Stressor Identification

January 2019

Minnesota River Mankato Watershed
Stressor Identification Report

A study of local stressors limiting the biotic communities in the Minnesota River —
Mankato Watershed.

m MINNESOTA POLLUTION
CONTROL AGENCY

AMENDMENT




Authors

Breeanna Bateman, MPCA
Tiffany Schauls, MPCA

Joe Magee, MPCA

Kim Laing, MPCA

Contributors/acknowledgements

Ashely Ignatius, MPCA
Joel Chirhart, MPCA
John Genet, MPCA

Mel Market, MPCA
Tyler Gilbert, MPCA
Dan Fettig, MPCA
Bryan Spindler, MPCA
Joanne Boettcher, MPCA
Pat Baskfield, MPCA
Scott MacLean, MPCA
Eileen Campbell, MPCA
Paul Davis, MPCA

Jon Lore, DNR

David Tollefson, MDA
Matt Ribikawskis, MDA

Minnesota Pollution Control Agency
520 Lafayette Road North | Saint Paul, MN 55155-4194 |

The MPCA is reducing printing and mailing costs
by using the Internet to distribute reports and
information to wider audience. Visit our
website for more information.

MPCA reports are printed on 100% post-
consumer recycled content paper
manufactured without chlorine or chlorine
derivatives.

651-296-6300 | 800-657-3864 | Or use your preferred relay service. | Info.pca@state.mn.us

This report is available in alternative formats upon request, and online at www.pca.state.mn.us.

Document number: wg-ws5-070200007a



mailto:Info.pca@state.mn.us
http://www.pca.state.mn.us/

Contents

Key Terms & AbbBreviations ........cccceciiiiiuiiiiiiiiiiiniiinisiissesiesseriesssssissmsiessesssssssssssssesns xliii
EXECULIVE SUMMIAIY ...cuuiiieiiiiiiiiiiiieeiiieiieeirsesiirnessreesrsssstesssssasssrasssrassssssssrenssssnssssassssasssssnsssenssssnssss 1
IR 11 4o T L1 1 T o 2
11 MONTEOrING AN ASSESSIMENT ...ttt ettt ettt ettt e st e e rbte e sabe e s be e s beesbaeesateesabeesaseessaeesaseesabeesns 2
1.2 Stressor [dentifiCation PrOCESS ......ooiii ittt ettt ate et e s be e s saaeesaeeas 3
1.3 Elements of Stream HEalth........couiiiiiiii et ettt et 4
14 COMMON STFEAM STIESSOIS ... uuiiiiiiiiieiiitttte ettt e e e e e st e e e e e s nb e et e e e e esaaanrbeeeeeesessannnreneeeesessannnes 5
2. Overview of Minnesota River — Mankato Watershed .............cccevueiiiiiiiiininnnnnnnnnin. 6
2.1 2 ol <= o YU o T SRR 6
2.2 MONTEOTING OVEIVIEW.....eiiiiiiiiieiiiietee ettt e e e et e e e e e e s bbbt e e e s e e s anrrbeeeeseesannsbbeeeeessssnnrrneeeasenns 9
2.3 Summary of Biological IMPairmMENTS.......eii ittt et esbe e sbeeeaees 11
3. Possible Stressors to Biological COmMMUNIIES......ccc.ciiieeeciiieieiiiierciireee e e reneeeereneseessennsesssennnes 13
3.1 Summary of Candidate causes in the Minnesota River-Mankato Watershed ............ccccocvveeeinnennn. 13
3.2 Inconclusive Causes in the Minnesota River-Mankato Watershed..........ccoocvvviiiniiinieinneiinieeen, 36

4. Evaluation of Candidate Causes South of Minnesota River City of Mankato-MNR Mankato South.

................................................................................................................................................ 36

4.1  Cherry Creek (07020007-541) ......coivevereereeeeeeeeeeeeeeseesseeseeseeseessessesseeseessessessessesseesess s sessessessessesseas 37
4.2 Cherry Creek (07020007-543) .....oiecieeiieeeieeerieeesteeseteesteesteeesseeessseessseesstessseeesesesseeessseesssessseseses 48
4.3 Shanaska Creek (07020007-693) ....ueciicieeeeiiieeeeiiteeeeeireeeeeireeeesireeeeestaeeessateeeestseeessaraeeeensraeesansreeens 58
4.4 Unnamed Creek (07020007-696) .......ccceereeeiiirrereeiirieeeeiireeeeeisreseesiseeseesteeeesssreseesseessesssesssssseesesssens 65
45 Unnamed Creek (07020007-550) ......oeeeeiiiieeiiiieeeeiitieeeeireeeesetteeeestreeessteeeesssseeeesraeseessseesssssseeessnsens 76
Mankato (South) Subwatershed CONCIUSION ........cccviiiiiiiiieeecriee ettt et eear e e ebre e e e sabaeeeeeareeeeenns 88
Minneopa Creek-MNR Mankato SOUth .........c... i cerrceceeeeen e e sena s e e senasssssenesssssennnes 89
4.6 Judicial Ditch 48 (07020007-593) ...ccveerueerieerieenieenieenieenieesseesseesseesseesseesseesseesssesseesssesseesssesseeseeseesnees 90
4.7 Minneopa Creek (07020007-531)......cuiicciieeeeiieeeeiiteeeecitteeeeeteeeesstreeeesiraeeessstaeeessssaeesssaeeessssaeaeanes 100
4.8 County Ditch 27 (07020007-535).....cccuterreerteerieerseerieenieesseesseeseesseesseesseesseesseesssessesseessesssessseseesees 108
49 County Ditch 56 (Lake Crystal Inlet) (07020007-557)....ucccuicrureeeiireeeeiirreeeeiieeeeeireeeeessreeeesseeeeesnnens 117
410 Minneopa Creek (07020007-534)......uueeeciueeeeiireeeeeiteeeeeitreeeesteeeeestreeeesstaeeeessbaeeeessreeessssaeeesssseeeeanns 125
Minneopa Creek Subwatershed CONCIUSION .......cccuiiiiiiiiie e e e re e e e rneae e e e 138
Morgan Creek — MNR Mankato SOUth ........ccceeiiiiiiiiiiiiccirrccrrrne e rrnese s seneese s s rnesseseensssesesnssasnenns 139
411 Unnamed creek (07020007-577) ...cccuueeeiiieeeeiieeeeeiteeeeeiteeeeesteeeesstreeeesisseeessssaessenssesesssssesesssseeeesnns 140
T 041 g =T Y 1= o1 LSS 153
4.12  Judicial Ditch 10 (07020007-701) ....cceerverririeienreriirterenresreereresre st sresre e sresre e ne e 153
413 Morgan Creek (07020007-691) ....ccccveeieeirieeeeireeeeeetreeeeeitreeeeeteeeeestreeeesbseeeessbaeesessreeeessaeseessreneesnes 163




Morgan Creek Subwatershed CONCIUSION .......cciiiiiiiiiiieee e e e e e e e e e e e e nnraaeeas 174

Little Cottonwood River-MNR Mankato South ............ccooiiiimmeiiiiiiiiiiiiccrrr e, 175
414 County Ditch 11 (07020007-657)..cccuutteiuieeiieenieeeiie et esteesteesrite s siteesabeesbeesbeessaeeesabeesseesssaessseas 176
4.15  County Ditch 67 (07020007-658).......ccccerrirmeeruerreriiriestenrenreeeenresresreeeessesresseesaessessesseessessesseseensenne 186
Little Cottonwood River (07020007-676).....cccuueieeireeeeiirreeeeiireeeeeireeeesisseeeesseeeessssesssssssesssssesessssssssssssesessnns 195
4.16 Little Cottonwood River (07020007-677) ..ccccueeeruteeriieeniieenreesieessieeesieeesreesseessseessseeessseessesssseesnes 211

Spring Creek — MNR ManKkato SOUth.........cceu i reneee e s rene s s s e nesessrenasasssenanes 224
4,17  County Ditch 10 (John's Creek) (07020007-571) .....uuvieeeirereeeirrieeeeireeeeeeireeeeesreeeesirreeeesraeeeesreeeeenns 225
4.18 County Ditch 13 (07020007-712)..cccutteiuieeiieenieeeiteeriteesteesteessieessteeesaseesbeessseessseeessseesssaesssaesnssens 239
4.19  Spring Creek (Judicial Ditch 29) (07020007-622)......ccceuteriieeriieeriieeniieenieeseeesieeesieeesieeesseessseesnens 249
4.20  Spring Creek (Hindeman Creek) (07020007-574) ......cccceeeceeeieeeiieesieesieesieeenieeessseesssesssessnsesenns 260
421  SPring Creek (07020007-573) .....eiveeverrerreseeeeeeeeeeeessessesseesesseessssessesseeseeseessessessessesseessessessessessessenns 273
4.22 Unnamed creek (07020007-715)...cccuuiieiiieeeeireeeeiitteeeeeiteeeeeereeeesssreseessssesessseseessssesessssessesssseneesnns 282
4.23 County Ditch 52 (07020007-636).......ccerueerreerieeriieeneeenieesieessieeesieeesseessseessseessseeessessssesssseesssses 291
424  Crow Creek (07020007-569).......ccceiirureeiiireeeeiiieeeeiirreeeesiteeeessseeeessssesesssseseesasessessssesssssssssssssseseesns 301

Spring Creek Subwatershed CONCIUSION .........ciieeeiiiieieiciirece e reneee s reneee e e renen s srenesesssenasessenanes 311

Wabasha Creek — MINR Mankato SOULh .........ccceciiiiiiiiiiiiiiiiiiiiiiiiiiniiieieieieieeeeereeeeereeeeeeeeeeeeseeeeeseeeeee 313
4.25  Wabasha Creek (07020007-699) .......ueeeeireeeeiiieeeeiireeeeeereeeeesreeeeestreseesseesesssseesesssseseesssassessssesessnns 313
4.26 Wabasha Creek (07020007-527) ...ueeueierieeiieenieenieessieeesieeesiteesaseesseessseessssessssesssseesseesssesssseesssses 322
Wabasha Creek Subwatershed CONCIUSION ..........coiiiiiiiiiiieeeeee e 331

North of MiNNESOta RIVET.........cceiiiiiiiiiii s 333

Spring Creek — MNR ManKkato NOIth........cccee it rrece e sreneesssenese s e senesesssensssseennsenssennnes 333
Threemile Creek (07020007-704) .....uueeeecueeeeiereeeeeeiteeeeeeteeeeeeteeeeetaeeeestaeeeesateeeeessbeseesbaeeseasbaeeeeasbesesansreeens 333
Spring Creek Subwatershed CONCIUSION..........coiiiiiiiiiee et ere e et e e e stae e e eearee e e s baeeeeenres 341

Birch Coulee Creek — MNR Mankato NOIth ..........cccoeiiiiiiiiiiiiiiiiiii s 342
County Ditch 124 (07020007-670) and County Ditch 124 (07020007-711)....cccceeveereerirenireieeneeeniesseesneeenns 343
Birch Coulee Creek (07020007-588 and 07040007-587) .....ccccevueriirririeniininiieienieniesreresre oo snesnens 353
Birch Coulee Creek Subwatershed CoNCIUSION.........coiiiiiiiieiieeeeeee e 370

Fort Ridgley Creek — MNR Mankato NOrth ...t e seeesensesenssenenenes 371
County Ditch 115 (07020007-673) ..eccueeeueerieerieeieeneeeneeenteenseeseessessssesseensessesssesnsesssesnsessesssesssesssesssesssesssesnns 372
County Ditch 106A (Fort Ridgley Creek) (07020007-688) ......ccccvrreeiirreeeeirereeeitreeeeiirreeeesreesesssreeessssseeessnnens 379
Fort Ridgley Creek (07020007-689)......cccueerireeiiiereiireeireeiireesiteeesseeessasassseassessssesessssessssssssessssesassasesssessssesans 389
Fort Ridgley Subwatershed CONCIUSION ........cccuviiiiiieeecciiee et e ettt et e et e e e etb e e e estbaeeeeabeeeeessaeeensraeeeenes 402

Little Rock Creek — MINR Mankato North...........ccccoveiiiiii s 404
Judicial Ditch 8 (07020007-666) .......c.ceerterreruemerrinterteiemtrtententemeasessesseseesessessesseseesessessessesessessessensesessessessenees 404
Little Rock Creek (Judicial Ditch 31) (07020007-686).......cccoerurriiiirereeirreeeeiieeeeeitreeeessreeeessreseesssresessseeeesns 416




Little Rock Creek (Judicial Ditch 31) (07020007-687)......cccceiiuvreeiireeeeiireeeeeireeeeeitreeeesireesessreeessssseeesssseeeesns 425

4.27 Judicial Ditch 13 (07020007-716) ..cccveeeveeeieeieeieeeieesieesteesteesseesteesteesseesseessessseesessesnsesnsesnsesssessesnns 438
4.28  Judicial Ditch 13 (07020007-717) c..eecuerrerrerreeeenrerreseestesresreeeessesresreeeessesresseeaesresresmeessesresreeneensenne 444
Little Rock Creek Subwatershed CONCIUSION .........coouiiiiiiiiiiiiiicccce e 454
City of New Ulm — MINR Mankato NOIrth ........ccoiiiiiiiiiiiiiiiiniiinininnneesisneeesisnesssssssesssssssessses 455
4.29 Eightmile Creek (07020007-684) ......cc.utiiiiiiieeeiie ettt et e st e s stee e site e sibeesbeesbeessbeessbteesabeesseesnnes 456
4.30 Fritsche Creek (County Ditch 77) (07020007-709) ....ecceeerveeeeirereeietreeeeeirreeeesreeeesssreeeesissesesssseeeenns 467
431 Heyman's Creek (07020007-675) ...cioruitiiieerieeniteeiie et esteeseeessteeesiteesateasabeesbeessseessseeesaseesseesases 474
New Ulm Subwatershed CONCIUSION ......cc.ciiiiiiiiiiiiiiiiieeieeee e e 480
Swan Lake — MNR Mankato NOIrth..........eeeiiiiiiiiiiiieiiiiieericsereecc s snnessssenes 482
4.32  County Ditch 4/County Ditch 39 (07020007-545) .......cciueiieireeireeireecteesteesteesteesteesteesteesseesseesseesseens 482
4.33 County Ditch 11 (07020007-661)...c...ueeruueerieerieeriieeriieerieesieessieessieeesseesseessseessseessssessssesssseesssses 492
4.34  Swan Lake Outlet (Nicollet Creek) (07020007-683) .....cccvveieeireieeirieeeeireeeeesreeeeeetreeeesraeeeeesveeeeenns 502
Swan Lake Subwatershed CONCIUSION .......c.eoiiiiiiiiieieee ettt sttt st s e 512
Morgan Creek — MNR Mankato NOIth ........ccoueiiiiiicirii s crreeaee s e e ene e s e ennseeseennssesesnnsnsnenns 514
435  County Ditch 3 (07020007-660)..........oveeveereeeeeeeesreseeseeeseeseessessessesseeseeseessessessessesseessessssessessessenns 514
Morgan Creek Subwatershed CONCIUSION ........oiiiiiuiiiiciiee et e s e e et e e s nte e e e s saeeeesnnaeeeanns 522
City of Mankato — MINR Mankato NOrth.........ccccieeiiiiniiiieiiiiriieereeenerencrennerenseeresesnesersnsesensesansscnes 524
4.36 County Ditch 46A (07020007-678) ....eeevueeerureerieeriieeriieerieesteessieeesseeesseesseessseesssseessessssessssesssseees 524
4.37 County Ditch 46A (07020007-679) ...ccveerueerieerieenieenieenieesseesseeseesseesseesseesseessaesssesseesssesssesssesseesseessees 534
4.38  Seven Mile Creek (07020007-703) .....ocerririerrenreririeteniisreereresresreesesae s s sae s sre s snesresreenesne e 542
4.39  Seven Mile Creek (07020007-562) .....ccceoirirrrerriririiieniiniiereresie st saesnesre s sne e 549
4.40 Rogers Creek (07020007-547) ...ueccueeireecreeeiteeesteeestaeessreessesssaeessesessaeesssesssesassesassesesssessssessnseseses 566
City of Mankato (North) Subwatershed CONCIUSION .......cccviiiiiiieiccciee e et 579
5.  Conclusions and Recommendations........c.ccuviiiiiiiiiiiiiiiii s 582
5.1 Summary Table of Probable STreSSOrs ... i e e e 582
5.2 RECOMMENAALIONS.....coiiiiiiiiiiciei e s s 583
6.  REFErENCES....ciiiiiiiiiiiiiiii s 584
28 -V« 1T U [ OSSPSR T 586
7.1 FAY o] 01T 0T [ VPSSR 586
7.2 YT o T=] g T LDt SRS 592
7.3 FAY o] 01T 0o [t TSP SRUR 605




Tables

Table 1. Common streams stressors to biology (i.e., fish and macroinvertebrates).......cccccccerreeanennnnee... 5

Table 2. All biological impaired AUIDs in the Minnesota River — Mankato Watershed, separated by the

north and south side of the MinNesota RIVer. ......c...ccireeeiiiieiciirrcccrrrre s rereseerene e s s e ne s sssenanes 11
Table 3. River Eutrophication Standards used within the Minnesota River — Mankato Watershed......17
Table 4. Minnesota River — Mankato Watershed reaches impaired for turbidity. ....cc..ccccvuiiiiiinnnnnnes 23

Table 5. MPCA’s Watershed Pollutant and Load Monitoring network data, displaying location of
sampling and catchMeNt Size......c..ciiiiieeiiiiiiiiiiiiiiir e rese s s resessssssnssssssensssssseneses 23

Table 6. Fish metrics that respond to low DO stress in Cherry Creek (-541) compared to the statewide
average of visits meeting the general use biocriteria........cccceeiieiiiiiiieiiiiiircrrcr e reneees 40

Table 7. Macroinvertebrate metrics that respond to low DO stress in Cherry Creek (-541) compared to
the statewide average of visits meeting the general use biocriteria.. .....c.ccceveeereeiiiieiiieiirecireeicrennnns 40

Table 8. Macroinvertebrate metrics that respond to nitrate stress in Cheery Creek (-541) compared to
the statewide average of visits meeting the modified use biocriteria......ccccceeereremirreiireiirecireicrennnns 44

Table 9. Identified stressors with suspected sources for reach 541 of Cherry Creek.........cccceeereeennnnnneee 48

Table 10. Macroinvertebrate metrics that respond to low DO stress in Cherry Creek (-543) compared
to the statewide average of visits meeting the general use biocriteria......ccccccorveueiriirniiiiiecccnneenneenns 50

Table 11. Macroinvertebrate metrics that respond to eutrophication stress in Cherry Creek (-543)
compared to the statewide average of visits meeting the general use biocriteria........ccccccerreeenennnnne... 51

Table 12. Macroinvertebrate metrics that respond to nitrate stress in Cherry Creek (-543) compared to
the statewide average of visits meeting the warmwater use biocriteria.........ccccccceerrireicriiencerneenneenns 52

Table 13. Macroinvertebrate metrics that respond to high TSS stress in Cherry Creek (-543) compared
to the statewide average of visits meeting the general use biocriteria......ccccccoeveuiiriirniciiiencccrieenncenns 53

Table 14. Identified stressors with suspected sources for reach 543 of Cherry Creek. ......cccccevveennnennee. 57

Table 15. Macroinvertebrate metrics that respond to low DO stress in Shanaska Creek compared to
the statewide average of visits meeting the general use biocriteria.........cccceeeiiirniiiiiinciiiiieciciiinnnenn, 59

Table 16. Macroinvertebrate metrics that respond to eutrophication stress in Shanaska Creek
compared to the statewide average of visits meeting the general use biocriteria........cccccccorveerurnnnne... 60

Table 17. Macroinvertebrate metrics that respond to nitrate stress in Shanaska Creek compared to the
statewide average of visits meeting the warmwater general use biocriteria. ......ccccceerrvmeiiireneninnenene. 61

Table 18. Macroinvertebrate metrics that respond to high TSS stress in Shanaska Creek compared to
the statewide average of visits meeting the general use biocriteria.. .......ccccceeiiirmiiiiiiciciiiecicineeeens 62

Table 19. Identified stressors with suspected sources for reach 693 of Shanaska Creek...................... 65

Table 20. Macroinvertebrate metrics that respond to low DO stress in Unnamed Creek compared to
the statewide average of visits meeting the modified use biocriteria........ccccceervemnieriiinicniiecccrieeneenns 68

Table 21. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide
average of visits meeting the modified use biocriteria. ........ccccerieeeiiiiiciii e 68




Table 22. Macroinvertebrate metrics that respond to eutrophication stress in Unnamed Creek
compared to the statewide average of visits meeting the modified use biocriteria. ...........ccccc........... 69

Table 23. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the
statewide average of visits meeting the modified use biocriteria.........cccceirrieeiirririiiiiicccrrecccrreeee, 70

Table 24. Macroinvertebrate metrics that respond to nitrate stress in the unnamed creek compared to
the statewide average of visits meeting the warmwater modified use biocriteria. ......ccccceveuirenncreannns 71

Table 25. Macroinvertebrate metrics that respond to high TSS stress in Unnamed Creek compared to
the statewide average of visits meeting the modified use biocriteria.......cccccccotvruiiiiinniiiiinniiciiinnienns 72

Table 26. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the modified use biocriteria........ccccciviiiiiiieiiiiiiirrrcccr e 72

Table 27. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the modified use biocriteria. ......ccccoviiiiiiiiiiiiiiirrrcrcrrere e 72

Table 28. Migration Metrics downstream to the upstream station of 01MNO020. MgrTxPct is the
abundance of migratory taxa within the fish sample; MgrPct is the abundance of migratory species
Within the fisSh SAMPIE. ..cu. ittt e rene e rea e rensessassesassereasesensesenssesnssesnnsesannans 75

Table 29. Identified stressors with suspected sources for reach 696 of Unnamed Creek. .................... 76

Table 30. Macroinvertebrate metrics that respond to low DO stress in Unnamed Creek compared to
the 03statewide average of visits meeting the general use biocriteria. .....cccccorvreeiriiinciiiieecccrieeeenns 78

Table 31. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria........ccceeuciiieeeiiiiicicirccrer e e 78

Table 32. Macroinvertebrate metrics that respond to eutrophication stress in Unnamed Creek
compared to the statewide average of visits meeting the general use biocriteria........ccccccerreeanennnnne... 80

Table 33. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria.......cccceeueiirieeiiiieeiciiiececcrrecce e, 80

Table 34. Macroinvertebrate metrics that respond to nitrate stress in the unnamed creek compared to
the statewide average of visits meeting the warmwater general use biocriteria.. .....ccccccervveiiirinnnnns 81

Table 35. Transparency tube readings recorded in cm, taken throughout 2015. ..........cccceevieiiiennennee. 82

Table 36. Macroinvertebrate metrics that respond to high TSS stress in Unnamed Creek compared to
the statewide average of visits meeting the general use biocriteria.........cccceeeiiireiiiiiiniiiiinciciiinnnenns 82

Table 37. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria........c.cccceeiiiieiiiiiiciiiiiicir s 83

Table 38. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria........c.ceeiiiieiiiiiiciiiircrcrrc e 83

Table 39. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide

average of visits meeting the general use biocriteria........c.ceeeiiiieiiiiiiciiiircrrrrc e 86
Table 40. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide

average of visits meeting the general use biocriteria........ccueeeuciiieeeiiiiicii e e eeeae 87
Table 41. Identified stressors with suspected sources for reach 550 of Unnamed Creek. .................... 88

Table 42. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO.
Station 13MNO059 for JD 48 is highlighted on yellow. .........cceeiiiinciiiicrrccrrreceerrree e re e 91




Table 43. Fish metrics that respond to low DO stress in Judicial Ditch 48 compared to the statewide
average of visits meeting the modified use warmwater biocriteria. ......cccccooveeereirrreeiiiirieiiiirecceereee, 92

Table 44. Macroinvertebrate metrics that respond to low DO stress in Judicial Ditch 48 compared to
the statewide average of visits meeting the modified use warmwater biocriteria. Bold indicates metric
Value iNdicative Of StreSS. ....ciiiiiiieuiiiiiiiiiiiiieiiiiiiiiiieresiseiireressessissitrrsssssssssssssnnessssssssssssssesassnes 92

Table 45. Fish metrics that respond to eutrophication stress in Judicial Ditch 48 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative
OF SE @SS ceieuiiiniieieitiiiticcreetereneteeereasesensesenssernsseresserensssensesenssssnssesensesensssensesenssssnssssnssenensesensenansans 94

Table 46. Macroinvertebrate metrics that respond to nitrate stress in Judicial Ditch 48 compared to
the statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric
Value iNAICative Of Stress. ...cuiieeiiiiiiiiciiiirencrererre et creeereneerensesenssssesseresserensssensessnsseransssansesansans 95

Table 47. Fish metrics that respond to high TSS stress in Judicial Ditch 48 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 48. Fish metrics that respond to high TSS stress in Judicial Ditch 48 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

........................................................................................................................................................ 96
Table 49. Fish species present at stations in Minneopa Creek Watershed upstream from downstream.

........................................................................................................................................................ 99
Table 50. Identified stressors with suspected sources for reach 593 of Judicial Ditch 48. .................. 100

Table 51. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from
(17401 o X E- 1V 2N 102

Table 52. Fish metrics that respond to low DO stress in Judicial Ditch 48 compared to the statewide
average of visits meeting the modified use warmwater biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiiiiei et se s s e s s s e saassssssssssneessnssssssssssnassnnsssssssssnnns 103

Table 53. Fish metrics that respond to eutrophication stress in Minneopa Creek compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative
Lo 03 4 =1 OO OO 104

Table 54. Macroinvertebrate metrics that respond to nitrate stress in Minneopa Creek compared to
the statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric
value iNdicative Of Stress. ......iiiieiiiiiiiiiiiic e renes s s renessssrenesssssenessssrenesssssanssssssananas 105

Table 55. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 56. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 57. Identified stressors with suspected sources for reach 531 of Minneopa Creek................... 108

Table 58. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from
L TT={ A8 o TN o - 1V RN 109

Table 59. Fish metrics that respond to low DO stress in Judicial Ditch 48 compared to the statewide
average of visits meeting the modified use warmwater biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeeiiiiiiiiiiirirei e s e s s e e s e e saasssssesssasessnnssssssssssnassnnnssssssssanns 110

vi



Table 60. Fish metrics that respond to eutrophication stress in County Ditch 27 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative
L0 3 T3S 111

Table 61. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 27 compared to
the statewide average of visits meeting the warmwater modified use biocriteria. ..........cccccauue.nne.... 113

Table 62. Fish metrics that respond to high TSS stress in County Ditch 27 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 63. Fish metrics that respond to high TSS stress in County Ditch 27 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 64. Identified stressors with suspected sources for reach 535 County Ditch 27. ..........cccceuuuenns 116

Table 65. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from
(1T =4 01 R o - 1 PPN 118

Table 66. Fish metrics that respond to low DO stress in the Lake Crystal inlet compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI@SS. ceiiiiieruuniiiiiiiiiiereniietiiirrersesieesttreersasssssesseteresssssssssssstneesssssssssssssrsesssssssssssssneesnnnssssssssanns 118

Table 67. Fish metrics that respond to eutrophication stress in County Ditch 56 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiieruuuiiiiiiiiirereeiietiiirrersesietstttresassssssesseteeessssssssssssseeesssssssssssssesesssssssssssssneesnnnssssssssanns 120

Table 68. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 56 (Lake Crystal
Inlet) compared to the statewide average of visits meeting the warmwater modified use biocriteria.
Bold indicates metric value indicative of Stress. ....cccceeeiiiiiiineminiiiiniiiinsn 121

Table 69. Fish metrics that respond to high TSS stress in County Ditch 56 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 70. Fish metrics that respond to high TSS stress in County Ditch 56 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 71. Identified stressors with suspected sources for reach 551 County Ditch 56. ...........cccceeceeet 125

Table 72. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from
(1T =40 LR o - 1 PPN 127

Table 73. Macroinvertebrate metrics that respond to low DO stress in Minneopa Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ...iieeeiiiicctrccrr et e e s e e s s e n e e s s e n s e s s e nsssssernsssssesnsssssesnssnsnenns 127

Table 74. Fish metrics that respond to low DO stress in Minneopa Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 75. Macroinvertebrate metrics that respond to eutrophication stress in Minneopa Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiriein s et rressssessssssssssessnssssssssssssnessnnsssssssssanes 129

vii



Table 76. Fish metrics that respond to eutrophication stress in Minneopa Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 T3S 130

Table 77. Macroinvertebrate metrics that respond to nitrate stress in Minneopa Creek compared to
the statewide average of visits meeting the warmwater general use biocriteria. Bold indicates metric
Value iNdIcative Of Stress. ...c..iieeiiiiiiiiiiiiirccreere e rreereeeereaerenserenssensssnsserensssensesenssssnssssnssennnes 131

Table 78. Macroinvertebrate metrics that respond to high TSS stress in Minneopa Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. eveeniiiiiiiiiitiirc et rreerreeeree e reetereasesensesenssessnsssensesenssssnssssnnsesansesensesansssnen 133

Table 79. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 80. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 81. Identified stressors with suspected sources for reach 534 of Minneopa Creek................... 138

Table 82. Biological metrics that respond to temperature compared to the statewide average of visits
meeting the Southern Coldwater biocriteria. Bold indicates metric value indicative of stress............ 142

Table 83. Macroinvertebrate metrics that respond to low DO stress in Unnamed Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiirieuiiiiiiiiiiriieiiirrrrre e rsssse s st s e e essssssssssssnneesssssssssssssnaesnnsssssssssnnns 146

Table 84. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 85. Macroinvertebrate metrics that respond to eutrophication stress in Unnamed Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
value iNdicative Of Stress. ......iiiieiiiiiiciiiiin et renese st renesssssenessssrenesssssanssssssenanas 147

Table 86. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF SIS S. i itiueiiiiiiiiiiiiiee et re e re et eenes e saenasesesnsssssesnssssteensssstesnsssstennsssssennsssssenasssssennsssssannnas 148

Table 87. Macroinvertebrate metrics that respond to nitrate stress in Unnamed Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. ..iiieeiiiiiiiiiiicc ettt se s ee s e s es e s s s s esasssssenasssssennsssssennsssssenasssssennnns 148

Table 88. Macroinvertebrate metrics that respond to high TSS stress in Unnamed Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
(1 Te HTof: 11V TN o) Y 4 =13 149

Table 89. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 90. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 91. Identified stressors with suspected sources for reach 577 of Unnamed Creek. .................. 153

viii



Table 92. Macroinvertebrate metrics that respond to low DO stress in Judicial Ditch 10 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uvuiiiiiiiiiiiiiiiiiiiirireieint s rresessssssss et sressssssssssssssnesnssssssssssssnnnessnsssssss 156

Table 93. Macroinvertebrate metrics that respond to eutrophication stress in Judicial Ditch 10
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative of SEress. ..ottt rreerree et s rne e reneesensesensasennesannnnas 157

Table 94. Macroinvertebrate metrics that respond to nitrate stress in Judicial Ditch 10 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. eveeniiiiiiiiiitiirc et rreerreeeree e reetereasesensesenssessnsssensesenssssnssssnnsesansesensesansssnen 159

Table 95. Macroinvertebrate metrics that respond to high TSS stress in Judicial Ditch 10 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cvenniiieiiieiiitiitc et e e e ree e reenereassensesenssesensssensesenssssnssssnssesansesensesansssnen 159

Table 96. Identified stressors with suspected sources for reach 577 of Unnamed Creek. .................. 163

Table 97. Macroinvertebrate metrics that respond to low DO stress in Morgan Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiieruuniiiiiiiiiiereeiietiiirrersesieesttteessasssssesseteresssssssssssstenesssssssssssssreesssssssssssssneesnnnssssssssanns 165

Table 98. Fish metrics that respond to low DO stress in Morgan Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 99. Macroinvertebrate metrics that respond to eutrophication stress in Morgan Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiirieiiiiiiiiiiiiiiiirr e se s st s s s e sssssssssssssneesssssssssssssnsessnsssssssssnnn 167

Table 100. Fish metrics that respond to eutrophication stress in Morgan Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF STI@SS. ceiiiiierneniiiiiiiiiitreeiiietiitreersesiessttreessasssssesstteeesssnssssssssteeesssssssssssssseessnssssssssssnessnnnssssssssanns 167

Table 101. Macroinvertebrate metrics that respond to nitrate stress in Morgan Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 =3 168

Table 102. Macroinvertebrate metrics that respond to high TSS stress in Morgan Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtiVE Of STrESS. coiviiiirieiiiiiiiiiirrr e s s s s s r e e s aa s ssssssneesnnssssssssssnne 168

Table 103. Fish metrics that respond to high TSS stress in Morgan Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 104. Fish metrics that respond to high TSS stress in Morgan Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 105. Identified stressors with suspected sources for reach 691 of Morgan Creek. ................... 174

Table 106. Macroinvertebrate metrics that respond to low DO stress in County Ditch 11 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiriei e re e se s s e s s e e snasssssssssansssnsssssssssssnassnnsssssssssanns 178

Table 107. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 11
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative Of Stress. ...iiiiiieciiiiiiiiiiiiiiiiiiirrreee s ssessssesssssssssesssnnnsssanes 181




Table 108. Macroinvertebrate metrics that respond to nitrate stress in the Little Cottonwood River,
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
Metric Value iNdiCative Of SEIESS. ..civciiiiiiiieieieniitieiereeirteerteererenerearerensesrnsesensseressessasessnssssnsesansssens 182

Table 109. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 11 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cveeniiiiiiiiiitiitc et rrerreeeeree e reenereassensesenssesensssensesenssssnssssnssesansssensesansssnen 183

Table 110. Identified stressors with suspected sources for reach 567 of County Ditch 11.................. 186

Table 111. Macroinvertebrate metrics that respond to low DO stress in County Ditch 67 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. eveeeiiieiiiiiitiitc et rree e e ree e reeteseassensesenssesensssensesenssssnssssnnsesensesensesansssnen 188

Table 112. Fish metrics that respond to low DO stress in County Ditch 67 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 113. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 67
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value INdiCative Of SIESS. ..cu..iiiieeiiiieiieiree it cerrece e s reeeeesrenasesrenssessrenssssssensssssrenssssssennssnssennnns 189

Table 114. Fish metrics that respond to eutrophication stress in County Ditch 67 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI@SS. ceiiiiiernuuiiiiiiiiiiereniietiitirersesieeittrressssssssesseteresssssssssssssneessssssssssssseeesssssssssssssneesnnnssssssssanns 189

Table 115. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 67, compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ciiiiiiirieiiiiiiiiiiriiiiiirrss st reasse s st e reessssssssssssnneesssssssssssssnsessnssssssssssnns 190

Table 116. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 67 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeeiiiiiiiiiiiiiiiirrrrre st sse s s e s s e e ssassssssssstneessnssssssssssnassnnssssssssssnn 191

Table 117. Fish metrics that respond to high TSS stress in County Ditch 67 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 118. Fish metrics that respond to high TSS stress in County Ditch 67 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 119. Identified stressors with suspected sources for reach 658 of County Ditch 67.................. 195

Table 120. Macroinvertebrate metrics that respond to low DO stress in Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of SrESS. .....iiiieiiiiiiciircc et rree e s rene s s rene s srenesssssenessssrenesssssenssssseenanas 198

Table 121. Macroinvertebrate metrics that respond to low DO stress in Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiriei et rressssessssssssssessnssssssssssssesssnnsssssssssanes 199

Table 122 Macroinvertebrate metrics that respond to eutrophication stress in Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiriein s et rressssessssssssssessnssssssssssssnessnnsssssssssanes 200

Table 123. Fish metrics that respond to eutrophication stress in Little Cottonwood River compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiireeeiiiiiiiiiiirc et se s e e s e e saasssssesssaseesnnssssssssssnassnnnssssssssanns 200




Table 124. Macroinvertebrate metrics that respond to nitrate stress in the Little Cottonwood
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of StreSS. ....cciiiiiiiruiiiiiiiiiiiiiiiiiiiniiirerssineiireressesssssttnreesssssssssssssneessssssssssssanes 201

Table 125. Macroinvertebrate metrics that respond to high TSS stress in Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdIcative Of Stress. ...c..iieeiiiiiiiiiiiiirccreere e rreereeeereaerenserenssensssnsserensssensesenssssnssssnssennnes 202

Table 126. Fish metrics that respond to high TSS stress in Little Cottonwood River compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X RIS 203

Table 127. Fish metrics that respond to high TSS stress in Little Cottonwood River compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X IN 203

Table 128. Identified stressors with suspected sources for reach 676 of the Little Cottonwood River.

Table 129. Macroinvertebrate metrics that respond to low DO stress in Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of StreSS. ....cciiiiiiiiuiiiiiiiiiiiiiiiiiiiirersissriressssesssssssstnesssssssssssssssnsessssssssssssanns 213

Table 130. Macroinvertebrate metrics that respond to eutrophication stress in Little Cottonwood
River compared to the statewide average of visits meeting the general use biocriteria. Bold indicates
metric value indicative Of Stress. ....iiiiiiiiiiiiiiiiiineiiiiiiiiresseisssrrrsssssssssssssessssssssssses 214

Table 131. Macroinvertebrate metrics that respond to nitrate stress in the Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of StreSS. ....cciiiiiiiiuiiiiiiiiiiiiiiiiiiiireresieeriresessesssssssttnesssssssssssssssnsessssssssssssanes 215

Table 132. MPCA’s Watershed Pollutant and Load Monitoring network data, displaying location of
sampling and catchment size. Data was based off samples collected from 2007-2014. ..................... 217

Table 133. Macroinvertebrate metrics that respond to high TSS stress in Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
value indicative Of Stress. ....ccoiiiiieieiiiiiiiiiiiriirrrrs s s s s e e s s asssssesssanes 217

Table 134. Identified stressors with suspected sources for reach 677 of the Little Cottonwood River.

