Arkansas Fish-Flow
Response Curves

Random thoughts
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Figure 6. Totalwater use in Arkansas by category, 2005.

Source: Water use in Arkansas, USGS 2005




Arkansas Total Water Use 2005

11,455 Mgal/day

7,510 Mgal/day from ground water- 66%
3,946 Mgal/day from surface water — 34%
1965 to 2005 - 435% increase Iin use

Holland 2005. Water Use in Arkansas. USGS
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Increasing Hydrologic Alteration >

Conceptual flow alteration-ecological response relationships. Possible forms
include: linear (A), threshold (B), and curvilinear (C). The form of the
relationship depends on the specific ecological and flow statistics analyzed?
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EXPLANATION

A CONTINUOUS-RECORD
GAGING STATION

A GAGING STATION EQUIPPED
WITHA TELEPHONE OR
SATELLITE TELEMETER.
REAL-TIME DATA AVAILABLE
AT hitp/farwater.usgs.gov
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Fish Community Response Variables

* Index of biotic integrity

* Fluvial specialist species
« Sport fish communities
 Electrofishing




Fish Data

 What Fish Data is Available?
— ADEQ
— USGS NAQWA
— EPA
— USACE
— USFS



ADEQ FISH DATA

346 samples in database

~35 Boston Mountain Sites

~ 33 Arkansas River Valley Sites

~ 95 Ozark Highland Sites

~ 59 Ouachita Sites

~ 21 Channel altered Delta

~ 7 Least disturbed delta

~ 7 Spring water influenced Gulf Coastal Plain
~82 Gulf Coastal Plain Typical

Sample: all available habitats



ADEQ Ecoregion Reference
Streams

General location of each sample site on the selected reference streams
within Arkansas’ six ecoregions are shown in Figure 1. A list of the
reference streams with the size of the watershed and the stream
gradient at the sample site is given in Tal?le 1. Also included are the
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Figure 1. Reference stream sample sites within Arkansas Ecoregions
with locations of sample sites on reference streams.

A - Ozark Highlands;

B - Boston Mountains;

C - Arkansas River Valley;

D - Ouachita Mountains;

E - Gulf Coastal Plains;

F - Mississippi Alluvial Plains (Delta)




Ozark NAQWA DATA 1993-1995

« 22 Reaches at 18 stations

* Physical, chemical, biological data available
« 61 to 2,500 km2 watersheds

« Springfield, Salem, and Boston Mts

« 4 ecoregions

« 150-550 m reaches

« Backpack or towed electrofishing

« Median Q = 0.8 — 81 m3/s



Ozark NAOWA SITES - 2006-07
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Mississippl Embayment NAQWA

» 38 fish sampling units; 1996-98
* |IBI created for the Delta

e Could mesh with ERDC data from Yazoo,
Bayou Meto, and Grand Prairie regions.



EXPLANATION

[] Mississippi Embayment Study Unit
[ Mississippi Atuvial Plain Ecoregion
—— Steams

@ Sampling site and number

Base from 8 oS 0 40 MILES

Gaogmphic praection G 0 40 KILOMETERS



Table 1. Information (listed by s number] for 28 fsh sampling sites in the Mssssippi Embayment Study Linit sm’, squars slometers: =% cublc meters per sscond; m, maters

mi's, meiers per second ]l

Ho. of Crainags Psroant  Dilcohargs Mzar Waan Msan
&Hs nams B fimes atlon LaiHugs Longheds GDassmarss ofbacinin aigags  ohannal  chanpms Inclantanscws
rumbsr_eamold  numiber ikm’i rigutare” Y, width ds walooky fmic

