zone covered
by native vegetation,
including trees,
shrubs, or nonwoody
macrophytes;
disruption by grazing
or mowing minimal or
not evident; almost all
plants allowed to grow

naturally.
Left Bank 10 9
Right Bank 10 9

surfaces covered by
native vegetation, but
one class of plants is
not well represented,
disruption evident but
not affecting full plant
growth potential to
any great extent; more
than one half of the
potential plant stubble
height remaining.

8 7 6
8 7 6

surfaces covered by
vegetation; disruption
obvious; patches of
bare soil or closely
cropped vegetation
common; less than one

half of the potential
stubble height
remaining.

S 4 3
5 4 3

problems.<5% of bank | areas of erosion. floods. sloughing; 60-100% of
affected. bank has erosional
scars.
SCORE 4 (LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0
SCORE 7 (RB) RightBank 10 9 8§ 7 6 5 4 3 2 1 0
9. Vegetative More than 90% of the 70-90% of streambank | 50-70% of streambank | Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of
streambank vegetation
is very high;
vegetation has been
removed to 5
centimeters or lessin
average stubble

height.
2 1 0
2 1 0

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE 6 (LB)
SCORE 5 (RB)

TOTAL SCORE

Width of riparian zone
>18 meters; human
activities (parking lots,
roadbeds, clear-cuts,
lawns or crops) have
not impacted zone.

Left Bank 10 9
Right Bank 10 9
126

Width of riparian zone
12-18 meters; human
activities have
impacted zone only

minimally.
8 7 6
8 7 6
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Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

9]
EN
o8}

Width of riparian zone
<6 meters; little or no
riparian vegetation due
to human activities.