Table 135. Biological metrics that respond to temperature compared to the statewide average of visits
meeting the Southern Coldwater biocriteria. Bold indicates metric value indicative of stress........... 229

Table 136. Macroinvertebrate metrics that respond to low DO stress in John’s Creek compared to the
statewide average of visits meeting the Coldwater stream biocriteria. Bold indicates metric value
INAICAtIVE OFf STrESS. ..uuiiiiiiiiiiiiiiiiiiiiirrriinir s ss s s et ssssa s sssssnesnssssssssssssnnnesnnssssses 230

Table 137. Fish metrics that respond to low DO stress in John’s Creek compared to the statewide
average of visits meeting the Coldwater stream biocriteria. Bold indicates metric value indicative of
1= N 231

Table 138. Macroinvertebrate metrics that respond to eutrophication stress in John’s Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiriei e re e se s s e s s e e snasssssssssansssnsssssssssssnassnnsssssssssanns 232

Table 139. Fish metrics that respond to eutrophication stress in John’s Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of STF @SS, ceiiiiierueiiiiiiiiiierieiietittreeraeeiesseteeenaasssssessstteesnnnsssssssssssesnnsssssssssssessnnssssssssssnassnnnssssssssanns 232

Xi



Table 140. Macroinvertebrate metrics that respond to nitrate stress in 05MNO011 compared to the
statewide average of visits meeting the southern cold-water stream use biocriteria. Bold indicates
metric value indicative Of Stress. ....iiiiiciiiiiiiiiiiiiiiiiiiiiriressesrrrsessssssssssresesssssssses 233

Table 141. Macroinvertebrate metrics that respond to high TSS stress in John’s Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X IN 233

Table 142. Fish metrics that respond to high TSS stress in John’s Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 143. Fish metrics that respond to high TSS stress in John’s Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 144. Macroinvertebrate metrics that respond to low DO stress in County Ditch 13 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ..iiiueiiiiiiiiiiiiiiirrre e eerre s s re s e s s s sesasssssenasssssennsssssennsssssennsssssennnns 241

Table 145. Fish metrics that respond to low DO stress in County Ditch 13 compared to the statewide
average of visits meeting the general coldwater use biocritera. Bold indicated metric value indicative
Of SEI@SS. ceiiiiiernuuiiiiiiiiiiereniietiitirersesieeittrressssssssesseteresssssssssssssneessssssssssssseeesssssssssssssneesnnnssssssssanns 242

Table 146. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 13
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of StresS. ....cciiiiiiiiuiiiiiiiiiiiiiiiiiiiirersis e riressssessssissstnesssssssssssssssnsessssssssssssanes 243

Table 147. Fish metrics that respond to eutrophication stress in County Ditch 13 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 o T3PS 243

Table 148. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 13 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. ..iiieeiiiiiiiiiiircc ettt se s re s e s e s e s s s esassssnennsssssenesssssennsssssenasssssennsns 244

Table 149. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 13 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. ..iiieeiiiiiiiiiiiiicr et se s re s e s esa s s s esasssssennsssssenasssssennsssssenassssnennnns 244

Table 150. Fish metrics that respond to high TSS stress in County Ditch 13 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 151. Fish metrics that respond to high TSS stress in County Ditch 13 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 152. Identified stressors with suspected sources for reach 712 of County Ditch 13.................. 249

Table 153. Macroinvertebrate metrics that respond to low DO stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF SEI @SS, ceiiiiitreeniiiiiiiiiitreeiietititeerseeiesseteetsansssssesseteeesnnssssssssssseesnnsssssssssssessnnssssssssssnessnnnssssssssanes 251

Table 154. Fish metrics that respond to low DO stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Xii



Table 155. Macroinvertebrate metrics that respond to eutrophication stress in Spring Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uvuiiiiiiiiiiiiiiiiiiiirireieint s rresessssssss et sressssssssssssssnesnssssssssssssnnnessnsssssss 253

Table 156. Fish metrics that respond to eutrophication stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X IN 253

Table 157. Macroinvertebrate metrics that respond to nitrate stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X RIS 254

Table 158. Macroinvertebrate metrics that respond to high TSS stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X IN 254

Table 159. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 160. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 161. Fish metrics that respond to high TSS and habitat stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiieruuuiiiiiiiiirereeiietiiirrersesietstttresassssssesseteeessssssssssssseeesssssssssssssesesssssssssssssneesnnnssssssssanns 257

Table 162. Identified stressors with suspected sources for reach 622 of Spring Creek......ccccccevveunuenne 260

Table 163. Biological metrics that respond to temperature compared to the statewide average of visits
meeting the Southern Coldwater biocriteria. Bold indicates metric value indicative of stress........... 263

Table 164. Macroinvertebrate metrics that respond to low DO stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 =3 265

Table 165. Fish metrics that respond to low DO stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 166. Macroinvertebrate metrics that respond to eutrophication stress in Spring Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtiVe Of STrESS. coiviiiirieiiiiiiiiirrrr e s e s s s e s aa s ssssssneesnnssssssssssnne 266

Table 167. Fish metrics that respond to eutrophication stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
o] 1 4 (=13 266

Table 168. Macroinvertebrate metrics that respond to nitrate stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of STI @SS, ceiiiiitreeiiiiiiiiiiierieiietiitierraesiesstteeesansssssesssteeesnnssssssssssseesnnsssssssssssessnnsssssssssssassnnnssssssssanes 267

Table 169. Macroinvertebrate metrics that respond to high TSS stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of STI @SS, ceiiiiierneniiiiiiiiiitrieiietittrerraeeiessetteenaasssssessstteesnnnsssssssssseesnnsssssssssseessnnssssssssssnessnnnssssssssanes 268

xiii



Table 170. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 171. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 172. Identified stressors with suspected sources for reach 574 of Hindeman Creek................. 273

Table 173. Macroinvertebrate metrics that respond to low DO stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF ST @SS ceieuuiiiniiiiiitiiiiteieteaereaettneeetneserenserensessnssernssesensenensssenssssnssessnsssensesenssssnssssnssesansssensasansasann 275

Table 174. Fish metrics that respond to low DO stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 175. Macroinvertebrate metrics that respond to eutrophication stress in Spring Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiiiiieiiiirrr e rsasse s s s s s e esssssssssssssneessnssssssssssnsessnsssssssssnnns 276

Table 176. Fish metrics that respond to eutrophication stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI@SS. ceiiiiiernuuiiiiiiiiiiereniietiitirersesieeittrressssssssesseteresssssssssssssneessssssssssssseeesssssssssssssneesnnnssssssssanns 276

Table 177. Macroinvertebrate metrics that respond to nitrate stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiieruuuiiiiiiiiirereeiietiiirrersesietstttresassssssesseteeessssssssssssseeesssssssssssssesesssssssssssssneesnnnssssssssanns 277

Table 178. Macroinvertebrate metrics that respond to high TSS stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF STI@SS. ceiiiiierneniiiiiiiiiitreeiiietiitreersesiessttreessasssssesstteeesssnssssssssteeesssssssssssssseessnssssssssssnessnnnssssssssanns 278

Table 179. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 180. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 181. Identified stressors with suspected sources for reach 573 of Spring Creek......ccccccevvennnenns 282

Table 182. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 183. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiiirneiiiiiiiiiiitriiietittteeraeeiesseteetnaasssssesssteeesnnnsssssssssseesnnsssssssssessssnnssssssssssnessnnnssssssssanes 284

Table 184. Macroinvertebrate metrics that respond to nitrate stress in Unnamed Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiriei e re e se s s e s s e e snasssssssssansssnsssssssssssnassnnsssssssssanns 285

Table 185. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

xiv



Table 186. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 187. Fish metrics that respond to habitat stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 188. Identified stressors with suspected sources for reach 715 of Unnamed Creek. ................ 291

Table 189. Macroinvertebrate metrics that respond to low DO stress in County Ditch 52 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. eveeeiiieiiiiiitiitc et rree e e ree e reeteseassensesenssesensssensesenssssnssssnnsesensesensesansssnen 294

Table 190. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 52
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative of SEress. ...ttt rreerree st s ree e ren e sensesensasennesannnnns 296

Table 191. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 52 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
[T HTot: 1V TN o ) 4 =11 297

Table 192. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 52 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiireeeiiiiiiiiiiirieiiirrre st rsssse s st e s e e sssssssssssstneesssssssssssssnaesnnnsssssssssnns 297

Table 193. Identified stressors with suspected sources for reach 636 of County Ditch 52.................. 301

Table 194. Macroinvertebrate metrics that respond to low DO stress in Crow Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiieruuuiiiiiiiiirereeiietiiirrersesietstttresassssssesseteeessssssssssssseeesssssssssssssesesssssssssssssneesnnnssssssssanns 304

Table 195. Fish metrics that respond to low DO stress in Crow Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress

Table 196. Macroinvertebrate metrics that respond to eutrophication stress in Crow Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ..iiieeiiiiiiiiiiiiice ettt se s re s e s es e s s s esasssssennsssssennsssssennsssssenassssnennsns 305

Table 197. Fish metrics that respond to eutrophication stress in Crow Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SIS S iiiiueiiiiiiiiiiiiiee it rtnere e renesesrenas e ssenassetesnsssssesnsssssesnsssstesnsssstennsssssennsssssennsssssennsssssannnas 305

Table 198. Macroinvertebrate metrics that respond to nitrate stress in Crow Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
0 3 =T3S 306

Table 199. Macroinvertebrate metrics that respond to high TSS stress in Crow Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiiirneiiiiiiiiiiitriiietittteeraeeiesseteetnaasssssesssteeesnnnsssssssssseesnnsssssssssessssnnssssssssssnessnnnssssssssanes 307

Table 200. Fish metrics that respond to high TSS stress in Crow Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 201. Fish metrics that respond to high TSS stress in Crow Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

XV



Table 202. Identified stressors with suspected sources for reach 569 of Crow Creek. .......ccccccerveunnenns 311

Table 203. Macroinvertebrate metrics that respond to low DO stress in Wabasha Creek compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uuuiiiiiiiiiieiiiiiiiiiiiirieintirrrress st reessssssss et tresssssssssssssnnesessssssssssssnnnessnsssssss 316

Table 204. Macroinvertebrate metrics that respond to eutrophication stress in Wabasha Creek
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative of SEress. ..ottt erree st s ree e ren e rensesensasennesannnenas 318

Table 205. Macroinvertebrate metrics that respond to nitrate stress in Wabasha Creek compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. eveeeiiieiiiiiitiitc et rree e e ree e reeteseassensesenssesensssensesenssssnssssnnsesensesensesansssnen 318

Table 206. Macroinvertebrate metrics that respond to high TSS stress in Wabasha Creek compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cveniiieiiiiiitiitccr et rreerreeeeree e reeereasesensesenssessnsssensesensssrnssssnnsesensssensesansssnen 319

Table 207. Identified stressors with suspected sources for reach 699 of Wabasha Creek. ................. 322

Table 208. Macroinvertebrate metrics that respond to low DO stress in Wabasha Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiirieiiiiiiiiiiiirieiirrrse e reaassse s s e s s e esssssssssssstneesssssssssssssnersnnssssssssssnns 324

Table 209. Fish metrics that respond to low DO stress in Wabasha Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress

Table 210. Macroinvertebrate metrics that respond to eutrophication stress in Wabasha Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of StreSS. ....cciiiiiiiiuiiiiiiiiiiiiiiiiiiiireresieeriresessesssssssttnesssssssssssssssnsessssssssssssanes 325

Table 211. Fish metrics that respond to eutrophication stress in Wabasha Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 =3 325

Table 212. Macroinvertebrate metrics that respond to nitrate stress in Wabasha Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ..iiieeiiiiiiiiiiiiice ettt se s re s e s es e s s s esasssssennsssssennsssssennsssssenassssnennsns 326

Table 213. Macroinvertebrate metrics that respond to high TSS stress in Wabasha Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ..iireeiiiiiiiiiiiircc et e s re s e s es e s s s esasssssennsssssenesssssennsssssenasssssennsns 327

Table 214. Fish metrics that respond to high TSS stress in Wabasha Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 215. Fish metrics that respond to high TSS stress in Wabasha Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 216. Identified stressors with suspected sources for reach 527 of Wabasha Creek. ................. 331

Table 217. Fish metrics that respond to low DO stress in Threemile Creek compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

XVi



Table 218. Fish metrics that respond to eutrophication stress in Threemile Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 T3S 335

Table 219. Macroinvertebrate metrics that respond to nitrate stress at 13MN014 compared to the
statewide average of visits meeting the biocriteria. Bold indicates metric value indicative of stress. 336

Table 220. Fish metrics that respond to high TSS stress in Threemile Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 221. Fish metrics that respond to high TSS stress in Threemile Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 222. Identified stressors with suspected sources for reach 704 of Threemile Creek................. 340

Table 223. Macroinvertebrate metrics that respond to low DO stress in County Ditch 124 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. iiieeiiiiiiiiiiiiir e re e re s e s s s esasssssesnsssssennsssssennsssssennsssssennnns 345

Table 224. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 124
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative Of Stress. ....iiiiiiiiiiiiiiiiiineiiiiiiirresesss s rrrsssssssssssssseesesssssssses 347

Table 225. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 124 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiirieuiiiiiiiiiiriieiiirrrrre e rsssse s st s e e essssssssssssnneesssssssssssssnaesnnsssssssssnnns 348

Table 226. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 124 compared
to the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value

(1 Te HTot: 1YW o) Y 4 =11 349
Table 227. Identified stressors with suspected sources for reach 670 of County Ditch 124................ 352
Table 228. Identified stressors with suspected sources for reach 711 of County Ditch 124................ 352

Table 229. Birch Coulee Creek visits and IBIs for fish and macroinvertebrates compared to the
thresholds. Bold indicates IBI below threshold...........ccccoiiieiiiiimiiiiiicriir e e 353

Table 230. Macroinvertebrate metrics that respond to low DO stress in Birch Coulee Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtiVE Of STrESS. coiviiiirieiiiiiiiiiirrr e s s s s s r e e s aa s ssssssneesnnssssssssssnne 356

Table 231. Fish metrics that respond to low DO stress in Birch Coulee Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 =3 356

Table 232. Macroinvertebrate metrics that respond to eutrophication stress in Birch Coulee Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiriei et rressssessssssssssessnssssssssssssesssnnsssssssssanes 357

Table 233. Fish metrics that respond to eutrophication stress in Birch Coulee Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF SEI @SS, ceiiiiitreeniiiiiiiiiitreeiietititeerseeiesseteetsansssssesseteeesnnssssssssssseesnnsssssssssssessnnssssssssssnessnnnssssssssanes 358

Table 234. Macroinvertebrate metrics that respond to nitrate stress in Birch Coulee Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiireeeiiiiiiiiiiirc et se s e e s e e saasssssesssaseesnnssssssssssnassnnnssssssssanns 359

xvii



Table 235. Macroinvertebrate metrics that respond to high TSS stress in Birch Coulee Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uvuiiiiiiiiiiiiiiiiiiiirireieint s rresessssssss et sressssssssssssssnesnssssssssssssnnnessnsssssss 360

Table 236. Fish metrics that respond to high TSS stress in Birch Coulee Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X IN 360

Table 237. Fish metrics that respond to high TSS stress in Birch Coulee Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X RIS 361

Table 238. Displays fish soecies sampled at with an X. Migratory species are highlighted in bold.
Stations listed are in order from the downstream to upstream, to better display migration patterns.

Table 240. Macroinvertebrate metrics that respond to low DO stress in County Ditch 115 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiirieiiiiiiiiiiiirieiirrrse e reaassse s s e s s e esssssssssssstneesssssssssssssnersnnssssssssssnns 374

Table 241. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 115
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative Of Stress. ....iiiiiiiiiiiiiiiiiineiiiiiiiiresseisssrrrsssssssssssssessssssssssses 374

Table 242. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 115 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiirieeiiiiiiiiiiiiieiirrrr st sse st s s e esssssssssssssneesssssssssssssnaesnnnsssssssssnns 375

Table 243. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 115 compared
to the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtiVe Of STrESS. coiviiiirieiiiiiiiiiirrr e s s e s s s s e s aa s ssssssaeesnnssssssssssnne 376

Table 244. Identified stressors with suspected sources for reach 673 of County Ditch 115................ 379

Table 245. Macroinvertebrate metrics that respond to low DO stress in County Ditch 106A compared
to the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtiVE Of STrESS. ciiviiiirieiiiiiiiiiirrr e s e s s s e e s aa s ssssssneesnnssssssssssnne 382

Table 246. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 106A
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value iNdicative Of STress. ... cciiiiiiiiiiiiiiiircrrrre e rera e s se e s ssnsssesesnsssesssnsssssenns 384

Table 247. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 106A compared
to the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiriiei e se s s s e s e e saasssssssssasessnnssssssssssnessnnnssssssssanns 385

Table 248. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 106A compared
to the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeeiiiiiiiiiiiriiei e se s s e s s e e snasssssssssanessnnssssssssssnessnnnssssssssanns 385

Table 249. Identified stressors with suspected sources for reach 688 of County Ditch 106A.............. 389

Table 250. Macroinvertebrate metrics that respond to low DO stress in Fort Ridgley Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiireeeiiiiiiiiiiirc et se s e e s e e saasssssesssaseesnnssssssssssnassnnnssssssssanns 391

xviii



Table 251. Fish metrics that respond to low DO stress in Fort Ridgley Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 252. Macroinvertebrate metrics that respond to eutrophication stress in Fort Ridgley Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdIcative Of Stress. ...c..iieeiiiiiiiiiiiiirccreere e rreereeeereaerenserenssensssnsserensssensesenssssnssssnssennnes 393

Table 253. Fish metrics that respond to eutrophication stress in Fort Ridgley Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X RIS 393

Table 254. Macroinvertebrate metrics that respond to nitrate stress in Fort Ridgley Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cvenniiieiiieiiitiitc et e e e ree e reenereassensesenssesensssensesenssssnssssnssesansesensesansssnen 395

Table 255. Macroinvertebrate metrics that respond to high TSS stress in Fort Ridgley Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ..iiiueiiiiiiiiiiiiiiirrre e eerre s s re s e s s s sesasssssenasssssennsssssennsssssennsssssennnns 395

Table 256. Fish metrics that respond to high TSS stress in Fort Ridgley Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI@SS. ceiiiiiernuuiiiiiiiiiiereniietiitirersesieeittrressssssssesseteresssssssssssssneessssssssssssseeesssssssssssssneesnnnssssssssanns 396

Table 257. Fish metrics that respond to high TSS stress in Fort Ridgley Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative

Of SEI @SS, ceiiiiieruuuiiiiiiiiirereeiietiiirrersesietstttresassssssesseteeessssssssssssseeesssssssssssssesesssssssssssssneesnnnssssssssanns 396
Table 258. Fish species by station in Fort Ridgley Creek (07020007-689) Migratory fish species are

highlighted iN DOold. .......... ittt e s e e e s e e e e s e e nn e s s ennssssesnnssssesnnssssesnnsannennn 400
Table 259. Identified stressors with suspected sources for reach 689 of Fort Ridgley Creek. ............. 402

Table 260. Macroinvertebrate metrics that respond to low DO stress in Judicial Ditch 8 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. ..iiieeiiiiiiiiiiiircc et se s se s e s ee e s s s esassssnennsssssennsssssennsssssenasssssennnns 408

Table 261. Fish metrics that respond to low DO stress in Judicial Ditch 8 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

...................................................................................................................................................... 408
Table 262. Macroinvertebrate metrics that respond to eutrophication stress in Judicial Ditch 8
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value iNdicative Of STress. ......ciiiiiiiiiiiiiiiircrrrre e rerase s senessesssnsssesssnsssesssnssssnenns 409

Table 263. Fish metrics that respond to eutrophication stress in Judicial Ditch 8 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative
o] 1 4 (=13 409

Table 264. Macroinvertebrate metrics that respond to nitrate stress in the Judicial Ditch 8 compared
to the statewide average of visits meeting the modified use (MU) biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiriein et rressssessssessssessnssssssssssssnsssnnsssssssssanes 411

Table 265. Macroinvertebrate metrics that respond to high TSS stress in Judicial Ditch 8 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiireeeiiiiiiiiiiirc et se s e e s e e saasssssesssaseesnnssssssssssnassnnnssssssssanns 411

Xix



Table 266. Fish metrics that respond to high TSS stress in Judicial Ditch 8 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 267. Fish metrics that respond to high TSS stress in Judicial Ditch 8 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 268. Fish species at stations in Judicial Ditch 8 and longitudinally in Little Rock Creek. 13MIN028
is the most upstream station, and 13MNO032 is farthest downstream. Migratory fish highlighted in

Table 269. Identified stressors with suspected sources for reach 666 of Judicial Ditch 8. .................. 416

Table 270. Macroinvertebrate metrics that respond to low DO stress in Little Rock Creek compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cveniiieiiiiiitiitccr et rreerreeeeree e reeereasesensesenssessnsssensesensssrnssssnnsesensssensesansssnen 420

Table 271. Macroinvertebrate metrics that respond to eutrophication stress in Little Rock Creek
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value iNdicative Of STresSs. ......ciiiieiiiiiieiciiiircerrerccrreraseseenaneeseenasessennsssseennsssseennssssesnnsnssennn 420

Table 272. Macroinvertebrate metrics that respond to nitrate stress in the Judicial ditch 31 compared
to the statewide average of visits meeting the modified use (MU) biocriteria. Bold indicates metric
Value iNdicative Of StreSS. ....cciiiiiiiiuiiiiiiiiiiiniiiiiiiirersisrriressssssssssssstnesssssssssssssssnsessssssssssssanes 421

Table 273. Macroinvertebrate metrics that respond to high TSS stress in Little Rock Creek compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiirieiiiiiiiiiiiiiiiirr e se s st s s s e sssssssssssssneesssssssssssssnsessnsssssssssnnn 422

Table 274. Identified stressors with suspected sources for reach 686 of Little Rock Creek. ............... 425

Table 275. Macroinvertebrate metrics that respond to low DO stress in Little Rock Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtiVe Of STrESS. coiiiiiiiieiiiiiiiiiirrr e s e s s s e e s aassssssssssneesnnssssssssssnne 428

Table 276. Fish metrics that respond to low DO stress in Little Rock Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates a metric value indicative of stress.

Table 277. Macroinvertebrate metrics that respond to eutrophication stress in Little Rock Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
value iNdicative Of Stress. ......iiiieiiiiiiiiiiiii e reness st renesssssenesssssenesssssenssssssannnas 430

Table 278. Fish metrics that respond to eutrophication stress in Little Rock Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo 03 4 =11 OSSO 430

Table 279. Macroinvertebrate metrics that respond to nitrate stress in JD31 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Of SEI @SS, ceiiiiiirneiiiiiiiiiiitriiietittteeraeeiesseteetnaasssssesssteeesnnnsssssssssseesnnsssssssssessssnnssssssssssnessnnnssssssssanes 431

Table 280. Macroinvertebrate metrics that respond to high TSS stress in Little Rock Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiriei e re e se s s e s s e e snasssssssssansssnsssssssssssnassnnsssssssssanns 432

Table 281. Fish metrics that respond to high TSS stress in Little Rock Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

XX



Table 282. Fish metrics that respond to high TSS stress in Little Rock Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 283. Identified stressors with suspected sources for reach 687 of Little Rock Creek. ............... 438

Table 284. Fish metrics that respond to low DO in Judicial Ditch 13 compared to the statewide average
of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress. ........ 439

Table 285. Fish metrics that respond to eutrophication stress in Judicial Ditch 13 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative
Lo Y 1 =X RIS 440

Table 286. Macroinvertebrate metrics that respond to nitrate stress in the Judicial Ditch 13 compared
to the statewide average of visits meeting the modified use (MU) biocriteria. Bold indicates metric
Value iNdICative Of Stress. ...cu.iieeiiiiiiiiiiircirncrerr e rreerrneereaerenserensesensesensserensssensesenssssnssssnssesnnes 441

Table 287. Fish metrics that respond to high TSS stress in Judicial Ditch 13 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 288. Fish metrics that respond to high TSS stress in Judicial Ditch 13 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 289. Identified stressors with suspected sources for reach 716 of Judicial Ditch 13. ................ 444

Table 290. Macroinvertebrate metrics that respond to low DO stress in Judicial Ditch 13 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiirieiiiiiiiiiiiiiiiirr e se s st s s s e sssssssssssssneesssssssssssssnsessnsssssssssnnn 447

Table 291. Fish metrics that respond to low DO stress in Judicial Ditch 13 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 292. Macroinvertebrate metrics that respond to eutrophication stress in Judicial Ditch 13
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
value iNdicative Of Stress. ......iiiieiiiiiiiiiiiinc e e reness st renessssenesssssenesssssenesssssananas 448

Table 293. Fish metrics that respond to eutrophication stress in Judicial Ditch 13 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF SIS S. . iiiiueiiiiiiieiiiiiee ittt se e re s ereenas e s senasetesnsssssesnsssssesnsssssesnsssstennsssssennsssssennsssssennssssnananas 448

Table 294. Macroinvertebrate metrics that respond to nitrate stress in JD 13 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 =3 449

Table 295. Macroinvertebrate metrics that respond to high TSS stress in Judicial Ditch 13 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiiieeiiiiiiiiiiireirc e se s s s s s e e saasssssesssansssnnssssssssssnessnnnssssssssanns 449

Table 296. Fish metrics that respond to high TSS stress in Judicial Ditch 13 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 297. Fish metrics that respond to high TSS stress in Judicial Ditch 13 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

XXi



Table 298. Identified stressors with suspected sources for reach 717 of Judicial Ditch 13. ................ 454

Table 299. Macroinvertebrate metrics that respond to low DO stress in Eightmile Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uuuiiiiiiiiiieiiiiiiiiiiiirieintirrrress st reessssssss et tresssssssssssssnnesessssssssssssnnnessnsssssss 459

Table 300. Fish metrics that respond to low DO stress compared to the statewide average of visits
meeting the general use biocriteria. Bold indicates metric value indicative of stress.......c..cccuuuuune. 459

Table 301. Macroinvertebrate metrics that respond to eutrophication stress in Eightmile Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdICative Of Stress. ...c..cieeiiiiiiiiiiiicirc et rreerreeereaerenserensesensessnesesensssensesenssssnssssnssennnns 460

Table 302. Macroinvertebrate metrics that respond to nitrate stress in Eightmile Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cvenniiieiiieiiitiitc et e e e ree e reenereassensesenssesensssensesenssssnssssnssesansesensesansssnen 461

Table 303. Macroinvertebrate metrics that respond to high TSS stress in Eightmile Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. iiieeiiiiiiiiiiiiir e re e re s e s s s esasssssesnsssssennsssssennsssssennsssssennnns 462

Table 304. Fish metrics that respond to high TSS stress in Eightmile Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 305. Fish metrics that respond to high TSS stress in Eightmile Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

...................................................................................................................................................... 463
Table 306. Fish species present at monitoring stations on Eightmile Creek. Stations are listed from

downstream (13MNO088) to upstream (13MNO087). Migratory species highlighted in bold. ............... 466
Table 307. Identified stressors with suspected sources for reach 684 of Eightmile Creek................... 467

Table 308. Macroinvertebrate metrics that respond to low DO stress in Fritsche Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. ..iiieeiiiiiiiiiiiircc et se s se s e s ee e s s s esassssnennsssssennsssssennsssssenasssssennnns 468

Table 309. Macroinvertebrate metrics that respond to eutrophication stress in Fritsche Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
value iNdicative Of Stress. ......iiiieiiiiiiiiiiiirc s reness s reness st renesssssenesssssenesssssenssssssenanas 469

Table 310. Macroinvertebrate metrics that respond to nitrate stress in Fritsche Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 =3 470

Table 311. Macroinvertebrate metrics that respond to high TSS stress in Fritsche Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
(1 Te HTof: 11V TN o) Y 4 =13 470

Table 312. Identified stressors with suspected sources for reach 709 of Fritsche Creek. ................... 473

Table 313. Macroinvertebrate metrics that respond to low DO stress in Heyman’s Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeiiiiiiiiiiiirirei e ree s se s s e s e e e saasssssssssanessnnssssssssssnessnnnssssssssanns 475

Table 314. Macroinvertebrate metrics that respond to eutrophication stress in Heyman’s Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiricir e reessssessssessssesssssssssssssssnassnnsssssssssanns 475

xxii



Table 315. Macroinvertebrate metrics that respond to nitrate stress in Heyman’s Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uvuiiiiiiiiiiiiiiiiiiiirireieint s rresessssssss et sressssssssssssssnesnssssssssssssnnnessnsssssss 476

Table 316. Macroinvertebrate metrics that respond to high TSS stress in Heyman’s Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cveeniiiiiiiiiitiitc et rrerreeeeree e reenereassensesenssesensssensesenssssnssssnssesansssensesansssnen 477

Table 317. Identified stressors with suspected sources for reach 675 of Heyman’s Creek. ................ 480

Table 318. Macroinvertebrate metrics that respond to low DO stress in County Ditch 4/County Ditch
39 compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative of SEress. ..ottt rrerre et s ree e ren e sensesensasennesannnnns 486

Table 319. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 4/County
Ditch 39 compared to the statewide average of visits meeting the modified use biocriteria. Bold
indicates metric value indicative of Stress. ......cccciviiieiiiiiiiiiiiircrrrccree e ree e ree e rensesensesennannes 487

Table 320. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 4/County Ditch 39
compared to the statewide average of visits meeting the warmwater modified use biocriteria. Bold
indicates metric value indicative Of Stress. .......ccvviiiiiiiiiiiiniiiiiiiniiirssrerssssssssssssann 488

Table 321. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 4/County Ditch
39 compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative Of Stress. ....iiiiiiiiiiiiiiiiiineiiiiiirrersessss s rrrsssssssssssssseesesssssssses 489

Table 322. Identified stressors with suspected sources for reach 545 of County Ditch 4. .................. 492

Table 323. Macroinvertebrate metrics that respond to low DO stress in County Ditch 11 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. coiiiiiirieiiiiiiiiiiiiiiiriirr e se s st s s s esssssssssssssneesssssssssssssnaessnsssssssssnnns 495

Table 324. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 11
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative Of Stress. .....ccvveciiiiiiiiiiiiiiiiirrr s 497

Table 325. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 11 compared to
the statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric
value iNdicative Of Stress. ......iiiieiiiiiiiiiiiirc s reness s reness st renesssssenesssssenesssssenssssssenanas 498

Table 326. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 11 compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. ..iireeiiiiiiiiiiiircc et e s re s e s es e s s s esasssssennsssssenesssssennsssssenasssssennsns 498

Table 327. Identified stressors with suspected sources for reach 661 of County Ditch 11.................. 502

Table 328. Macroinvertebrate metrics that respond to low DO stress in Swan Lake Outlet compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
(1 Te HTof: 11V TN o) Y 4 =13 504

Table 329. Macroinvertebrate metrics that respond to eutrophication stress in Swan Lake Outlet
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiireiein et reessssessssssssssessnssssssssssssnsssnnsssssssssanes 505

Table 330. Macroinvertebrate metrics that respond to nitrate stress in Nicollet Creek compared to the
statewide average of visits meeting the warmwater general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ...cciiiiiiiiieiiiiiiiiiiiiireieir e reessssessssesssaesssssssssssssssnsssnssssssssssanes 506

XXiii



Table 331. Macroinvertebrate metrics that respond to high TSS stress in Swan Lake Outlet compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uvuiiiiiiiiiiiiiiiiiiiirireieint s rresessssssss et sressssssssssssssnesnssssssssssssnnnessnsssssss 507

Table 332. Identified stressors with suspected sources for reach 683 of Nicollet Creek..................... 512

Table 333. Macroinvertebrate metrics that respond to low DO stress in County Ditch 3 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
[ e 1o VLN L Y 1 =T RN 515

Table 334. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 3
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdICative Of Stress. ...c..cieeiiiiiiiiiiiiciiriecrrerr e rreerreeereaerenserenssrnsessnssesensssensesenssssnssssnssenanns 516

Table 335. Macroinvertebrate metrics that respond to nitrate stress in Morgan Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo Y 1 =T3RS 517

Table 336. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 3 compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
[T HTot: 1V TN o ) 4 =11 517

Table 337. Identified stressors with suspected sources for reach 683 of Morgan Creek. ................... 522

Table 338. Macroinvertebrate metrics that respond to low DO stress in County Ditch 46A compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiirieiiiiiiiiiiiriiiirrrsse e rsssse s st s s e e sssssssssssstneesssssssssssssnsessnsssssssssnnns 527

Table 339. Fish metrics that respond to low DO stress in County Ditch 46A compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

...................................................................................................................................................... 527
Table 340. Macroinvertebrate metrics that respond to high eutrophication in County Ditch 46A
compared to the statewide average of visits meeting the modified use biocriteria. Bold indicates
metric value indicative Of Stress. . ...ccvieciiiiiiiiiiiieiinii s 528

Table 341. Fish metrics that respond to high eutrophication in County Ditch 46A compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative
OF SIS S. . iiieeiiiiiiieiiiiieetirre et se e te s et rena e reenasetesnsssssesnsssssesnsssstesnsssstennsssssennsssssennsssssennsssseananas 528

Table 342. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 46A compared to
the statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric
value iNdicative Of Stress. ......iiiieiiiiiiiiiiiii e reness st renesssssenesssssenesssssenssssssannnas 529

Table 343. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 46A compared
to the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value
INAICAtIVE OFf STrESS. ..uuiiiiiiiiiiiiiiiiiiiiirrriinir s ss s s et ssssa s sssssnesnssssssssssssnnnesnnssssses 530

Table 344. Fish metrics that respond to high TSS stress in County Ditch 46A compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 345. Fish metrics that respond to high TSS stress in County Ditch 46A compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

Table 346. Identified stressors with suspected sources for reach 678 of County Ditch 46A. .............. 533

XXiv



Table 347. Macroinvertebrate metrics that respond to low DO stress in County Ditch 46A compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uvuiiiiiiiiiiiiiiiiiiiirireieint s rresessssssss et sressssssssssssssnesnssssssssssssnnnessnsssssss 535

Table 348. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 46A
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdIcative Of Stress. ...c..iieeiiiiiiiiiiiiirccreere e rreereeeereaerenserenssensssnsserensssensesenssssnssssnssennnes 536

Table 349. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 46A compared to
the statewide average of visits meeting the warmwater general use biocriteria. Bold indicates metric
Value iNdICative Of Stress. ...c..cieeiiiiiiiiiiiicirc et rreerreeereaerenserensesensessnesesensssensesenssssnssssnssennnns 537

Table 350. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 46A compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF STrESS. cvenniiieiiieiiitiitc et e e e ree e reenereassensesenssesensssensesenssssnssssnssesansesensesansssnen 538

Table 351. Identified stressors with suspected sources for reach 679 of County Ditch 46A. .............. 542

Table 352. Macroinvertebrate metrics that respond to low DO stress in Seven Mile Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
[T HTot: 1V TN o ) 4 =11 543

Table 353. Macroinvertebrate metrics that respond to eutrophication stress in Seven Mile Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of StreSS. ....cciiiiiiiiuiiiiiiiiiiiniiiiiiiirersisrriressssssssssssstnesssssssssssssssnsessssssssssssanes 544

Table 354. Macroinvertebrate metrics that respond to nitrate stress in Seven Mile Creek compared to
the statewide average of visits meeting the warmwater general use biocriteria. Bold indicates metric
Value iNdicative Of StresS. ....cciiiiiiiiuiiiiiiiiiiiiiiiiiiiirersis e irreressessssssstnesssssssssssssssssessssssssssssanes 545

Table 355. Macroinvertebrate metrics that respond to high TSS stress in Seven Mile Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STIESS. ciiiiiiireeeiiiiiiiiiiiiiiiirrrrre st sse s s e s s e e ssassssssssstneessnssssssssssnassnnssssssssssnn 546

Table 356. Identified stressors with suspected sources for reach 703 of Seven Mile Creek................ 549

Table 357. Biological metrics that respond to temperature compared to the statewide average of visits
meeting the Southern Coldwater biocriteria. Bold indicates metric value indicative of stress............ 551

Table 358. Macroinvertebrate metrics that respond to low DO stress in Seven Mile Creek compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OF SErESS. .iiieeiiiiiieiiiiiiiee ettt se s ee s e s es e st ssenasssssennsssssennsssssennsssssenasssssennsns 554

Table 359. Fish metrics that respond to low DO stress in Seven Mile Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 360. Macroinvertebrate metrics that respond to eutrophication stress in Seven Mile Creek
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiriei et rressssessssssssssessnssssssssssssesssnnsssssssssanes 555

Table 361. Fish metrics that respond to eutrophication stress in Seven Mile Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF SEI @SS, ceiiiiitreeniiiiiiiiiitreeiietititeerseeiesseteetsansssssesseteeesnnssssssssssseesnnsssssssssssessnnssssssssssnessnnnssssssssanes 556

Table 362. Macroinvertebrate metrics that respond to nitrate stress in Seven Mile Creek compared to
the statewide average of visits meeting the southern coldwater use biocriteria. Bold indicates metric
Value iNdicative Of STreSS. ..cciiiiiiiiieiiiiiiiiiiiiiricir e reessssessssessssesssssssssssssssnassnnsssssssssanns 557

XXV



Table 363. Hydrograph shown in black, comparing TSS samples in purple, along with modeled TSS
concentrations are seen in green for Seven Mile Creek in the year 2014. .........cccceuirrrrecirreeencirnenenn. 558

Table 364. Macroinvertebrate metrics that respond to high TSS stress in Seven Mile Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE OFf STIESS. .uuuiiiiiiiiiiiiiiiiiiiiiiiriieinnirrrresss st reressssssssesnressssssssssssssnesessssssssssssnnnessnsssssss 558

Table 365. Fish metrics that respond to high TSS stress in Seven Mile Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 366. Fish metrics that respond to high TSS stress in Seven Mile Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 367. Identified stressors with suspected sources for reach 562 of Seven Mile Creek................ 566

Table 368. Macroinvertebrate metrics that respond to low DO stress in Rogers Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
Lo 0 4 =L OO 569

Table 369. Fish metrics that respond to low DO stress in Rogers Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 370. Macroinvertebrate metrics that respond to eutrophication stress in Rogers Creek compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value
INAICAtIVE Of STrESS. coiiiiiirieuiiiiiiiiiiriieiiirrrrre e rsssse s st s e e essssssssssssnneesssssssssssssnaesnnsssssssssnnns 571

Table 371. Fish metrics that respond to eutrophication stress in Rogers Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
OF STI @SS, ceiiiiierneuiiiiiiiiintrueiiietiiireeraeiiessttteeraasssssesstteeesnssssssssssseeesssssssssssssssessnsssssssssssessnnsssssssssanes 571

Table 372. Macroinvertebrate metrics that respond to nitrate stress in Rogers Creek compared to the
statewide average of visits meeting the warmwater general use biocriteria. Bold indicates metric
value indicative Of Stress. .....cciiiiieieiiiiiiiiiiiiiiiiiirrrr s ss s s s e e s aassssssssanee 574

Table 373. Macroinvertebrate metrics that respond to high TSS stress in Rogers Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative
L0 3 =T3S 575

Table 374. Fish metrics that respond to high TSS stress in Rogers Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 375. Fish metrics that respond to high TSS stress in Rogers Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Table 376. Identified stressors with suspected sources for reach 574 of Rogers Creek...................... 579

Table 377. Fish and macroinvertebrate metrics used in stressor analysis in the Minnesota River-
Mankato Watershed. Some of the metrics below are more “general” stress indicators, while others
are more “stressor SPecific” INAICATOrS.......ccuuiiieeiiiiiiiciereececrrcecereeeeeereeaseesenaseeesennsseesennsssssennnes 586

XXVi



Figures

Figure 1. Process map of Intensive Watershed Monitoring, Assessment, Stressor Identification and

TIVIDL PrOCESSES. tururirenieeiiaeiianirassrasrasessstssstssstsssrsssrsssssssesstosstassssssssssssstssstssstsssssssssssssssssssasstasssasssasses 2
Figure 2. Conceptual model of Stressor Identification process (Cormier et al. 2000). ......ccccccereeenecrrenene. 3
Figure 3. The five components of stream health and conditions that stress streams.......ccc..ccceeuviirrennn. 4
Figure 4. Elevation of the Minnesota River — Mankato Watershed..............cciirrrreiiiiiiiiinnnenciiiniinnnnns 6

Figure 5. Location of the Minnesota River — Mankato Watershed (highlighted in red) within the

Minnesota River Basin and the upper Mississippi River HUC 2........cccccoiiieiiiiiiniiinieniiinieeeeeee. 7
Figure 6. Land use of the Minnesota River -Mankato Watershed. ........ccccccccoiiimrrrmiiiiiiniinineciiiincinnnnns 8
Figure 7. Minnesota River — Mankato Watershed including subwatershed at the HUC 10 scale. ........... 9
Figure 8. Map of monitoring stations in the MNR Mankato Watershed, biological impairments and

] = 1L T4 TP 10
Figure 9. Overview of temperature in the Minnesota River - Mankato Watershed. ............cccceuueuneeeee. 14

Figure 10. Minnesota River — Mankato AUID’s with low dissolved oxygen listed as a biological stressor.

........................................................................................................................................................ 15
Figure 11. Minnesota River — Mankato AUID’s with eutrophic conditions listed as a biological stressor.
........................................................................................................................................................ 16
Figure 12. Reaches were nitrate is identified as a biological stressor (In red) within the Minnesota
River — Mankato Watershed. .........uuiieueiiiiiiiiiinineiiiiiisssessssssssssssssss 18

Figure 13. Correlation of nitrate sensitive caddisfly abundance, with nitrate concentrations from the
HiME Of SAMPIING. ..ot rrre e e rran e s s e e s e s e e sanseseenassessesnssessennsssssennssanaennnsansennnnanes 19

Figure 14. Statewide nitrogen pathways to surface waters pie chart, taken from statewide nitrogen
STUAY (IMPC 2013). ... iiieeiiieieeiiiieceeiereennneereeneneseenssesseenssesseenssesssenssssseensssssesnsssssssnssssssenssssssennsssssennnns 20

Figure 15. Annual combined total N loads from the three-mainstem rivers entering the Twin Cities
Area: the Mississippi River in Anoka, the St. Croix River in Stillwater, and the Minnesota River in

Jordan. Time period 1980 t0 2010.......cccceerrerertnneerenrerennereaserenseeraseerassesssssssnsessnssssasssssssessnssssnsessnssesas 20
Figure 16. Inorganic nitrogen samples collected at biologically impaired reaches within the Minnesota

River — Mankato Watershed...........ccccoooiiii e 21
Figure 17. Minnesota River — Mankato Watershed with TSS impairments to biology (in red).............. 22
Figure 18. Minnesota River — Mankato Watershed with habitat impairments to biology (in red)......... 24

Figure 19. The Minnesota River - Mankato Watershed with identified barriers (DNR 2015), below
identified AUIDs (in red) with connectivity identified as a Stressor. .......ccccceeeeiiriirirrenercccinneeeeeeeneneeenns 25

Figure 20. Minnesota River — Mankato Watershed with connectivity impairments to biology (in red).26

Figure 21. Minnesota River —Mankato displaying changing in surface waters pre and post settlement.