5t Jobns Dibch near SEesion, MO 1 1 07043300 355608 553302 10 -] 2 3F gLk oe2 0.25
LHH= Rilver GHoh m. 1 msar Morehouss, MG 3 0704300 2E5003 554328 1,144 E1 25 S D35 013
Spllway ORch al Hay 102 n=ar East Prairie, MO 3 1 0702410 = 22419 188 a1 al-rd 1= 0.40 015
Liti= Riser DREch no. 251 near Likoum, MC & 1 O704Z=00 363320 54012 EZT ;) 3ed 224 o3 0.27
Ciblon "resk nisar Hickman, KY 5 1 0F70Z3E00 ZE3REE 220721 b= 2 132 125 0.84 L7
Fain Ciich ab Hay 153 near 'Whike Sak, MG B 1 07041120 31927 00020 IZE ] 2 210 1855 o33 0.36
Runnirg A=sifoot Bayou ak Hwy 103, T T 1 0FOZ7o=0 e 253036 751 g a3 135 O1E 0.26
Elk Chule rear Gobler, BO B 1 [uigh =l 2E101E BEETIE 218 85 afrjel b P 030 0.82
Cockl= Burr Slough DHoh near Monetis, AR 5 1 0740456 355139 c upl- ] 14E 56 33 B31 1.0& 0.08
Sl Francis. River ab Lage= Cily, AR 12 1 07 D200 =T 02E56 5,120 28 110 ME 250 0.45
Cache River st Egypt, AR 1 3 o707 7380 355128 S0SE0D 1,516 TH 524 217 234 018
Wllag= Cresk niear Swilton, AR 2 1 07O74EED 2285910 310=05 410 82 47 1152 0.4 (LR} ]
TyTonza River near Twilst, AR 1z 1 07047700 352229 02805 1,37 53 455 150 OBt 021
Sl Francls Rrer near Coldwalesr, AR 1+ 1 074720 252152 203436 13774 c8 *x1 5SS 1.27 046
Bagou Devisy 3 Bordon, A5 15 1 0ZOF77o0 2E1507 31037 1,08% 73 461 282 Z2E2 0.06
Second Cresk near Falssline, AR 16 1 070477 2E0221 a0S42] 11t ES 252 151 0T 0.28
Wit Siver sl LaGranges, TR 17 2 07020353 2E015T Boidan 243 1] 504 156 1.28 0.20
L'Angulle Siver peear Palestine, AR 18 1 O7O47TsE0 345820 0s310 1,223 Fi 835 M E 205 018
Cache River nzar Collon Flant, AR 13 5 OFO7FTsEs 2E0207 911519 2,556 T8 14£ 350 200 022
Elg Crmek at Poplar Grovs, AR 20 1 OFOTTeEn 243330 S0EpEs 1,10 i 533 172 2 0.23
LaGrue= Exyon rea Dewilt, AR 21 1 OFO7E04a0 241900 31157 254 | alu 2.1 el 0.00
Coldwater Siver ab blarks, LS a2 1 07 IreeEn 24152 SHEST 4537 43 LT wE 4.0 0.20
Bayou Mebo nesr Bayou keto, AR 23 1 07 265055 341205 313445 2,07 ] als] 255 3.54 C.00
Cassidy BEmpsow alWebb, AES 1 07 280500 235659 02028 536 -1 241 22 0.BE 0.0=
Shura Rlver &t Brucs, RS 25 2 07 253000 2AGH2E 522050 EER k] d45 4 1.48 0.26
Crulver Siver near Doddslle, ME 28 1 07285570 2AZE2E 202405 ES1 B1i 57T 163 1.EE 0.22
Bl Sunfiower River al Sunfower, M5 I 1 0722500 333250 03235 210 B1 150 23 F 215 0.56
Eogus Phala nizar Lekznd, ME a8 5 07 285EE0 232MHT 0S0ET 1,308 el 535 T 1.34 .08
Bagou Macon rear Haley, AR 23 1 07 36TEEES 233215 311736 iTE :11 920 14 1.20 0.45
Desr Cresk near Holandake, ME 30 1 0725770 330853 S0S0ET 23 B1 als] 182 1.7 C.00
Biosul Rlver near Arkansas/LA Siats Line, L& L] 1 07357700 2ICH2G 312E25 1,522 83 517 a5 0 232 0LO7
Bl Sunfiower River near Angulla, MS 2 1 07255700 325818 SCdeE0 5 ETE TH 450 B3 E 3.58 015
Stese Bxpow East Prong nzar Roling Fork, RS EES 1 07285570 225441 a0sT10 1,132 B 255 S35 202 0.08
Slvier Cresk near Bayiand, ME oS 1 0722272008 3252058 04445 478 =1 alu 204 o3 0.00
¥axoo River Deow Stesle Sayou nesar Long Lake, MBS 3I5 3 07 252555 322640 S0=400 34550 41 0= 514 553 043
Tensas Siver al Tendal, LA 35 2 07 385500 222555 312200 T2 T2 235 83 1.2€ 0.26
Bayou Macon rear Dedhl, LA r 1 07 370000 32IAT25 312830 Z,141 TH 5 =0 g5 d 203 0.08
Big Cresk nsar Sigo, LA 38 1 07 385520 221220 314811 1,317 Fil -] 156 24 1.75 0.02