Figure 22. Example of a channelized stream Wabasha Creek, (13MNO010) in the Minnesota River —
Mankato Watershed. ........cccuuviiiiiiiiiiiiiiiiiiiisiesisireaistsessssstssssssssesssssssesssssssenssss 29

XXvii



Figure 23. AUIDs within the Minnesota River — Mankato Watershed that have biological impairments
with alteration status. Bar chart displays portions of streams in feet that have been altered, natural,
impounded, or are listed as “no definable channel.” (N) or (S) stands of the North or South sections of
the Minnesota RIVEr ManKato. .......cccceiiiiiiireuiiiiiiniiiienemmiiiiiiinisesmessiiimessmsssiiimmssssssssesmersssses 30

Figure 24. All streams in the Minnesota River — Mankato Watershed showing natural (blue) and
altered (red) WaterCOUISES. .....cciiiiiieeuiiiiiiiiiiieieneeiesitetennnessssessseeesnnssssssssssssesnnssssssssssssessnssssssssssanes 31

Figure 25. Minnesota River — Mankato Watershed displaying modeled tiled land (light blue), possivle
tiled land (light gray), and not likely tiled land (dark gray). ......cccccccccieeciiiiiiiemeniiiciininneeeenessesenneeeennnes 32

Figure 26. Diagram illustrating subsurface water transport via tile lines to surface water (Typically a
ditch/channelized Stream).......cccoeeeiiiiiiiiiiicicc e e e e e e e s s e s e s e s s s e e s e s e s e e e s e e e e s 33

Figure 27. Example of a drain tile outlet to Little Rock Creek, Fairfax Minnesota (13MN026) flowing
into a ditched system within the Minnesota River - Mankato Watershed. ..........ccceeeiriinniiiiieneiiniennnn. 33

Figure 28. Apportionment of changes in mean annual water yield for each watershed. In rivers with
significant changes in flow, climate and crop conversions account for less than half of the total change
in water yield. Excess water yield is the portion that cannot be attributed to changes in crop ET and
climate and is hypothesized to result from artificial drainage. The above figure was taken from the
journal article titled “Twentieth century agricultural drainage creates more erosive rivers” (Schottler
LY A1 B X 0 i 1 ) R 35

Figure 29. Map of the City of Mankato watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and
[\ Y Yol Fo 1 V=T 4 =] o = £ 37

Figure 30 Fish metrics of the Southern Headwaters IBI modified use for station 13MNO088, Cherry

00 = ] PN 38
Figure 31. Diurnal dissolved oxygen for station 13MNO088, August 10 - 17, 2015.........ccccccceereeenerrenane. 39
Figure 32. Dissolved oxygen flux at station 13MNO088, August 11 - 16, 2015. .......cccccceereeencrrenenecenennnes 39
Figure 33. Photograph of monitoring station 13MNO088, taken June 10, 2013........ccc.ccorveeriirreneniirrenenns 41
Figure 34. Monitoring station 13MNO88 on April 27, 2015.......cc.cccceiiiiimimmmnisiiiniiinnnmnsesmses 42
Figure 35. Arial image of Scotch and Mud Lake from August 28, 2012..............ccoorrrrrmnersiiinirnnnnnnnensnnnes 43
Figure 36. Percentage of MSHA subcategory scores for station 13MNO088, Cherry Creek.........ccccuvvuee. 45
Figure 37. Station 13IMINO88 on June 10, 2013.......c.ccccceciirmuiireecreniirnsirsessrssssresssrsssssensssssssssasssssssssanss 45
Figure 38. Cherry Creek off County Highway 23 on April 27, 2015. ......ccccceiiiieeiiiiineiinienniennenenssneenenes 47

Figure 39. Macroinvertebrate metrics of the Southern Streams RR class for station 13MNO081, Cherry

Figure 41. Macroinvertebrate metrics that respond to habitat for station 13MNO081, Cherry Creek,
compared to the range of values for Southern Streams RR visits meeting the general use biocriteria. 54

Figure 42. Station 13IMINO81 on June 10, 2013........ccceeiiieeiiieeiiienirennerrnnieressessesersnssssnsessnssssnssssnsssssnns 55
Figure 43. Road culvert at 3215 Ave. (APFil 27, 2015)......ccceerrrrerrrrrrrsssrsssssssssssssssssssssssssssssssssssssssssssses 56
Figure 44. Upstream of Hwy 23 (April 27, 2015). .......cieeeniiiieeniiieeencereeaneereeaseeesenasseessnnsessensssssennnes 57

XXViii



Figure 45. Macroinvertebrate metrics of the Southern Streams RR class for station 13MN079,

ShaNAsKa Creek......icveveuuiiiiiiiiiiiinniiiiiiiiiinireuiisisiiiresssssssiitiimesssssssssistimmessssssssssssssmesssssssssssssssssssnes 58
Figure 46. Diurnal dissolved oxygen for station 13IMNO79. .......cccceeuiirrreneiereeencirreneneesrennneesrenesssssennnes 59
Figure 47. Percentage of MSHA subcategory scores for station 13MNO079, Shanaska Creek. ............... 63

Figure 48. Macroinvertebrate metrics that respond to habitat for station 13MNO079, Shanaska Creek,
compared to the range of values for Southern Streams RR visits meeting the general use biocriteria. 63

Figure 49. Station 13MINO079, July 18, 2013.......cccituriiimimniiiiienniniiensinisenisisessismssssssssenssssssessssssssnssss 64
Figure 50. Macroinvertebrate metrics of the Southern Streams RR class for station 01MN020,

L8010 T 4T IO == T 66
Figure 51. Diurnal dissolved oxygen for station 01MNO020, July 30 — August 10, 2015. .........ccceeeerrennns 67
Figure 52. Dissolved oxygen flux at station 01MNO020, July 31- August 9, 2015. .....cc..covveeiirrennniirrennnns 67
Figure 53. Percentage of MSHA subcategory scores for station 01MN020, Unnamed Creek................ 73
Figure 54. Station 01MINO020, May 19, 2015........cccciieiimiirniiteiieenieesinttntenstenssessrasernsersssssssssssnsssnsssnsses 74

Figure 55. Macroinvertebrate metrics that respond to habitat for station 01MN020, Unnamed Creek
compared to the range of values for Southern Streams RR visits meeting the general use biocriteria. 75

Figure 56. Fish metrics of the Southern Headwaters IBI for station 03MNO072, Unnamed Creek. ......... 77
Figure 57. Macroinvertebrate metrics of the Southern Streams RR class for station 03MIN072,

UNNGMEA CrEEK ... .uuuuiiiii s s s s 77
Figure 58. April 27, 2015 algal bloom in Unnamed Creek (0702007-550) ......cccuceereeenccerenenccerenencennennnes 79
Figure 59. Percentage of MSHA subcategory scores for station 03MNO072, Unnamed Creek................ 84
Figure 60. Station 03MINO072, July 21, 2003........cccceeeereemneiereennncereeasaerenasseesennsssssenassasssnsssssssnssssssennnns 84
Figure 61. Station 03MMINO72, July 18, 2013........ccceeuieirenniereenneeereeaseeereeanseesenasssssenassessenssssssenssssssennnns 85

Figure 62. Macroinvertebrate metrics that respond to habitat for station 03MN072, Unnamed Creek
compared to the range of values for Southern Streams RR visits meeting the general use biocriteria. 86

Figure 63. Map of the Minneopa Creek Watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and

M=IMacCroiNVErtebrates .......cccciiiiieiiiiiiicirrrcrrere e rre e re e s s resasssssenasssssenassssssnssssssenssssssanenas 90
Figure 64. Fish metrics of the Southern Headwaters class for 13MIN059, JD 48..........cccceeciirrenenirrenenns 91
Figure 65. Monitoring station 13MNO059, taken on July 11, 2013, displaying high algae and macrophyte
BrOWRN. .. et rrse s e s rr e s e s s s e s a e e s s e s n e st e nn e st enne st e enneseseennenesaennsnanes 93
Figure 66. Judicial Ditch 48 (07020007-593) displaying abundant autotrophic growth within the

stream, taken on September 1, 2015. .......ccciiiiiimiiiiiiniiiireneeeireneeetrenesessrenesaserenessssrenessssrenassssenanns 94
Figure 67. Percentage of MSHA subcategory scores for station 13MNO059, Judicial Ditch 48................ 97
Figure 68. Station 13MNO059, July 11, 2013........cccceueireeiirrereernnnseeererereesnnnssssessssneesnnnssssssessassssnnssssnnes 98

Figure 69. Fish metrics of the Southern Headwaters class for station 13MN060, Minneopa Creek ....101
Figure 70. Fish metrics of the Southern Streams class for station 13MNO061, Minneopa Creek .......... 101

Figure 71. Monitoring location 13MNO061 taken on July 11, 2013 displaying high algae/macrophyte
[$0Yo [¥ Tt 4o o RN 102

XXiX



Figure 72. Minneopa Creek (07020007-531) taken on September 14, 2014 during an algal bloom. ...104
Figure 73. Percentage of MSHA subcategory scores for stations 13MN060 and 13MNO061, Minneopa

O =T 107
Figure 74. Fish metrics of the low gradient class for station 13MN062, County Ditch 27. .................. 109
Figure 75. Biological monitoring station 13MNO062, taken on August 12, 2013...........cccceeuecerreennncneees 110
Figure 76. County Ditch 27, taken on September 1, 2015.......cccccciituiiiiiinniieiinnniniienieieneiesee 112
Figure 77. Percentage of MSHA subcategory scores for station 13MN062, County Ditch 27.............. 115
Figure 78. Station 13IVIN062, August 12, 2013 ........c.ccceeuiiimniireeniimniieeiieesisrnssiraessrsssressrsassssassssnsssses 115
Figure 79. Fish metrics of the Southern Headwaters class for station 13MIN063, County Ditch 56 ..... 117
Figure 80. 13IMIN063 September 14, 2012 Algae bloom.........ccceeeiiiiuiiiiiiniiniininiie. 119
Figure 81. Ratio of VSS to TSS at station 13MNO063, at County Ditch 27 (Lake Crystal Inlet). .............. 120
Figure 82. Percentage of MSHA subcategory scores for station 13MNO063, County Ditch 56.............. 123
Figure 83. Station 13IVIN0G3, July 11, 2013......c..ccceeieremnirrnncrrenncrennerennersnseernsessnssersnsesessessnssssnsesansassns 124
Figure 84. Fish metrics of the Southern Streams class for station 13MN065 and 13MN066, Minneopa

00 =T 126
Figure 85. Macroinvertebrate metrics of the Southern Streams class for stations 13MNO065 and
13MNO066, MIiNNEOPA CrEEK....uueererueerieruneereeruneerrenaneertennssessennsseseensssessenssssssensssssssnsssssssnsssssennssassenns 126
Figure 86. Photo of Minneopa Creek at biological monitoring site 13MNO066, taken on July 29, 2013.
...................................................................................................................................................... 129
Figure 87. Transparency tube reading in 2013 at Minneopa Creek; 720007-534. ........cccccceeereeennncneees 132
Figure 88. Percentage of MSHA subcategory scores for stations 13MN065 and 13MNO066, Minneopa

O =T 134
Figure 89. Station 13IMINO065, July 24, 2013.........ccccuceeriienecerrennneereennseeeeennsseseennssssesnsssssssnsssesesnssassenns 135
Figure 90. Station 13IMNO066, July 29, 2013.........cccceuierrimueerreneneereenneeeeeennsseseennsssseensssssennsssssesnssassenns 136

Figure 91. Macroinvertebrate metrics that respond to habitat for stations 13MNO065 and 13MNO066,
Minneopa Creek compared to the range of values for Southern Streams RR visits meeting the general
TN ¢ 1T Tl 3 =T ¢ T TR 137

Figure 92. Map of the Morgan Creek Watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates

...................................................................................................................................................... 140
Figure 93. Fish metrics of the Southern Coldwater Streams class for station 09IMIN094, Morgan Creek

...................................................................................................................................................... 141
Figure 94. Macroinvertebrate metrics of the Southern Coldwater Streams class for station 09MNO094,

AV oL == T o T O Y=Y PPN 142
Figure 95. Temperature data from station 09MNO094 in May-September 2010. ......c..ccceveureerrennencnens 143
Figure 96. Temperature data from station 09MNO094 in May-September 2013. ..........ccceeueeerreennnnees 144
Figure 97. Temperature data from station 09MNO094 in August 2016. ........ccceeueeereeenncereennncereenneenenas 144

Figure 98. Continuous dissolved oxygen measurements (mg/L) at 09MNO094 from August 12, 2016 to
AUBUST 23, 2016, ...iuiiiniiiiiiiiiniiieiieeiieiieiisessiiessisssiserssstsssesssssstasstssssssssssssssssssssssssssssssssssssssasssnsses 145

XXX



Figure 99. Percentage of MSHA subcategory scores for station 09MNO094, Unnamed Creek.............. 151

Figure 100. Macroinvertebrate metrics that respond to habitat for station 09MNO094, Unnamed Creek
compared to the range of values for Coldwater Stream visits meeting the modified use biocriteria..152

Figure 101. Macroinvertebrate metrics for the Prairie Streams GP class station 13MNO053, Judicial

0 11 o T o 154
Figure 102. Continuous dissolved oxygen measurements (mg/L) at 13MNO053 from July 23, 2015 to July
k3 11 ) I TR 155
Figure 103. Dissolved oxygen flux measurements (24-hour variation) at 13MNO053 from July 23, 2015

B0 JUIY 31, 2013, ... iiieiiiiiieeiiiieeniiiirneeiienesssstssssssttesssssstessssssransssssssnssssssensssssssnsssssssnssssssennsssssannsss 155
Figure 104. Station 13IMINO53, August 8, 2013 .........ccceiiriuiireeiiriniiieiiieiiraiireessrssiiessrsessssassssnsssses 157
Figure 105. Station 13MNO53, July 23, 2015.......ccceuiiiiiimnniiiiinnniiniennsieiienmieiiesmssssssssiesssssssssssssssssenes 158
Figure 106. Percentage of MSHA subcategory scores for station 13MNO053, Judicial Ditch 10............ 160
Figure 107. Station 13IMINO53, August 8, 2013 ........ccceieuiienirnernierenieenteessnsrnssenssenssessssssraserasesssssnssans 161

Figure 108. Macroinvertebrate metrics that respond to habitat for station 13MNO053, JD 10 compared
to the range of values for Prairie Streams GR visits meeting the modified use biocriteria.................. 162

Figure 109. Macroinvertebrate metrics for the Southern Streams RR class station 13MNO055, Morgan

0= - TS 164
Figure 110. Fish metrics of the Southern Streams class 1Bl for station 13MNO055, Morgan Creek....... 164
Figure 111. Percentage of MSHA subcategory scores for station 13MNO055, Morgan Creek............... 170

Figure 112. Macroinvertebrate metrics that respond to habitat for station 13MNO055, Morgan Creek
compared to the range of values for Southern Streams RR visits meeting the modified use biocriteria.

Figure 113. Morgan Creek downstream at Hwy 68, perched approximately 1 foot, August 3, 2016...172

Figure 114. Morgan Creek, Upstream of Hwy 68, on June 20, 2016, debris resting on culvert from
3 o T 0 4 T V=T 4 N 173

Figure 115. Map of the Little Cottonwood Watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and
[\ Y Yol T 11 V=T g =] o - IS 176

Figure 116. Macroinvertebrate metrics of the Southern Streams RR IBI class for station 13MNO049,

(0o 10157 Y2 0 11 ol T K AN 177
Figure 117. Diurnal dissolved oxygen for station 01MNO020, July 30 — August 10, 2015 .........ccccceeueeee 178
Figure 118. Station 13MNO049 on September 13, 2012. .......ccccceeriimeieriemnnereennserernnssereensserssnsssssenns 180
Figure 119. Station 13IMINO49 on July 9, 2013.......cccciiiiiiiiiiienieriiiiiiisnsireess s ssssssessssssssssssansssseses 181
Figure 120. Percentage of MSHA subcategory scores for station 13MN049, County Ditch 11 ............ 183
Figure 121. Station 13IMINO49 on July 9, 2013. .......ccciiiiiiiiinienreniiiiiininsereessssssssssssesssssssssssssnsssseses 184

Figure 122. Macroinvertebrate metrics that respond to habitat for station 13MNO049, CD 11, compared
to the range of values for Southern Streams RR visits meeting the modified use biocriteria. ............ 185

Figure 123. Macroinvertebrate metrics of the Southern Streams RR IBI for station 13MNO051, County
[T o] X PP 187

XXX



Figure 124. Fish metrics of the Southern Headwaters IBI for station 13MNO051, County Ditch 67 ...... 187
Figure 125. Biological monitoring location 13MNO051, taken on June 12, 2013........c.cccovveurcerrennnnnnees 191
Figure 126. Percentage of MSHA subcategory scores for station 13MNO051, County Ditch 67 ............ 193

Figure 127. Macroinvertebrate metrics that respond to habitat for station 13MNO049, CD 67, compared
to the range of values for Southern Streams RR visits meeting the general use biocriteria. .............. 194

Figure 128. Macroinvertebrate metrics of the Southern Streams RR IBI for station 91MNO056, Little
COttONWOOM RIVET ....ccuuiieeiiieeiiteiiiiicteeerenerensertassernsserensersnssssnsessnssessnsssensessnssssnssssnssessnsssensesanssssen 196

Figure 129. Macroinvertebrate metrics of the Prairie Streams GP IBI for stations 13MNO041, 13MNO044,

and 13MMINO4S8, Little CottoNWOOd RIVEN ........cceuiiieeiiiiniiieeiereeiiteereneerenctenserenseernsesnesessnsssensesansnenes 196
Figure 130. Fish metrics of the Southern Headwaters IBI for station 91MNO056, Little Cottonwood River
...................................................................................................................................................... 197
Figure 131. Fish metrics of the Southern Streams IBI for stations 13MNO041, 13MNO044, and 13MN048,
Little COttONWOOM RIVET .....cceueuiiiiiiiiiiiiiiiiiiieieiitneestenesestennssestensssessenssssssensssssssnsssssssnsssssssnsssssanns 197
Figure 132. Percentage of MSHA subcategory scores for stations 91MN056, 13MNO041, 13MNO044,
13MNO089, and 13IVIN048, Little COttONWOO RIVEL ....ceuieuiieeiieiiteiieeiieeiieerneentenieensreneresernseressennsnns 204
Figure 133. Macroinvertebrate metrics that respond to habitat for station 91MNO056, Little
Cottonwood River, compared to the range of values for Southern Streams RR visits meeting the
L1 1T = TV EY =N o1 To Yol g =] o T TS 205

Figure 134. Macroinvertebrate metrics that respond to habitat for station 13MNO041, 13MNO044, and
13MNO048. Little Cottonwood River, compared to the range of values for Prairie Streams GP visits

meeting the general use bioCriteria. ........ i e s rena e s e e en e s e e nnsaesesnnsasnenns 206
Figure 135. Monitoring station 13MIN044 taken September 13, 2012.........cccceueierrrencereeencereeeneeenenes 207
Figure 136. Monitoring station 13MIN041 taken on July 8, 2013.........cccceeuiirreincereeenecereneneereennseenenes 208
Figure 137. Aerial photo showing two-staged channel within the ditch banks at the Altermatt Creek
geomorphology site, from the DNR geomorphology study. .......ccccciriemeciiieeeiciiieeeieirreneceereeeneeeeenanes 210
Figure 138. Macroinvertebrate metrics of the Southern Streams RR IBI for stations 13MNO050,
97MNO009, and 13MNO052, Little COttoNWOOd RIVET ......ceeuiieiieniieniieiieereiereiereieeesieesrneseneenssensreneranes 211
Figure 139. Temperature log at monitoring station 13MNO052, June 25, 2015 to October 3, 2015...... 212
Figure 140. Monitoring station 13MIN050, taken on June 23, 2015........cccccccirimeiirienniernennserennnsenenes 216
Figure 141. Bank erosion at station 13IMNO50 on August 6, 2013..........ccccceeerrrmnierrrnnierernnsererassenenes 218

Figure 142. Percentage of MSHA subcategory scores for stations 13MN050, 97MNO009, and 13MNO052,
Little COttONWOOM RIVEF .......uuueiiiiiii e 219

Figure 143. Macroinvertebrate metrics that respond to habitat for station 13MNO050, 97MNO009, and
13MNO052, Little Cottonwood River, compared to the range of values for Southern Streams RR visits
meeting the general use bioCriteria. ........cciiiieiiiiiiicr e e e e s e e na e s e s nas s senns 220

Figure 144. Number of days displaying high flows (top chart) compared to number of days displaying
low flows (bottom chart), compiled by the DNR..........ccouuiiiiiieirecccrrceereeneereeeneeeeenneeesesassaesenas 221

Figure 145. 2013 Arial imagery with overlay (in red) of the stream channel in 1991 taken from the DNR
F= Yo Y0 g ToTg'e] g ol LoT -4 VA =Y e o] o HRu 222

XXXii



Figure 146. Map of the Spring Creek Watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates

...................................................................................................................................................... 225
Figure 147. Fish metrics of the Southern Coldwater Streams class for stations 09MNO080 and 05MNO011,
SPFING CrEEK ...t errene e s s renese e s rene s s s e ennsessrensssssrensssssrensssssrensssssrensssssrennssnsnennnan 226
Figure 148. Macroinvertebrate metrics of the Southern Coldwater Streams class for station 05MNO011,

Y o T Ty F = O == T 227
Figure 149. Temperature data from 05MNO011 collected from May to September on Johns Creek, 2013

...................................................................................................................................................... 228
Figure 150. Temperature data from sonde deployment at 05MNO011 in August of 2016.................... 228
Figure 151. Temperature data from sonde deployment at 05MNO011 in August of 2016.................... 230
Figure 152. Station 05MNO011, taken on September 13, 2012 displaying high erosive potential. ....... 235
Figure 153. Percentage of MSHA subcategory scores for station 05MNO011, John’s Creek ................. 236
Figure 154. Station 05IMNOLL, July 17, 2013.......cccccereenirrnncerenerennerennersnseernsesenssersnsessnsessnssssnsesansassas 236

Figure 155. Macroinvertebrate metrics that respond to habitat for station 09MNO094, John’s Creek
compared to the range of values for Coldwater Stream visits meeting the modified use biocriteria..237

Figure 156. Nearly dry creek bed at John’s Creek at station 09MNO80 taken in July 23, 2015............ 238
Figure 165. Identified stressors with suspected sources for reach 571 of Johns Creek....................... 238

Figure 158. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MIN025,

(07107 41 AV 0 11 ol 4 i ST 239
Figure 159. Fish metrics of the Southern Headwaters class IBI for station 13MNO025, County Ditch 13

...................................................................................................................................................... 240
Figure 160. 13MNO025 Sonde deployment from July 16 through July 23 in 2015..........cccccuecerreennnnnnees 241
Figure 161. Percentage of MSHA subcategory scores for station 13MN025, County Ditch 13. ........... 246
Figure 162. Station 13MNO25 on July 9, 2013, ......ccouciiiiiucirreiencerrennneereennseeseennsssseensssessensssesesnsssssenns 247

Figure 163. Macroinvertebrate metrics that respond to habitat for station 13MNO025, CD 13 compared
to the range of values for Southern Streams RR visits meeting the general use biocriteria. .............. 248

Figure 164. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MIN024,
SPIING CrEEK. ..eeeeeiiiieieiiici et reeese s et seseen e e s esasssssesasssssennsssssennsssssennsssssennsssssenasssssennsns 250

Figure 165. Fish metrics of the Southern Headwaters class IBI for station 13Mn024, Spring Creek. ...250

Figure 166. Continuous DO data at monitoring location 13MNO024, from August 4, 2016 to August 10,
20016, coeiiiiiiiiiiiiiiieieiere e e s e e s e s e s e s e s e s e s e s e s e sesesesesesesesesesesesesesesesesesesesesesesesesesesasesesesesessassesssanas 251

Figure 167. Percentage of MSHA subcategory scores for station 13MN024, Spring Creek.................. 256

Figure 168. Macroinvertebrate metrics that respond to habitat for station 13MNO024, Spring Creek
compared to the range of values for Southern Streams RR visits meeting the general use biocriteria.

Figure 169. Station 13MNO024 taken on August 12, 2013........cccccciiieeiiirnnintnnirreeserenereasersassssnssssnsseses 258

Figure 170. Spatial location of perched culvert on Spring Creek prior to the 2015 restoration project
(DINR 2015). ceeeeeeniiiiiiiiiierennniisiiiiimemssmsiieisiiisssssmssssssstsessssnsssssssssssesssssssssssssssssssssssssssssssssnsssssssssssnes 259

XXXiii



Figure 171. Macroinvertebrate metrics of the Southern Coldwater Streams class for stations 91MNO055

(2001) and 91MNO055 (2010), Spring Creek (Hindeman Creek).......cceeeeueeciiiriiiereeennrccciineneeeeennceeennenns 261
Figure 172. Fish metrics of the Southern Coldwater Streams class for stations 91MNO055 (2001) and
91MNO055 (2010), Spring Creek (Hindeman Creek). .....ccccereeeeciiieeciirieccereeeccsreeeneesrenenesrenassesenanes 262
Figure 173. Temperature data from 91MNO55 from June through September 2015 ............ccccuuueu.eee 263
Figure 174. Continuous DO data at monitoring location 91MNO055, from August 4, 2016 to August 10,
2016, ...uiiiiiiierneiieieeirreeeran e ee e s e et et ran e ae e st e e et naa e e e et e e e e nna s aeeeeeeeernaneaeteseeetanassrrasesetetannnsrsnasananes 264
Figure 175. Biological monitoring station 91MNO055, taken on July 30, 2001.........ccccocerirnnniernennncnnnns 270
Figure 176. Percentage of MSHA subcategory scores for station 91MNO055, Spring Creek ................. 270

Figure 177. Macroinvertebrate metrics that respond to habitat for station 91MNO055, Spring Creek
(Hindeman) compared to the range of values for Coldwater Stream visits meeting the general use

oYY o 1 =T 4 - 271
Figure 178. Photo displays perched culvert downstream of 91MNO055, taken April 27, 2015. ............ 272
Figure 179. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MN090,

SPIING CrEEK. .oeunieeeiiieeiiiiiieiettc e rreeereaereneereaseresseresserensssensesenssesensssensesenssssassesnssesansssensesansssnen 274
Figure 180. Fish metrics of the Southern Streams class 1Bl for station 13MN090, Spring Creek.......... 274
Figure 181. Monitoring locations 13MNO090, taken on July 9, 2013............ccooreeniirrrencereenneerernneeenenes 278
Figure 182. Percentage of MSHA subcategory scores for station 13MN090, Spring Creek. ................ 280

Figure 183. Macroinvertebrate metrics that respond to habitat for station 13MNO090, Spring Creek
compared to the range of values for Southern Stream RR visits meeting the general use biocriteria. 281

Figure 184. Fish metrics of the Southern Headwaters class IBI for station 13MNO013, Unnamed Creek.

...................................................................................................................................................... 283
Figure 185. Station 13MNO13, taken in July 15, 2015........cccceeuuieriemuncereennncereennneereennsaereennsseseenssassenes 286
Figure 186. Percentage of MSHA subcategory scores for station 13MNO013, Unnamed Creek............. 288
Figure 187. June 16, 2015 — scour pool and erosion, slumping bank. ..........c.ccccceerrrrciiriieccirieencceneee. 288
Figure 188. July 15, 2015 displaying bank erosion at 13IMNO13..........ccccccviiiiimnicrninnierieniereennseneens 289
Figure 189. June 16, 2015 downstream of 13MNO13 perched culvert.........cccccceeerrieniiriieniiernrenienene 290
Figure 190. Macroinvertebrate metrics of the Prairie Streams GP class 1Bl for station 07MNO074, County
0 11 o 1 292
Figure 191. Diurnal dissolved oxygen at station 07MNO074, July 16 - 23, 2015. .......cccceeerrrmnricrrennncnnnns 293
Figure 192. Dissolved oxygen flux at station 07MNO074, July 17 - 22, 2015. ......cccccoeveeeerrrnnnccreennncenenes 294
Figure 193. 07MNO074 displaying algae growth on June 6, 2015..........ccccceeerrrmnierernniereennsereensssenenns 295
Figure 194. Percentage of MSHA subcategory scores for station 07MNO074, County Ditch 52. ........... 298
Figure 195. Station 07MNO74, August 13, 2013 displaying habitat conditions. ......cccccceereurierrrnnnnnnnnes 299

Figure 196. Macroinvertebrate metrics that respond to habitat for station 07MNO074, CD52 compared
to the range of values for Southern Prairie Streams GP visits meeting the general use biocriteria. ...300

Figure 197. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MN002,
CrOW CrEEK. eueieniieniieiiieiiiiiecteietnieeeetenetenetanetesseessenssesssassenssesssssssssesssesasesasesssssnssssssnssenssensssnsssnssnnes 302

XXXV



Figure 198. Fish metrics of the Southern Streams class IBI for station 13MN002, Crow Creek. .......... 302
Figure 199. YSI sonde deployed from August 3,2016 through August 10'2016 at station 13MNO002. .303
Figure 200. Percentage of MSHA subcategory scores for station 13MN002, Crow Creek................... 308
Figure 201. Station 13MNO002 on June 18, 2013.......ccccciiimeiiieenireniiencrensisrnsissnessrsssssnssssnssssnsssanssssns 309

Figure 202. Macroinvertebrate metrics that respond to habitat for station 13MNO002, Crow Creek
compared to the range of values for Southern Stream RR visits meeting the general use biocriteria. 310

Figure 203. Map of the Wabasha Creek Watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and
[\ |V - Tol o114 17 o 1= T = 1 TP 313

Figure 204. Macroinvertebrate metrics of the Prairie Streams GP class 1Bl for 13MNO010, Wabasha

00 = 314
Figure 205. Diurnal dissolved oxygen for station 13MNO010, July 16 - 23, 2015.......cccccccerrmurierrennncnnens 315
Figure 206. Dissolved oxygen flux for station 13MNO010, July 17 — 22, 2015. .......cccccceeerrrmnnicrnennncnenns 315
Figure 207. Station 13IMINO10 on June 18, 2013, .....ccccieeiieeermnernerenieenteessnssenesnssenssesssasssaserasesssssnssans 317
Figure 208. Location 13MINO10 taken on June 16, 2016. ......cccceveuurreenerenniernncrennnerenncrensersnssesnsessnsneses 317
Figure 209. Percentage of MSHA subcategory scores for station 13MN010, Wabasha Creek............. 320
Figure 210. Station 13MNO10 displaying habitat conditions on June 18, 2013 ...........cccceeureerreenennees 320

Figure 211. Macroinvertebrate metrics that respond to habitat for station 13MNO010, Wabasha Creek
compared to the range of values for Prairie Stream RR visits meeting the modified use biocriteria. .321

Figure 212. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MN012,

L T2 T T 00 =Y 1 323
Figure 213. Fish metrics of the Southern Streams class IBI for station 13MN012, Wabasha Creek. ....323
Figure 214. Percentage of MSHA subcategory scores for station 13MN012, Wabasha Creek............. 328
Figure 215. Station 13MNO12 displaying habitat conditions on June 11, 2013 ...........cccceeuierreenennnees 329

Figure 216. Macroinvertebrate metrics that respond to habitat for station 13MN012, Wabasha Creek
compared to the range of values for Southern Stream RR visits meeting the general use biocriteria. 330

Figure 217. Map of the Spring Creek Watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates

...................................................................................................................................................... 333
Figure 218. Fish metrics of the Southern Headwaters class IBI for station 13MNO014, Threemile Creek.

...................................................................................................................................................... 334
Figure 219. Percentage of MSHA subcategory scores for station 13MN014, Threemile Creek ........... 338
Figure 220. Station 13MNO14 displaying habitat conditions on July 15, 2013 .........c..ccoevrierrrnnnnenees 338

Figure 221. Beaver dam on Threemile Creek taken downstream of biological monitoring location on
JUIY 15, 2003, .....coeueeeennnnnnnnnnnnenmnmnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 339

Figure 222. (Left) June 20 2016 photo; culvert slope visually different from upstream of culvert. (Right)
August 6 2015 Photo; Downstream side of same culvert which perched during low flow. Station
13MNO014 is downstream of this CUIVErt.........cciiiieeiiiiiiiiiiiieres i reeesssessss s essssanssssses 340

XXXV



Figure 223. Map of the Birch Coulee Creek Watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and
[\ Y] Yol €1 V=T 4 =] o = £ RPN 342

Figure 224. Macroinvertebrate metrics of the Prairie Streams GP class IBI for stations 13MNO004 and

07MNO080, County DitCh 124........cccceeiiiiiiiiiiiiiiiiiiiiieieieireeeeeeereeeeerereeeeereerererererere sttt e s tessesesssrsrenes 343
Figure 225. Longitudinal DO survey in Birch Coulee Creek, August 6 and 7, 2015.........ccccceeerrennnnnnens 344
Figure 226. County Ditch 124 at 07MIN080 taken on August 28, 2013.........ccccvvieiirnnieniennienneanssnenes 346
Figure 227. County Ditch 124 at 07MNO080 taken on September 29, 2015.......cc..cccvveuieriennicniennienenns 346

Figure 228. Percentage of MSHA subcategory scores for stations 13MN004 and 07MNO080, County
DItCh 124 ... ettt ettt e e tttas e e renaseeseensssessenssseseensssesesnsssesssnnssssesnsssssesnsssssennssnesennssnsennnn 350

Figure 229. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams GP stations meeting the modified use biocriteria, mean of those stations, and metric values

from stations 13MNO0O4 and 07IMINOSO. .......cccuuuueiiiiiiirermnnssieisiimmmsmssessssissimmmsessssssssssssrmersssssssssssssne 351
Figure 230. Fish metrics of the Southern Streams class IBI for stations 90MNO053, 14MN210, and
13MNOOS, Birch COUIEE CrEek. ...ccuuiruiieniieiieiieiieeireeireereeteeteereeeesteestoesrnsssnssenssessseserssesnsesssssnssnns 354
Figure 231. Macroinvertebrate metrics of the Southern Streams class IBI for stations 90MNO053,
14MN210, and 13IMINOOS, Birch CoOUlEe Creek. ....c.cvvuireuireuirniieirieireeireerrneiensenrensressssserssssnssssssenssnes 355
Figure 232. Percentage of MSHA subcategory scores for stations 90MNO053, 14MN210, and 13MNO00S8,
BirCh COUIEE CrEeK. ... ciiiiiiirenunsiiiiiiiiirenneiisisiiinenssssssssiseiimesssssssssissitsessssssssssssssaesssssssssssssssssssnnsssssss 362
Figure 233. Station 90MNO53 displaying diverse substrate features, taken on August 14, 2013......... 363
Figure 234. Station 14MN210 streambed that consists of bedrock with large boulders, taken on August
27,2014..... e s e e s e e e s e e e s e s e s e s e s e s e s e s e s e e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e enesannananes 364
Figure 235. Station 13MNOO08 streambed displaying sedimentation, taken on August 27, 2014. ....... 365

Figure 236. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from

stations 90MNO053, 14MN210, and 13MNODS...........cccceeiiiiiiiiiiinnereeiiiniiisiesseeeessissssssresesssssssssanns 366
Figure 237. Gneiss outcrop at 14MN210 in Birch Coulee Creek. May 19, 2014 recon photo............... 368
Figure 238. Hydrograph of stream flow from May 2013 to September 2014..........ccccceeeeirrrrrrrrnnnnnnne 369
Figure 239. 90MNO053 August 20 2013 during low flOW. ......ccccueiiiiiiiiiiiminiiiiiininnine. 369

Figure 240. Map of the Fort Ridgley Creek Watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and
[\ Y Yol T 11 V=T g =] o - =P IN 372

Figure 241. Macroinvertebrate metrics of the Prairie Streams class IBI for station 13MN018, County

T o] T 5 373
Figure 242. Percentage of MSHA subcategory scores for station 13MN018, County Ditch 115. ......... 376
Figure 243. Station 13MNO018 displaying habitat conditions on June 20, 2013. ..........cccccoveiriencriennenes 377

Figure 244. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams stations meeting the modified use biocriteria, mean of those stations, and metric values from
Station 13IVINDLS. ........civuiiiieiiieiiiiieieeietensirtasettasistessereasensassssnsessnsssssnsssensessnssssnsssssnsessnssssnsasanssssen 378

Figure 245. Macroinvertebrate metrics of the Prairie Streams class IBI for stations 13MNO017,
91MNO054, and 13MNO019, County Ditch 106A. ........cccuciiieiiiieiiiiiiieierenireaerensssresseseesessnssssnsessnsssses 380

XXXVi



Figure 246. Diurnal dissolved oxygen for station 91MNO054, July 16 - 23, 2015.......c.ccccccereeureerreennerenns 381

Figure 247. Dissolved oxygen flux at station 91MNO054, July 17 - 22, 2015.......c.ccccceveeueeerrennncereennncenenes 381
Figure 248. Station 91MIN054, August 19, 2013 .........cceiiiiiiuereriiiiiiiiiiisnseneeisisiessssseessssesssssssssess 382
Figure 249. Condition of stream upon sonde retrieval (July 23, 2015). ......ccceveueirrrencereeenreerereneenenes 383
Figure 250. Station 13IMINO17, August 29, 2013. ........cceiiiiiiunreriiiiiiiiisissseneessisissssssssesssssesssssssssssseses 386

Figure 251. Percentage of MSHA subcategory scores for stations 13MN017, 91MNO054, and 13MIN019,
County DItCh 106A. .........ciiiuiiiiiiiieitiietieietreneiettesasiestesssiettensssstssnsssssssssssstessssssssnssssssesnsssssennsss 387

Figure 252. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams GP stations meeting the modified use biocriteria, mean of those stations, and metric values

from stations 13MIN017, 91MNO54, and 13MNO19. .....cccciieiireniienereeniernncereeserenserenserenssesnssesnssesenns 388
Figure 253. Fish metrics of the Southern Streams class IBI for stations 13MN021, 05MNO015, 05MNO014,

and 05IVINO13, FOrt Ridgley Creek.....ciueiireeiieeeieeieteniirenerenscrenseesnserenserensessnssesassessssessnssssnsesanssssas 390
Figure 254. Dissolved oxygen data collected at 13IMNO21 in 2016........ccccceeerremnricrirnnnicrinnnsereennssenenes 391
Figure 255. Biomonitoring station 05MNO014 taken on July 17, 2013. .........ccceeiiiiiinnicriennienennnienenes 394

Figure 256. Percentage of MSHA subcategory scores for stations 13MN021, 05MNO015, 05MNO014, and
05MINO013, FOrt Ridgley Creek ........civeeeciiieeeiiiieiciireiecesreeeeesrenenesrenasesssenssesssenssssssennsssssennssnssennnns 398

Figure 257. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from

stations 13MNO021, 05MNO014, and O5IVINOL3. ........cceeuireerennrenireesreeereseressresssesssessssssassenssenssasssasssanes 399
Figure 258. Arial image taken from Google Earth, displaying 6 ft. dam and potential connectivity

during [ow flow CONItIONS. .....ccceueiiieiciieiicccree e e s reea e s eee e s e easesesenasssssenasssssennsssssenassnsnennnnn 400
Figure 259. Site recon at station 13MIN021 on September 14, 2012. .........cccceeuierrrenncereenncereeeneeenenes 401

Figure 260. Map of the Little Rock Creek Watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and

M=MaCroiNVertebrates. ......cccceiiiiiiiiiiiniiiiiiiiiiiireise e iteessssessssssssteessssssssssssssssssssssssssss 404
Figure 261. Macroinvertebrate metrics of the Prairie Streams class IBI for station 13IMIN028, Judicial

DIECR 8. s 405
Figure 262. Fish metrics of the Southern Headwaters class IBI for station 13MNO028, Judicial Ditch 8.

...................................................................................................................................................... 406
Figure 263. Diurnal dissolved oxygen for station 13MN028, July 23 - 30, 2015.......cccccccrrreuricrrennncnnnns 407
Figure 264. Dissolved oxygen flux at station 13MIN028, July 24 - 29, 2015. ......cc.ccovveurierrrnnnicrnennnncnenes 407
Figure 265. Station 13MNO028, taken on August 14, 2013........c.c.ccoiimeeirrimeniereennnerernnssereensssesssnsssssenns 410
Figure 266. Percentage of MSHA subcategory scores for station 13MN028, Judicial Ditch 8.............. 413

Figure 267. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams stations meeting the modified use biocriteria mean of those stations, and metric values from

Station 13IVIND2S. .......cceeeuuuniiiiiiiiiiicii it e e s e s s s e e e s aaa e s e s s s s e e e s aa s s s s ssssaessnnssssssssanes 414
Figure 268. Macroinvertebrate metrics of the Prairie Streams class IBI for station 13MIN027, Little Rock
00 = 417
Figure 269. Diurnal dissolved oxygen for station 13MNO027, July 23 - 30, 2015......ccccccerremuneereennnnnnnens 418
Figure 270. Dissolved oxygen flux at station 13MNO027, July 24 - 29, 2015. ......c..cceeeeuueerreenncereennnennenns 418

XXXVii



Figure 271. Diurnal dissolved oxygen at station 13MIN029, July 24 - 29, 2015.......ccccceerreeeecerrennnnenenes 419
Figure 272. Dissolved oxygen flux at station 13MIN029, July 24 - 29, 2015. ......c.ccceveeueeerrennnccreennncenenes 419
Figure 273. Percentage of MSHA subcategory scores for stations 13MNO027 and 13MNO029, Little Rock

Figure 274. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams stations meeting the modified use biocriteria mean of those stations, and metric values from

STAtioN 13IVINO27. ....cuiieiiieiieiiiiiicreiieeeieeraereteestenstosstasssasssnssesssssssasesssersssssssesssssssasssnsssnsssnssanssanes 424
Figure 275. Macroinvertebrate metrics of the Southern Streams RR class IBl for stations 03MN020 and
13IMINO32, Little ROCK Creek. ....cceuiieeniiieiiiieeiiieniiieeereeeiiteeeeteeserenserensersassernsessnssesensssensessnssssnsesansasens 426
Figure 276. Macroinvertebrate metrics of the Prairie Streams RR class IBI for station 03MNO019, Little

[ o Yol Q01 =T IS 426
Figure 277. Fish metrics of the Southern Streams class IBl for stations 03MNO019 and 13MNO032, Little

ROCK CrEEK. .ieuuuiiiieniiiiinniieiiiniieittneietiennsettennssestensssessennsssssenssssssenssssssensssssssnsssssssnsssssssnsssssasnsssssanns 427
Figure 278. Dissolved Oxygen data from 03IMNO020 in 2016. ......cccceeeueremnirrnncreenerenncrennerenseernseesnsncses 428

Figure 279. Percentage of MSHA subcategory scores for stations 03MN020, 03MNO019, and 13MNO032,
LIttle ROCK CrEEK. cuuuuuiiiiiiiiiienunsiiiiiiiiirnnnessisiniiinesssssssssisiiimessssssssssssimemsssssssssssssssessssssssssssssasssssnsssssss 434

Figure 280. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from
stations 03IMINO20 and 13IMIND32 .........cceiiiiimimmmmnsieiniiinenssmsssssisiimmesssssssssissimsesssssssssssssnsssssssssssssssans 435

Figure 281. Station 03MNO019 at the downstream end of the reach, demonstrating variable flow and
habitat variability in three monitoring years (From Left to Right: May 2003, July 2013 and August

2004). e ieieieeeieieeere e e e e e e e s e s e s e s e s e s e s e s e e e s e e e e e e e e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeneaenaeaaaaaanes 436
Figure 282. Little Rock Creek, September 8, 2015, photograph curtesy of Jon Lore, DNR. ................. 437
Figure 283. Fish metrics of the Southern Headwaters class IBI for station 13MNO031, Judicial Ditch 13.
...................................................................................................................................................... 439
Figure 284. Percentage of MSHA subcategory scores for station 13MNO031, Judicial Ditch 13............ 442
Figure 285. Slumping of banks at site 13MNO031 on July 10, 2013..........ccccceeiiimniirninnierernnsserennssenenes 443
Figure 286. Macroinvertebrate metrics of the Southern Streams class IBI for station 10EM083, Judicial
0 1ol 3 T 7 445
Figure 287. Fish metrics of the Southern Headwaters class IBI for station 10EMO083, Judicial Ditch 13.
...................................................................................................................................................... 446
Figure 288. Percentage of MSHA subcategory scores for station 10EM083, Judicial Ditch 13. ........... 451

Figure 289. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from
Station 1OEMOB83.......cccuciiiiiuiiiiiiiiiiiriiiirreierrenass s rraasss s s eas s s rrass st rnassssnenssssssenssssssennsssssennssssrennnss 452

Figure 290. Biological monitoring location 10EMO083 taken September 16, 2009. ......cc.cccceerrenrennnenen 453

Figure 291. Map of the City of New Ulm watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and
M=IMacCroiNVertebrates. ... ittt et rre e rea e seasesenssssnsssensssrensssensessnsssensasansssnnn 456

Figure 292. Macroinvertebrate metrics of the Southern Streams class IBI for stations 13MNO087 and
13IMINO33, Eightmile Creek ...c..ieeuiiieiiiiiiiiiiieciecrreir e ccrceeren e ree e seasessnsssenesssensssensessnssssnsssansssnes 457

XXXViii



Figure 293. Fish metrics of the Southern Headwaters class IBI for station 13MNO087, Eightmile Creek.

Figure 294. Fish metrics of the Southern Streams class IBI for station 13MNO033, Eightmile Creek.....458
Figure 295. Percentage of MSHA subcategory scores for stations 13MNO087 and 13MNO033, Eightmile

Figure 296. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from

stations 13MNO87 and 13IVIND33 ......ccccceiiieuieiiennieiiennsieiiensieimensistsenssisssessssssssssssssssssssssessssssssnnsss 465
Figure 297. Macroinvertebrate metrics of the Southern Streams class IBI for station 05MNO012, Fritsche
=T T 468
Figure 298. Percentage of MSHA subcategory scores for station 05MNO012, Fritsche Creek............... 471

Figure 299. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from

Station OSIVINOL2 .......ccuuuiiiieiiiiiiiiiirii e e e s e s s s s e s e s s s e s e s s s e sasssssenassssnenassssnenassssnenanss 472
Figure 300. Upstream of biomonitoring station 05MNO012. Taken at the time of biological monitoring
ONJUIY 16, 2013, .....oiieeiiiiiieerereneeeeneeereennseeseennsssseennssssesnsssssennsssssennsssssennsssssenasssssennsssssenassnsnennnes 473
Figure 301. Macroinvertebrate metrics of the Southern Streams class IBI for station 13MNO040,
HEYMANS CrEEK. cceeueiiieeeceieiieeriieeeeretaeeeseenanesrenaseeseenasssseennsssseenssssseennsssssensssssesnsssssesnnssnsesnnsannennn 474
Figure 302. Percentage of MSHA subcategory scores for station 13MN040, Heyman’s Creek............ 477

Figure 303. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from
Station 13IMINOAOD. .....ccuuiiiiiuniiiiiiuiiiiiiiietienuietiesusissresssisssesssssssessssssessssssssssssssssssssssssssssssssssssssssnnsss 478

Figure 304. Station 13MNO40 on June 11, 2013, displaying erosive banks. .........cccccceeerveencerrennnnnenes 479

Figure 305. Map of the Swan Lake watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates.

...................................................................................................................................................... 482
Figure 306. Macroinvertebrate metrics of the Prairie Streams class IBI for stations 13MN056 and

13IMINOS7, CDA/CD39. ..ceiiiiueriiiiinreiiiiineessisisseessssstessssssseesssssssessssssssessssssssesssssssessssssssessssssnsessssnns 483
Figure 307. Diurnal dissolved oxygen for station 13MNO056, July 30 - August 10, 2015. ........ccccceeeneeee 484
Figure 308. Dissolved oxygen flux at station 13MNO056, July 31 — August 9, 2015........cccccceeerreennnnnens 484
Figure 309. Diurnal dissolved oxygen for station 13MNO057, July 30 - August 10, 2015.........ccccceeuueeee 485
Figure 310. Dissolved oxygen flux at station 13MNO057, July 31 — August 9, 2015........cccccceeerernnnncnnens 485
Figure 311. Station 13MNO056, taken on July 30, 2015........cccccceeeiiimmeicriennnereennserernnssereensssesesnsssssenes 487

Figure 312. Percentage of MSHA subcategory scores for stations 13MNO056 and 13MNO057, County
(011 dol Y WA ofe YT Y VA 0.1 ol T 1 TS 490

Figure 313. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams stations meeting the modified use biocriteria mean of those stations, and metric values from

stations 13MNO56 and 13IVINDS7. .....cccceeiiiuunieiiennieniennsieiiesssisimesssistsesssissssssssssssssssssssssssssssssssssssnsss 491
Figure 314. Macroinvertebrate metrics of the Prairie Streams GP class IBI for station 13MNO058, County
01 o] T PP 493
Figure 315. Diurnal dissolved oxygen for station 13MNO058, July 30 - August 10, 2015. ...........c.......... 494

XXXIX



Figure 316. Dissolved oxygen flux at station 13MIN058, July 31 - August 9, 2015. .......cccceueeereeennncrenes 494

Figure 317. Station 13MNO058 on June 10, 2013.......cccceiiimeiiieenireniiencrenisrnsssseessrssssssnssssnssssnsssanssssas 496
Figure 318. Station 13MNO058 on August 15, 2013. ......ccceiiiiremmnissiiniiininenmessisinimieesssisssssss 496
Figure 319. Percentage of MSHA subcategory scores for station 13MNO058, County Ditch 11. ........... 499

Figure 320. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams stations meeting the modified use biocriteria mean of those stations, and metric values from

StAtion L3IVINDSS. .....c..oiiuiiiiniiriiiiiiiieeiiieaiirestraestaessresssrsasssrasssrasssrsssssenssssnsssssssssasssssnssssnssssnssssen 500
Figure 321. 13MNO058 August 10, 2015 in sigh flow conditions following a rain event..........cccccc....... 501
Figure 322. 13MNO058 September 14, 2012 showing the stream completely dry. ....c...cccvuvieriinnnnnnes 501

Figure 323. Macroinvertebrate metrics of the Southern Streams class IBI for stations 13MNO086 and
03MNO069, Swan Lake QULIet. .......cuu it rreccreeecrencreenerenssrnsesenesesensssensesenssssnssesnssenanes 503

Figure 324. Percentage of MSHA subcategory scores for stations 13MNO086 and 03MIN069, Swan Lake
0 T 508

Figure 325. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from

stations 13IMINO86 and 03IMINDB ........ccceeiiiiiiiiiiiiiiiiiiiiiiiiis i s s s s e s s s e s s s s s e s s s s s s s s s s s e s e s 509
Figure 326. Station 13MNO086 displaying habitat conditions on June 11 2013. ........c..ccoeveuecerreennnnnnes 509
Figure 327. Station 03MNO069 displaying habitat conditions on June 11 2013. ........cccccovveucerreennncneees 510
Figure 328. Perched culvert at 03MIN069, photo taken July 12, 2012.........ccccceueerrrenncereennncerernnncenenes 511

Figure 329. Map of the Morgan Creek watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates.

...................................................................................................................................................... 514
Figure 330. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MNO067,

(0710741 AV 0 11 ol 4 c ST 515
Figure 331. Percentage of MSHA subcategory scores for station 13MNO067, County Ditch 3. ............. 518

Figure 332. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from

STAtioON L3IVINOGT. ....cuieeniieiieniieiriicrniteeetenernnereneeensesssasssasssnseenssesssasernsernsessssssssssssasssnsssnsesnsssnssanssnnes 519
Figure 333. Station 13MNO67 dry streambed, taken on September 14, 2012..........ccccccrvreurierrrnnncnnnns 520
Figure 334. Station 13MNO067 taken June 10, 2013. ......cccceiiimuiiiiimnieriennieriennsiersensssersensssesssnsssssenns 521

Figure 335. Map of the City of Mankato watershed with biological impairments and monitoring
stations. Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and
[\ Y Yol T 1 NV =T 4 =] o = N 524

Figure 336. Fish metrics of the Southern Headwaters class IBI for station 91MNO059, County Ditch 46A.

...................................................................................................................................................... 525
Figure 337. Macroinvertebrate metrics of the Prairie Streams GP class IBI for station 91MNO059,

County DItCh 4BA. ........ ettt reee e rea e reaseseasssensessnssssensssensessnssssnsssssnsesensssensasannssnen 525
Figure 338. Diurnal dissolved oxygen for station 91MNO059, July 23 — 30, 2015.......cc.ccevveueeerreenennnnnes 526
Figure 339. Monitoring station 91MNO059 on July 23, 2015. ......cccciiteiiireiiinniiieeierensireaereassssnssssneseses 529
Figure 340. Percentage of MSHA subcategory scores for station 91MNO059, County Ditch 46A. ......... 531

x|



Figure 341. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams stations meeting the modified use biocriteria mean of those stations, and metric values from

STation GLIVINOSO. .....ceiiiieeeiiiiiiiiiitieci et ereea et s e e e s sass s e s s s e e e e s sasssssssssseessnnssssssssssnes 532
Figure 342. Macroinvertebrate metrics of the Prairie Streams GP class IBI for station 13MN069, County
011 o] 1 T 534
Figure 343. Percentage of MSHA subcategory scores for station 13MNO069, County Ditch 46A. ......... 539
Figure 344. Monitoring location 13MNO069 displaying habitat conditions taken on June 13, 2013. ....540

Figure 375. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Stream GP stations meeting the general use biocriteria mean of those stations, and metric values from

StAtion L3IVINDGBY. .....ccuiiuniiieiiieiiiiiireeiieesiireetraesraessresssrsasssrasssrasssrsssssesssssnsssrsssssasssssnssssnssssnssssen 541
Figure 346. Macroinvertebrate metrics of the Prairie Streams GP class IBI for station 13MN068, Seven

IVIIIE CrEEK. eueieeeeieeicii ettt reeeree e erneecree e renseteasesenssssnssssnsserensssensensnssssnssssnsserensssensessnsasensasannnsnnn 543
Figure 347. Percentage of MSHA subcategory scores for station 13MN068, Seven Mile Creek. ......... 546

Figure 348. Macroinvertebrate habit metrics with box plot showing range of values from Prairie
Streams stations meeting the general use biocriteria mean of those stations, and metric values from

Station 13IVINDBS. .......ccereuunniiiiiiiiiiiiiiiiir et e e s s e e s aa s s e s s s e e e e s sasasssssssseesssasssssssssnnns 547
Figure 349. 13MNO068 August 2013; shows erosion, possible embedded substrate, low flows. ......... 548
Figure 350. Fish metrics of the Southern Coldwater class IBI for station 09MNO090, Seven Mile Creek.
...................................................................................................................................................... 550
Figure 351. Macroinvertebrate metrics of the Southern Coldwater IBI class for stations 09MNO090 and
LI5IMINZ08...... . st s s bbb bbb anes 550
Figure 352. Temperature measurements from 09MNO090 in 2013 from May-July........cccceuueerreennnnnnnes 552
Figure 353. Temperature measurements from 09MNO090 in 2010 from June-August...........cccccuueeneeee 552
Figure 354. Temperature measurements from 15MN208 in 2015 from June-September. ................. 553
Figure 355. Percentage of MSHA subcategory scores for station 09MN090, Seven Mile Creek.......... 560
Figure 356. Station 15MN508 taken on June 29, 2015. ......ccccceiiiiimeieriinnierieniersennsersenssesssnssssssnes 561

Figure 357. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Coldwater stations meeting the general use biocriteria mean of those stations, and metric values from
Station O9IMINDOOD. ......ccuuiiiiuiiiiiieiiiiiiiiiieeierrenerreaasierresasssreeassstesassssressssssnensssssnennssssrenassssnennnss 562

Figure 358. Lower reach of Seven Mile Creek, displaying pre deposition conditions after construction
of trout habitat, and stream aggregation following 2014 to the left. Phot taken by Lore, of the DNR

70 ) 2 TP 563
Figure 359. August 29, 2011 station 09MNO090 showing low flow within reach..........ccccceuverrrnnnnennee. 564
Figure 360. 09MNO090 taken August 13, 2013 displays oW flOW. .......ccovveuiiriieeiiiiiniierirrcerereceeenes 564

Figure 361. Lower reach of Seven Mile Creek, displaying pre deposition conditions after construction
of trout habitat, and stream aggregation following 2014 to the left. Photo taken by Lore, of the DNR
7 ) PPN 565

Figure 362. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 91MNO061,
ROBEIS CrEeK...cuuiieeiiiieiiieeiiiteiiteetteirtieieteeerensitensesenssstnsesensssrensssensessnssssnssssnssssensssensessnssssnsssansssnen 567

Figure 363. Fish metrics of the Southern Headwaters class IBI for station 13MNO094, Rogers Creek...567

xli



Figure 364. YSI continuous DO data at 13IMINQOA. .........cc.ceiremeeierremenerrennnsereennssereennsssseennssssernssssnenns 568

Figure 365. Total phosphorus within Rogers Creek compaired to the rest of the Minnesota River -

Mankato Watershed. ... 570
Figure 366. Station 91MNO061, July 21, 2010 with filamentous algae. ........cccceeuecerrrrncirrrenccererencenenes 572
Figure 367. Station 91MNO061, July 12, 2012 filamentous algae. .....c..ccevveuueirreenncerrenncereenncereennneeneens 572
Figure 368. Nitrates within Rogers Creek compaired to the rest of the Minnesota River — Mankato

LAV 10T 6] 2 T=T o R 573
Figure 369. Percentage of MSHA subcategory scores for stations 91MNO061 and 13MNO094, Rogers

O == 576
Figure 370. Upstream monitoring station 91MNO061, taken on May 26, 2016. .......ccccccerrruuricrnennncnnens 577
Figure 371. Monitoring station 13MIN094, taken in June 11, 2013........ccccoeeiiimnnieiiennnieninnnsenssasssssenns 577

Figure 372. Macroinvertebrate habit metrics with box plot showing range of values from Southern
Streams stations meeting the general use biocriteria mean of those stations, and metric values from
StAtioN GLIVINDGBL. .....cc.ieuniiiniiineiiineireeirensiiensstrasssrasssresssssssssessssrssssrsssssesssssnsssssssssassssssssssnssssnssssas 578

Figure 373. Summary table of identified stressors with suspected sources all assessed reaches within
the Minnesota River -Mankato Watershed. ..........c.ciivireeiiiiiiiiiiinnninn. 582

xlii



Key Terms & Abbreviations

AUID Assessment Unit ID

BEHI Bank Erosion Hazard Index

BHR Bank Height Ratio

BMP Best Management Practice

BOD biological oxygen demand

CADDIS Causal Analysis/Diagnosis Decision Information System
CBI coldwater biotic index

CCSI channel condition stability index

CL confidence limits

cm centimeter

DELT Deformities, Eroded fins, Lesions, and Tumors
DO Dissolved Oxygen

DNR Minnesota Department of Natural Resources
EDA Environmental Data Access

EPA Environmental Protection Agency

EPT Ephemeroptera, Plecoptera, and Trichoptera
FIBI Fish Index of Biological Integrity

FWC Flow weighted concentration

GP Glide/Pool

HUC Hydrologic Unit Code

IBI Index of Biotic Integrity

IWM Intensive Watershed Monitoring

MDA Minnesota Department of Agriculture

MDH Minnesota Department of Health

MIBI Macroinvertebrate Index of Biological integrity
mg/L milligrams per Liter

MPCA Minnesota Pollution Control Agency

MSHA MPCA Stream Habitat Assessment

N Nitrate

NBS near bank stress

NTU Nephelometric Turbidity Units

RR Riffle Run

SID Stressor Identification

SOE Strength of Evidence

SSURGO Soil Survey Geographic Database

TIV Tolerance Indicator Value

TMDL Total Maximum Daily Load

TP Total Phosphorus

TSS Total Suspended Solids

VSS Volatile Suspended Solids

USDA United States Department of Agriculture
USGS United States Geological Survey

W/D width to depth ratio

WRAPS Watershed Restoration and Protection Strategies
WWTP Wastewater Treatment Plant

xliii



Executive summary

Over the past few years, the Minnesota Pollution Control Agency (MPCA) has substantially increased the
use of biological monitoring and assessment as a means to determine and report the condition of the
state’s rivers and streams. This basic approach is to examine fish and aquatic macroinvertebrate
communities and related habitat conditions at multiple sites throughout a major watershed. From these
data, an Index of Biological Integrity (IBl) score can be developed, which provides a measure of overall
community health. If biological impairments are found, stressors to the aquatic community must be
identified.

Stressor identification is a formal and rigorous process that identifies stressors causing biological
impairment of aquatic ecosystems and provides a structure for organizing the scientific evidence
supporting the conclusions (Cormier et al. 2000). In simpler termes, it is the process of identifying the
major factors causing harm to aquatic life. Stressor identification is a key component of the major
watershed restoration and protection projects being carried out under Minnesota’s Clean Water Legacy
Act.

This report summarizes stressor identification work in the Minnesota River — Mankato Watershed.

In 2013, 86 different stream reaches within this watershed were assessed to their Assessment Unit
Identification Determinations (AUID’s). Out of those 86 assessed AUIDs, 54 were found to be impaired
for biology with only 14 found to be supporting. Impaired reaches will be individually evaluated under
Chapter 4 of this report.

After examining many candidate causes for the biological impairments, the following stressors were
identified as probable causes of stress to aquatic life:

e Temperature

e Dissolved Oxygen (DO)

e Eutrophication

e Nitrate
e TSS (Total Suspended Solids)
e Habitat

e Connectivity
e Altered Hydrology

A summary of recommendations for the entire Minnesota River, Mankato Watershed, are found at the
end of this document in Chapter 5.
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1. Introduction

1.1 Monitoring and Assessment

Water quality and biological monitoring in the Minnesota River - Mankato Watershed have been
ongoing. As part of the MPCA’s Intensive Watershed Monitoring (IWM) approach, monitoring activities
increased in rigor and intensity during the years of 2013-2014, and focused more on biological
monitoring (fish and macroinvertebrates) as a means of assessing stream health. The data collected
during this period, as well as historic data obtained prior to 2013, were used to identify stream

(Figure 1.) Once a biological impairment is discovered, the next step is to identify the source(s) of stress
on the biological community. A Stressor Identification (SID) analysis is a step-by-step approach for
identifying probable causes of impairment in a particular system. Completion of the SID process does
not result in a finished Total Maximum Daily Load (TMDL) study. The product of the SID process is the
identification of the stressor(s) for which the TMDL may be developed. In other words, the SID process
may help investigators highlight excess fine sediment as the cause of biological impairment, but
typically, a separate effort is then required to determine the TMDL and implementation goals needed to

restore the impaired condition.

Figure 1. Process map of Intensive Watershed Monitoring, Assessment, Stressor Identification and TMDL

processes.
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1.2 Stressor Identification Process

The MPCA follows the EPA’s process of identifying stressors that cause biological impairment, which has
been used to develop the MPCA’s guidance to stressor identification (Cormier et al. 2000; MPCA 2008).
The EPA has also developed an updated, interactive web-based tool, the Causal Analysis/Diagnosis
Decision Information System (CADDIS; EPA 2010). This system provides an enormous amount of
information designed to guide and assist investigators through the process of Stressor Identification.
Additional information on the Stressor Identification process using CADDIS can be found here:
http://www.epa.gov/caddis/

Stressor Identification is a key component of the major watershed restoration and protection projects
being carried out under Minnesota’s Clean Water Legacy Act. SID draws upon a broad variety of
disciplines and applications, such as aquatic ecology, geology, geomorphology, chemistry, land-use
analysis, and toxicology. A conceptual model showing the steps in the SID process is shown in Figure 2.
Through a review of available data, stressor scenarios are developed that aim to characterize the
biological impairment, the cause, and the sources/pathways of the various stressors.

Figure 2. Conceptual model of Stressor Identification process (Cormier et al. 2000).
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Strength of evidence (SOE) analysis is used to evaluate the data for candidate causes of stress to
biological communities. The relationship between stressor and biological response are evaluated by
considering the degree to which the available evidence supports or weakens the case for a candidate
cause. Typically, much of the information used in the SOE analysis is from the study watershed (i.e., data
from the case). However, evidence from other case studies and the scientific literature is also used in
the SID process (i.e., data from elsewhere).
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Developed by the EPA, a standard scoring system is used to tabulate the results of the SOE analysis for
the available evidence. The SOE table allows for organization of all of the evidence, provides a checklist
to ensure each type has been carefully evaluated and offers transparency to the determination process.

The existence of multiple lines of evidence that support or weaken the case for a candidate cause
generally increases confidence in the decision for a candidate cause. Additionally, confidence in the
results depends on the quantity and quality of data available to the SID process. In some cases,
additional data collection may be necessary to accurately identify the stressor(s) causing impairment.
Additional detail on the various types of evidence and interpretation of findings can be found here:
https://www.epa.gov/caddis-voll/caddis-volume-1-stressor-identification-summary-tables-types-
evidence.

1.3 Elements of Stream Health

The elements of a healthy stream consist of five main components (Figure 3): stream connections,
hydrology, stream channel assessment, water chemistry, and stream biology. The following flowchart
shows the five components of a healthy stream. If one or more of the components are unbalanced, the
stream ecosystem fails to function properly and is listed as an impaired waterbody. These dynamics are
important to understand when going through SID evaluation.

Figure 3. The five components of stream health and conditions that stress streams

The Elements of Stream Health
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1.4 Common stream stressors

The five major elements of a healthy stream system are stream connections, hydrology, stream channel
assessment, water chemistry and stream biology. If one or more of the components are unbalanced, the
stream ecosystem may fail to function properly and is listed as an impaired waterbody. Table 1 lists
examples as well as some of the direct and indirect impacts that will impair a biological community.

Table 1. Common streams stressors to biology (i.e., fish and macroinvertebrates).

Stream health

Stressor(s)

Link to biology

Stream
connections

Loss of connectivity
e Dams and culverts
e Lack of wooded riparian cover

e Lack of naturally connected habitats/ causing
fragmented habitats

Fish and macroinvertebrates cannot
freely move throughout system or
complete their lifecycle. Loss of refuge
areas (lakes and wetlands) during times
of lost stream connectivity damage fish
communities.

Hydrology

Altered hydrology
Loss of habitat due to channelization
elevated levels of TSS

e Channelization
e Peak discharge (flashy)

e Transport of chemicals

Unstable flow regime within the stream
can cause a lack of habitat, unstable
stream banks, filling of pools and riffle
habitat, and affect the fate and transport
of chemicals. Stream temperatures also
become elevated due to lack of shade
from compromised riparian.

Stream channel
assessment

Loss of habitat due to stream modifications
Loss of dimension/pattern/profile

e Bank erosion from instability

e Loss of riffles due to accumulation of fine
sediment

e Increased turbidity and or TSS

Habitat is degraded due to excess
sediment moving through system. There
is a loss of clean rock substrate from
embeddedness of fine material and a loss
of intolerant species. Habitat diversity
becomes less abundant.

Water chemistry

Low dissolved oxygen concentrations
elevated levels of nutrients

e Increased nutrients from human influence

e Widely variable DO levels during the daily
cycle

e Increased algal and or periphyton growth in
stream

¢ Increased nonpoint pollution from urban and
agricultural practices

e Increased point source pollution from urban
treatment facilities

There is a loss of intolerant species and a
loss of diversity of species, which tends
to favor species that can breathe air or
survive under low DO conditions. Biology
tends to be dominated by a few tolerant
species.

Stream biology

Fish and macroinvertebrate communities are
affected by all of the above listed stressors

If one or more of the above stressors are
affecting the fish and macroinvertebrate
community, the IBI scores will not meet
expectations and the stream will be listed
as impaired.
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2. Overview of Minnesota River — Mankato
Watershed

2.1 Background

The Minnesota River — Mankato (07020007 8-HUC) major watershed in South Central Minnesota follows
the Minnesota River from approximately Redwood Falls at the Western boundary of the watershed,
Southeast to Mankato, and turns Northeast around St Peter. The watershed is bisected by its main
feature, the Minnesota River and its substantial valley, which was created by the Glacial River Warren.
The watershed contains 1,564 stream miles (NRCS 2009). Within the Minnesota River basin, the
watershed is the second to the last major watershed (HUC 8) before the Minnesota River’s confluence
with the Mississippi River (Figure 4). Due to this geography of the landscape, this watershed goes
through dramatic changes in elevation, as the tributaries to the Minnesota River down cut through the
Minnesota River Valley to converge with the Minnesota River (shown in Figure 4).

Figure 4. Elevation of the Minnesota River — Mankato Watershed.

Elevation (ft)
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The watershed encompasses an area of 1347 square miles, or 861,882 acres (DNR 2015). The watershed
includes portions of nine Minnesota Counties, in order from the largest percentage of the watershed to
the smallest: Nicollet (24.2%), Brown (21.6%), Renville (18.4%), Blue Earth (13.2%), Redwood (10.5%), Le
Sueur (6.5%), Cottonwood (2.8%), Sibley (2.7%), and a very small portion of Watonwan (0.0%) (NRCS
2009). The largest cities in the watershed include Mankato, New Ulm, St. Peter, and Lake Crystal.
Notable towns on the north side of the river include Morton, Franklin, Fairfax, Courtland, and Nicollet.
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Other notable towns on the south side of the river include part of Redwood Falls, Morgan, Comfrey,
Hanska, Judson, Kasota, and Cleveland.

Figure 5. Location of the Minnesota River — Mankato Watershed (highlighted in red) within the Minnesota River
Basin and the upper Mississippi River HUC 2.

Minnesota River Basin
(HUC &)

Minnesota River -Mankato
(HUC 8)

The majority of the Minnesota River-Mankato Watershed lies in the Western Corn Belt Plains Level IlI
Ecoregion (Figure 5) from the Environmental Protection Agency (EPA) (Omernik and Gallant 1988). The
Western Corn Belt Plains consists of gently rolling glaciated till plains and hilly loess plains that were
once tallgrass prairie, with some small areas of bur oak and oak-hickory woodlands (Wiken et. al. 2011).
During the last glaciation, the area was once covered by the Des Moines Lobe so the area consists of
thick loess and glacial till deposits overlying Mesozoic and Paleozoic shale, sandstone, and limestone
bedrock (Wiken et. al. 2011). For soils, Mollisols and Alfisols are dominant with mesic soil temperatures
and udic soil moisture (Wiken et. al. 2011).

A smaller portion of the watershed from approximately St Peter and to the east lies in the North Central
Hardwood Forest Level lll Ecoregion (Figure 5) (Omernik and Gallant 1988). This ecoregion is primarily a
transition between the forested ecoregions in the north and the predominately agricultural ecoregions
to the south (Wiken et. al. 2011). Terrain consists of nearly level to rolling till plains, lacustrine basins,
outwash plains, and rolling to hilly moraines dominated by oak savanna, oak-hickory forests, and maple-
basswood forests (Wiken et. al. 2011). Within this portion of the watershed (south of St Peter) begins an
active karst section. This area is found as it fallows the Minnesota River north, were the karst features
dissipate near the Blue Earth area (Adams et al, 2016). After European settlement, the ecoregion is now
a mosaic of forestland, cropland, and pasture (Wiken et. al. 2011). At 76%, this watershed is agricultural
dominant within the upland portion of the watershed (Figure 6).
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Figure 6. Land use of the Minnesota River -Mankato Watershed.
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The Minnesota River — Mankato can be further broken down into 10 subwatersheds as shown in Figure
7. Due to the county boundaries, subwatershed conclusions throughout this report have been divided by
north and south sections, with the Minnesota River acting as the division line.
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Figure 7. Minnesota River — Mankato Watershed including subwatershed at the HUC 10 scale.
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2.2 Monitoring Overview

The biological monitoring stations that led to aquatic life listings that are included in this report are
mapped below in Figure 8. Additional information can be found in subsequent sections of this report, in
addition to the comprehensive assessment report for the Minnesota River- Mankato Watershed. Other
details and reports related to this watershed can be found here.
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Figure 8. Map of monitoring stations in the MNR Mankato Watershed, biological impairments and stations.
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Data management

It is MPCA policy to use all credible and relevant monitoring data to assess surface waters. The MPCA
relies on data it collects along with data from other sources, such as sister agencies, local governments
and volunteers. The data must meet rigorous quality assurance protocols before being used. All
monitoring data required or paid for by MPCA are entered into EQuIS (Environmental Quality
Information System), MPCA’s data system and are also uploaded to the US Environmental Protection
Agency’s data warehouse. Data for monitoring projects with federal or state funding are required to be
stored in EQuIS (e.g., Clean Water Partnership, CWLA Surface Water Assessment Grants and TMDL
program). Many local projects not funded by MPCA also choose to submit their data to the MPCA in an
EQuIS-ready format so that the monitoring data may be utilized in the assessment process. Prior to each
assessment cycle, the MPCA sends out a request for monitoring data to local entities and partner
organizations. Data can be publicly accessed through MPCA’s Environmental Data Application.

Period of record

The MPCA uses data collected over the most recent 10-year period for all water quality assessments.
This time frame provides a reasonable assurance that data will have been collected over a range of
weather and flow conditions and that all seasons will be adequately represented; however, data for the
entire period is not required to make an assessment. The goal is to use data that best represents current
water quality conditions. Therefore, recent data for pollutant categories such as toxics, lake
eutrophication and fish contaminants may be given more weight during assessment.
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2.3 Summary of Biological Impairments

The approach used to identify biological impairments includes assessment of fish and aquatic
macroinvertebrates communities and related habitat conditions at sites throughout a watershed. The
resulting information is used to develop an index of biological integrity (IBl). The IBI scores can then be
compared to a range of thresholds.

The fish and macroinvertebrates within each Assessment Unit Identification (AUID) were compared to a
regionally developed threshold and confidence interval and utilized a weight of evidence approach. The
water quality standards call for the maintenance of a healthy community of aquatic life. IBI scores
provide a measurement tool to assess the health of the aquatic communities. IBl scores higher than the
impairment threshold indicate that the stream reach supports aquatic life. Conversely, scores below the
impairment threshold indicate that the stream reach does not support aquatic life. Confidence limits
around the impairment threshold help to ascertain where additional information may be considered to
help inform the impairment decision. When IBI scores fall within the confidence interval, interpretation
and assessment of the waterbody condition involves consideration of potential stressors, and draws
upon additional information regarding water chemistry, physical habitat, and land use, etc. In the
Minnesota River — Mankato Watershed, 54 AUIDs are currently impaired for a lack of biological
assemblage (Table 2).

Table 2. All biological impaired AUIDs in the Minnesota River — Mankato Watershed, separated by the north and
south side of the Minnesota River.

MNR-Mankato North

Section
AUID Stream Name Biological Stations Impairment

SPRING CREEK

704 Threemile Creek 13MNO14 F-1BI
BIRCH COULEE CREEK

670 County Ditch 124 13MNO004 M-IBI

711 County Ditch 124 07MNO080 M-IBI

588 Birch Coulee Creek 90MNO053 F-1BI, M-IBI

587 Birch Coulee Creek 14MN210, 13MNO008 F-1BI, M-IBI
FORT RIDGLEY ‘

673 County Ditch 115 13MNO18 M-IBI

688 County Ditch 106A 13MNO017, 91MNO0O54 ‘ M-IBI

689 Fort Ridgley Creek 13MNO21, 05MNO014, 05MNO13, 05MNO015 F-1BI, M-IBI
LITTLE ROCK CREEK ‘ ‘

666 Judicial Ditch 8 13MNO028 F-1BI, M-IBI
Little Rock Creek (Judicial Ditch

686 | 31) 13MN027, 13MN029 F1BI, M-181
Little Rock Creek (Judicial Ditch

687 31) 13MNO032, 03MNO019, 03MNO020 F-1BI, M-1BI

716 Judicial Ditch 13 13MNO31 F-1BI

717 Judicial Ditch 13 10EMO083 F-1BI, M-IBI
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13MNO087, 13MNO087, 13MNO087,
684 Eightmile Creek 13MNO033 13MNO033 13MNO033 F-1BI, M-IBI
709 Fritsche Creek (CD 77) 05MNO012 05MNO012 05MNO012 M-IBI
675 Heyman's Creek 13MNO040 13MNO040 13MNO040 M-IBI
13MNO56, 13MNO056, 13MNO056,
545 County Ditch 4/County Ditch 39 13MNO057 13MNO057 13MNO057 M-IBI
661 County Ditch 11 13MNO058 M-IBI
Swan Lake Outlet (Nicollet 13MNOS86, 13MNO086, 13MNO086,
683 Creek) 03MNO069 03MNO069 03MNO069 M-IBI
CountyDiehs _____awwos7
678 County Ditch 46A 91MNO059 91MNO059 91MNO059 F-1BI, M-IBI
679 County Ditch 46A 13MNO069 13MNO069 13MNO069 M-IBI
562 Seven Mile Creek 09MNO090 09MNO090 09MNO090 F-1BI, M-IBI
703 Seven Mile Creek 13MNO68 13MNO068 13MNO068 M-IBI
547 Rogers Creek 91MNO61, 13MNO094 F-1BI, M-IBI

MNR-Mankato  South

Section

AUID Stream Name Biological Stations Impairment
Cherry Creek 13MNO088 F-1BI
Cherry Creek 13MNO083, 13MNO081 M-IBI

693 Shanaska Creek 13MNO079 F-1BI, M-IBI

696 Unnamed Creek 01MNO020 F-1BI, M-IBI
Unnamed Creek 03MNO072 F-1BI, M-IBI
Judicial Ditch 48 13MNO059 F-1BI
Minneopa Creek 13MNO61, 13MNO60 F-1BI

535 County Ditch 27 13MNO062 F-1BI
Lake Crystal Inlet(County Ditch

557 56) 13MN063 F-1BI
Minneopa Creek 13MNO066, 13MNO65 F-1BI, M-IBI
Unnamed Creek 09MNO094 F-1BI, M-IBI

701 Judicial Ditch 10 13MNO053 M-IBI

691 Morgan Creek 13MNO55 F-1BI, M-1BI

657 County Ditch 11 13MNO049 M-IBI
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658 County Ditch 67 13MNO051 F-1BI, M-IBI

676 Little Cottonwood River 13MNO048, 13MN044, 13MN041, 91MNO56 M-IBI

677 Little Cottonwood River 13MNO052, 90MNO058, 97MN009, 13MNO50 M-IBI
Spring Creek ‘

571 County Ditch 10 (John's Creek) 09MNO080, 05MNO011 F-1BI, M-IBI

712 County Ditch 13 13MNO025 F-IBI, M-IBI

622 Spring Creek (Judicial Ditch 29) 13MNO024 F-1BI, M-IBI

574 Spring Creek (Hindeman Creek) 91MNO55 F-1BI, M-IBI

573 Spring Creek 13MNO090 F-1BI, M-IBI

715 Unnamed Creek 13MNO13 F-1BI

636 County Ditch 52 07MNO074 M-IBI

569 Crow Creek 13MN002 F-1BI, M-IBI
Wabasha Creek

527 Wabasha Creek 13MNO012 F-1BI, M-IBI

699 Wabasha Creek 13MNO10 M-IBI

3. Possible Stressors to Biological Communities

A candidate cause is defined as a “hypothesized cause of an environmental impairment that is

sufficiently credible to be analyzed” (USEPA, 2012). Identification of a set of candidate causes is an
important early step in the SID process and provides the framework for gathering key data for causal
analysis. A more detailed description of possible candidate causes or stressors specific to Minnesota is
provided in the document Stressors to Biological Communities in Minnesota’s Rivers and Streams
(MPCA, 2017). This information provides an overview of the pathway and effects of each candidate
stressor considered in the biological stressor identification process with relevant data and water quality
standards specific to Minnesota. The U.S. Environmental Protection Agency (EPA) has additional
information, conceptual diagrams of sources and causal pathways, and publication references for
numerous stressors on its CADDIS website. A list community metrics used throughout this report can be
referenced in appendix Al.

3.1 Summary of Candidate causes in the Minnesota River-Mankato

Watershed

Eight candidate causes were selected as possible drivers of biological impairments in the Minnesota
River - Mankato watershed:

Dissolved Oxygen (DO)
Temperature
Eutrophication

Nitrate

TSS (Total Suspended Solids)
Habitat

Connectivity

Altered Hydrology
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3.1.1 Candidate Cause Temperature

Water temperature regime alteration

Figure 9. Overview of temperature in the Minnesota River - Mankato Watershed.
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Temperature was evaluated primarily for the coldwater streams. Temperature impairments within this
watershed typically tie back to upstream modifications that eliminate shade as well. Riparian land cover
alteration and increasing channel width are both occurring in the Minnesota River — Mankato
watershed, contributing to higher water temperatures. Increased temperatures can influence predator-
prey dynamics, but this is hard to quantify. The causes and potential sources for excess temperature are
modeled at EPA’s CADDIS Temperature webpage.

Thresholds viewed between warmwater and coldwater streams:

Warmwater: The standard for Class 2B (warmwater) waters of the state is not to exceed five degrees
Fahrenheit (°F) above natural (Minn. Stat. 7050.0222 subp. 4), based on monthly average of maximum
daily temperature. In no case shall it exceed the daily average temperature of 86 degrees Fahrenheit
(30 degrees Celsius).

Coldwater: The state standard for temperature in Class 2A streams is “no material increase”
(7050.0222 Specific Water Quality Standards for Class 2 Waters of the State; Aquatic Life and
Recreation).

The highest temperature found in the biological impaired reaches was 29.4 degrees Celsius. With the
available data, temperature is not a stressor to the biological community at this time.
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3.1.2 Candidate cause: Low Dissolved Oxygen

Overview of dissolved oxygen in the Minnesota River-Mankato Watershed

Figure 10. Minnesota River — Mankato AUID’s with low dissolved oxygen listed as a biological stressor.
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In the Minnesota River Watershed, reaches with low dissolved oxygen often correlated with eutrophic
conditions within the headwater regions of the watershed. Dissolved oxygen is critical for aquatic life.
Signs of low dissolved oxygen stress within a biological community often is seen in loss of diversity, as
well as interruption of species life cycle. When evaluating low dissolved oxygen as a biological stressor,
streams that fall below 5 mg/L for DO are found to limit aquatic life. There are several springs along the
Minnesota River Valley that mitigate against upstream oxygen depletion. The gradient of these stream
systems also greatly increase as they converge with the Minnesota River mainstem, allowing for natural
aeration of the stream as turbulence increases.

To evaluate for dissolved oxygen, several different collection methods were conducted for analysis,
those included:

Point measurements

Instantaneous DO data is available throughout the watershed and can be used as an initial screening for
low DO. These measurements represent discrete point samples, usually conducted in conjunction with
surface water sample collection utilizing a sonde.

Longitudinal (Synoptic)

A series of longitudinal synoptic DO surveys were conducted in some subwatershed systems within the
Minnesota River - Mankato watershed. A synoptic monitoring approach aims to gather data across a
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large spatial scale and minimal temporal scale. In terms of DO, the objective was to sample a large
number of sites from upstream to downstream under comparable ambient conditions.

Diurnal (Continuous)

Where warranted, Yellow Springs Instruments (YSI) sondes were deployed for numerous days
throughout the watershed in late summer to capture diurnal fluctuations over the course of a number of
diurnal patterns and measure the amount of 24 hour dissolved oxygen fluctuation (diurnal flux).

For additional information on low DO in stream systems, as well as the drivers refer to EPA’s CADDIS
Dissolved Oxygen webpage.

3.1.3 Candidate Cause: Eutrophication

Overview of eutrophication in the Minnesota River-Mankato Watershed
Figure 11. Minnesota River — Mankato AUID’s with eutrophic conditions listed as a biological stressor.
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Within the Minnesota River — Mankato Watershed, eutrophic conditions were identified in the
headwater areas of stream systems, as shown in Figure 11. Here, phosphorus loading is high due to
agricultural contributions, paired with the stream modifications that led to losing natural riparian
shading, as well as more water surface area within the stream. These upland portions of the watershed
are also low gradient, which provides for increased residence time for pollutant loading and growing
time for both sestonic and benthos algal growth.

River eutrophication is harmful to aquatic life in a number of ways, with the primary impacts in this
watershed being noted as loss of dissolved oxygen, as well as reduced transparency. In some cases,
eutrophication streams will lead to habitat impairments as organic matter begins to settle and smother
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the streambed. For additional information on eutrophic streams and biologic impacts, refer to the EPA’s
CADDIS Nutrients webpage.