* Inchsdes all areas usad Tor the procuction of Crops such & oo, SoybeEans, wepetables, looscoo, and cothon, a3 wall as smal grains such &5 wheat and rice. Excludies apsas ussd for the produwction
of haiy aral pashure



_USGS BUFFALO RIVER DATA

NFV v
N

o SR . . e y
v r . SO o
. ( 7 - ' o
v, L) | 0d = e
o S TI20 :
i g
‘ ; M‘L"\/‘\
: = '
) \ -
y
-
:

STUDY AREA

- OZARK HIGHLANDS ECORESICN

[[] sosronmeunmams ecoresicn

[[] eurraro namcnaL river sounoery
|| PHYSICGRAPHY BOLNDARY (BCUNDARY

BETWEEN PENNS YLVANIAN AND
MISSISSIPFIAN AGE RCCKS)

£y@ SAMPLING SITEAND SITE ICENTIFIER
(ko 1) =




USACE

« Jack Kilgore — ERDC In Vicksburg, MS

— Problem accessing military data
— Developed a delta IBI

— Significant sampling coverage statewide
- Bayou Meto drainage
« Lagrue Bayou drainage
« White River drainage
« QOuachita River



EPA

 Wadeable Streams Assessment
— 23 Arkansas Sites
— 25 Ozark Sites among 3 states
— 24 Gulf Coastal plain sites among 3 states
— 13 Delta Sites among 4-5 states



Sites for Wadeable Streams Assessment

¢ Sites sampled, 2000-2004
= Alaska Pilot Project
Ecoregions (North America Level IT)



National Rivers and Streams
L Assessment - 2008
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Radwell and Kwak

 Studied 10 Rivers
' Boston Mountains
Bl metrics

 Lots of land use, fish
variables

 Could add hydrologic
variables to analyses
(e.g., IHA parameters)

Figure 1. Map of Boston Mountain ecoregion showing study

rivers and sites,



Table 1. Stalistical characleristics of metrics incarparaled in cluster analysis and unidimensional scaling

Standard Coeficient
Metric Mean Median deviation of varation Hange
Fish assemblage characteristics
Density (fsh/ha) 22 538.20 18052540 11,459.11 Hl .46 B, 676—46,1 50
Biomass (kg/ha) 117.87 12076 hlG6 43585 26.82-202.85
Species richness 14.490 15040 5.41 2391 1-19
Darter spedes 4.4 4.50 117 26.65 3—1_1'_
Suntish species 2.40 250 .70 2015 1-3
Sucker species 1.2 Lo 0.74 6575 -2
Intolerant specics .40 .50 1491 44902 I—E
% Green sunfish 2.15 L4 221 105492 (-5.75
% Omunivores 25005 1604 1829 7456 0.54-51.00
% Insectivorous cyprinids 9.55 754 740 TO.16 0.58-26.03
% Piscivores 5.12 4.84 4.04 7940 (=158
Invertebrate assemblage characteristics
Taxa richness 22.90 2400 415 18.12 15-28
Density {illvcl'f(:hl'.a.lftﬁ-.-"l'l‘lﬁ] 283 ) 145750 2, %64.64 101 .56 RES-H 014
% EFT 4250 5750 18.80 4444 2275
% Chiromomidae LY b4 9,33 116.52 0-37
EFT/Chironomidae 2249 1227 5474 15469 LE2-117
Dominance . () 67.00 9.57 14.50 6-77
Hiparian vegetation and instream habitat T
% Riparian forest HR.45 9L65 14.56 17.549 A7.5-100
Mean depth {cm) S0 16 52.24 11456 5765 11.7-47.5
Mean velocity (m,/s) a2 01 03 12658 (-0.082
%o Sand and silt .74 .54 423 THGh (.98-13.3
FPool /rittle ratio .40 64 0.72 TH4a49 0.13-25
% Eroded bank 28.25 26.50 18.41 6518 (=655
% Fish cover 5267 56,50 12.59 SHAS 15.2-54.65
Water quality
Mitrate summer {(mg/ L) {1.14 L5 .25 166 46 (002,755
Mitrate winter {mg/ L) 0.26 10 (.57 146.17 -1 205
Alkalinity swmmer {mg /L CaCily) 20,20 1604 11,540 R1A01 12-158
Alkalinity winter {mg /L CaCiCs) B.80 7.0 4.54 4055 4-16
Turkidity summer (NTL'} 341 205 2.00 hE.G4 1.7-7.5
Turbidity winter {NT1) 5.76 a6l Ll 5037 2.1-R7
Watershed attribates T
% Forested 9520 D00 487 h.2%5 H4-U8
% Private land S 2400 07T B4007 91
Road density (km/ ha) 00155 00129 .0020 14498 0010800167
Butter road density (km/ha) 0.zl 0.0016 00012 60149 L0007 -0.0050