There are several standards that are evaluated when determining eutrophic conditions. The newly
adopted river eutrophication standard for the South River Nutrient Region is a maximum total
phosphorus (TP) concentration of 150 pg/L (Or .15 mg/L), for the Central River Nutrient Region the
maximum total TP concentration is 100 pg/L (Or .1 mg/L). Total phosphorus is the causative variable
involved with this standard. Also at least one response-variable must be above a threshold value, or out
of a desired range. The appropriate response variables for the South and River Nutrient Region are listed
below:

Table 3. River Eutrophication Standards used within the Minnesota River — Mankato Watershed.

Parameter Southern Nutrient Region
Chlorophyll a 35 pg/L

Dissolved oxygen flux <4.5 mg/L

Biochemical oxygen <3.0 mg/L

demand

Periphyton density 150 mg chlorophyll a / sq. meter

Ecoregion data are available to show if specific data from the Minnesota River - Mankato Watershed are
within the expected norms (http://www.pca.state.mn.us/index.php/view-document.htm|?gid=14947).
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3.1.4 Candidate Cause: Nitrate

Overview of nitrate in the Minnesota River-Mankato Watershed

Figure 12. Reaches were nitrate is identified as a biological stressor (In red) within the Minnesota River —
Mankato Watershed.
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Nitrate was one of the more common stressors within the Minnesota River — Mankato watershed
(Figure 12). In addition, of measuring for a biological community response related to nitrate, chemistry
concentrations are also evaluated to determine this parameter as a stressor. Currently there is not a
final nitrate limit in regards to aquatic life. However, there is a strong correlation seen in drop in nitrate
sensitive macroinvertebrate populations as nitrate concentrations increase, particularly after 10 mg/L
(Figure 13). 10 mg/L is also the standard for drinking water. In 2013, the MPCA proposed a 4.9 mg/L
nitrate standard for aquatic life, found in the Aquatic Life Water Quality Standards Technical Support
Document for Nitrate. Included within this support document is a list of specific macroinvertebrate
species and their respected thresholds for nitrate. For the purposes of this stressor identification report,
the established drinking water standard of 10 mg/L is used as the impairment concentration threshold.

Within the Minnesota River- Mankato Watershed nitrogen, samples were typically high in spring and
early summer months, with concentrations well above 10 mg/L; 47% of the total samples collected were
above 10 mg/L as shown in Figure 16.

For additional information on nitrate related to biology, reference the EPA’s CADDIS nutrient website.
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Figure 13. Correlation of nitrate sensitive caddisfly abundance, with nitrate concentrations from the time of
sampling.
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Nitrogen is commonly applied as a crop fertilizer. Seventy-six percent of the Minnesota River — Mankato
Watershed consists of cultivated cropland, and is likely that various forms of nitrogen including nitrate
and anhydrous ammonia are being applied throughout the watershed. The specific timing and rate of
nitrogen fertilizer application is unknown, but nitrogen isotopes could assist in the source identification
of excess nitrate in future monitoring. When water moves quickly through the soil profile (as in the case
of heavily tiled watersheds) nitrate transport can become large.
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Figure 14. Statewide nitrogen pathways to surface waters pie chart, taken from statewide nitrogen study
(MPC 2013).

Figure 14 is reference to a statewide nitrogen study
that found cropland commercial fertilizers make up
47% of nitrogen added to the landscape, 21% occurs
through cropland legume fixation, 16% from manure
application, and 15% from atmospheric deposition
(MPCA, 2013). Nitrogen can reach waterways
through surface runoff, tile drainage, and leaching to
\ groundwater, with tile drainage being the largest
Municipal wastewater pathway (MPCA, 2013).
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Figure 15. Annual combined total N loads from the three-mainstem rivers entering the Twin Cities Area: the
Mississippi River in Anoka, the St. Croix River in Stillwater, and the Minnesota River in Jordan. Time period
1980 to 2010.

Total Nitrogen Load Entering Twin Cities

- 300

wv

]

© 250 = Minn. R.

2 Jordan

= M Miss. R.
200

g— Anoka

-8 M St. Croix R.

9 150

2

] 100

Lo

=

— 50

S

c

é 0

80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10

The Minnesota River Basin has some of the highest stream nitrogen loading in the state. Out of all the
major watershed basins, the Minnesota River contributes 69% of the nitrate load that enters into the
Twin Cities monitoring station, before converging with the Mississippi River, shown in Figure 15 (MPCA,
2013). As reflected in Figure 16, sampled collected within the Minnesota River-Mankato watershed were
often above the 10 mg/L threshold.
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Figure 16. Inorganic nitrogen samples collected at biologically impaired reaches within the Minnesota River -
Mankato Watershed.
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3.1.5 Candidate cause: Total suspended solids

Overview of TSS in the Minnesota River-Mankato Watershed
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Figure 17. Minnesota River — Mankato Watershed with TSS impairments to biology (in red).
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Total suspended solids (TSS) within this subwatershed is seen primarily in the form of sediment as well
as volatile suspended solids (VSS), often as suspended algae. Streams impaired by TSS will often have
direct impacts on the streams biology both directly (such as damaging fish gills, or smothering eggs) as
well as indirectly (as seen in loss of habitat features as well as changes to the natural dissolved oxygen
regime). The TSS criteria are stratified by geographic region and stream class due to differences in
natural background conditions resulting from the varied geology of the state and biological sensitivity.
The TSS standard for the southern region of the state has been set at 65 mg/L. There were only three
subwatersheds with TSS listed as a stressor (Figure 17). Minneopa Creek was listed as impaired for TSS.
Unlike the other systems where TSS was largely contributed to sediment and stream instability,
Minneopa Creek TSS was largely composed of VSS, driven by upstream eutrophic headwaters as well as
the hyper-eutrophic Lake Crystal.

Currently, there are 11 AUIDs in the Minnesota River — Mankato Watershed that are listed with water
quality impairments for turbidity (Table 4). Of those, five have listings for biological impairments
(denoted with an asterisk after Assessment Unit description). In stable streams, sediment loads created
by erosion from a meandering stream channel will be balanced out by deposition. However,
anthropogenic changes to the landscape and direct channel modifications are thought to have thrown
off the balance between erosion and deposition abilities (Leopold et al 1964). It is estimated that the
Minnesota River — Mankato Watershed undergoes 3252 tons of sediment erosion and transportation a
year from ravines, bluffs, and streambanks (MPCA 2010).
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Table 4. Minnesota River — Mankato Watershed reaches impaired for turbidity.

Assessment Unit ID Added to Inventory
County Ditch 46A: Headwaters to Seven Mile Cr* 07020007-678 (516) 2006
Beaver Cr to Birch Coulee 07020007-514 2002
Cottonwood River to Little Cottonwood River 07020007-503 2002
Shanaska Cr to Rogers Cr 07020007-501 2002
Little Cottonwood Cr headwaters to Minnesota River* 07020007-676 (515) 2006
Seven Mile Cr T109 R27W S4, north line to Minnesota R* 07020007-562 2006
Blue Earth River to Shanaska Cr 07020007-502 2002
Seven Mile Cr CD 13A to CD 46A* 07020007-703 (564) 2006
Minneopa Cr T108 R28W S23, South line to Minnesota R* 07020007-534 2006
Minneopa Creek to Blue Earth River 07020007-504 2010
Swan Lake outlet to Minneopa Cr 07020007-505 2010

Another source of TSS data that was included for evaluation during this study was collected by the
MPCA’s watershed pollutant load monitoring network, which calculates flow-weighted mean
concentration (FWMC) and pollutant loads at specific river monitoring sites. Table 5 list five stations within
the Minnesota River — Mankato Watershed, where the Minnesota River at St. Peter monitoring location
(close to the outlet of the large watershed) highlights the mass (calculated by tons) of TSS that is transported
through the Minnesota River — Mankato watershed. This table also displays that the highest TSS
concentrations that were found, is within the Little Cottonwood River site.

Table 5. MPCA’s Watershed Pollutant and Load Monitoring network data, displaying location of sampling and
catchment size. Data was based off samples collected from 2007-2014.

Site Name Hydstra ID Station Catchment TSS FWMC TSS Mass
area (Acres) (mg/L) (Tons)
Minnesota River at Morton, MN E28012001 5,740,800 73 208,389
Minnesota River at St. Peter, MN H28038002 9,661,384 127 765,599
Little Cottonwood R near Courtland, MN  E28057001 108,800 225 15,020
Minnesota River at Judson, MN H28054001 7,216,237 88 334,002
Seven Mile Creek near St. Peter, MN H28063001 23,173 186 4,399

3.1.6 Candidate cause: Lack of Habitat

Overview of Habitat in the Minnesota River-Mankato Watershed
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Figure 18. Minnesota River — Mankato Watershed with habitat impairments to biology (in red).
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Loss of habitat was a common identified stressor throughout the Minnesota River — Mankato
Watershed, as shown in Figure 18. Habitat was often degraded in modified streams where ditching and
channelization is evident as habitat diversity is eliminated and the natural stability of the stream
becomes compromised; erosive banks, poor substrate, and lack of vegetative cover are often found at
and downstream of these modified waterways. As shown in Figure 18, as the stream systems would
downcut through the Minnesota River Valley, habitat was generally found to improve. This is
contributed to the land use on these steep gradients being highly vegetative, providing both stream
stability (mitigating erosion) as well as shade and refuge. These steep gradients also allowed the fine
sediments to wash through, allowing for diverse and clean riverbed substrate. For additional narrative
and the habitat conceptual model, reference the EPA’s CADDIS habitat webpage.

Lack of habitat is strongly connected to stream modifications (such as ditching) that eliminate physical
habitat diversity; replaced by homogenous features throughout the stream. Additional to physical
modification, excess fine sediment deposition on benthic habitat has been proven to adversely impact
fish and macroinvertebrate species that depend on clean, coarse stream substrates for feeding, refugia,
and/or reproduction (Newcombe et al., 1991). Aquatic macroinvertebrates are generally affected in
several ways: (1) loss of certain taxa due to changes in substrate composition (Erman and Ligon, 1988);
(2) increase in drift (avoidance by movement with current) due to sediment deposition or substrate
instability (Rosenberg and Wiens 1978); and (3) changes in the quality and abundance of food sources
such as periphyton and other prey items (Pekarsky 1984). Fish communities are typically influenced
through: (1) a reduction in spawning habitat or egg survival (Chapman, 1988) and (2) a reduction in prey
items as a result of decreases in primary production and benthic productivity (Bruton, 1985; Gray and
Ward, 1982). Fish species that are simple lithophilic spawners require clean, coarse substrate for
reproduction. These fish do not construct nests for depositing eggs, but rather broadcast them over the
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substrate. Eggs often find their way into interstitial spaces among gravel and other coarse particles in
the streambed. Increased sedimentation can reduce reproductive success for simple lithophilic
spawning fish, as eggs become smothered by sediment and become oxygen deprived. The sediments
primarily responsible for causing an embedded condition in southern Minnesota streams are sand and
silt particles, which can be transported in the water column under higher flows, or as a bedload
component. When stream velocities and gradient decrease, these sediments can “settle out” into a
coarser bottom substrate area, thus causing an embedded condition.

3.17. Candidate cause: Connectivity

Overview of connectivity in the Minnesota River-Mankato Watershed

Figure 19. The Minnesota River - Mankato Watershed with identified barriers (DNR 2015), below identified
AUIDs (in red) with connectivity identified as a stressor.
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Figure 20. Minnesota River — Mankato Watershed with connectivity impairments to biology (in red).
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Within the Minnesota River — Mankato Watershed, connectivity impairments were only considered for
monitoring sites that assessed the fish community as impaired. As shown in Figure 19 longitudinal
barriers consisted of both anthropogenic and natural features. Natural features (waterfalls) were only
considered when upstream refuge areas (lakes and wetlands) were impaired or depleted. A lake stressor
identification was conducted by the Minnesota Department of Natural Resources (DNR), producing a
draft report that can be referenced in appendix A2 for lake-associated impairments that will be
discussed throughout this report where applicable.

The DNR conducted a comprehensive geomorphology study of this watershed, where further
information can be found that covers both longitudinal and lateral morphology of many of the
subwatershed systems found in the Minnesota River —-Mankato Watershed.

Connectivity in river ecosystems refers to how waterbodies and waterways are linked to each other on
the landscape and how matter, energy, and organisms move throughout the system (Pringle, 2003).
While the tendency is to consider this generally in a longitudinal manner (up-stream to downstream),
there are also vertical, horizontal and subsurface connections that are important to the overall ecology
of the system.

Impoundment structures (dams) on river systems alter streamflow, water temperature regime, and
sediment transport processes-each of which can cause changes in fish and macroinvertebrate
assemblages (Cummins, 1979; Waters, 1995). Dams also have a history of blocking fish migrations and
can greatly reduce or even extirpate local populations (Brooker, 1981; Tiemann et al., 2004). In
Minnesota, there are more than 800 dams on streams and rivers for a variety of purposes, including
flood control, wildlife habitat, and hydroelectric power generation. Beavers build dams to create
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impoundments with adequate water depth for a winter food cache. Beaver dams, even though natural,
can also be barriers to fish migration.

Dams, both human-made and natural, can cause changes in flow, sediment, habitat and chemical
characteristics of a waterbody. They can alter the hydrologic connectivity, which may obstruct the
movement of migratory fish causing a change in the population and community structure. The stream
environment is also altered upstream of a dam to a predominately lentic (lake or “still water”) condition
(Mitchell and Cunjak, 2007).

3.1.8 Candidate Cause: Altered Hydrology

Altered Hydrology is the change of the stream flow regime caused by human sources. These sources can
include channel alteration, water withdrawals, land cover alteration, agricultural tile drainage, and
impoundments or dams, to name a few. Hydrology within the Minnesota River Mankato Watershed is
complex and there are a number of factors that drive dramatic changes in stream hydrology and
morphology. Due to the dominant land use of agriculture, most of the water storage as well as
waterways in this watershed have been significantly altered to eliminate water off the landscape, as
shown in Figure 21. One of the most dramatic impacts of this is stream flow and water volume, which in
turn will lead to negative direct and indirect effects on multiple biological stressors. As such, the
hydrology is increasingly viewed as the key driver of the ecology. The alteration of flow regimes affects
ecosystem structure and function, which may shift the dominance in native community assemblages
and facilitate the invasion and success of exotic and introduced species (Bunn, 2002). Altered hydrology
influences several stressors and is a primary driving force to the impaired biological communities in the
Minnesota River Mankato Watershed.
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Figure 21. Minnesota River —Mankato displaying changing in surface waters pre and post settlement.
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Channelization/ditching

Ditching is defined as the digging of a trench to divert water where no channel previously existed.
Channelization is the process of straightening a preexisting natural channel. Drainage ditches and
channelized streams are a common features in Minnesota Mankato Watershed as altered streams.
Channelization and or ditching changes the physical structure of a stream, but will also change the flow
regime for a waterway. The result is often increased peak discharges and reduced baseflow (blann et al,
2009). As water is diverted from the landscape and routed through manmade or altered channels, there
is a loss of habitat features. The habitat features that are commonly affected include loss of pool depth,
increased embeddedness of gravel and cobble in riffles, loss of floodplain connectivity, and loss of
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woody material in the channel. Additionally, high flows can scour organisms and substrate from
streambeds, while low flows can reduce habitat area and volume.

Figure 22. Example of a channelized stream Wabasha Creek, (13MNO010) in the Minnesota River — Mankato
Watershed.

Overview of altered hydrology in the Minnesota River-Mankato Watershed

Currently 64.5% of the Minnesota River Mankato Watershed’s tributaries are altered as a result of
ditching for agricultural practices. A majority of the alterations are in the headwater portion of streams,
where both direct and indirect impacts to the stream occur at the altered location as well as
downstream. While the Little Cottonwood subwatershed has the most feet of altered streams, it also
has a significant amount of natural channel as well. On the other hand, watersheds like Little Rock Creek
has a disproportionate amount of alterations compared to natural channels, and Swan Lake Watershed
has a significant amount of impounded reaches comparatively (Figure 22 and Figure 23).
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Figure 23. AUIDs within the Minnesota River — Mankato Watershed that have biological impairments with
alteration status. Bar chart displays portions of streams in feet that have been altered, natural, impounded, or
are listed as “no definable channel.” (N) or (S) stands of the North or South sections of the Minnesota River
Mankato.
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Figure 24. All streams in the Minnesota River — Mankato Watershed showing natural (blue) and altered (red)
watercourses.
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The peak flows in this watershed are a response of overland flow and shallow subsurface pathways. In
urban or developed areas (which makes up about 7% of the land) runoff can occur rapidly due to
impervious surfaces, and peak flows can occur quickly. Cropland and the associated practice of
subsurface drainage (tile drainage) is the dominating hydrologic influence on this stream system, as it
applies to 76% of the watershed (Figure 25).
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Figure 25. Minnesota River — Mankato Watershed displaying modeled tiled land (light blue), possivle tiled land
(light gray), and not likely tiled land (dark gray).
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Agricultural tile drainage systems are used to intentionally reduce soil moisture by moving precipitation
or irrigation waters from subsurface soils, through pipe, and eventually into ditches or streams and
thereby altering timing and magnitude of flows (Figure 26 and Figure 27). Although tile drainage can
increase agricultural productivity, it has negative impacts on hydrology (e.g. increasing peak flows and
reducing base flows) and water quality (e.g. increasing nitrogen loading and sediment transport). A
recent study comparing changes in hydrology for 21 Minnesota watersheds, which included several
watersheds (e.g. Blue Earth, Cedar, and Le Sueur) near the Minnesota River Mankato, found that
“artificial drainage is a major driver of increased river flow, exceeding the effects of precipitation and
crop conversion” (Schottler et al. 2013). It also noted that “twentieth century crop conversions and the
attendant decreases in ET from depressional areas due to artificial drainage have combined to
significantly alter watershed hydrology on a very large scale, resulting in more erosive rivers. This is
exactly the case of the Minnesota River, which is the largest source of sediment to the South Metro
Mississippi River, as discussed previously. (MPCA 2015).
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Figure 26. Diagram illustrating subsurface water transport via tile lines to surface water (Typically a
ditch/channelized stream).

Figure 27. Example of a drain tile outlet to Little Rock Creek, Fairfax Minnesota (13MN026) flowing into a
ditched system within the Minnesota River - Mankato Watershed.
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The inverse effect to an increase of stream flow with artificial subsurface drainage is seen in the
reduction of base flow conditions. Within this watershed, there are times where base flow within these
tributaries drastically drop, or will dry up later in the year. This is largely due to the fact that drainage
within the Minnesota River Valley, can potentially lower groundwater tables and therefore reduce the
near channel storage that otherwise sustains lateral drainage during dry periods (Blann; et al 2009). In
spring to mid-summer, the river system within this watershed is seen to be flashier, as water is quickly
transported from land to streams via subsurface tile lines before crops are established. In mid-summer
to fall months the river system in significantly less flashy and is even noted have some of the tributary
streams completely dry out, as the lateral water cycle cannot sustain base flow conditions.

Geomorphology and Soils

Understanding the general geology and natural background of the Minnesota Mankato Watershed is an
important layer in interpreting the morphology that is taking place within these stream systems. This
watershed lies within an area that was created by the glacial River Warren, which carved the Minnesota
River Valley. As a result of glacial carving, tributaries that start out in the flat headwater areas have a
dramatic change in elevation by the time they reach the mainstem of the Minnesota River. Elevation
changes of up to 250 feet have been noted within this watershed (Waters 1977). Many tributaries have
formed steep walled ravines in the higher gradient portions of the valley, before they join the Minnesota
River. Because of the steep terrain along these ravines, these areas are not suitable for cropland and
typically the only locations where natural channels have been identified within this watershed, since all
upland areas (headwaters) are partially or completely channelized.

Bedrock types vary within this watershed. Throughout the upper, middle, and eastern regions of the
watershed, bedrock typically is composed of erosion resistant rock types such as gneiss, durable forms
of sandstone, or quartzite. This can create natural stream barriers seen in nick points or waterfalls such
as Minneopa Falls. In other areas, this bedrock can make up the foundation of rapid environments, as
seen in the Birch Coulee outcrops (Lore 2016). To the Southeastern, portion of the watershed lies the
karst landscape made up of primarily sandstone, shale, and carbonate. Karst terrain, due to the
dominance of soluble rocks, is typically characterized my features such as sinkholes, caves, springs, and
underground drainage. Karst regions by nature allow direct and rapid exchange between surface and
groundwater (Adams, Barry, and Green 2016). For a comprehensive analysis of this watersheds
geomorphology by sub-watershed region, please see the DNR’s 2016 Minnesota River, Mankato
Characterization Report

Soil types are another influencing factor when interpreting stream morphology and hydrology.
Sediments delivered to the Minnesota River are generally fine-grained and derived from lacustrine
or glacial till sources (Lore 2016). Soils that now reside in the flat upland portions of the watershed
are typically high in organic matter and naturally are poorly drained, as many of the soils found
today are remains of wetlands from pre European settlement and prior to tile drainage. These
wetland soil types allowed for land and stream equilibrium. One of the ways in achieving this was the
ability of the wetland to exhibit long retention times during high flow periods. This would be particularly
true in wetland class types with bi-directional and isolated hydrology. In general, these wetland types
would be expected to have high pollutant assimilative and flood storage capacities, which benefit
downstream waters and land. It is estimated that approximately 382,940 acres of wetlands have been
lost since European settlement. Subwatersheds within the Minnesota River-Mankato Watershed have
lost between 30-65% of the historical wetlands, depending on the location of the watershed. Many of
the current wetlands are found in the floodplain of the Minnesota River, making the river valley a
significant natural corridor. Wetlands that remain are likely to be degraded due to invasive species,
altered hydrology, as well as nutrient enrichment. For additional information on wetland functional
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classes and history, refer to the 2016 Minnesota River — Mankato Watershed Monitoring and
Assessment Report.

Climate and Precipitation

Climate and precipitation change is another possible contributor to altered hydrology in the watershed.
In a 2013 study, done by Shawn Schottler et al, the relationship of river morphology and change in
precipitation and land use was examined. It was found that while the Minnesota statewide spatial
average of precipitation has significantly increased, in South Central Minnesota there has not been a
statistically significant rise in yearly total rainfall over the last 20 years. One regional study focused on
the precipitation trends in this watershed as well as surrounding watersheds and found a shift in
precipitation over two 35-year periods. These findings concluded that increased precipitation is
occurring at greater amounts during the September through October months, whereas precipitation
trends are staying the same or decreasing during May and June months (Schottler 2013).

While precipitation plays an important role in hydrology, the driving force on how Minnesota River —
Mankato Watershed is responding and changing is due to land use, primarily intense row crops and
associated tile drainage, and ditching for expedited water transport off the land. (Figure 28). In the vast
majority of watersheds studied, drainage made up the biggest portion of change in annual water yield.
In this same study, stream flashiness (a rapid increase in stream water volume) was found to be
occurring more rapidly and at greater intensities during the months where little to no change in
precipitation had been found. It is also important to note this is occurring well after thaw-out and
snowmelt occurs, thus concluding that the seasonal hydrological changes observed are not the result of
precipitation alone (Schottler 2013).

Figure 28. Apportionment of changes in mean annual water yield for each watershed. In rivers with significant
changes in flow, climate and crop conversions account for less than half of the total change in water yield.
Excess water yield is the portion that cannot be attributed to changes in crop ET and climate and is hypothesized
to result from artificial drainage. The above figure was taken from the journal article titled “Twentieth century
agricultural drainage creates more erosive rivers” (Schottler et al. 2013).
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Altered hydrology (directly and/or indirectly) is negatively influencing the biology in the Minnesota River
Mankato Watershed, and contributing to most of the stressors in the watershed. Some examples
include pollutant loading via tile lines (subsurface drainage) as well as impervious surfaces, loss of
habitat via channelization, increased sedimentation, and changes in stream velocity and water
availability.

3.2 Inconclusive Causes in the Minnesota River-Mankato Watershed

Pesticides

The Minnesota Department of Agriculture primarily oversees and conducts pesticide sampling. They
have conducted 491 samples at nine established monitoring locations for pesticides within the
Minnesota River-Mankato Watershed.

Seven Mile Creek (WID 07020007-562) was listed in 2012 for Chloryrifos. However, it is under
consideration for delisting, as it has not been detected since 2010. In that same year, the pesticide
tebupirimfo fell above the EPA Chronic Value Aquatic Life Benchmark. Both these samples exceeded the
state and federal limits only once. Additional sampling information can be found within the Department
of Agriculture’s Pesticide Monitoring in the Minnesota River — Mankato Watershed, attached to this
report as Appendix A3.

With limited data available, the effects of pesticides on the biological community within this reach are
inconclusive. Currently, the additive effect of pesticides on aquatic organisms at levels below state or
federal standards is unknown. Research is currently being done to better characterize the potential
effect. Given the current gaps in understanding of the additive effects, it is difficult to rule out pesticide
toxicity as a possible stressor or conclude that it may be a stressor at this time.

For additional information on general biological impacts associated to the stressors listed above, please
reference the 2017 Stressors to Biological Communities in Minnesota’s Rivers and Streams.

4. Evaluation of Candidate Causes South of
Minnesota River City of Mankato-MNR
Mankato South

This section encompasses biotic impaired reaches in the City of Mankato — Minnesota River 10 digit HUC
(0702000711). There are five reaches impaired for biology in this 10 digit HUC that are located on the
south side of the Minnesota River. One site is impaired for macroinvertebrates only (Cherry Creek —
543), one site is impaired for fish only (Cherry Creek — 541), three were impaired for both
macroinvertebrates and fish (Shanaska Creek — 693, Unnamed Creek — 550, Unnamed Creek — 696). All
of the reaches within this subwatershed are fed by eutrophic lakes. Scotch Lake and Wita Lake have
been assessed and listed as impaired for nutrients; these are the headwaters for Cherry Creek and
Unnamed Creek respectively.
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Figure 29. Map of the City of Mankato watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates.
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4.1 Cherry Creek (07020007-541)

® Biology Station

Chemistry Station

Cherry Creek (07020007-541) is the upstream reach of Cherry Creek, southwest of Cleveland,
Minnesota. The reach is warmwater modified use Class 2B. The reach extends from the headwaters of
Huoy Lake (Mud Lake) and Scotch Lake to downstream of MN-99 in Cleveland. The reach is impaired for

lack of fish assemblage.

4.1.1 Biological Communities

Station 13MNO088 was sampled in 2013 for fish and macroinvertebrates. The macroinvertebrate
community had an IBI of 47.3; above the Southern Forest Streams GP threshold for modified use of

43. The fish community was surveyed twice in 2013. Station 13MNO088 FIBI’s score was 23.4 on June 10, 2013,

and 33.4 on July 23, 2013. The southern headwaters class threshold for modified use FIBI is

33. The entire fish community consisted of black bullheads. The June sample was 10 points lower due to a
DELT deduction. DELT anomalies are fish with deformities, eroded fins, lesions, or tumors and often signal
severe degradation. The metric scored groups were the same for each visit, with metric scores of zero for
four of six metrics (detritivorous, generalists, sensitive, and very tolerant groups scoring poorly

(Figure 30). Short-lived (SLvdPct) and serial spawners (SSpnPct).
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Figure 30 Fish metrics of the Southern Headwaters IBI modified use for station 13MNO088, Cherry Creek.
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4.1.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen
At the time of biological monitoring, dissolved oxygen (DO) was recorded at 10.96 mg/L on June 10,
2013 and at 7.5 mg/L on July 23, 2013. Station S008-523 had five additional samples with DO
concentrations ranging from 3.97 mg/L to 12.88 mg/L, with an average concentration of 6.90 mg/L. One
sample fell below the DO standard of 5 mg/L. In 2015, an YSI sonde was deployed at station 13MN088
from August 10 — 17 (Figure 31). The DO ranged from 1.79 to 9.1 mg/L, with daily violations of the DO
standard of 5 mg/L. The 24 hour dissolved oxygen fluxuation (DO flux) was elevated, ranging from 3.7 to
6.6 mg/L, averaging 5.2 mg/L (Figure 32).
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Figure 31. Diurnal dissolved oxygen for station 13MNO088, August 10 - 17, 2015.
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Figure 32. Dissolved oxygen flux at station 13MNO088, August 11 - 16, 2015.
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The entire fish community was composed of black bullheads. Biological metrics can be helpful at
identifying community stressors; however, with only one fish taxon the metric percentages are skewed.
Black bullheads are quite tolerant of low dissolved oxygen. Utilizing Minnesota derived tolerance values,
they have been found to be very tolerant to low DO (the most tolerant 15% of species using early
morning DO data) this explains the poor DO Index score and high DO tolerant individuals (Table 6).

Table 6. Fish metrics that respond to low DO stress in Cherry Creek (-541) compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Although not impaired, the macroinvertebrate community metrics where evaluated to see if there were
signals of low DO stress within the community. The macroinvertebrate metrics did indicate the
community is being impacted by low DO (Table 7). The DO index score was at six; Falling below the
average for visits meeting the general use southern streams average of 7.04 (Table 7). There was also a
slightly elevated number of tolerant taxa and a moderate percent of individuals tolerant to low DO
(22.7%). There were some intolerant species present, but still fell far below what is expected for this
stream type. Sensitive taxa Ephemeroptera, Plecoptera, and Trichoptera (EPTCh) were far below the
expected abundance for this stream type. The macroinvertebrate community is suggestive of low DO
stress, even though it is not impaired at this time.

Table 7. Macroinvertebrate metrics that respond to low DO stress in Cherry Creek (-541) compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is considered a biological stressor within this reach of Cherry Creek. Black bullheads dominate
the impaired fish community and are very tolerant of low DO. In addition, a sonde deployment in 2015
showed multiple days of DO exceeding the 5 mg/L standard. The macroinvertebrate community, while
not impaired, is also showing signs of stress due to low DO.
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Eutrophication

At the time of biological monitoring, total phosphorus (TP) was recorded at .088 mg/L on June 10, 2013
and at .094 mg/L on July 23, 2013. Additional chemistry monitoring at this site found that TP
concentrations in 2015 and 2016 ranged from .076 mg/L - .208 mg/L, with an average of .141 mg/L. Five
out of the seven samples collected were below the river eutrophication standard for the Central Region
(0.1 mg/L). Phosphorus concentrations peaked in the late summer months of July. Samples were
collected from station S008-523. Chlorophyll- a (chl-a) samples were limited to two samples, with both
well above the standard (18 pg/L), 101 pg/L on September 2, 2015 and 108 pg/L on August 17, 2015 at
station S005-523.

At the time of biological monitoring, the total suspended solids (TSS) sample was on the higher range at
62 mg/L. Further evaluation found volatile suspended solids (VSS) at 30 mg/L, approximately half of the
TSS sample was composed of organic matter; this concludes there was a high level of suspended algae
within the reach. This also falls in line with the photo documentation that was taken along with the
chemistry samples during monitoring. Water clarity was observed to be low, and there was a visible
green hue noted in Figure 33, pointing to a high amount of suspended algae.

Figure 33. Photograph of monitoring station 13MNO088, taken June 10, 2013.

Additional site recon on April 27, 2015 also displayed high overgrowth potential, as filamentous algae
was also observed at a separate site visit, seen in Figure 34.
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Figure 34. Monitoring station 13MNO088 on April 27, 2015.

In 2015, an YSI sonde was deployed at station 13MNO088 from August 10 - 17. The DO ranged from 1.79
mg/L to 9.1 mg/L, with daily violations of the DO standard of 5 mg/L. The DO flux was elevated, ranging
from 3.7 mg/L to 6.6 mg/L, averaging 5.2 mg/L in daily DO concentration swing. Daily exceedances of the
3.5 mg/L flux occurred the entire sonde deployment. The daily dramatic shifts in DO is being driven by
an overproduction of algae (in the forms of both suspended and filamentous) within this stream. During
the day, when photosynthetic activity is at its peak, the stream is highly saturated with DO. In contrast,
at night when plant respiration occurs, this segment of stream is depleted of oxygen.

The additional upstream influence of Scotch Lake is likely contributing to the eutrophic conditions of this
reach, as this waterbody is listed as a hypereutrophic lake. Scotch Lake fits into the shallow lake criteria
(11 feet maximum depth and 100% littoral zone), with a total phosphorus loading average of .14 mg/L,
and chlorophyll-a average of 184.5 pg/L. Data from 2013 and 2014 grossly exceed lake standards. Algae
blooms were apparent in both years; TP data was noticeably higher in 2014 possibly reflecting an
increased inflow during that summer or more frequent internal loading. Secchi data was right at the
standard (0.7 m), with a long-term trend indicating water clarity is decreasing. Mud Lake has no data
available but shows green in aerial photographs (Figure 35).
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Figure 35. Arial image of Scotch and Mud Lake from August 28, 2012.
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Eutrophication is a stressor in Cherry Creek. Elevated TP, chl-a, and DO flux have been documented, as
well as low DO and associated daily DO fluxuation. The fish community is entirely dominated by black
bullheads, a highly tolerant species. In addition to the nutrient concentrations and stream conditions
that create eutrophication, this stream system is likely receiving an abundance of algae from the
eutrophic lakes that feed Cherry Creek.

Nitrate

During biological monitoring, the nitrate concentration at 13MNO088 was recorded at 2.3 mg/L on June
10, 2013 and .53 mg/L on July 23, 2013. There were nine additional samples taken on this reach in 2015
and 2016 from April through September. The nitrate concentration ranged from .55 mg/L up to 23 mg/L,
with an average concentration of 6.33 mg/L. Two of the nine samples were at or above 20 mg/L, taken
in the months of May and July.

Fish often do not show a strong response to increased nitrate concentrations. Macroinvertebrate
communities are often more affected by nitrate toxicity. The macroinvertebrates in this reach are not
impaired, and also do not show strong indication they are stressed by the elevated nitrate
concentrations (Table 8). The nitrate specific metrics show better than average Trichoptera taxa, and
fewer than average tolerant individuals. The nitrate index score was 2.5, while the average for Southern
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Forest Streams meeting impairment threshold is 3.0. This suggests that overall the community present is
not overly tolerant to high nitrate concentrations. Increasing nitrate concentrations also correlate with a
decrease in non-hydropsychid Trichoptera individual percentages in warmwater streams (sensitive
caddisflies that do not spin nets; TrichwoHydroPct). While intolerant taxa and non-hydropsychid
individuals are not in abundance here, they are not significantly impaired or lacking as a community.

Table 8. Macroinvertebrate metrics that respond to nitrate stress in Cheery Creek (-541) compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

2
©
) e s o
o3 S = = <
o n o c <
S o x K] o o
© o [} [e) [} [}
s | = 2| & | © S
3 T £ £ [t =
o o
o) 2 2z 2 2 et
ey ey © © © ©
Q Q s s s 5
Station (Year Sampled) = = = = = =
13MNO088 (2013) 3 5.6 2.5 1 17 30.0
Southern Forest Streams Average (MU) 34 | 2.7 | 3.0 1.8 | 188 53.5
Expected response to stress NE J ™ NE ™ ™

Nitrate concentrations are elevated, and should be reduced, but at this time. It is not clear if high
concentrations are a chronic issue within this stream, with only a two exceedances noted. There is little
response noted in the macroinvertebrate community metrics. It is inconclusive if nitrate is what is
stressing the fish community.

Total Suspended Solids

Total suspended solids (TSS) concentrations collected in 2015 and 2016 ranged from 2.4 mg/L — 52 mg/L,
with an average concentration of 26.9 mg/L. None of the eight samples collected in the two years
exceeded the standard of 65 mg/L. Samples were collected from April through September with the
highest concentrations occurring in June 2016 and August of 2015. Two additional TSS samples were
collected at the time of biological monitoring; TSS concentration at 13MNO088 was 51 mg/L on June 10,
2013 and 62 mg/L on July 23, 2013. Volatile suspended solids (VSS) typically accounted for 33-70% of
these samples, indicating a high percentage of organic matter in for form of suspended algal growth
influencing TSS samples. Scotch Lake, just upstream is a likely source (as discussed in the above
eutrophic section).

As the fish community sampled were all black bullheads, and neither tolerant or intolerant of high TSS
levels, the fish community metrics should not be used for evaluation of TSS as stressor.

TSS is inconclusive due to the lack of chemistry data, as well as lack of fish community to help identify if
TSS is causing a community shift.

Habitat

At station 13MNO088, the habitat was poor with MSHA scores of 26 and 30. The subcategories that
scored the lowest were land use, channel morphology, and substrate (>75%) (Figure 36). The
surrounding land use is row crop. There was moderate riparian width with little bank erosion and light
(5-25%) shade available (25%). The reach was 100% run feature with sand and silt substrates. The
embeddedness was variable from light in June to severe in July. There was sparse to moderate cover
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with undercut banks, overhanging vegetation, and macrophytes. There was little depth variability in the
reach. The station had poor to fair sinuosity, moderate channel stability and poor channel development.

Figure 36. Percentage of MSHA subcategory scores for station 13MNO088, Cherry Creek.
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Figure 37. Station 13MNO088 on June 10, 2013.
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Habitat is considered a stressor to the fish community within this AUID of Cherry Creek. The fish
community suggests habitat may be an issue with a complete lack of benthic insectivores, riffle dwelling
species, and simple lithophilic spawners. However, only black bullheads were present which creates bias
in metric response. This reach is considered modified, and habitat has already been determined to be
limited due to this designation. That coupled with a poor MSHA score, and limited fish diversity,
indicates that lack of habitat is a stressor in this AUID. As clearly observed in Figure 37, there is a lack of
habitat diversity as well as stream cover.

Altered Hydrology and Longitudinal Connectivity

All biological stations on Cherry Creek are influenced by a dam downstream of county road 23.
Additionally, at 321°t Ave there is a misplaced shallow culvert. Both of these structures have an impact
on longitudinal connectivity for fish passage and stream stability. For more information on the barriers
and hydrological impacts to this area, please see page 59 of the DNR’s Minnesota River, Mankato
Watershed Characterization Report (DNR 2015).

Of four stations upstream of the dam, only two fish species were surveyed (black bullhead and creek
chub). At station 13MNO088, only black bullheads were surveyed. Both of these species are lake species,
likely from the upstream lakes and wetlands that may provide fish replenishment. The fish that are
present are tolerant species. The headwaters of Cherry Creek is partly fed by Scotch Lake, where
predatory fish are stocked by the DNR. Northern Pike were last stocked in 2012. A 2013 Lake fish survey
showed low abundance in Northern Pike, yet growth size of individuals captured ranged into larger than
the average size of 30.0 inches in length. Walleye fry were stocked in 2013 and in the same year
surveyed. Past surveys show a stable population of this predatory fish in Scotch Lake (Rounds DNR).

With the fish, population is managed by the DNR, due to the lake outlet these fish are blocked from
migrating into Cherry Creek. Additional to the physical barriers that are present within this system,
altered hydrology is also impacting longitudinal connectivity.

During a September 2012 survey, this reach was recorded as being dry at station 13MN088. With 70% of
this reach ditched, hydrology is altered in its stability to retain base flow as well as impacts on stream
morphology and loss of habitat types. On April 27, 2015 there was a recorded level of 0.5-1ft of standing
water, similar to baseflow at this location of Cherry Creek; downstream however was recorded as being
dry, as shown in Figure 38 below. The photograph was taken off Highway 23 before Cherry Creek
reaches the dam and downstream of perched culvert.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

46



Figure 38. Cherry Creek off County Highway 23 on April 27, 2015.

This reach of Cherry Creek has been modified via channelizing and ditching as an agricultural drainage
practice, this homogenizes the stream and greatly impacts stream velocity that further impacts the
streams stability and biological habitat. Additional to diching and channelizing, the introduction of
subsurface tile drainage change the soils longitudinal stream recharge ability during low precipitation,
and greatly increases it during precipitation events, as well as pulls in chemicals or excess nutrients from
land application. Both of these practices change the streams morphology, hydrologic capacity, and
profile. For more information regarding altered hydrology within this region and the impacts, reference
Chapter 3.1.8 of this report.

Altered hydrology and connectivity is found to be the primary stressor to the fish community, as they
are directly contributing to the other stressors identified within this reach.
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Summary Table

Table 9. Identified stressors with suspected sources for reach 541 of Cherry Creek.
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4.2 Cherry Creek (07020007-543)

Cherry Creek (07020007-543) is the downstream reach of Cherry Creek (07020007-541), northeast of St.
Peter, Minnesota. The reach is a warmwater general use Class 2B. The reach extends from 410" St. to
the Minnesota River. The reach is impaired for lack of macroinvertebrate assemblage.

4.2.1 Biological Communities

Station 13MNO081 was sampled for fish and macroinvertebrates in 2013. The downstream station
13MNO083 was not assessable due to dry conditions. For more information, visit the Minnesota River,
Mankato Monitoring and Assessment Report.

The macroinvertebrate community scored a low at 18.8 on the Southern Streams RR class IBI. The
threshold for this class is 37. The reach is characterized by low taxonomic diversity, no intolerant taxa,
and dominated by few, tolerant taxa. Seven of the 10 metric scores in the IBl were zero or nearly zero
(Figure 39). The community was dominated by black fly larva (Simulium).
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Figure 39. Macroinvertebrate metrics of the Southern Streams RR class for station 13MNO081, Cherry Creek.

1

mmm 13VINOS1 (August 2013)

= Average needed to be at

Metric Score
O R MNWEOMO - WO
L L L L L L L L
< I

threshold
T T T T T T T T 1 M a Xi m u m
(_\,(\ (}' %’ (}' 2 <?) 0‘\ (}' ;\"b
& R ng \s\\ <8 L & & £ &
& &R &S
N A L O ¢ R &
& & & RSN
) O X
O Q '\o\‘b

4.2.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of the fish sample on July 22, 2013, dissolved oxygen (DO) was recorded at 8.06 mg/L. Eight
additional samples were taken throughout this reach of Cherry Creek during the monitoring period.
Station S008-525 had two samples with DO concentrations at 11.27 mg/L on May 19, 2015 and 7.37
mg/L on August 17, 2015. Station S005-663 had six samples taken in the months of May to September in
2015. These values ranged from 8.42 - 11.59 mg/L, with an average of 9.30 mg/L. DO concentrations
started high in spring months and gradually dropped throughout the year. All values fell above the DO
standard of 5 mg/L. In 2015, YSI sondes were deployed at station 13MNO081 and station 13MNO083 from
August 10 - 17. The DO ranged from 6.8 mg/L to 8.0 mg/L at station 13MNO081 and from 7.7mg/L to 9.1
mg/L at station 13MNO083, with no violations of the DO standard. DO flux was low, less than a 2 mg/L in
DO concentration daily variation for each station.

The macroinvertebrate metrics that are known to respond to low DO stress were inconsistent

(Table 10). The total taxa richness sampled (TaxaCountAlIChir) was below the average for a Minnesotan
southern stream. There was a decrease in Ephemeroptera, Plecoptera, as well as Trichoptera (EPTCh).
The HBI_MN is a measure of pollution based on tolerance values assigned to each individual taxon, and
was found to be lower than the state average for this stream class of 7.08. There was also a lack of
abundance from low DO intolerant individuals. However, there was not an overabundance of Low DO
tolerant species. The corresponding metric response is likely due to another stressor and not due to low
DO stress.
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Table 10. Macroinvertebrate metrics that respond to low DO stress in Cherry Creek (-543) compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is not considered a biological stressor within this AUID of Cherry Creek. Chemistry samples did
not show any indication of low DO occurring, and the biological community metrics did not indicate low
DO to be limiting the macroinvertebrate community, although it did show as a whole, the
macroinvertebrate are lacking. While low DO is identified as a stressor in the headwaters of Cherry
Creek, this downstream reach likely is getting enough DO as the streams gradient changes, with it
increasing the streams aeration ability.

Eutrophication

At the time of biological monitoring, total phosphorus (TP) was recorded .107 mg/L. Additional samples
for TP concentrations were collected in 2009, 2015, and 2016 and ranged from .027 mg/L - .762 mg/L,
providing an average of .202 mg/L. Nine of the 12 samples exceeded the river eutrophication TP
standard for the Central Region (0.1 mg/L). Sample values that did not exceed the standard were
collected in April and May of 2009 and 2016. TP concentrations reached the highest during the months
of June and July.

There were three samples of Chlorophyll-a (chl-a) in the reach in 2015. One sample was greatly above
the standard at 58.5 pg/L on September 2, 2015 (station S005-663). On August 17, 2015, samples at
station S005-663 and S008-525 were just above the standard (18.1 and 18.9 pg/L respectively).

In 2015, YSI sondes were deployed at station 13MNO081 and station 13MNO083 from August 10 - 17. The
DO ranged from 6.8 to 8.0 mg/L at station 13MNO081 and from 7.7 to 9.1 mg/L at station 13MNO083, with
no violations of the DO standard. The DO flux was low, less than 2 mg/L variation swing for each station.

The macroinvertebrate metrics that respond to eutrophication stress do correlate to eutrophic stress
Table 11. There was a lack of collector filterer species. The taxa sample for macroinvertebrates that
depend on conditions for filtering and gathering (Collector-filtererCh and Collector-gathererCh) typically
were found to be just under the average. Ephemeroptera, Plecoptera & Trichoptera, (EPT) were just
under the average in years the taxa counts fell under the average for this stream type. These taxa types
will typically display the strongest metric signal for eutrophication; overall, generally tolerant individuals
dominated, while there were not any intolerant species recorded.
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Table 11. Macroinvertebrate metrics that respond to eutrophication stress in Cherry Creek (-543) compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of
stress.
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The biological metrics strongly suggest eutrophic stress is affecting the macroinvertebrate community,
while the chemical analysis is not as straight forward. Being a limiting nutrient, the high TP
concentrations found within this reach, are typically telling of potential or actual eutrophic conditions.
However, dissolved oxygen is almost always going to be imbalanced in chronic eutrophic conditions, as
high macrophyte production results in high levels of DO during active photosynthesis and will fall
dramatically during respiration. This pattern was not observed at the time of continuous monitoring that
took place in 2015 with the sondes, or during instantaneous DO sampling. Even with the increase of
stream aeration, if overproduction was actively occurring there likely would have been a drastic increase
in DO during the day. Chlorophyll-a samples did suggest high amounts of suspended algae are coming
through this reach. It is possible that the high levels recorded for chl-a are related to a storm event and
were flushing through the system. This is especially possible as the headwaters of this stream are
Eutrophic. Eutrophication is inconclusive as a stressor in this AUID. As there does not to be an
overabundance of growth actively occurring within this reach, eutrophication from this reach cannot be
concluded as a stressor. However, it is likely that the upstream eutrophic conditions are having on
impact to biology here.

Nitrate

During biological monitoring, the nitrate concentration at 13MNO081 was 6.2 mg/L on June 10, 2013 and
at 3.2 mg/L on July 22, 2013. Station 13MNO083 was recorded at 3.3 mg/L on July 22, 2013. There were
16 additional samples taken within the two monitoring stations in 2009, 2015 and 2016 in the months of
April through September. The nitrate concentrations ranged from 1.5 mg/L - 30 mg/L. The average
concentration was 9.56 mg/L. 6 of the sixteen samples were above 10 mg/L and 2 of the sixteen samples
were above 20 mg/L, both taken on May 19, 2015 at the two monitoring locations.

The biological metrics are slightly mixed but not strongly suggestive of nitrate stress (Table 12). The
nitrate index score was 2.8, just below the average for Southern Streams meeting impairment threshold
(2.9). Increasing nitrate concentrations also correlate with a decrease in non-hydropsychid Trichoptera
individual percentages in warmwater streams (sensitive caddisflies that do not spin nets;
TrichwoHydroPct) and decreased intolerant taxa, both which are lacking in this reach in number, but
make up more than the threshold of 5.5 percentage wise. Additionally, the number of nitrate tolerant
taxa was also sparse scoring just eight, and did not fall above the threshold of 18.8 for this stream type.
These metrics are likely due to lower than average taxa counts.
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Table 12. Macroinvertebrate metrics that respond to nitrate stress in Cherry Creek (-543) compared to the
statewide average of visits meeting the warmwater use biocriteria. Bold indicates metric value indicative of
stress.
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Elevated nitrate concentrations have been documented in this reach. At a glance, the macroinvertebrate
community do not appear to be directly limited by nitrate. However, the macroinvertebrate metrics may
be misleading as the community was dominated by Simulium, skewing the invert community metrics.
Nitrate is inconclusive as a stressor due to the combination of high nitrate findings, and a skewed
macroinvertebrate community.

Total Suspended Solids

Three total suspended solids (TSS) concentrations were collected at the time of biological monitoring.
The TSS concentration at 13MNO081 was 28 mg/L on June 10, 2013 and 47 mg/L on July 22, 2013. Station
13MNO083 sample exceeded the standard at 86 mg/L on July 22, 2013. Additional water chemistry
sampling occurred in 2009, 2015, and 2016 from April through September. Data from these collections
ranged from 2.0 mg/L— 75 mg/L, with an average concentration of 29.97 mg/L. Two of the 14 samples
collected exceeded the southern rivers standard of 65 mg/L. TSS concentrations that exceeded the
standard were collected in summer months. Additional water chemistry data associated with this AUID
was limited to one EQUIS station (S005-663), located downstream of the biomonitoring stations. All data
collected would meet the respective standard, with the exception of one total suspended solid
measurement of 86 mg/L.

Volatile suspended solids (VSS) was also analyzed within this reach to better understand the organics
reflected in the TSS samples. It was found that organics on average accounted for 22% of what was
found in the TSS samples. This is important to note, as it indicates that nearly a quarter of the TSS is
made up of organics, likely as suspended algae.

The macroinvertebrate community is missing stoneflies (PlecopteraPct) and TSS intolerant taxa types
and individuals. However, the other metrics known to respond to elevated TSS stress do not indicate
stress (Table 13). The percentage of collector-filterers were quite high for this stream type, specifically
reflected in the unusually high amount of black flies (simulium) that were sampled, skewing the metric
scores. This filtering species is likely thriving from the high amount of organics that are being delivered
to this section of stream, from the identified upstream eutrophic areas.
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Table 13. Macroinvertebrate metrics that respond to high TSS stress in Cherry Creek (-543) compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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At this time, TSS is listed as an inconclusive biological stressor, yet should be mitigated wherever
possible. While the biological metrics do not clearly reflect a TSS related impact to the community, the
water chemistry samples do indicate some potential for TSS overloading issues. As there was only one
biological collection site (13MNO081) that was found to be assessable, the community from 13MNO083 has

an unknown community impact related to TSS.

Habitat

Station 13MNO081 had good habitat scores on the MSHA of 79.9 and 75.3 (Figure 40). Station 13MNO083
had a fair score of 61.45. Both stations are surrounded by row crop. Station 13MNO081 had an extensive
riparian width with little to moderate bank erosion. There was also a fair amount of diverse riverbed
substrate. Good canopy was noted, providing both cover for habitat and shade. Aside from surrounding
land use scores, physical habitat availability was consistently found at both monitoring locations within

this reach of Cherry Creek.

Figure 40. Percentage of MSHA subcategory scores for stations 13MNO081 and 13MNO083, Cherry Creek.
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As mentioned before, 80% of the macroinvertebrate community that was sampled at 13MNO081 was
black flies (Simulium), contributing to a higher than usual “clinger” score (Figure 41). The community
from this site did fall below the average in each of the other habitat type groups. However, this is due
from the dramatic skew in population of high “clingers”. It is also likely that this community was
diminished from the low flow conditions. The streams full habitat abundance to be reflected in the
community types was restricted by low flow conditions for this assessment.

Figure 41. Macroinvertebrate metrics that respond to habitat for station 13MNO081, Cherry Creek, compared to
the range of values for Southern Streams RR visits meeting the general use biocriteria.
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Habitat is not considered a biological stressor at this site. There was a wide variety of physical habitat to
meet diverse biological needs. The substrate consisted of a mix of cobble and gravel in the riffle portions
of the stream, with cobble and sand making up the runs, silt and cobble made up the pools in this reach.
There was a healthy diversity of cover types to provide strong canopy cover refuge and shade (Figure 42),
as well as rooted bank stability. The channel itself is fairly stable; the only problematic component is
slight instability due to erosive potential.

Longitudinal Connectivity and Altered Hydrology

Longitudinal connectivity is not listed as a stressor in this reach. Longitudinal connectivity does not
directly affect macroinvertebrate communities that are assessed by the MPCA (although they will hinder
mussel migration, which are not assessed in the macroinvertebrate IBI score). Fish are the most
impacted communities in regards to barriers. However, as the fish sample was not assessable within this
reach, they are not factored into being a biological stressor. If the fish sample had been assessable, it is
worth noting that all biological stations on Cherry Creek would have been found to be impacted by a
dam downstream of Hwy 23. Additionally, at 321 Ave., where the culvert is misplaced and shallow
(Figure 43). Both of these structures would limit longitudinal passage for fish and impact stream
stability, along with hydrologic conditions (DNR 2015). For more information on the barriers and
hydrological impacts to this subwatershed, please see DNR’s Minnesota River, Mankato Watershed
Characterization Report.
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All four stations upstream of the dam, only two fish species observed (black bullhead and creek chub).
Both of these species are Lake Species, from the upstream lakes and wetlands that provide fish
replenishment.

Figure 43. Road culvert at 321° Ave. (April 27, 2015).
Q‘@%&‘ AR TN N N

Altered Hydrology is thought to be the primary stressor within this reach, as it is directly or indirectly
influencing the other parameters. The majority of the headwaters to this stream are altered by way of
ditching and channelizing, as well as introduction of subsurface tile drainage. These modifications create
dynamic alterations to the streams hydrology, creating changes to the geomorphology, as well as
increases in pollutant loading. Altered hydrology is a foundational issue, and a contributor to all the
impaired biological communities in the Minnesota River Mankato Watershed. For additional information
on how these changes are occurring, refer to Chapter 3.1.8 of this report.

The location may be a naturally losing reach. At the time of macroinvertebrate sampling at station
13MNO083 on July 22, 2013, the station was dry and could not be sampled. Again, on April 27, 2015
downstream at Hwy 23 the streambed was dry while upstream still had some flow

(Figure 44). Cherry Creek would benefit from a hydrologic study to further understand the natural and
anthropogenic factors affecting the hydrologic conditions within this system. Both fish and aquatic
macroinvertebrates require water. The dry conditions that exist within this reach are stressing the
biological communities within this lower portion of Cherry Creek.
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Figure 44. Upstream of Hwy 23 (April 27, 2015).
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4.3 Shanaska Creek (07020007-693)

Shanaska Creek (07020007-693) is a tributary to the Minnesota River, near Kasota, Minnesota. This
reach is warmwater general use Class 2B. The reach extends from Shanaska Cr. Rd. to the Minnesota
River. The reach is impaired for lack of macroinvertebrate assemblage and lack of fish assemblage. This
reach is also impaired for E. coli, which will not be addressed in this report.

4.3.1 Biological Communities

Station 13MNO079 was sampled in 2013, for fish and macroinvertebrates. The fish IBl was zero in 2013,
on the Southern Streams FIBI that has a threshold score of 37. The only fish found at this station were
five common carp.

The macroinvertebrate IBI score of 22.7 was below the threshold of 37 for the Southern Streams RR
class. The macroinvertebrate community was sparse and non-diverse. The most abundance taxa were
non-biting midges (Polypedilum) and black fly larva (Simulium), and are responsible for driving up the
percentage of “clinger” species (ClingerChTxPct) seen below in the metric table. Most of the IBI metrics
were below the average metric score needed to have an IBI score at the threshold (Figure 45).

Figure 45. Macroinvertebrate metrics of the Southern Streams RR class for station 13MNO079, Shanaska Creek.
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4.3.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of biological monitoring, station 13MNO079 had a dissolved oxygen (DO) value of 8.61 taken
on July 18, 2013. Only two additional instantaneous readings for DO concentrations were taken, one at
9 mg/L on June 23, 2015 and the other at 8.32 mg/L taken August 10, 2015. In 2015, a sonde was
deployed at station 13MNO79 from July 30 to August 10 (Figure 48). This displays continuous DO
monitoring from July 31 through August 8 The DO ranged from 7.59mg/L to 8.69 mg/L, with DO 24 hour
variation (flux) less than 1 mg/L, indicating DO stability within the stream. Values also were found to
consistently stay above the DO standard of 5 mg/L.
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Figure 46. Diurnal dissolved oxygen for station 13MN079.
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The macroinvertebrate community had a low index score for low DO, as well as a low percentage of low
DO intolerant individuals. There were also a low number of low DO tolerant taxa (Table 15). This is likely
due to the low sample size of individuals present. The metrics that appear to respond to potential low
DO stress are likely due to other stressors.

Table 15. Macroinvertebrate metrics that respond to low DO stress in Shanaska Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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As the fish sample only consisted of five common carp, a species that is overall tolerant of a wide variety
of parameters, metric response is not assessable on this reach.

DO is not considered to be a stressor at this time. Low DO is not reflected in the sonde data or within
the other instantaneous DO readings. Chemistry data alone in this finding, as the community for fish and
macroinvertebrates were skewed in there metric response. What was present, did display there is a
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presents of some low DO sensitive species; therefore the community is likely being limited by a different
biological stressor.

Eutrophication

At the time of biological monitoring, station 13MNO079 had a total phosphorus (TP) concentration of
.131 mg/L, taken on July 18, 2013. Additional water chemistry samples were taken in 2009, 2010, and
2015. TP concentrations from these samples ranged from .031 mg/L - .302 mg/L providing an average
concentration of .120 mg/L. 11 of the 22 samples (50%) exceeded the river eutrophication TP standard
for the Central Region (0.1 mg/L). All but one of the 2009 samples fell below the standard of .1 mg/L. In
all three years data analysis shows the highest concentrations occurring June through August. On August
10, 2015 chlorophyll-a (chl-a) was elevated at downstream station S008-527 (25.6 pg/L) and upstream
station S008-526 (24.8 ug/L).

In 2015, a sonde was deployed at station 13MNO79 from July 30 to August 10. DO ranged from 7.59 to
8.69 mg/L, with 24-hour DO fluxuation (DO flux) varying less than 1 mg/L. DO never fell below the
standard of 5 mg/L.

The macroinvertebrate community was suggestive of possible eutrophication stress (Table 16). Nearly
all of the metrics that respond to possible eutrophication were less than the average of similar stations
meeting the biocriteria. Species’ richness (TaxaCountAllChir) was almost half of what would be expected
for a stream of this type. Relative abundance of Ephemeroptera, Plecoptera & Trichoptera individuals
was also lacking, but not completely absent. Collector filter-gatherer species also were diminished, but
not completely missing, as some of the more tolerant filtering and gathering species can thrive in
eutrophic settings. The percentage of tolerant taxa was very close to the average of similar stations
meeting the biocriteria, while there were not any intolerant species noted in the sample.

Table 16. Macroinvertebrate metrics that respond to eutrophication stress in Shanaska Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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There were only five common carp surveyed at the time of biological sampling at 13MNQ79. It is difficult
to use metrics to analyze potential stress when only one taxon was found. Common carp are tolerant
and live in conditions with elevated eutrophication.

Eutrophication is inconclusive as a stressor in this AUID. Phosphorus in this stream is high, and with it
carries potential for eutrophic conditions. However, the DO data is limited and what was captured did
not display a strong response of over production of autotrophic density. There was one high sample of
chl-a and one that fell below the threshold, with these being the only chl-a samples and without any
BOD sampling it cannot be identified one way or another if the eutrophic signals that are present are
occurring within this reach, or if high concentrations of organic matter are being flushed through from
an upstream source.
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Nitrate

During biological monitoring, the nitrate concentration at 13MNO079 was 6.8 mg/L on July 18, 2013.
There were 22 additional samples taken within this reach over the years of 2009, 2010 and 2015 from
the months of April through September. The nitrate concentration ranged from .28 mg/L — 27.9 mg/L.
The average concentration was 6.40 mg/L, with four of the 22 samples above 10 mg/L. High nitrate
loading occurrences peaked in June in all three years.

Fish often do not show a strong response to increased nitrate concentrations. Macroinvertebrate
communities are often more affected by nitrate. The macroinvertebrates in this reach show they are
stressed by the elevated nitrate concentrations. The macroinvertebrates in this reach had a nitrate index
score that was at 3.2, this is higher than the southern streams average of 2.9 (Table 17). The nitrate
specific metrics show lower than average Trichoptera taxa (TrichopteraCh), in non-hydropsychid
Trichoptera individual percentages (sensitive caddisflies that do not spin nets; TrichwoHydroPct). This
reveals that the population of Trichoptera are made up of nitrate tolerant net-spinning caddisfly’s.
Nitrate intolerant species were absent, while nitrate tolerant species dominated the sample. The only
parameter that did not go over the threshold was the individual nitrate tolerant count; this is likely due
to the low sample size.

Table 17. Macroinvertebrate metrics that respond to nitrate stress in Shanaska Creek compared to the statewide
average of visits meeting the warmwater general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is considered a biological stressor to this reach. The chemistry data shows frequent exceedances
of nitrate, paired with a macroinvertebrate community that lacks in nitrate sensitive taxa; in place made
up of nitrate tolerant species. High nitrate concentrations are correlated to land application of nutrients
and rain events flushing them through the system. With a number of wetland and lakes near the
headwaters, some mitigation of nitrate is noted in the data and the low concentrations throughout most
of the year.

Total Suspended Solids

Total Suspended Solids (TSS) had the largest data collection available for this reach, with 24 samples. Of
those, four samples (collected in June 2010) exceeded the regional south standard of 65 mg/L. While a
majority of the chemistry data had samples that fell far below the standard, there was some indication
that high TSS loading does occur throughout this reach. Volatile suspended solids (VSS) were limited.
However, there were a few taken at the time TSS was high, and displayed about a quarter of the total
TSS concentration. High TSS and VSS were both correlated to rain events. It is likely that organics and
sediment are being flushed through the system from an upstream source. Erosion is minimal within this
portion of the stream system, due to the healthy riparian and stream stability found within this reach.
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Chronic TSS often is associated to loss of habitat, primarily within the streambed. This reach was noted
to have clean and diverse substrate with no embeddedness. TSS that is coming through this reach is not
settling out here in abnormal rates.

The macroinvertebrate community exhibited mixed response to TSS stress (Table 18). There was an
abundance of collector-filterer individuals than what is typically seen in this stream type. Often times
this community type will be hit the hardest by chronic TSS, as it inhibits filtering. Plecoptera
(PlecopteraPct) was found to be completely absent. This species is sensitive to a number of pollutants so
is not a strong indicator for TSS alone, and is likely abolished from the high presents of nitrates. The
macroinvertebrate TSS index score was lower than the average TSS Index for this stream type; as this
score increases, it reflects the tolerance of TSS noted in the community. Both TSS intolerant and tolerant
species were found to be below the average for this stream type. TSS tolerant species did make up a
higher percentage of the total sample; this is likely due to the overall low sample size.

Table 18. Macroinvertebrate metrics that respond to high TSS stress in Shanaska Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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The fish metrics are not helpful for analyzing impacts on the fish community, due to the poor sample
size and lack of diversity. There were only five fish sampled, all being Common Carp (a general tolerant
fish).

TSS as a biological stressor is inconclusive. Elevated TSS has been documented, but the
macroinvertebrate community did not indicate that TSS is limiting the community. The fish community is
exceptionally limited, as there was only five fish sampled, all of a generally tolerant species; due to this,
it is difficult to determine what parameter(s) may be limiting the fish population.

Habitat

At station 13MNO079, habitat was good with a MSHA score of 82.5 (Figure 47). The station is situated in
an urban park type area with the left side having a wide riparian width; the right side is fairly narrow.
There was no bank erosion and heavy shade provided by the strong canopy cover in this reach

(Figure 48). The stream was predominantly comprised of riffle features with cobble and boulder
substrate dominating. There was no embeddedness noted. This portion of stream, was found to have
high channel stability.
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Figure 47. Percentage of MSHA subcategory scores for station 13MNO079, Shanaska Creek.
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Figure 48. Macroinvertebrate metrics that respond to habitat for station 13MNO079, Shanaska Creek, compared
to the range of values for Southern Streams RR visits meeting the general use biocriteria.
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Figure 49. Station 13MNO079, July 18, 2013.
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Adequate habitat is present in this reach. This section of stream was found to have extensive cover,
minimal bank erosion, and coarse substrate. These stream features support both habitat quality as well
as diversity. Habitat is not a biological stressor in this portion of Shanaska Creek.

Longitudinal Connectivity and Altered Hydrology

Longitudinal connectivity is a stressor within this reach. One barrier that is limiting the fish population is
a manmade structure with an approximate 5-foot drop, located less than a mile from the confluence of
the Minnesota River. This barrier restricts migration ability. For more information on the barrier, please
see DNR’s Minnesota River, Mankato Watershed Characterization Report (2015). There are two stations
upstream of the barrier and no comparison stations downstream. There were nine fish species at the
upstream biological monitoring station 13MNO077, but only one at station 13MNQ79. There are a number
of impaired lakes and small wetlands that do drain into this reach. Lake Washington is one of the
primary waterbody’s, yet is impaired for nutrients. Due to the degraded water quality of lakes, refuge is
limited to tolerant taxa types.

Altered hydrology is the primary stressor contributing to the biological impairment. According to the
DNR’s watershed report, this area is classified as channelization being less prevalent in the watershed
with 24 - 35% identified as channelized. While there are more natural channels found in this
subwatershed compared to most in the greater watershed area, this section of stream is still being
impacted by upstream altered hydrology. Most of the headwaters that drain into this reach are altered
by way of ditching, channelizing, as well as the incorporation of subsurface tile drainage. Paired with the
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dominant land use of agriculture, these alterations of the flow influence the streams hydrology,
geomorphology, and pollutant loading capacity. For this reach, the strong stream riparian supports the
stability of the channel; protecting it from increased velocities from these forms of drainage practices.
Over time, this could change if the streams riparian becomes compromised. The primary impact in this
reach from altered hydrology is seen from the pollutant overloading of TP and nitrate, and also TSS
(following intense rain events). With 22 lakes and wetlands within this subwatershed, there is also a
strong lake to stream influence that contribute to water quality. However, it is important to note the
lakes in this area also degraded as they are also being influenced from the surrounding agricultural
practices and contributions of subsurface tile drainage.

Summary Table
Table 19. Identified stressors with suspected sources for reach 693 of Shanaska Creek.
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4.4 Unnamed Creek (07020007-696)

Unnamed Creek (07020007-696) is a small tributary northwest of the Mankato Regional Airport. The
small stream drains from Wita Lake. The reach is warmwater modified use Class 2B. The reach extends
from approximately 243™ St. to 0.4 mi. downstream of 240%™ St. The reach is impaired for lack of
macroinvertebrate assemblage and lack of fish assemblage.

4.4.1 Biological Communities

Station 01IMNO020 was sampled for fish and macroinvertebrates in 2001 and 2013. Both years the fish
community scored a zero FIBI on the Southern Headwaters class IBI. In 2001, the fish community
consisted of green sunfish (4), golden shiner (2), and black bullhead (1). In 2013, the only fish surveyed
was one creek chub. The macroinvertebrate community scored low both years on the Southern Streams
RR class IBI. In 2001, the MIBI was 16.5 and in 2013, it was 16.1. The modified use threshold for this
Class is 24. In 2001, the dominant taxon was worms (Oligochaeta). In 2013, non-biting midges
(Polypedilum) and mayflies (Baetis) were the most abundant in the sample. Many of the metrics were
below the average metric score needed for the IBI to be at the modified use threshold. Those that
scored zero both visits were relative percentage of insect taxa (InsectTxPct), taxa richness of Plecoptera
(Plecoptera), and taxa richness of Trichoptera (Trichoptera) (Figure 50).
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Figure 50. Macroinvertebrate metrics of the Southern Streams RR class for station 01MN020, Unnamed Creek.
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4.4.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of biological monitoring DO data was recorded at 6.6 mg/L (July 10, 2001), 7.71 mg/L
(August 8, 2013), and 12.78 mg/L on July 13, 2013. Station 01MNO020 had six instantaneous samples
taken in 2015 with DO concentrations ranging from 4.76 mg/L — 10.95 mg/L. The average from this
sample set of 6.64 mg/I reflects most of the samples collected fell close to the threshold of 5 mg/L. In
2015, a sonde was deployed at station 01IMNO020 from July 30 to August 10 (Figure 51). The DO ranged
from 0.02 to 8.13 mg/L. DO flux was generally low with an average of 2.24 mg/L (Figure 52). The only
days above 4.5 mg/L DO flux were the days that transitioned to that very low DO period. At the time of
limited DO, it is likely there was not any flow within this reach, until it spiked on August 7, where there
was a rain event that gave this reach flow.
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Figure 51. Diurnal dissolved oxygen for station 01MN020, July 30 — August 10, 2015.
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Figure 52. Dissolved oxygen flux at station 01MNO020, July 31- August 9, 2015.
9 -
08 L 4
@
E71
x *
36
g5 -
Q0
<4 -
o
g3
52 - ¢
2 * * *
(] 1 7] ’ ’
O 1 1 1 1 ’ ’ 1 1 1 1 1
) \?) 5 N ") 5 ) \e) \2) ") )
3 % 4 oY Jy Y * oY &y * oY 5
P N,\’]'Q '\,\r& 'b\q’g o ca\q’g UG O oJ\q'Q &
RQHNIA S P ALGPA R \ P I ST AN I A G

¢ DO flux for station 01IMNQ20 == River eutrophication standard (4.5 mg/L)

The macroinvertebrate community in Unnamed Creek was suggestive of possible low DO stress both in
2001 and in 2013. Both visits had lower than average DO intolerant taxa and elevated presence of low
DO tolerant taxa (Table 20). In both years the low DO index score was below the threshold of 6.97, the
state average score for modified southern streams.
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Table 20. Macroinvertebrate metrics that respond to low DO stress in Unnamed Creek compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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The fish metrics within this reach are not very telling, as there was a low sample size of fish and they
were all generally tolerant species. There was a lack of sensitive species and specifically tolerant to low
DO species. There was also an absence of mature fish over the age of three sampled (.MA>3Pct) as
shown in Table 21.

Table 21. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

2 - ©

© i & 3 5

— S o o = =

g n = = c c

% +— x b= = © ©

= o 3 2 2 9 K

= ™ 'S c @ [ o [S)

@ A g £ n n - —

S <§f 3 o o o o) o)

Station (Year sampled) n = e e a e e
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Low DO is considered a biological stressor. Chemistry data displays recurrent low DO within this reach.
Likely correlated to upstream and potential instream eutrophic conditions, as well as low flow
conditions during late summer months. Biological metrics indicate that low DO is likely limiting the
macroinvertebrate community. As the fish sample was limited to a few general tolerant species,
parameter metrics will not be helpful in clearly identifying if it is a limiting factor.

Eutrophication

During biological monitoring three total phosphorus (TP), samples were collected. Station 01MNO020 had
a TP concentration of .186 mg/L on July 10, 2001, at .19 mg/L on August 8, 2013, and .038 mg/L on June
13, 2013. Nine additional water chemistry samples were taken in 2015 and 2016. TP concentrations
ranged from .03 mg/L - .278 mg/L giving an average of .121 mg/L. Three of the nine additional samples
exceeded the river eutrophication TP standard for the South Region of 0.15 mg/L.
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There were also two chlorophyll-a (chl-a) samples collected within this reach. On September 2, 2015
chl-a at station S008-557 was 16.4 pg/L and on August 10, 2015 a chl-a sample of 2.18 pg/L was
collected. This suggests suspended algae is not in excess within this reach at the times sampled.
However, the volatile suspended solids (VSS) to total suspended solids (TSS) ratio does indicate that
organic matter accounts for nearly 40% of what is found in TSS samples. This could be from high inputs
of suspended algae from upstream sources.

Wita Lake feeds into this location and listed as Hypereutrophic. Wita Lake was assessed on the shallow
lake standard using data from 2013 and 2014; all three-lake eutrophication parameters severely exceed
standards across both years revealing a persistent pattern of high TP concentrations and frequent heavy
algae blooms, which will result in a new aquatic recreation use impairment listing. For more information
on Wita Lake assessment, see the 2016 Minnesota River — Mankato Watershed Monitoring and
Assessment Report.

The macroinvertebrates are suggestive of possible elevated eutrophication stress. There were fewer
collector-filterer and collector-gatherer taxa, with a high percentage of tolerant taxa in the samples
(Table 22).

Table 22. Macroinvertebrate metrics that respond to eutrophication stress in Unnamed Creek compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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The fish community could be interpreted as being limited to eutrophic stress, particularly noted in the
absents of darters (DarterPct) and simple lithophilic spawners SlLithopPct). There were very few fish
present and what was found was tolerant. As mentioned in previous sections, the low fish sample was
made up of generally tolerant fish. (Table 23).
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Table 23. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive as a biological stressor. The chemical data available does show eutrophic
signals, such as frequent high numbers of phosphorus and low DO. However, 24 hour DO fluxuation and
consistent high concentrations of chl-a are lacking to determine chronic eutrophic conditions.
Furthermore, it is likely that the biology is being impacted from the eutrophic Wita Lake, and mitigation
efforts should be focused there to decrease impacts to this downstream community. Additional
monitoring is needed to rule out or confirm if eutrophic growth is occurring within this reach.

Nitrate

During biological sampling, the nitrate concentration at 01IMN020 was .54 mg/L on July 11, 2001, 10
mg/L on June 13, 2013, and 2.1 mg/L on August 8, 2013. There were nine additional water quality
samples taken in 2015 and 2016 from April through September. The nitrate concentrations ranged from
7.7 mg/L— 25 mg/L. The average concentration was 13.28 mg/L.

The macroinvertebrate nitrate metrics vary between the two sampling years (Table 24). In 2001 the
nitrate index score fell far below the modified use southern streams average of 3.0, while in 2013 the
score was 3.9; The higher the nitrate index score the more suggestive the nitrate impairment is for the
macroinvertebrate community. 2001 did not display a dominance of tolerant species and had one
intolerant taxa present. Whereas the 2013 sample was, dominate of nitrogen tolerant species and
completely lacking in any intolerant taxa. These metrics also display a clear correlation with the
chemistry taken at the time of biological sampling as the 2001-nitrate sample was at .54 mg/L and 2013
was significantly higher at 10 mg/L. Both years had a lack of caddisflies (TrichopteraCh) particularly
noted in specific nitrate sensitive non-hydropsychidae Trichoptera, these are sensitive caddisflies that
do not spin nets (TrichwoHydroPct).
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Table 24. Macroinvertebrate metrics that respond to nitrate stress in the unnamed creek compared to the
statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric value
indicative of stress.
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Fish communities often do not show strong response to increased nitrate concentrations, therefore,
there is not a metric table to measure the fish community’s response to nitrate in this report.

Nitrate is considered a biological stressor. While there are two separate monitoring years reflecting
different community impacts of nitrate, the overall chemistry data does show frequent nitrate
overloading. The 2001 sampling was not suggestive of this being a primary stressor; yet 2013 biological
monitoring did show a direct response.

Total Suspended Solids

Three total suspended solids (TSS) concentrations were collected at the time of biological monitoring.
The TSS concentration at 01IMNO020 was 22 mg/L on July 10, 2001, 11 mg/L on June 13, 2013, and 9.6
mg/L on August 8, 2013. Ten additional water chemistry samples were collected in 2015 and 2016 from
April through September; these concentrations ranged from 2.8 mg/L — 99 mg/L, with an average of
31.54 mg/L. Only one of the ten samples collected exceeded the standard of 65 mg/L. The TSS sample of
99 mg/L was correlated to a nearly 2-inch rain event.

The macroinvertebrate metric scores were not strongly reflective of TSS driven community
displacement, rather it is reflecting a generally tolerant community (Table 25). Both years the TSS index
score was below the threshold of 15.89, scoring only 7.21 in 2001, and 14.66 in 2013; as this score
increases, so does the tolerance of TSS noted in the community. Both years had a poor collector filtering
community, and there was an absents of pollutant sensitive stonefly’s (PlecopteraPct). These groups
could be limited from another stressor such as nitrate within this reach. There was a lack of both TSS
tolerant and intolerant species, which indicates another stressor is limiting the community.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

71



Table 25. Macroinvertebrate metrics that respond to high TSS stress in Unnamed Creek compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Due to the small fish sample size and lack of diversity of taxa collected at this site, metrics are not going
to be useful in identifying specific stressors at this site. These measurements are still available to review
in Table 26 and Table 27.

Table 26. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Table 27. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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TSS is not considered to be a stressor. There was one moderately high TSS reading that was measured
after a significant rain event. Considering the rain intensity that correlates to the high TSS reading, it
would appear this is not an unusual amount; even in the most stable of systems there would be a similar
response. Within the biological metrics, there was little indication to show the TSS was limiting the
macroinvertebrates. Due to the limited diversity and sample size in the fish sample metrics are not a
reliable indicator for TSS stress limiting the fish community.

Habitat

Station 01IMNO020 had poor habitat each of the three visits that the MSHA was conducted, 39.2 on July
2001, 36.75 in June 2013, and 42 in August of 2013 (Figure 53). The riparian width was narrow to very
narrow during the visits (Figure 54). Generally, there was little to no bank erosion, except in 2001, the
right bank had severe erosion. The shade was moderate to substantial. Run features dominated the
reach. There was the presence of riffle features in 2001, but none in 2013. Similarly, in 2001, there was
greater than four substrate types available, which was not the case in 2013. Throughout there was
moderate embeddedness, with moderate to sparse cover available. Channel stability as low with poor
sinuosity in 2001. By 2013, there was moderate-high stability although similar characteristics to the
2001 visit for the other metrics of channel morphology.

Figure 53. Percentage of MSHA subcategory scores for station 01MNO020, Unnamed Creek.
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Figure 54. Station 01MNO020, May 19, 2015.

In Figure 55, the macroinvertebrate community found within this reach exhibited clear habitat
displacement in 2001; in this year, burrowers dominated the sample. High percentage of burrowers
indicate a homogenous streambed that is embedded. This also coincides with MSHA findings for habitat
in 2001. In 2013, the population was slightly more distributed between the habitat group types, yet still
indicated some community imbalance, as there were slightly more burrower types in the place of
clingers. In both years, the macroinvertebrate habitat types indicate a streambed issue.
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Figure 55. Macroinvertebrate metrics that respond to habitat for station 01MN020, Unnamed Creek compared
to the range of values for Southern Streams RR visits meeting the general use biocriteria.
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Habitat is considered a stressor. The MSHA scored poor with physical habitat within and around the
stream being altered and limited to support species diversity. The macroinvertebrate groups are also
suggestive of habitat displacement within the streambed with a high percentage of burrows, who prefer
soft sediments, and a lack of clinger species likely reduced due to the lack of riffles.

Longitudinal Connectivity and Altered Hydrology

From this site, to the confluence into the Minnesota River, there are at least two perched culverts that
are influencing longitudinal connectivity and migration for fish. There was also an observed absence of
migration species, whereas they had been present at the downstream station of 03MNO072 (Table 28).

Table 28. Migration Metrics downstream to the upstream station of 01MN020. MgrTxPct is the abundance of
migratory taxa within the fish sample; MgrPct is the abundance of migratory species within the fish sample.

Station (Year Sampled) MgrTxPct | MgrPct
03MNO072 (2003) 125 | 1.3
03MNO072 (2013) 15.38 | 25.23
01MNO020 (2003) 0|0
01MNO020 (2013) 0|0

Longitudinal connectivity is limiting the fish population within this reach from the perched culverts.
Removing these downstream barriers by culvert replacement would increase the fish population at the
upstream location.
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Altered hydrology is also prevalent here and is considered one of the primary stressor to the biology. A
large majority of this reach has been modified through channelization with over half of this AUID being
ditched. Primary land use around the reach is agricultural row crops. Part of the agricultural practice
within this area is the addition of subsurface tile drainage. These two land to stream changes, impact
both the morphology of the stream, as well as pollutant loading, and stream velocity. For further
information on how these practices influence water quality, stream stability, and habitat reference
Chapter 3.1.8 of this report.

Summary Table

Table 29. Identified stressors with suspected sources for reach 696 of Unnamed Creek.
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4.5 Unnamed Creek (07020007-550)

Unnamed Creek (07020007-550) is a small tributary north of Mankato and downstream of Unnamed
Creek (07020007-696). The reach is warmwater general use Class 2B. The reach extends from Unnamed
Creek to Unnamed ditch, upstream and downstream of Hwy 21. The reach is impaired for lack of
macroinvertebrate assemblage and lack of fish assemblage.

4.5.1 Biological Communities

Station 03MNO072 was surveyed for fish and macroinvertebrates in 2003 and 2013 (Figure 56 and Figure 57).
In 2003, the fish community scored 31.4 on the Southern Headwaters IBI, below the threshold of 55, with
green sunfish and fathead minnows being the most abundant is survey. In 2013, the FIBI score was 41.4. In
2013, blacknose dace and central stonerollers were the most abundant in the survey.

In 2003 and 2013, the macroinvertebrate community scored 23.3 and 19.6 on the Southern Streams RR
IBl. Both scores were below the general use threshold of 37. In 2003, non-biting midges
(Rheotanytarsus) and mayflies (Baetis) were the most abundant. In 2013, the most abundant taxon was

snails (Physa).
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Figure 56. Fish metrics of the Southern Headwaters IBI for station 03MN072, Unnamed Creek.
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Figure 57. Macroinvertebrate metrics of the Southern Streams RR class for station 03MNO072, Unnamed Creek
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4.5.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of biological monitoring three-dissolved oxygen (DO), samples were taken at 03MNOQ72. On
July 21, 2003 DO was recorded at 8.5 mg/L, on July 18, 2013 the DO was at 7.99mg/L, and on August 6,
2013 it was at 7.56 mg/L. Station S008-558 had five additional DO samples with concentrations ranging
from 8.65 mg/L—10.85 mg/L in 2015. All values fell above the DO standard of 5 mg/L.

The macroinvertebrate community does show some indication that low DO could be stressing the
community (Table 30). The abundance of taxa sampled was below the southern stream average.
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Sensitive Ephemeroptera, Plecoptera & Trichoptera taxa (EPTCh) were greatly below average in both

years. The HBI_MN (A measure of pollution based on tolerance values assigned to each individual taxon)
was elevated for both sample years. The Low DO index score was slightly above the threshold in 2003

and shortly below in 2013. There was a lack of intolerant macroinvertebrates collected, as well as
percentage that made up the sample size. However, there was not an overabundance of specifically low
DO tolerant species either, as this score fell below the average for what is expected in a southern stream
in Minnesota. This indicates that there could be something else stressing this community. Without
additional chemistry data, it is unclear if it is another parameter limiting macroinvertebrate community,
or a combination of additional stressors to low DO.