Mote: Metric vahees for a concephimlly ideal beadwater mach are undedined. Coeflicent ol varation was caloshted as SDmean = DL



Discussion with Dan Dauwalter

« Use all electrofishing databases:
— Most 1Bl metrics do well with short sampling reaches.

— Standardization of sample reach length not that
important for 1Bl

e Species richness = much longer reach

 Use data from Oklahoma and Missouri



Flow Altered Streams

« 74 sites identified already — looking at map
— Most below dams
— |ID more continuous withdrawl sites from USGS data
— Target for fish sampling

« Ecoregional
— Arkansas Valley — 15 sites
— Boston Mountains — 9 sites
— Delta — 6 sites
— Gulf Coastal Plain — 10 sites
— Quachita — 23 sites
— Ozark — 9 sites



File Edit Wiew Insert Format Tools Data  Window  Help  AbleBiks.com Tvpe a question for help = 2
=N PRSI RN A W N £ - [ <10 <|B 7 U|E==5S$ % o [E-D-A
iy < (i1 E
kB
23 - f Gulf Coastal Plain
A | B | C | D | E | F | G |
Stream County Ecoregion Stream Size  Type of Impact to flow Nearby Reference Stream Land Ownership
&urm Fark Saline =aline Cuachita Medium Lake Winona Dam poor selection
Widdle Fork Saline =aline Cuachita Medium Diamonte Pump, HSY dams poor selection
-lint Creek Benton Ozark =mall zilorm Springs Lake and SWEPCO
_reeks on Bella Vista Benton Dzark Srmall impoundments/developments okay selection
Caney Creek Calhoun Gulf Coastal Plain Small Below Tricounty Lake should be several nearby
_eatherwood Creek Carral Dzark =mall Below Lake Leatherwood
stream Below Carning lake | Clay Delta =mall Dam =omething on Black River WA,
Seech Craeek Columbia Gulf Coastal Plain \Medium Eelow Lake Columbia Big Carnie Creek
_yprus Creek Conway Boston Medium Brewer Lake Dam Marth Cadron
yercup Creek Conway Arkansas Yalley  Small Lake Owercup Faint rernove?
_ee Creek Crawford Boston Medium Lee Creek Lake Mulberry River
~rog Bayou Crawford Boston Fedium Lake Fort Smith bulberry River
“ock Creek Crawford Boston Small Td House Reservair
_ittle Frog Bayou Crawford Boston =mall Below Lake Alma
Seaver Fork Craek Faulkner Arkansas Yalley  Small Below Beaverfork Lake hiddle Cypress Bayou??
~alarm Creek Faulkner Arkansas Valley  Medium Lake Conway Dam Cadran Creek
Slack Fork Faulkner Arkansas Yalley  Small Below YWooly Hollow Mearby streams in drainage
Salt Fork Franklin Boston =mall Below Shores Lake Flenty nearby
south Fork Franklin Boston =mall Below Huspeth Lake near Ozark Plenty nearby
~rairie Creek Franklin Arkansas Yalley  Small below Darby Lake Fort Chaffee Flenty nearby
Joctars Creek Franklin Arkanzas YWalley  Small below Lake Charleston Plenty nearby
_ox Creek Grant |GquCDaataI F'Iain!SmaII Dam available
Sig Craek (Sreene Delta hledium Lake Fierson good question
_edar Creek Hempstead Gulf Coastal Plain small Bois Darc lake Bais D' Arc Creek on management area.
_ittle River Hempstead Gulf Coastal Plain Large Millwood Lake ?
Juachita River Hot Spring  Ouachita Large Lake Catherine =aline
Juachita River Hot Spring  Gulf Coastal Plain Large Lake Catherine =aline
sossatot Howard Cuachita Large below Gillharn
Saline River Howard Cuachita Large below Dierks Lake
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HRANEA" REREIT= RS- N e A 2 = -4l Bl &) [ cab ,11,;g§§§:§¢,

g ) 4 2 4 5

ey

524 - & ARKANSAS RIWVER
A | C D E | F | G | J Ko L

1 Juse county cc mpid latitude longitude source  stream_name well_depl aquifer_code mgal/d year_repaCFS |
2 |PH Irll'llll 335845091183503 335845 911835 5W ARKANSAS RIVER NfA NfA 28682178.00 2007 44,371;:
3 |PH ‘051 342634093013401 342634 930134 SW OUACHITA RIVER NfA NfA 13270323.90 2007 2,052,f
4 |PH Irll'5-9 342535092534001 342535 925340 5W OUACHITA RIVER NfA NfA 730782.44 2007 1,130,°
o |PF ‘007 361521094312301 361521 943123 SW SWEPCO LAKE NfA NfA 412684.47 2007 6384
E |PF Irll'5-9 342630092544502 342607 925425 5W LAKE CATHERINE NfA NfA 62963.57 2007 97,4
7 JIN 003 331500092030001 331500 920300 SW SALINE RIVER NfA NfA 5O857.36 2007 a2t
o |wWs Ir119 345119092291901 345119 922919 S5W LAKE MAUMELLE NfA NfA 47378.25 2007 73,.
9 N ‘063 354229091312801 2 354229 913128 SW WHITE RIVER NfA NfA 41199.41 2007 63,
10 |[wWs Irll'll'}' 361500094070001 361532 940410 5W BEAVER RES NfA NfA 30300.45 2007 46, §
11 |IR ‘091 333212093482401 333213 934824 5W RED RIVER NfA NfA 30000.00 2007 48,
12 |Ws Ir125 344755092504301 344755 925043 5W LAKE WINONA NfA NfA 25630.65 2007 39,
13 |Ws 033 354015094071501 2 353859 940855 SW FROG BAYOU NfA NfA 22703.71 2007 35,
14 |IR Irﬁlﬂl 342105091370001 342052 913651 SW BAYOU METO NfA NfA 22000.00 2007

15 |PF 069 342523092071101 342523 920711 SW ARKANSAS RIVER NfA NfA 20279.06 2007

16 |WSs Irll'll'}' 361538094041001 361538 940410 5W BEAVER RESERVOI NfA NfA 20211.55 2007

17 |Ws ‘051 343304093105801 343304 931058 5W LAKE HAMILTON NfA NfA 15362.90 2007

18 |IR Irﬁlﬂl 340959091260401 340959 912604 SW MILL BAYOU NfA NfA 13500.00 2007

19 [IN ‘041 334140091134401 2 334227 911411 SW MISSISSIPPI RIVER NfA NfA 11729.27 2007

20 IR Irﬁlﬂl 341618091332601 341618 913326 SW KANEY BAYOU NfA NfA 11400.00 2007

21 |PF 063 353915091242501 353915 912425 S5W WHITE RIVER NfA NfA 11119.88 2007

22 |ws Irll'29 351440092354001 351440 923540 SW JAMES H BREWER NfA NfA 10087.61 2007

23 |ws 033 352906094232601 352906 942326 SW LEE CREEK NfA NfA 10017.10 2007

24 |PF Irll'&'l-}' 352744093481701 352744 934817 5W ARKANSAS RIVER NfA NfA 9429.19 2007

25 |ws 115 353015093112501 353015 931125 SW HUCKLEBERRY CRK NfA NfA 9397.85 2007

26 IR rﬂﬂl 333235093492901 333235 934929 5W RED RIVER NfA N/A 9000.00 2007

27 |ws ‘007 36212094004802 362120 940048 SW BEAVER LAKE NfA NfA 8931.23 2007

M 4 » wySurfacewithdrawlsO7USGSData { Alteredbyecoregion  / Altered Stream Data 4 Referenc | €

Ready Sum=1,57804E+15 MWLM
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Increasing Hydrologic Alteration >

Conceptual flow alteration-ecological response relationships. Possible forms
include: linear (A), threshold (B), and curvilinear (C). The form of the
relationship depends on the specific ecological and flow statistics analyzed?