Table 30. Macroinvertebrate metrics that respond to low DO stress in Unnamed Creek compared to the
03statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of

stress.
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Both fish samples reflected an overall tolerant fish community, noted in the Table 31 below. In both
years, there was not any sensitive fish species found. There was also a lack mature female fish species
(MA>3Pct); indicating an environmental limitation to the lifecycle of the fish community. In both years,
the population was dominated by general tolerant fish species (TolPct). Looking at specific low DO
tolerance within the community displays a complete absence of sensitive species in the population.
However, species that are specifically tolerant to low DO conditions were not overly abundant.
Table 31. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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03MNO072 (2003) 0 1.30 100 6.41 0 0 5 9
03MNOQ072 (2013) 0 13.51 86.49 7.03 0 0 4
Southern Streams Average 16.9 24.6 44.9 7.2 1.7 6.1 4.7 18.5
Expected response to stress NE NE ™ N J ™ ™

Low DO is inclusive as a stressor. There was limited chemistry samples collected, although what was
there did not display low DO values. 24 hour DO fluxuation (DO Flux) is unknown, as most of the samples
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occurred well into the afternoon when photosynthetic activity would be at its highest. This reach also
has a fair amount of riffles and turbulent areas, which in the right flow conditions could offset low DO
caused by plant respiration. Again, due to low sample numbers it is not clear what the overall DO
dynamics of this stream are. In the future additional DO testing is recommended.

In both the macroinvertebrate and fish metrics, the population was made up of a generally tolerant
community. In both communities, specific low DO tolerant species were present, however, were not
overabundant. Based on the community composition it would not appear that low DO is the primary
stressor to the community. Although it could be playing a role in conjunction with additional stressors.

Eutrophication

During biological monitoring two total phosphorus (TP), samples were collected. Station 03MNO072 had a
TP concentration of 0.11 mg/L on July 21, 2003 and 0.156 mg/L on July 18, 2013. Seven additional water
chemistry samples were taken in 2015 and 2016. TP concentrations ranged from

0.086 mg/L - 0.612 mg/L (average of 0.22 mg/L). Seventy-eight percent of the total TP samples exceeded
the river eutrophication TP standard for the Central Region of 0.1 mg/L. Phosphorus reached peak levels
in mid-summer months. On September 2, 2015 chl-a at station SO08-558 was 9.94 pg/L, and did not
exceed the standard of 18 pg/L. While there is a lack of chemistry data, there were numerous site visits
that noted abundant algal growth within the stream in forms of suspended and filamentous algal, seen
in Figure 58.

Figure 58. April 27, 2015 algal bloom in Unnamed Creek (0702007-550)

CHEL T e 1

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

79



The macroinvertebrate community did display consistent signals of eutrophic stress (Table 32). The
community primarily was made up of tolerant taxa and completely lacking in intolerant species. As algal
blooms settle to the bottom of the riverbed, it often times will impact macroinvertebrate habitat. This
could explain the low number of “collector” macroinvertebrate groups observed in both sampling years.

Table 32. Macroinvertebrate metrics that respond to eutrophication stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Collector-gathererCh

TaxaCountAllChir
EPT

Station (Year sampled)
03MNO072 (2003) 3
03MNO072 (2013) 20

Southern Streams Average 45.8

Intolerant2Ch
o
& | Tolerant2ChTxPct

00

(Y
voe
w o
° e

00
(0}

15.9 12.2 0.8 72.6
v N N T

< 3 | |o | collector-filtererch

Expected response to stress N2

The fish community also displayed consistent signals of eutrophic stress response (Table 33). Nearly the
entire population was considered tolerant, with a complete lack of sensitive (SensitivePct) or intolerant
species (Intolerant Pct) noted in both years. There were hardly any species present that are lithophilic
spawners (SlithopPct) in 2003. A slight increase was observed in 2013, yet still fell short of the average
for southern headwater streams. There was also an absence of darters (DarterPct) in both samples. As
darters depend on decent water transparency, this metric is particularly telling of potential eutrophic
conditions stressing the fish community.

Table 33. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive. While the biometrics in both macroinvertebrates and fish suggest
eutrophic stress, the secondary responses are lacking. Therefore, eutrophication cannot be identified.
There were a number of high phosphorus samples, efforts should be made on reducing this as it is a
limiting nutrient, and therefore carries the potential of creating eutrophic conditions.
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Nitrate

During fish sampling, the nitrate concentration at 03MNOQ072 was high during both samples, recorded at
12 mg/L on July 21, 2003 and at 11 mg/L on June 18, 2013. There were seven additional water quality
samples taken in 2015 and 2016 from April through September. The nitrate concentration ranged from
6.1 mg/L — 24 mg/L. The average concentration was 14.44 mg/L. Six of the seven nitrate samples
exceeded 10 mg/L.

Fish often do not show strong metric signals for nitrate, therefore only the macroinvertebrate nitrate
metrics were reviewed for this assessment. The macroinvertebrates in this reach display a response to
elevated nitrate concentrations (Table 34). The nitrate index score ranged from 3.1 to 4.7, while the
average for Southern Streams meeting impairment threshold is 2.9. The index score, in addition to the
percentage of nitrate tolerant individuals indicates a community dominated by nitrate tolerant taxa,
particularly in the 2003 sample. Increasing nitrate concentrations also correlate with a decrease in non-
hydropsychid Trichoptera individual percentages in warmwater streams (sensitive caddisflies that do not
spin nets; TrichwoHydroPct) and decreased intolerant taxa, both which are lacking in this reach.

Table 34. Macroinvertebrate metrics that respond to nitrate stress in the unnamed creek compared to the

statewide average of visits meeting the warmwater general use biocriteria. Bold indicates metric value
indicative of stress.

Nitrate Index Score
Nitrate Tolerant Taxa
Nitrate Tolerant Pct

Station (Year Sampled)
03MNO72 (2003)
03MNO072 (2013)

Southern Streams Average

w
[y
N
N
(2]
o
H

© |© Nitrate Intolerant Taxa

N W TrichopteraCh

»
N
©

93.3
18.8 47.2
T

N
©
N
N

(€]
<ol e TrichwoHydroPct

< |3
%.

Expected response to stress

Nitrate is a biological stressor within this reach. There was a consistent response seen in both the
chemistry analysis as well as the macroinvertebrate metrics.

Total Suspended Solids

Two total suspended solids (TSS) concentrations were collected at the time of biological monitoring. The
TSS concentration at 03MNO72 was 2.8 mg/L on July 21, 2003 and 30 mg/L on June 18, 2013. Six
additional water chemistry samples were collected in 2015 and 2016 from May through September.
Data from these collections ranged from 6.8 mg/L — 150 mg/L, with an average of 70.13 mg/L. Outlier
data of 710 mg/L (July 6, 2015) was excluded from the average calculation, but important to factor in for
the streams TSS potential, particular after a large rain event (as this was the main driving force that
flushed the TSS through the system. Four of the six samples collected exceeded the south standard of
65 mg/L. In addition to the analysis of TSS concentrations, transparency tube readings were evaluated.
As seen in Table 35, there are multiple instances of increased turbidity (decreased transparency)
throughout the year.
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Table 35. Transparency tube readings recorded in cm, taken throughout 2015.

Date Parameter Depth(cm)
5/19/2015 Transparency, tube with disk 73
6/11/2015 Transparency, tube with disk 66
6/23/2015 Transparency, tube with disk 12

7/6/2015 Transparency, tube with disk
9/2/2015 Transparency, tube with disk

The macroinvertebrate within this community displayed a mixed response on TSS metric scores (Table 36);
with the major differences being see in the different sampling years. In 2003, Rheotanytarsus dominated
the sample, a non-biting midge that depends on filter feeding. In systems that are turbid from sediment,
all filter feeders will be negatively impacted. However, in systems where there is an overabundance of
suspended organic material, the more tolerant collector filter groups can greatly increase. This is likely
what drives up the score for the 2003 sample. In both years, there was an absence of sensitive or
intolerant species. In 2013 there was a consistent response in the measurements that did indicate TSS
community stress, with the only parameter not being tripped being an abundance of TSS tolerant taxa. In
the year 2013 Species that depend on clear water quality habitat for filtering, were in great decline, where
TSS intolerant taxa were completely absent from the community. The TSS index score was 17.76; this is
above the southern streams average for the state of 15.63.

Table 36. Macroinvertebrate metrics that respond to high TSS stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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As with the macroinvertebrate metrics, the fish metrics vary from year to year (Table 37 and Table 38),
leading to mixed results. What is interesting to note is that TSS stress is more prominent is 2003 versus
2013, the opposite findings seen in the macroinvertebrate metrics. Abundance of exclusive benthic
feeders (BenFdFrimPct) was low in both years. Centrarchidae (Centr-TolPct), rated as being a TSS
intolerant species, was only lacking in their dominance in 2003. Herbivores (HrboNWQPct) were not as
abundant in 2003 falling well below the threshold of what is expected. However, in 2013 they were
above the expected average. There was found to not be any sensitive species in both the years sampled.
While 2003 did not find any long-lived species, 2013 found well over the average expected amount for
long lived species. Perciforms (Percfm-TolPct) were not found in the 2003 sample; when resampled in
2013 they fell slightly below the threshold, but were present. The same increasing trend from 2003 to
2013 can be seen in the abundance of species that depend on clean riverbed substrate, noted in riffle-
dwelling species and simple lithophilic spawners. Both groups were present but fell far below the
expected averages for a southern headwater stream. The TSS index score was elevated in both years,
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indicating a strong measure of a TSS tolerant community. There was also a complete lack of specific TSS
intolerant species in both years. However, there was only a slight indication of TSS tolerant domination
of the community noted in 2013; as TSS tolerant were complexly lacking from the 2003 sample.

Table 37. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 38. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive as a biological stressor to the biological community within this reach. The data
available for TSS did indicate high TSS overloading potential. However, both the fish and
macroinvertebrate community displayed too much variation in metrics between the years to determine
if TSS is a limiting factor.

Habitat

In 2003, the habitat score was good with a 70 on the MSHA (Figure 59). Similarly, in 2013, the MSHA
score was 75.5. The riparian width was extensive with heavy shade and little to moderate bank erosion.
In 2003, riffle features comprised 40% of the reach with gravel and cobble predominantly. There was
also 40% pool and 20% run, with more than four substrate types available. In 2013, riffle features
dominated the reach at 60%, with 15% pool and 25% run. Gravel and cobble were the predominate
substrate in all of the features; can be seen in Figure 60 and Figure 61. There was light embeddedness
noted both years. Although there were many types of cover available, there was a moderate cover
amount in 2003 and sparse in 2013. In 2003, there was moderate channel stability, with fair sinuosity
and good depth variability. In 2013, the channel morphology score was a bit better with moderately high
channel stability and good sinuosity.
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Figure 59. Percentage of MSHA subcategory scores for station 03MNO072, Unnamed Creek
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Figure 61. Station 03MNO072, July 18, 2013
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The graph below (Figure 62) shows the abundance of each habitat group within the macroinvertebrate
sample, in comparison to the state average for southern headwater streams that was found to support
the biological community. The 2003 sample found all the habitat groups meeting the expected
thresholds for community make up. At first glance, the 2013 sample does looked displaced. However,
this is due to the high amount of Rheotanytarsus (non-biting midge) that drove up the climber groups,
thus creating a decreased shift of abundance seen in the other groups.
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Figure 62. Macroinvertebrate metrics that respond to habitat for station 03MNO072, Unnamed Creek compared
to the range of values for Southern Streams RR visits meeting the general use biocriteria.
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Table 39 and Table 40 was previously described within the TSS analyses section above. TSS plays a strong
role in degrading fish habitat and often can be seen within the metrics. Exclusive benthic feeders were
low in both years. Herbivores varied between years as they were not abundant in 2003, yet in 2013,
they were above the expected average. The same increasing trend from 2003 to 2013 is seen in riffle-
dwelling species and simple lithophilic spawners. While these four different groups were present, all but
herbivores (2013) fell far below the expected averages for a southern headwater stream. These fish
species depend on clean riverbed substrate for both their lifecycle and feeding needs.

Table 39. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 40. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Habitat is inconclusive as being considered a stressor to the biological communities within this reach.
While the fish habitat groups are limited, it is difficult to say if it is from habitat displacement to the
community, as the MSHA scores do not indicate this. There could be another external stressor limiting
species richness and diversity, or another pollutant stressor that is limiting the community composition.
Furthermore, there was not any indication of habitat displacing one type from another within the
macroinvertebrate sample.

Longitudinal Connectivity and altered hydrology

Longitudinal connectivity is inconclusive for this reach. Downstream from the location of the biological
monitoring station the reach has been altered. Sometime before the early 1990,’s the stream was
redirected and straightened to go around a quarry site. The reach was rechanneled to run directly south
and into a wetland area. It is unclear if these changes have been had an impact to migration abilities for
this fish community. Without a biological monitoring site downstream of this site, there is, no way to
compare is this could be a contributing factor into the lack of fish diversity. As noted in the longitudinal
connectivity section for the branch of Unnamed Creek (07020007-696), there are migratory fish species
present within this section so they are not completely hindered by downstream alterations.

Further stream alterations have been made upstream, as the headwaters into this reach have been
modified for agricultural drainage practices. These alterations are primarily seen in ditching the stream
channel, along with the introduction of subsurface drainage. The practice of these two practices greatly
impact and change the streams geomorphology, pollutant loading capacity, and stream velocity. For
further information on how these practices directly contribute to other biological stressors, reference
the altered hydrology section above that is found in Chapter 3.1.8 of this report. Altered hydrology is
thought to be the primary stressor for this reach.
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Summary Table

Table 41. Identified stressors with suspected sources for reach 550 of Unnamed Creek.

550 Unnamed Creek

Key
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Stressors

Altered
Temperature | Dissolved Oxygen | Eutrophication Nitrate Suspended Solids Habitat Connectivity Hydrology

3 -

z M 5

v - $ z v =
2 g o 2 = = ¢ 3 : 3
3 ¥ g . 2 & $2¢ g 3
= 2 “w = - ™ [ & S Q < - = 2 —
= c ] - = T s = $ 3 9 = = g 2 ¥ = 3 2 &
@ § T B B 5 =t 2 ¢ € B = S 2 $ v 8 s S ¥ 8§ §
> = > v R = g = g & § £ R - = 2 cE 32 O = g &« J
] 0 = P 3 o £ T 2 £ 21z 2 ¢ = ) & S - 2 2 «f s $ ©
- 4 - » = ol = B S ;WD & <] i< = - &= % 5 = = - ® 2 b & pal v
> 2 ¥l & 2 8 $|C ¢ 8 =~ S| ¥ 8 =2 ¢ 28 € & 9O = 2 3 = 2 35 — )z 3 ®#
Z ¢ sl 2 5 s|s £ 2 5s)ls5 2 3|13 8 5 ¢ = 2= & ¢ & 8 2 312 3 =
T - R 2 = & ¥|E T oL ¥le & 5 J)2 I B 2 3 ¢SE 9 D oclz =258 -] $ 2
¢ < ul e © 8 elas = 3 & glé& =5 Sl S U ¢ 2l s & 1 ©& v ¢ ¢ ¥ &
s 3 5|5 2 ¢ Z|z £ %3 3|eF E |2 B2 Blg: 83 ER s ozl 3 o
2 S 20z 8 % S|2 8 83 3 S|lg 2 8 23 & 5= 5 clB 5 & sl 3 2z X & E

B 7 Tl el T Il Tl TTT I T Telel TTTIe]

(o}
.

Mankato (South) Subwatershed Conclusion

Five stream reaches were found to be impaired for biology in the south section of the Mankato
Subwatershed. This includes Cherry Creek (-531) a reach near the headwaters and was assessed as
modified use, impaired for fish assemblage. The other section of Cherry Creek (-543) was assessed as
general use and impaired for macroinvertebrate assemblage. Note that fish were not assessed at this
location due to drought. Shanaska Creek (-693), assessed as general use, was found to be impaired for
both invertebrates and fish. There are two unnamed tributaries that flow to the Minnesota River. The
upstream reach (-696) was assessed as a modified stream and reach (-550) as general use. Both of the
Unnamed Creek reaches were impaired for macroinvertebrate and fish. All streams there were assessed
as warmwater streams.

Altered hydrology is the primary stressor in these streams as it is directly contributing to the other
stressors. Altered hydrology is occurring two ways within this subwatershed. The first is through
subsurface tile drainage and the second is stream channel alteration by ditching and channelizing.
Alterations in this region are from agricultural practices in attempt to expedite water off the land to
optimize growing conditions. Both of these practices result in altered hydrology. As a result, the streams
are taking on volumes of water greater than what they are naturally designed to carry. This results in
accelerated flow velocity and significantly changes the morphology of the stream at the receiving
location as well as downstream areas. Stream banks erode and streambeds are scoured out or filled in
with sediment. Habitat degradation within this watershed directly ties back to altered hydrology. As
displayed in the above table, reaches that have been ditched result in poor habitat quality and a lack of
habitat diversity from being ditched. Two streams were found to have strong habitat features; these
differ from the upland streams as they have a large riparian area and limited altered land use due to
their steep gradient. However, the two streams that are supporting for habitat are still impacted by poor
water chemistry from upland altered hydrology.

The Mankato Subwatershed has a pronounced lake to stream relationship that is influencing the biologic
communities and water chemistry of the streams. A majority of these streams did show a negative
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biological response to eutrophic conditions. Stream reaches marked as inconclusive are due to lack of
secondary data (chlorophyll-a, BOD, DO fluctuation). These parameters indicate over production of
algae growth was occurring in these stream reaches. Suspended algae in hyper eutrophic lakes (Scotch
Lake, Lake Wita, Huoy Lake) is likely impacting the biology in these stream reaches they feed into.
Reaches found on the flat, upland agricultural dominant area of this subwatershed are subject to
becoming eutrophic. These areas typically are high in phosphorus loading, lack riparian cover that limits
sunlight, and have slow stream velocities; these yield prime conditions for autotrophic activity. All but
one stream had clear signals and chemistry data to confirm eutrophication was limiting biology.
Suspended algae is the prominent indicator that eutrophication is occurring, and the main source of
suspended solids within some of these reaches.

Eutrophication is closely associated with low dissolved oxygen (DO) within the watershed. Stream
reaches where low DO is limiting biology are found in the upland reaches; here they are the most
influenced by plant (algae) respiration from stream and eutrophic lake contributions. Low DO was not a
stressor in two streams. Stable DO levels within these streams were likely due to increased water
turbulence from the steep gradient of the stream.

Nitrates is another parameter that shares a lake to stream interaction. At certain times of the year,
some reaches were found to have lower than expected nitrate concentrations. These lower nitrate
levels were likely occurring when natural denitrifying rates within the lakes were at their highest.
However, this is not occurring at a rate that completely mitigates the overloading of nitrates from
upland sources. The largest contributor of nitrate is from tile lines and agricultural drainage.

There are several fish barriers in this area inhibiting migration within this subwatershed. There are at
least two perched culverts from the mainstem of the Minnesota River to Lake Wita that are hindering
migration abilities for fish species. All biological stations on Cherry Creek are influenced by a dam
downstream of County Road 23 and at 321 Avenue.

One of the largest questions that was left after this investigation is if Cherry Creek is a losing reach,
based on the observed differences of base flow from upstream to downstream.

Minneopa Creek-MNR Mankato South

This section encompasses biotic impaired reaches in the Minneopa Creek 10 digit HUC (0702000709).
There are five reaches impaired for biology in this 10 digit HUC. Four of the reaches are upstream of
Lake Crystal and one is downstream. All four upstream reaches (Judicial Ditch 48 (593), Minneopa Creek
(531), County Ditch 27 (535), and County Ditch 56 (557) are all impaired for lack of fish assemblage. The
downstream most reach of Minneopa Creek (534) is impaired for fish and macroinvertebrates.

Channelization is extensive in the watershed, accounting for 66% of the streams. Natural stream
channels account for only 20% of the streams, and primarily consists of Minneopa Creek from Lake
Crystal downstream to the confluence. The highest (~52 feet) natural waterfall in the Minnesota River —
Mankato Watershed occurs where Minneopa Creek is undercutting a layer of Jordan Sandstone in
Minneopa State Park (DNR 2015).
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Figure 63. Map of the Minneopa Creek Watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates
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4.6 Judicial Ditch 48 (07020007-593)

Judicial Ditch 48 (07020007-593) is a small tributary west of Lake Crystal, Minnesota. The reach is
warmwater modified use Class 2B and extends from unnamed ditch to Minneopa Creek. The reach is
impaired for lack of fish assemblage.

4.6.1 Biological Communities

Station 13MNO059 was sampled in 2013 for fish and macroinvertebrates. The macroinvertebrate
community scored (34.5) above the modified use threshold (22) for the Prairie Streams GP class. The fish
community scored (27.5) below the modified use threshold (33) for the Southern Headwaters class. The
fish present were common carp, fathead minnows, and black bullheads. Four of the six FIBI metrics
scored zero (Figure 64).
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Figure 64. Fish metrics of the Southern Headwaters class for 13MNO059, JD 48
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4.6.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen
At the time of biological monitoring DO was 10.2 mg/L. Only two additional samples were collected with

concentrations of 9.33 mg/L on June 12, 2015 and 10.48 mg/L on September 1, 2015. All of these DO

samples were collected in mid to later day periods, when dissolved oxygen will be at its highest.

Table 42 displays results of a 2015 longitudinal DO survey conducted within the Minneopa Creek

Subwatershed. Highlighted in yellow displays the 24-hour DO fluxuation potential. In Eutrophic

conditions, algal respiration (occurs when photosynthetic production stops) will deplete DO levels.
Within this reach early morning DO was far below 5 mg/L with a reading of .92 mg/L; The inverse is
during times of peak photosynthesis from overabundant algal growth, DO will rise well above the

threshold of 5 mg/L, this accounts for the higher DO levels found in the afternoon within this DO survey
for the subwatershed.

Table 42. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO. Station

13MNO59 for JD 48 is highlighted on yellow.

Sonde deployments PM pt measures AM pt measures
Station Waterbody name Date | Time | Temp [DOmg/L| Date | Time | Temp |DOmg/L
13MIN060 Minneopa Creek 8/4/2015 1522 189 438 8/52015 720 1529 143
13MN059  Judicial Ditch 48-MinneopaTrib  8/4/2015 1535  27.95 1086 8/5/2015 7:30 1679 092
13MINO61 Minneopa Creek 8/4/2015 1545 2502 1322 852015 704 1902 069
13MINO62 Minneopa Creek 8/4/2015 1551 2503 1188 8/5/2015 655 1669 157
13MN063  County Ditch 56-Minneopa Trib  8/4/2015 16:00  21.17 14 8/52015 640 1688 043
13MINO64 Minneopa Creek 8/4/2015 1630 2701 1503 852015 632 2013 234
13MN065 Minneopa Creek 8/4/2015 1641 253 1445 §/5/2015 622 1908 571
13MINO66 Minneopa Creek 8/4/2015 1700 2365 1202 &/52015 607 1917 7.5
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With the only taxa sampled being common carp, fathead minnows, and black bullheads, metric
calculations are not going to be telling of what parameter are limiting intolerant fish, as the population

sampled was completely made up of tolerant species (Table 43).

Table 43. Fish metrics that respond to low DO stress in Judicial Ditch 48 compared to the statewide average of
visits meeting the modified use warmwater biocriteria. Bold indicates metric value indicative of stress.
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While the macroinvertebrates were not listed as impaired within this reach, it is worth noting that the
community was reflective of a generally tolerant composition and similar to what would be found in
wetlands, primarily being Physa (snails) and Paratanytarsus and Cricotopus (non-biting midges). These
are low DO tolerant taxa (Table 44). The macroinvertebrate table below displays signs suggestive of low
DO stress; the overall individual taxa abundance fell below average. Taxa richness of the low DO
sensitive Ephemeroptera, Plecoptera and Trichoptera (EPTCh) fell below expected values. Overall

species sensitive to low DO were completely lacking, while tolerant species were abundant.

Table 44. Macroinvertebrate metrics that respond to low DO stress in Judicial Ditch 48 compared to the
statewide average of visits meeting the modified use warmwater biocriteria. Bold indicates metric value

indicative of stress.
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Figure 65 below displays high algae productivity within this reach. This photo was taken at the time of
biological monitoring. Given what this photo shows, it would not be unreasonable to assume that the
trends displayed from the longitudinal survey are representative with the standard conditions of this

reach, and would support the finding of non-aquatic life supporting levels of low DO to high swings of

high levels in peak production.
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Figure 65. Monitoring station 13MNO059, taken on July 11, 2013, displaying high algae and macrophyte growth.

Low DO is a biological stressor in this reach. While there is not a large data set of instantaneous DO
sample grabs, the longitudinal survey was able to validate what the photos and metrics display; being
extremely low daily dips of DO followed by high DO concentrations in the day is led by the high
abundance of algal and macrophyte growth.

Eutrophication

During the fish sample on July 11, 2013, one total phosphorus (TP) sample was collected at station
13MNO059 with a concentration of 0.075 mg/L. Five additional water chemistry samples were taken in
2015 and 2016. TP concentrations ranged from 0.050 mg/L - 0.600 mg/L; giving an average of

0.177 mg/L. One of the five samples exceeded the river eutrophication standard for the South Region of
0.150 mg/L. Given the state of the stream during times of recon and biological monitoring, it is possible
that phosphorus samples could have been low due to TP being bound in vegetation, limiting the
available TP in the water column. There was only one chlorophyll a (chl-a) sample taken on

September 1, 2015 at station S008-533, which was 25.3 pg/L; however, photographic documentation of
this reach does indicate chl-a can much higher.

One of the most telling indications of a eutrophic stream is the daily fluctuation of DO levels in the
stream. As noted above in the DO section write up of this reach, daily variation of DO was found and
identified as being eutrophic driven.

The fish community at station 13MNO59 is consistent with eutrophication stress (Table 45). None of the
fish species are considered sensitive, darters, simple lithophilic spawners, or intolerant. There were only
three taxa, and they are all considered tolerant.
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Table 45. Fish metrics that respond to eutrophication stress in Judicial Ditch 48 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

SensitivePct
DarterPct
SLithopPct
TaxaCount
IntolerantPct

Station (Year sampled)
13MNO059 (2013) 0 0 0 10
Southern Headwaters Average 4.5 8.5 27.9 79.9 10.4 0.8
Expected response to stress 4 + N T 2 N

© TolPct

One of the strongest indicators of a eutrophic stream is seen by the physical appearance. Multiple site
visits noted and/or documented overgrowth of plants and algal, as referenced in Figure 65 in the above
DO section, as well as Figure 66.

Figure 66. Judicial Ditch 48 (07020007-593) displaying abundant autotrophic growth within the stream, taken on
September 1, 2015.

Eutrophication is a stressor within this reach. While grab samples are scarce, the longitudinal DO table
(Table 42) does display a daily DO swing that is indicative of one that would be driven by an over-
productive system. The biological metrics are also constant with communities that are limited by
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eutrophic conditions. The largest piece of evidence to a eutrophic stream is noted in the physical
condition; large colonies of filamentous algae can be noted throughout this stream.

Nitrate

During fish sampling, the nitrate concentration at 03MNO072 was 4.7 mg/L on July 11, 2013. There were
five additional water quality samples taken in 2015 and 2016 from April through September. The nitrate
concentration ranged from .75 mg/L — 23 mg/L, with all but one of the samples falling above 10 mg/L.
The average concentration was 14.55 mg/L.

Fish metrics have not yet been developed to indicate a nitrate stressed community. Macroinvertebrate
communities respond in a much more predictable way when being limited by nitrate concentrations.
The macroinvertebrate community’s composition did display nitrate tolerant displacement (Table 46).
Sensitives Trichoptera species were not in abundance, falling below the threshold, as well as other
nitrate sensitive taxa. Nitrate tolerant species were in abundance. The nitrate index score also fell well
above the state average for modified southern streams of 3.0 as the score ranged from 3.1-4.7.

Table 46. Macroinvertebrate metrics that respond to nitrate stress in Judicial Ditch 48 compared to the
statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric value
indicative of stress.
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Nitrate is inconclusive as a stressor at this time. While there is not a large number of water chemistry
samples for nitrate, what is available was sporadic (random) enough that the consistent high values that
were found are likely telling of the overall nitrate dynamics within this reach. Furthermore, the metrics
in both 2003 and 2013 suggest nitrate is effecting the macroinvertebrate community. However,
macroinvertebrates are not impaired within this reach so can only be used as an indicator if nitrate is
creating a community shift. While it was found that nitrates are shifting the community for
macroinvertebrates to an extent, the community as a whole is not impaired and therefore nitrate is not
limiting them to unsustainable levels.

Total Suspended Solids

One total suspended solids (TSS) sample was collected at the time of biological monitoring on July 11,
2013, with a concentration of 25 mg/L. Six additional water chemistry samples were collected in 2015
and 2016 from May through September. Data from these samples ranged from 1.6 mg/L — 13 mg/L, with
an average of 7.23 mg/L.
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The fish community was limited to only three fish species. As is the case with any limited taxa sample,
metrics will not be a strong indicator alone in determining if TSS is shifting the community to more TSS
tolerant individuals. Table 47 will still be discussed to highlight the fish types that are absent from the
community. Exclusive benthic feeders (BenFdFrimPct), Centrarchidae (Centr-TolPct), Herbivores
(HerbNWQpct), Perciforms (Percfm —TolPct), Riffle Dwelling species, Simple Lithophilic spawners
(SLithFrimPct), intolerant, and sensitive species were completely absent. The average expected amount
for long lived species (LIvdPct) was unusually high in this reach. However, this is due to the
overabundance of common carp in the sample. Table 47 does indicate that TSS is stressing the
community, as the TSS Index score is over double the score of the southern headwaters average paired
with TSS tolerant dominance within the community. Again, these metrics should be taken lightly as
these metric calculations are thrown off due to the three taxa sampled being generally tolerant and
hearty fish.

Table 47. Fish metrics that respond to high TSS stress in Judicial Ditch 48 compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Table 48. Fish metrics that respond to high TSS stress in Judicial Ditch 48 compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive as a stressor. The biological metrics indicate TSS could be displacing the fish
community, it is important to factor in the host of other parameters that could be shifting the
community. Metrics alone are not going to be useful in isolating a single parameter due to the lack of
diversity in the sample size. Chemistry data can only add little clarity to the question if TSSis a
problematic, as there are only seven points of analyses and all of which are low. By doing further
analysis and evaluating volatile suspended solids (VSS), organics such as suspended algae accounted for
half of the TSS sample, in a few cases up to 75% of the sample. Given the above analysis on
eutrophication within this reach, it is likely that the diving force of suspended solids is the result of
overproduction and not sediment.
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Habitat

The MSHA scored poorly at 17.5. The limiting factors (Figure 67) was poor stream features as there were
not any riffles or pools, and silt being the dominate substrate. There was a complete lack of diverse
habitat types, as well as poor riverbed substrate. This limits both refuge and spawning ability’s for the
fish community. The lack of vegetate cover not only degrades refuge ability, it also exposes the stream
to an overabundance of sunlight that is contributing to the eutrophic conditions found within this reach.

Figure 67. Percentage of MSHA subcategory scores for station 13MNO059, Judicial Ditch 48
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Figure 68 shows the reach at the time of biological monitoring. As shown in the photograph, this stream
channel has been modified into an agricultural ditch. Through this modification, the channel was
straightened and the features of the stream became homogenous.
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Figure 68. Station 13MNO059, July 11, 2013

Poor habitat was also reflected in the fish community, as noted above in the TSS section (Table 47)
Absent from the stream were exclusive benthic feeders, Centrarchidae (rated as being an intolerant
species), herbivores, riffle-dwelling species, and simple lithophilic spawners. The average for long-lived
species was greatly exceeded in this reach; however, this is due to the overabundance of common carp
in the sample, who are not specialized spawners.

Habitat is a stressor within this reach as there is a lack of diversity within the stream. The lack of habitat
refuge from cover are also directly contributing to the eutrophic conditions noted in this reach.

Longitudinal Connectivity and Altered Hydrology

On Minneopa Creek, there is a waterfall approximately 1.4 miles upstream of the confluence with the
Minnesota River. The waterfall is a barrier for fish migration, with an approximate 52-foot drop in the
longitudinal profile of the stream. For more information on the barrier, please see the DNR’s Minnesota
River, Mankato Watershed Characterization Report (DNR 2015). All of the biological stations are located
upstream of the waterfall, so there is not a downstream comparison site available to better understand
what fish migrate in the downstream portions of the subwatershed. The waterfall limits migration fish
replenishment to Judicial Ditch 48 in combination of the stressors present with the stream (low DO and
Eutrophic), and impaired refuge areas (lakes and wetlands), that are driving the diversity down.

This reach in particular is limited in the diversity of fish, as noted in Table 49. This station (13MNO059) as
well as 13MNO063 are the furthest monitoring station from wetland and lake refuge areas and also have
the poorest fish diversity.
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Table 49. Fish species present at stations in Minneopa Creek Watershed upstream from downstream.
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2013 | 2013 | 2013 | 2013 | 2013 | 2013 | 2013
black bullhead X X X X
black crappie X
brook stickleback X X X
channel catfish
common carp X X X X X X X
creek chub X X X X
fathead minnow X X X X X X
golden shiner X
green sunfish X X X
johnny darter X X X X
northern pike X X
white sucker X X X X X
yellow bullhead X

While this subwatershed has more upland water storage area than a majority of the others within the
Minnesota, Mankato River Watershed, it is in the form of hypereutrophic lakes and wetlands that have
been negatively impacted by surrounding land use inputs. As the only refuge areas are impaired, fish
utilizing these areas must be tolerant to thrive. For more information on the lake impairments within
the Minneopa Creek Subwatershed, reference the Minnesota River — Mankato Watershed Report.

While the macroinvertebrate community was not impaired, it was indicative of a wetland community,
rather than a prairie stream.

The primary stressor for this reach, as well as the subwatershed as a whole is altered hydrology. This
stream has been modified by ditching and channelization. There is also the introduction of subsurface
tile drainage that contributes to nutrient overloading of the stream (primarily seen in the high amounts
of TP that have led to eutrophic conditions). Subsurface tile drainage also created a lateral disconnection
of soil water to stream recharge. As water is expedited off the land, the stream’s volume will erratically
increase, creating further issues in downstream geomorphology and stability. The inverse to this is seen
during the dry season, where there is a lack of ground recharge to the stream that creates low to
stagnant conditions. For additional information on how these alterations affect the streams stability, as
well as pollutant overloading, reference the above section on Altered Hydrology found in Chapter 3.1.8.
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Summary Table

Table 50. Identified stressors with suspected sources for reach 593 of Judicial Ditch 48.
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4.7 Minneopa Creek (07020007-531)

Minneopa Creek (07020007-531) is a small tributary west of Lake Crystal, Minnesota. The reach is
warmwater modified use Class 2B. The reach extends from the headwaters to Lily Lake. The reach is
impaired for lack of fish assemblage.

4.7.1 Biological Communities

Stations 13MNO060 and 13MNO061 were sampled for fish and macroinvertebrates in 2013. The
macroinvertebrate community scored above the modified use threshold of 22 on the Prairie Streams GP
class IBI. With Scores at station 13MNO060, scored 23.8 and station 13MNO061 scored 29.3. For fish,
station 13MNO060 scored 38.5 on the Southern Headwaters class IBl, above the modified use threshold
of 33. Station 13MNO061 scored 15.9, below the modified use threshold of 35 for Southern Streams class
for fish, reflected in Figure 69 and Figure 70. Common carp dominated both station visits.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

100




Figure 69. Fish metrics of the Southern Headwaters class for station 13MN060, Minneopa Creek
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4.7.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of biological monitoring for station 13MNO061, dissolved oxygen (DO) was low at 5.3 mg/L,
recorded at 8:00am the morning of July 11, 2013. By 10:00am DO had significantly increased to 14.4
mg/L, when taken at station 13MNO060. There were four additional samples collected, which had DO
readings of 1.07 mg/L to 7 mg/L. All but one fell under the standard of 5 mg/L for warmwater.

Table 51 displays results of a 2015 longitudinal DO survey conducted within the Minneopa Creek
Subwatershed. Highlighted in yellow displays the high variability of the daily DO swing at the two
monitoring locations within this reach. At night autotrophic respiration occurs, driving the DO levels
down. This process becomes exacerbated in stream systems where there is abundant algal growth. Early
morning readings recorded critically low levels of DO at 1.43 mg/L and 0.69 mg/L. The inverse of
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abundant autotrophic growth, times active photosynthesis will increase DO levels in a stream. This
accounts for the rise in DO levels found in the afternoon of 4.38 mg/L and 13.22 mg/L respectively.

Table 51. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from night to day.

Sonde deployments PM pt measures AM pt measures
Station |Waterbody name |Date |Time |Temp |D0 mg/L |Date |Time |Temp |D0
13MN060 Minneopa Creek 8/4/2015 15:22 18.9 438  8/5/2015 7:20 15.29 1.43
13MNO59 Judicial Ditch 48-Minneopa Trib ~ 8/4/2015 15:35 27.95 10.86  8/5/2015 7:30 16.79 0.92
13MN061 Minneopa Creek 8/4/2015 15:45 25.02 13.22  8/5/2015 7:04 19.02 0.69
13MN062 Minneopa Creek 8/4/2015 15:51 25.03 11.88  8/5/2015 6:55 16.69 1.57
13MN063 County Ditch 56-Minneopa Trib ~ 8/4/2015 16:00 21.17 14 8/5/2015  6:40 16.88 0.43
13MNO64 Minneopa Creek 8/4/2015 16:30 27.1 15.03 8/5/2015 6:32 20.13 2.34
13MN065 Minneopa Creek 8/4/2015 16:41 25.3 14.45  8/5/2015 6:22 19.08 571
13MN066 Minneopa Creek 8/4/2015 17:00 23.65 12.02 8/5/2015  6:07 19.17 7.5

Figure 71 displays overabundant algal and macrophyte productivity within this reach. This photo was
taken at the time of biological monitoring. This photo illustrates it would not be unreasonable to
correlate trends displayed from the longitudinal survey as being algae driven.

Figure 71. Monitoring location 13MNO061 taken on July 11, 2013 displaying high algae/macrophyte production.

The biometrics for the fish community are suggestive of low DO stress (Table 52). Species that are
sensitive to low DO were completely lacking in both locations. At the upstream location of 13MNOG60,
there was an abundance in mature female species (MA>3Pct), found within the population of white
suckers collected at this site. Station 13MNO061 had a significant decrease in mature females, falling far
below the average for a modified prairie stream. Both stations had low DO tolerant species (TolPct) as
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the dominant taxa present in both samples. This is also reflected in the fact that 80 — 90% of all
individuals sampled were categorized as being tolerant specifically to low DO. The DO index score also
fell below 7.00, the state average for a modified prairie stream, scoring at 6.54 and 6.38. There were not

any low DO intolerant species in either sample.

Table 52. Fish metrics that respond to low DO stress in Judicial Ditch 48 compared to the statewide average of
visits meeting the modified use warmwater biocriteria. Bold indicates metric value indicative of stress.
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DO is a stressor within this reach, as it is reflected in the DO chemistry data and the subwatershed
longitudinal DO survey. The stream dynamics are indicative of the low DO conditions being driven by

eutrophication, which will be discussed in more detail below.

Eutrophication

During biological monitoring, the total phosphorus (TP) concentration at 13MNO060 was 0.061 mg/L and
at 13MNO061 recorded at 0.044 mg/L on July 11, 2013. Four additional water chemistry samples with an
average of .124 mg/L were taken in 2015 and 2016. TP concentrations ranged from 0.014 mg/L in May
and reached up to 0.331 mg/L in September. There was one sample of chl-a in this reach of 12.6 mg/L
(September 1, 2015). 24 hour DO fluxuation (DO flux) data is limited to what was found at the time of
the longitudinal survey (refer to the above DO parameter for further information). DO flux would appear

to be occurring within this stream.

While chemistry data is limited, almost every photo that was taken at the time of monitoring or from
additional site visits displayed clear evidence of stream eutrophication, seen primarily in the form of

filamentous algae blooms (Figure 72).
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Figure 72. Minneopa Creek (07020007-531) taken on September 14, 2014 during an algal bloom.

Eutrophication metrics are suggestive of limiting the fish community, as shown in Table 53; neither
location provided a sensitive or intolerant individual in the sample. There were a few darter species
present, as well as simple lithophilic spawners. However, these groups both fell well below the average
for what would be expected in this type of stream. The number of taxa (TaxaCount) collected fell just
short of the average, and almost entirely found to be tolerant individuals (TolPct).

Table 53. Fish metrics that respond to eutrophication stress in Minneopa Creek compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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13MNO060 (2013) 0 3.0 13.6 96.0 7 0
13MNO061 (2013) 0 0.2 0.89 99.8 6 0
Southern Headwaters Average 4.5 8.5 27.9 79.9 10.4 0.8
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Eutrophication does appear to stressing the fish community within this reach. While chemistry data is
limited, what is available strongly indicates eutrophic conditions, as do the metrics. The largest piece of
evidence is within the photo documentation.

Nitrate

During the fish sample, the nitrate concentration at 13MNO0O60 was 9.6mg/L and at 13MNO061 was

7.5 mg/L both taken on July 11, 2013. There were four additional samples taken in 2015 and 2016. The
nitrate concentration ranged from 0.05 mg/L in September and up to 23 mg/L in June. The average
concentration was 16.01 mg/L. All but one of the four samples was greatly above 10 mg/L.

The macroinvertebrate response was mixed between the two monitoring locations (Table 54). Sensitive
Trichoptera species were not in abundance, and found to be completely lacking in the upstream station.
Nitrate metrics show a lack of nitrate sensitive taxa, and abundant nitrate tolerant taxa and individuals.
In both years, the nitrate index score was well above the state average for modified southern streams of
3.2. Station 13MNO60 yielded a score of 3.8, while the downstream station fell just under the threshold
at 3.1. The higher the Nitrate Index Score, the higher the nitrate tolerance shift is detected within the
sample.

Table 54. Macroinvertebrate metrics that respond to nitrate stress in Minneopa Creek compared to the
statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric value
indicative of stress.
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Nitrate as a stressor to the fish community is inconclusive within this reach. It is possible that there is a
chronic nitrate problem stressing the community, based on the limited samples. The metrics do reflect
possible displacement as there is a higher than average amount of nitrate tolerant species, while the
sensitive groups are lacking. However, fish are impaired in this reach, and it is not clear if they are being
impacted by excess nitrate. Nitrate is considered inconclusive at this time due to the lack on nitrate data
available, as well as an inconclusive community metric response.

Total Suspended Solids

During the fish sample, the Total Suspended Solids (TSS) concentration at 13MNO060 was 14 mg/L and at
13MNO061 11 mg/L (July 11, 2013). TSS had four additional water quality samples taken in June and
September of 2015 and in May and June of 2016. Data from collections ranged from 2.8 mg/L to 4.4
mg/L. A pattern of exceedance does not exist in the TSS dataset.

Fish TSS metrics did indicate stress within the fish community (Table 55 and Table 56). Exclusive benthic
feeders were not as abundant as what typically would be seen in this type of stream. Centrarchidae,
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rated as being an intolerant species was also not to be found in either sample. Herbivores and sensitive
species were lacking in the sample. The average expected amount for long-lived species was greatly
exceeded in this reach; however, this is due to the overabundance of common carp in the sample.
Perciformes as well as riffle-dwelling species were not in abundance at either location. Simple lithophilic
spawners, who depend on gravel or course substrate for spawning, showed a mixed response.

Table 55. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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The TSS index score was significantly worse than the average of 16.2 that is scored for modified
southern headwater streams, with scored nearly doubling that at 32.7-37.9. The fish community was
overwhelmingly TSS tolerant dominant, complexly lacking is TSS sensitive species. This is likely due to
the overwhelming abundance of carp in the fish sample.

Table 56. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive within this reach. While the metrics do indicate TSS as a possible stressor, another
stressor such as eutrophic conditions could send similar signals. Lack of chemistry data is limiting the
evidence to find the community impaired by TSS. In the future TSS, along with volatile suspended solids
(VSS) should be collected to assess if this stream does have a TSS impairment.

Habitat

At station 13MNO060 and 13MNO061, the MSHA score was low at 27 and 21 respectively, falling far below
the total of 100. Land use at both locations was composed of row crops, resulting in a score of zero. The
land use directly influenced the narrow riparian width at the two locations as well; allowing for only
some forms of prairie grass to provide shade (cover). At both locations, substrate and morphology
scored the lowest scores (Figure 73). Substrate was primarily silt, with and absents of riffle and pools.
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Figure 73. Percentage of MSHA subcategory scores for stations 13MN060 and 13MN061, Minneopa Creek.
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The fish species measured in Table 55 support the habitat poor ratings at the monitoring locations. The
streambeds at these locations were rated as having poor variation within the streambed, as it was
severely embedded with silt. This could be part of the reason why benthic feeders and riffle dwellers
were not abundant and the communities were dominated by carp. Overall, this reach had poor variation
in habitat availability. Historically this stream was modified to a ditch to fit agricultural needs. Habitat is
a stressor as it is reflected in MSHA scores, as well and the absence of fish groups that have specific
habitat needs.

Longitudinal Connectivity and Altered Hydrology

On Minneopa Creek, there is a waterfall approximately 1.4 miles upstream of the confluence with the
Minnesota River. The waterfall is a barrier to migration with an approximate 52-foot drop. For more
information on the barrier, please see DNR’s Minnesota River, Mankato Watershed Characterization
Report (2015). All of the biological stations are located upstream of the waterfall. There are not any
downstream comparison sites available. Along with other stressors, the waterfall limits fish
replenishment to Judicial Ditch 48.

While this subwatershed has more storage area than a majority of the others within the Minnesota
River - Mankato Watershed, it is in the form of hypereutrophic lakes and wetlands. As this is the only
refuge area, fish utilizing these areas must be tolerant to thrive.

Outside of the storage areas of wetlands and lakes upstream and downstream of this site, the remainder
of this reach is being impacted by ditching, channelizing, as well as subsurface tile from agricultural
practices. See Section 3.1.8 of this report for further information on the dynamics of altered hydrology
on this landscape. Altered hydrology is thought to be the primary stressor within this reach, as it is
driving the other stressors found in this reach. While altered hydrology is not playing a role to the
natural barrier it is limiting refuge area’s water quality, allowing only tolerant species to thrive.
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Summary Table

Table 57. Identified stressors with suspected sources for reach 531 of Minneopa Creek.
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4.8 County Ditch 27 (07020007-535)

County Ditch 27 (07020007-535) is a small tributary west of Lake Crystal, Minnesota. The reach is
warmwater modified use Class 2B. The reach extends from the headwaters to Lily Lake. The reach is
impaired for lack of fish assemblage.

4.8.1 Biological Communities

Fish and macroinvertebrates were surveyed in 2013 at station 13MNO062. The macroinvertebrate
community scored 26.9, above the modified use threshold (22) for the Prairie Streams GP class. The fish
community scored 11.2, which is below the modified use threshold (15) for the low gradient class. The
fish community was dominated by common carp. Four metrics scored below the average metric score
needed to have the IBI at the threshold (Figure 74). The relative abundance of non-tolerant individuals
that are headwater species (Hdw-TolPct), relative abundance of non-tolerant individuals that are
Cyprinidae species (Minnows-TolPct), number of non-tolerant individuals per meter of stream sampled
(NumPerMeter-Tolerant), and taxa richness of sensitive species (Sensitive).
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Figure 74. Fish metrics of the low gradient class for station 13MNO062, County Ditch 27.
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4.8.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of biological monitoring, dissolved oxygen (DO) was recorded at 11.11 mg/L around noon on
August 12, 2013 and 19.94 mg/L taken in the afternoon on June 12, 2013 at station 13MNO062. Only two
additional DO readings were taken, with results of 11.15 mg/L on June 12, 2015 and significantly
dropping to 4.4 mg/L in September 1, 2015; falling below the minimum level of 5 mg/L required to
sustain aquatic life for warmwater reaches.

Table 58 displays results of a 2015 longitudinal DO survey conducted within the Minneopa Creek
subwatershed. Highlighted in yellow displays the high variability in DO within a 24-hour period for
station 13MNO062. Throughout the night (during times of plant respiration) DO will go down, in this case
significantly with a reading of 1.57 mg/L; The inverse is during daylight hours (during photosynthesis) DO
will rise, this accounts for the rise in DO levels found in the afternoon reading of 11.88 mg/L. The more
abundant the algal bloom, the more dramatic the 24 hour DO fluctuation.

Table 58. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from night to day.

Sonde deployments PM pt measures AM pt measures
Station |\|l\."aterb|:n:l\|r name |Date |T|me |Temp |DO mg/L |Date |Time |Temp |DO mg/L
13MNO&0 Minneopa Creek 8/4/2015 15:22 18.9 4.38 8/5/2015 7:20 15.29 1.43
13MNO059 Judicial Ditch 48-Minneopa Trib ~ 8/4/2015 15:35 27.95 10.86  8/5/2015 7:30 16.79 0.92
13MNO6&1 Minneopa Creek 8/4/2015 15:45 25.02 13.22  §/5/2015 7:04 19.02 0.69
13MNO&2 Minneopa Creek 8/4/2015 15:51 25.03 11.88  8/5/2015 6:55 16.69 1.57
13MNO0&3 County Ditch 56-Minneopa Trib 8/4/2015 16:00 21.17 1.4 8/5/2015 6:40 16.88 0.43
13MNO0&4 Minneopa Creek 8/4/2015 16:30 27.01 15.03  8/5/2015 6:32 20.13 2.34
13MNOG5 Minneopa Creek 8/4/2015 16:41 25.3 14.45  8/5/2015 6:22 19.08 571
13MNOG&6 Minneopa Creek 8/4/2015 17:00 23.65 12.02  8/5/2015 6:07 19.17 7.5

Figure 75 supports the findings of an over-productive autotrophic stream, as there is an abundance of
both algae and macrophytes. Given the density of algae matts shown paired with the shallow conditions
of this low gradient prairie stream, it is likely that eutrophication within this stream was chronically
depleting DO.
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Figure 75. Biological monitoring station 13MNO062, taken on August 12, 2013.

The fish metrics are suggestive of low DO stress. Species that are sensitive to low DO were completely
lacking in this reach, as were mature female species (MA>3Pct) over the age of three years old. Species
and dominant taxa were found in place of sensitive species, as reflected in the fact that 99% of all
individuals sampled were categorized as being tolerant to low DO. The DO index score also fell below
7.00 (the average for a stream of this type) scoring at 6.2.

Table 59. Fish metrics that respond to low DO stress in Judicial Ditch 48 compared to the statewide average of
visits meeting the modified use warmwater biocriteria. Bold indicates metric value indicative of stress.
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DO is considered a biological stressor within this reach of County Ditch 27. The minimal DO data that
exists on this reach is suggestive of low DO as a stressor. Additionally, the stream has visual indications
of excessive autotrophic production. Fish metrics are also displaying a response to low DO.
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Eutrophication

During the fish sample, the total phosphorus (TP) concentration at 13MNO062 was 0.141 mg/L on June
12, 2013 and 0.390 mg/L on August 12, 2013. Five additional water chemistry samples were taken in
2015 and 2016 with results ranging from 0.078 mg/L - 0.310 mg/L at an average concentration of 0.135
mg/L. In both years TP samples would exceed the 0.150 mg/L standard in mid-summer and fall months.
There was one sample of chlorophyll-a (chl-a) in the reach taken September 1, 2015 with a
concentration of 11.5 ug/L. Dissolved oxygen fluxuation (DO flux) was likely a chronic issue, while there
is only one set of daily DO fluxuation, the isolated DO reading displayed dramatic highs and lows of DO
levels that correlate with eutrophic response.

Eutrophication metrics are suggestive of this stressing the fish community (Table 60). There was a lack of
sensitive or intolerant individuals in the fish sample. There were not any darter species present, and only
one simple lithophilic spawner (SLithopPct). Taxa abundance at this location was below the average
collected in this stream type.

Table 60. Fish metrics that respond to eutrophication stress in County Ditch 27 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Figure 76. County Ditch 27, taken on September 1, 2015.

Eutrophication is a biological stressor. Total phosphorus does fall just under the average threshold of
.15 mg/L. This is due to a number of factors, low sample numbers being one of them. The clear
abundance of filamentous algae and aquatic macrophytes likely have TP bound. Chl-a was also low in
the one sample that was collected. However, it is important to highlight that this sample was a water
column grab sample, where only suspended algae would have resulted in an elevated chl-a reading. The
extreme DO swing recorded at this reach paired with the obvious overgrowth during multiple sites visits
(as seen in Figure 75 and Figure 76) point to a eutrophic stream. The fish metrics also indicate
eutrophication is limiting the fish community.

Nitrate
During the fish sample, nitrate concentrations at 13MNO062 was 16 mg/L on June 12, 2013 and 0.06 mg/L
on August 12, 2013. Five additional water chemistry samples were taken in 2015 and 2016 with
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concentrations ranging from 0.12 mg/L (September 1, 2015) — 28 mg/L (June 1, 2016), having on average
concentration of 19.82 mg/L. Sampling was done in the months of April, May, June, and September with
all but one sample exceeding 20 mg/L. This reach displayed chronic overloading of nitrates.

Fish often do not show a strong response to increased nitrate concentrations. Macroinvertebrate
communities are often more affected by nitrate. The macroinvertebrates in this reach indicated a
response to elevated nitrate concentrations (Table 61). Sensitive Trichoptera species were not in
abundance. Increased nitrate concentrations also correlate with a decrease in non-hydropsychid
Trichoptera individual percentages in warmwater streams (sensitive caddisflies that do not spin nets;
TrichwoHydroPct) and decreased intolerant taxa, both which are lacking in this reach. Intolerant species
were found to be replaced by nitrate tolerant species. The nitrate index score also fell right at the
threshold for modified prairie streams with a score of 3.2.

Table 61. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 27 compared to the
statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates metric value
indicative of stress.
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Nitrate readings were high throughout the year, and the macroinvertebrate community displayed a
strong metric response to being displaced by nitrates. However, as it is only the fish community that is
listed as impaired, macroinvertebrate metrics can only be used as an indicator of nitrate impacts rather
than a direct correlation to a fish impairment. Therefore, nitrate is inconclusive but clearly should be
targeted for reduction within this reach.

Total Suspended Solids

During the fish sample, the total suspended solids (TSS) concentration at 13MNO062 was 2.8 mg/L for
both the July 29, 2013 and August 12, 2013 sample. Five additional water chemistry samples were taken
in 2015 and 2016 with concentrations ranging from 1.2 mg/L — 14 mg/L, with an average concentration
of 5.36 mg/L.

The sampled fish community did indicate some TSS stress, seen in Table 62 and Table 63. Excess TSS in a
stream often will correlate to an embedded or buried streambed. Fish groups that depend on clean river
ben substrate, such as exclusive benthic feeders (BenFdFrimPct), herbivores (HrboNWQPct), riffle
dwelling species, and simple lithophilic spawners (SLithFrimPct) were greatly lacking within this reach.
Centrarchidae (Centr-TolPct) and Perciforms (Percfm-TolPct), both rated as being TSS intolerant were
absent from the community; whereas in a supporting stream these species should make up
approximately a combined 20% of the community. In general, intolerant species were lacking.
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The average expected amount for long-lived species (LIvdPct) was exceeded in this reach; however, this
is due to the overabundance of common carp in the sample.

Table 62. Fish metrics that respond to high TSS stress in County Ditch 27 compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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The TSS index score was significantly worse than the average of 14.8 that is scored for modified low
gradient streams, with this site scoring over double that at 31.7. Specific TSS intolerant or sensitive
species were replaced by TSS tolerant species.

Table 63. Fish metrics that respond to high TSS stress in County Ditch 27 compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive as a stressor to the fish community. While metrics do show a clear response to TSS
being a stressor on the fish community, there is not any chemistry data to indicate that TSS is a problem
in this stream. Therefore, it is difficult to conclude if the community composition is skewed for TSS or
from another stressor (such as habitat conditions). Additional TSS monitoring is recommended in the
future.

Habitat

MSHA scores for the two months sampled in 2013 were both poor, with scores of 29 in June and 27 in
August of 2013. Several poor habitat features are contributing to the low MSHA, as shown in Figure 77,
surrounding agricultural land use paired with poor riparian greatly drove down the overall score. The
stability of the channel was one of the worst scoring categories. The channel is characterized as
homogenous and shallow, with no noted riffles. The substrate consisted of sand and silt, noted as being
severely embedded. Some light bank erosion was noted. Stream velocity was noted as slow on a low
gradient. There was little overhanging vegetation.
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Figure 77. Percentage of MSHA subcategory scores for station 13MNO062, County Ditch 27
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The fish species measured in the previous TSS section indicate habitat issues, particularly reflected in the
streambed. Rated as having poor substrate, as it was severely embedded with silt and sand it is likely the
primary reason why benthic feeders, simple lithophilic spawners, and riffle dwellers were completely
absent (Table 62). Overall, this reach had poor variation in habitat availability. Historically this stream
was modified to a ditch to fit agricultural needs. Figure 78 below highlights the homogenous features of
this stream, providing poor habitat diversity for the fish community.

Figure 78. Station 13MNO062, August 12, 2013
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Habitat is considered a stressor to the fish community. Clear limitations and degradation on the
streambed have taken away both habitat diversity as well as habitat quality. There is also a lack of
refuge area and cover, as the riparian is compromised. The fish metrics also display a community that
can thrive is degraded conditions, with very few fish present that require specific habitat needs.

Longitudinal Connectivity and altered hydrology

Downstream from this site, on Minneopa Creek there is a waterfall approximately 1.4 miles upstream
from the confluence with the Minnesota River. The waterfall is a barrier to migration with an
approximate 52-foot drop. For more information on the barrier, please see DNR’s Minnesota River,
Mankato Watershed Characterization Report (2015). All of the biological stations are located upstream
of the waterfall, with no downstream comparison sites available. Along with other stressors, the
waterfall limits fish replenishment to Judicial Ditch 48. It is a combination of factors including stressors
present in the existing lakes and wetlands upstream of the wetlands with the waterfall that limits the
fish community.

While this subwatershed has more storage area than a majority of the others within the Minnesota,
Mankato River Watershed, it is in the form of hypereutrophic lakes and wetlands. As this is the only
refuge area, fish utilizing these areas must be tolerant to thrive.

While the macroinvertebrate community was not listed, the invertebrate community was indicative of
tolerant wetland species. Outside of the storage areas of wetlands and lakes upstream and downstream
of this site, the remainder of this reach is being impacted by ditching and channelizing, as well as tile
imputes from subsurface tile drainage from agricultural practices. See Chapter 3.1.8 of this report for
further information on the dynamics of altered hydrology on this landscape.

Summary Table

Table 64. Identified stressors with suspected sources for reach 535 County Ditch 27.

535 County Ditch 27

116

Key
e=suspected source, o=potential source Stressor Inconclusive
Stressors
. N . . . s Altered
Temperature | Dissolved Oxygen| Eutrophication Nitrate Suspended Solids Habitat Connectivity Hydrology
i

= =

z 2 3

= = 3 [

b > - g =
B 2 % @ = 5 =, 2 E 2
3§ E - s s _ | 3
& = = a8 3 2 = [=% H .g a = o = 3 @ = c—: 5 x =
G 2 z = 5 = a = 4 g T 8 = T 2 3 T £ &£ 5 % 2 =
a = = @ = 2 = = 1] E o - M = = £ o = E = T =
= = a = = - = = a @ = o = m 1} <L = - = = - s = = 3 = = = = o o
= a 2 2 z A 2l 3 & - =2|l¥ 8 £ 2= = = 2 = 4 = = = a 5 — El= & ¥
I = El 5 2 = ZEl- = = = £E}]= = £ ==z =& = £ = ] ) s 2 0z =2 a3 =
= = o [ = = =1 = = a 2 S g = m ol @ =2 4o o 3 ol = T = =1 = g = m o o = =
- 9= s E |5 E 5 & |5 E = 95 = E £ £ 51T 2 = §}lE 7 ¢ T 5|13 S 3
= 2 2l s = 2 =T 2z 2 7 2|2 T B El2 2 2 F E 312 5 2 g}z £ 32 £ 2]l 2 .
= = [=] a H = = 2 = 2 = = = = = [=] 2 - 5 = = 2 = o o =} i =] z al &2 T
= = o o I = =12 8 8 T a3l £ v~ ald = & = 30 2]l 0 a2 &l oo 2 E OalT o= =
BN - [ [ [ ([ [el-[ [T [l T T T JefelefefTT Il TelTe

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency




4.9 County Ditch 56 (Lake Crystal Inlet) (07020007-557)

County Ditch 56 (07020007-557) is a small tributary south of Lake Crystal, Minnesota. The reach is
warmwater modified use Class 2B. The reach extends from the headwaters to Lake Crystal. The reach is
impaired for lack of fish assemblage. The reach is also impaired for E. coli, which will not be addressed in
this report.

4.9.1 Biological Communities

Station 13MNO063 was sampled for fish and macroinvertebrates in 2013. The macroinvertebrate
community scored 34.8, above the modified use threshold of 22 for the Prairie Streams GP class. The
fish community scored 11.4, below the modified use threshold (33) for the Southern Headwaters class.
There were fewer than 25 fish when surveyed. The fish present were black crappie (4), common carp (4),
black bullhead (2), and yellow bullhead (2). Nearly all of the metrics were below the average metric
scored needed to obtain an IBI at the threshold (Figure 79), with the only one passing was the relative
abundance of detritivorous (DetNWQTxPct).

Figure 79. Fish metrics of the Southern Headwaters class for station 13MN063, County Ditch 56
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4.9.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of biological monitoring, dissolved oxygen (DO) was recorded at 11.78 mg/L in the afternoon
on August 6, 2013 and at 11 mg/L around noon on August 12, 2013. One other site visit resulted in a
high value of 19.94 mg/L taken in the afternoon on June 12, 2013.

Table 65 below displays results of a 2015 longitudinal DO survey conducted within the Minneopa Creek
Subwatershed. Highlighted in yellow displays the high variability in DO levels at 13MNO062. In early
morning hours, this station was significantly below the standard at 0.43 mg/L, correlating with the time
of plant respiration where DO will go down as plants are using up oxygen in the stream. The afternoon
reading at this station was still below the standard, at 1.4 mg/L. Afternoon reading are typically when
DO is often thought to be the highest within a stream as plants and other autotrophs are releasing

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

117



oxygen. Based on the longitudinal readings, it would appear this stream is vulnerable to chronically low
of DO levels.

Table 65. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from night to day.

Sonde deployments PM pt measures AM pt measures
Station |Waterl:u:n:h,ur name |Date |T|me |Temp |D0 mg/L |Date |Time |Temp |DO mg/L
13MNO060 Minneopa Creek 8/4/2015 15:22 18.9 4.38 8/5/2015  7:20 15.29 1.43
13MN059 Judicial Ditch 48-Minneopa Trib = 8/4/2015 15:35 27.95 10.86  8/5/2015  7:30 16.79 0.92
13MNO061 Minneopa Creek 8/4/2015 15:45 25.02 13.22  8/5/2015  7:04 19.02 0.69
13MN062 Minneopa Creek 8/4/2015 15:51 25.03 11.88  8/5/2015  6:55 16.69 1.57
13MN063 County Ditch 56-Minneopa Trib ~ 8/4/2015 16:00 21.17 1.4 8/5/2015  6:40 16.88 0.43
13MN064 Minneopa Creek 8/4/2015 16:30 27.01 15.03  8/5/2015  6:32 20.13 2.34
13MNO065 Minneopa Creek 8/4/2015 16:41 25.3 14.45  8/5/2015  6:22 19.08 5.71
13MNO066 Minneopa Creek 8/4/2015 17:00 23.65 12.02  8/5/2015  6:07 19.17 7.5

The fish metrics are all suggestive of low DO stress (Table 66). Species that are sensitive to low DO were
absent. There was also a complete lack of mature female species (MA>3Pct), indicating a disruption to
the lifecycle of this fish community. Overall, dominant taxa were found in place of sensitive species, as
reflected in the fact that 66.7% of all individuals sampled were categorized as being tolerant to DO. The
DO index score was 6.1, far below the state average of 7.13 for a modified southern stream.

Table 66. Fish metrics that respond to low DO stress in the Lake Crystal inlet compared to the statewide average
of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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DO is likely a biological stressor. While DO readings were high at the time of biological monitoring, it is
important to note that sampling occurred in the afternoon, yielding extremely high values that would be
indicative of high photosynthetic production. During the longitudinal sample, both the morning and
afternoon values were low, this could be due to low flow or stagnant conditions, or high rates of algae
decomposition within this small stream. The fish metrics were also suggestive of a community that is
being limited by low DO.

Eutrophication

At the time of biological monitoring total phosphorus (TP) was recorded at 0.167 mg/L on July 11, 2013.
Phosphorus data for this reach has the largest number of data within this subwatershed, with

63 samples from 2007 to 2008. Sixty two percent exceeded the 0.15 mg/L standard for TP. Samples
ranged from 0.049 mg/L to 0.827 mg/L with an overall average of 0.218 mg/L. Chl-a was not analyzed at
this site.

Total phosphorus data does exceed the river eutrophication level. There has been evidence of abundant
algal growth seen in the form of filamentous algae mats, seen in Figure 80.
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Figure 80. 13MNO063 September 14, 2012 Algae bloom.

One other indicator of eutrophic conditions is noted in the amount of organics during sampling. Analysis
was done to compare the percent of volatile suspended solids (VSS) with associated total suspended
solids sample. As shown in Figure 81, VSS made up an average of 40% of the TSS load. This shows this
stream has high organic matter, indicating eutrophic conditions.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

119



Figure 81. Ratio of VSS to TSS at station 13MNO063, at County Ditch 27 (Lake Crystal Inlet).
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The fish community was lacking species that are sensitive to eutrophic conditions (Table 67), such as
darters (DarterPct) and simple lithophilic spawners (SlithopPct) that depend on water clarity to thrive.
This community is limited in other ways, such as the natural barrier of the waterfall downstream, paired
with poor refuge, yielding a low taxa count.

Table 67. Fish metrics that respond to eutrophication stress in County Ditch 56 compared to the statewide
average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is a stressor within this reach. Phosphorus is abundant enough to sustain overgrowth of
algae, which is also reflected in the chronically low DO profile of this stream. TSS will be discussed in
greater detail below; it is significant to the case of eutrophication that organic matter (VSS) made up a
large percentage of TSS concentrations.

Nitrate
During the fish sample, the nitrate concentration at 13MNO063 was 8.9 mg/L on July 11, 2013. Sixty-three
additional water chemistry samples were taken in 2007 through 2009 with concentrations ranging from
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0.49 mg/L— 16.4 mg/L, with an average concentration of 7.74 mg/L. Sampling was done in the months
of March through August and October of 2007 and 2008. Spring months typically yielded the highest
concentrations for nitrate.

Fish often do not show a strong response to increased nitrate concentrations. Macroinvertebrate
communities are often more affected by nitrate. The macroinvertebrates in this reach did show a
negative response to nitrate (Table 68). The nitrate index score that was at 3.4, this is higher than the
modified southern streams average of 2.9. The nitrate specific metrics show lower than average
Trichoptera taxa, as well as a decrease in non-hydropsychid Trichoptera individual percentages
(sensitive caddisflies that do not spin nets; TrichwoHydroPct). Intolerant taxa received the lowest
possible score, in the absence of intolerant species, tolerant and species were found in place of sensitive
species.

Table 68. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 56 (Lake Crystal Inlet)
compared to the statewide average of visits meeting the warmwater modified use biocriteria. Bold indicates
metric value indicative of stress.
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There was a strong dataset to indicate that high nitrate levels are a chronic issue within this stream,
particularly during the spring months. The macroinvertebrate metrics consistently displayed nitrate
displacement within the community sampled. However, as fish are impaired and not the
macroinvertebrate community nitrate is inconclusive as a stressor. Efforts should still be made to target
nitrate reductions within this reach.

Total Suspended Solids

During the fish sample, the total suspended solids (TSS) concentration at 13MNO063 was 36 mg/L on July
11, 2013. Sixty-two additional water chemistry samples were taken in 2007 through 2009 with
concentrations ranging from 2 mg/L — 392 mg/L, with an average of 28.49 mg/L. This analysis does not
include one outlier from July 17, 2008, that had a concentration of 1380 mg/L.

As discussed in the above eutrophic section, VSS values were assessed alongside TSS samples. On
average organics were found to make up nearly half of the TSS concentration of each sample. This is not
to say TSS in the form of sediment is not high at times, as values fell well into the 100 mg/L and above.
However, it was not a chronic issue as only six of the 64 samples fell over the standard of 65 mg/L.

As only 12 individual fish were surveyed in this sample it is important to keep in mind the community
metrics and percentages, (Table 69 and Table 70) are skewed due to low sample number. Four

individuals of this sample were black crappies, found in the class of Centrarchidae and in the order of
Perciforms, therefore the metrics reporting the four made up 33.3% of the entire sample. Long-lived
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percent was also driven up from four Common Carp that were surveyed. Benthic and herbatious eaters
were absent, as were Riffle dwelling and simple lithophilic spawners.

Table 69. Fish metrics that respond to high TSS stress in County Ditch 56 compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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As with the community metrics above, the index, tolerant, and sensitive scores are skewed due to the
low sample number.

Table 70. Fish metrics that respond to high TSS stress in County Ditch 56 compared to the statewide average of
visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive as a biological stressor. While the chemistry data displays some potential for high TSS
loading within this reach, the number that exceeded the standard fell just under 10% of the extensive
data set. The high amount of organics in the data set also leave the question if the population is limited
more in the way of eutrophic conditions, or if TSS is also driving the population down. Additional
monitoring is recommended to better understand the dynamic occurring within this reach.
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Habitat

Station 13MNO063 had an MSHA of 42.5, with all stream categories assessed rated as poor (Figure 82)
with the exception of “cover” (which was rated as fair). The streambed at this location was described as
having poor variation, as well as moderately embedded with silt and sand. Stream stability is also rated
as poor, as bank erosion was noted on both sides of the bank. Overall, this reach had poor variation in
habitat availability. Historically this stream was modified to a ditch to fit agricultural needs, leaving the
stream homogenous. However, over time this stream has redeveloped a few natural features, such as
riffles and pools. Cover was found to be adequate, with overhanging vegetation and woody debris acting
as the dominate refuge areas.
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Figure 82. Percentage of MSHA subcategory scores for station 13MNO063, County Ditch 56
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The physical modification on this reach has resulted in this stream having a shallower and a less sinuous
channel, leaving little habitat variation within the stream. In addition, the poor riparian has left this
reach to be vulnerable to chemical and temporal change. Fish metrics found in table in the above TSS
section (Table 69) note an absents of riffle dwelling, benthic feeders, simple lithophilic spawners, and
herbivores. All of these fish categories depend on a clean riverbed.
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Figure 83. Station 13MNO063, July 11, 2013

Habitat is a stressor to the fish community. This is primarily noted in the poor streambed substrate that
has created a homogenous reach that lacks diversity for specialized fish species. There is also a lack of
refuge area that further limits fish diversity.

Longitudinal Connectivity and Altered Hydrology

On Minneopa Creek, there is a waterfall approximately 1.4 miles upstream of the confluence with the
Minnesota River. The waterfall is a barrier to migration with an approximate 52-foot drop. For more
information on the barrier, please see DNR’s Minnesota River, Mankato Watershed Characterization
Report (2015). All of the biological stations are located upstream of the waterfall, so there is no
downstream comparison available. Along with other stressors, the waterfall limits fish replenishment to
Judicial Ditch 48. It is a combination of factors including stressors present in the existing lakes and
wetlands upstream of the wetlands with the waterfall that limits the fish community.

While this subwatershed has more storage area than a majority of the others within the Minnesota,
Mankato River Watershed, it is in the form of hypereutrophic lakes and wetlands. As this is the only
refuge area, fish utilizing these areas must be tolerant to thrive.

While the macroinvertebrate community was not listed as impaired, the invertebrate sample was
indicative of wetland conditions, which is supported by flow conditions at the time of sampling.

Outside of the storage areas of wetlands and lakes upstream and downstream of this site, the remainder
of this reach is being impacted by ditching and channelizing, as well as tile imputes from subsurface
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drainage from agricultural practices. See Section 3.1.8 of this report for further information on the
dynamics of altered hydrology on this landscape.

Summary Table

Table 71. Identified stressors with suspected sources for reach 551 County Ditch 56.

557 Lake Crystal Inlet (County Ditch 56)
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4.10 Minneopa Creek (07020007-534)

Minneopa Creek (07020007-534) is a tributary northeast of Lake Crystal, Minnesota. The reach is
warmwater general use Class 2B. The reach extends from upstream of MN 60 to the Minnesota River.
The reach is impaired for lack of fish assemblage and lack of macroinvertebrate assemblage. The reach is
also impaired for turbidity and E. coli. E. coli will not be addressed in this report. Turbidity will be
addressed as it relates to the biological communities.

4.10.1 Biological Communities

Stations 13MNO065 and 13MNO066 were sampled for fish and macroinvertebrates in 2013. Station
13MNOG6S5 is the upstream station and 13MNO066 is the downstream station. The fish community scored
below the general use Southern Streams class threshold (50) at both stations (28.5 at station 13MNO065
and 1.5 at station 13MNO066). Both stations were dominated by common carp. Most of the FIBI metrics
were below the average metric score needed to obtain a FIBI at the threshold (Figure 84). Both stations
also had a high relative abundance of tolerant individuals as well as tolerant taxa.
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Figure 84. Fish metrics of the Southern Streams class for station 13MN065 and 13MN066, Minneopa Creek
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At station 13MNO065, the MIBI score of 38.6 was just above the general use threshold (37) for the Southern
Streams RR class. Station 13MNO066 had a worse MIBI of 28.9, below the threshold. As reflected in Figure
85, MIBI metrics that were low in both stations were relative abundance of dominant five taxa in
subsample (DomFiveCHPct), taxa richness of predators excluding chironomid predator taxa (Predator),
relative percentage of taxa with MN tolerance values equal to or greater than 6 (Tolerant2ChTxPct), and
taxa richness of Trichoptera (Trichoptera). At station 13MNO65, scuds (Hyalella) were the most abundant
taxa. At station 13MNO066, black fly larva (Simulium) was the most abundant and dominated the sample.

Figure 85. Macroinvertebrate metrics of the Southern Streams class for stations 13MNO065 and 13MNO066,
Minneopa Creek
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4.10.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

At the time of biological monitoring dissolved oxygen (DO) was recorded at 11.7 mg/L on July 24. 2013,

11.57 on July 29, 2013, 10.9 mg/L, and 9.23 on August 6, 2013. There were 19 additional DO readings
taken in 2013 and 2014. These values ranged from 4.56 mg/L-14.8 mg/L. Only one value fell below the

standard of 5 mg/L for warmwater. This sample was taken earlier in the day (8:15 am) in comparison to

the other samples on September 17, 2013.

A longitudinal DO survey was conducted throughout this subwatershed in 2015, noted in Table 72.

While 24-hour DO variation was clearly high and indicated an overabundance of algae and macrophyte

productivity, the DO did not fall below the standard of 5 mg/L at either 13MNO065 or 13MNO066.
However, the stations upstream did demonstrate low DO exceeding the standard. The DO flux on August
4 at 13MNO065 was 8.7 mg/L while the DO flux at 13MNO066 was not quite as high, at 4.5 mg/L. In the

future, sonde deployments or long term diurnal DO readings would be helpful with understanding the
full DO cycle occurring throughout the stream.

Table 72. Longitudinal YSI sonde readings taken on August 4-5, 2015 showing a daily flux in DO from night to day.

Sonde deployments

PM pt measures

AM pt measures

Station |Waterl:u:n:h,ur name |Date |T|me |Temp |D0 mg/L |Date |Time |Temp |DO mg/L
13MNOG0 Minneopa Creek 8/4/2015 15:22 18.9 4.38 8/5/2015 7:20 15.29 1.43
13MNO59 Judicial Ditch 48-Minneopa Trib ~ 8/4/2015 15:35 27.95 10.86  8/5/2015 7:30 16.79 0.92
13MNO61 Minneopa Creek 8/4/2015 15:45 25.02 13.22  §/5/2015 7:04 19.02 0.69
13MNO62 Minneopa Creek 8/4/2015 15:51 25.03 11.88  8/5/2015 6:55 16.69 1.57
13MNOG3 County Ditch 56-Minneopa Trib 8/4/2015 16:00 21.17 1.4 8/5/2015 6:40 16.88 0.43
13MNO64 Minneopa Creek 8/4/2015 16:30 27.01 15.03  8/5/2015 6:32 20.13 2.34
13MNOBS Minneopa Creek 8/4/2015 16:41 25.3 14.45  8§/5/2015 6:22 19.08 571
13MNOGE Minneopa Creek 8/4/2015 17:00 23.65 12.02  8/5/2015 6:07 19.17 7.5

The macroinvertebrate community displayed a mixed response in regards to low DO stress (Table 73).

The overall individual taxa abundance was below the expected amounts for a stream of this type. Taxa

richness of the low DO sensitive EPT (Ephemeroptera, Plecoptera and Trichoptera); fell below the

expected values at the upstream monitoring station, and just over at 13MNO066. While they were not in

abundance, low DO intolerant species were found at both sites. Additionally, low DO tolerant taxa and
individuals were not overly abundant. Overall there is not a strong indication that DO is influencing to
macroinvertebrate community.

Table 73. Macroinvertebrate metrics that respond to low DO stress in Minneopa Creek compared to the

statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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The fish biometrics are somewhat suggestive of low DO stress. Species that are sensitive to low DO were
lacking. Both stations had DO tolerant species reflected in the high percentage of DO tolerant
individuals. The DO index score also fell below 7.13 (the state average for a modified southern stream),
scoring at 6.73 and 6.61. At both stations, mature females over the age of 3 (MA>3Pct) were lacking,
indicating a disruption of the life cycle within these communities.

Table 74. Fish metrics that respond to low DO stress in Minneopa Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

© ©

x - > —

L = < & &

- 8 () [ +— )

g n = = c c

% 5 < E= k= © ©

2 a 3 2 2 i) Q

b= ™M s c ] 4] ) )

wn A a = (%] (%5} [l [l

S <§f 3 o o o o o

Station (Year sampled) v = e e e e e
13MNO065 (2013) 0 11.98 81.25 6.73 0 0 6 70.6
13MNO066 (2013) 0 8.41 85.51 6.61 0 0 2 54.9
Southern Headwaters Average 7.9 13.9 72.8 7.13 0.7 4.1 3.4 21.2

Expected response to stress N% N2 T N N% N T T

It is not clear if low DO is stressing the biology in this reach. There is a lack of conclusive data to show
prolonged low DO problems based on the chemical samples. It appears that there are high DO peaks,
likely associated with elevated photosynthetic production; paired with drastic drops of DO within a 24
hour period that correlates to autotrophic respiration. If continuous data had been collected within this
reach, it is likely the DO flux would have been noted as a chronic issue; although it is not, clear to what
extent DO is driven down. Both samples feel just above the 5 mg/L threshold. As the gradient of this
reach is significantly stepper than any of the upstream eutrophic counterparts, the additional aeration
to the stream could be mitigating low DO. Aside from the chemistry data, the biological metrics are
mixed within both the fish and macroinvertebrate communities. Due to these inconsistencies, low DO is

listed as an inconclusive biological stressor.

Eutrophication

During the fish sample, on July 24, 2013 the total phosphorus (TP) concentration was 0.159 mg/L
(13MNO065); on July 29, 2013 was at 1.38 mg/L (13MNO066). TP data was limited to these two samples.
Secondary chemistry measurements of DO flux are discussed in the above section, with some 24 DO flux
noted. There was one reading of chl-a (682 ug/L) taken on July 17, 2013, greatly exceeding the 35 pg/L

standard.

This reach does have a better data set for TSS with 13 samples collected. A few results fell above

40 mg/L of total suspended solids with over half of the particulate found to be organic matter, likely in
the form of suspended algae. On average VSS made up about 56% of TSS samples. Photo documentation
reveals an overload of suspended algae, noted in the green hue in Figure 86.
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Figure 86. Photo of Minneopa Creek at biological monitoring site 13MNO066, taken on July 29, 2013.

The macroinvertebrate metrics show a mixed response (Table 75), as there was a lower than average
number of individuals collected for this sample, especially at 13MNO066. There was a lack of both filtering
and gathering taxa, even though station 13MNO066 was completely dominated by one filtering taxa,
similulidae (blackflies). Sensitive taxa like EPT were near averages. Tolerant taxa were dominant within
this reach, at both locations.

Table 75. Macroinvertebrate metrics that respond to eutrophication stress in Minneopa Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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The fish sample was limited of the number of taxa collected noted in Table 76, with 9 taxa types at
13MNO65 and 5 at 13MNO066, well below the average of 19 for the this type of stream. Both sensitive
and intolerant species were lacking in the samples. Simple lithophilic spawners (SlithopPct) were far
below what would be expected in this stream type, making up only 12% of the sample at 13MNO065 and
8.4 at 13MNO066; the low population if this fish type correlates to high TSS (in this case high organics).
Darter species did not seem to be in decline, scoring well above the average for this stream type at both
sites.

Table 76. Fish metrics that respond to eutrophication stress in Minneopa Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive as a biological stressor. There is a high amount of suspended algae noted
to be coming through this section of the stream, fed by the upstream eutrophic reaches as well as Lake
Crystal. It is unclear if active eutrophic growth is taking place here. There is not strong metric evidence
that eutrophication is limiting the biology. Typically, eutrophic driven low DO will be the primary
biological stressor. This was not detected from the DO data collected at this site. Organic matter from
upstream, sources could still create habitat and water quality impacts similar to sediment driven TSS
impairments.

Nitrate

During the fish sample two nitrate samples were collected, on July 24, 2013 the nitrate, concentration
was 2.3 mg/L at 13MNO65, on July 29, 2013 nitrate was 2 mg/L at 13MNO066. Twelve additional water
chemistry samples were taken in 2013 with concentrations ranging from 0.2 mg/L to 14 mg/L giving an
average of 3.19 mg/L. Only one sample exceeded 10 mg/L.

The macroinvertebrates in this reach displayed a mix response to nitrate between the two monitoring
locations (Table 77). Upstream station 13MNO065 had a consistent negative metric response to nitrate,
while the downstream station 13MNO066 was inconsistent. The nitrate index score at the upstream
location fell at 3.2; above the average for modified southern streams of 2.9. The downstream site fell
just below at 2.7. The nitrate specific metrics show lower than average Trichoptera taxa, as well as a
decrease in non-hydropsychid Trichoptera individual percentages (sensitive caddisflies that do not spin
nets; TrichwoHydroPct). Intolerant taxa received the lowest possible score, in the absence of intolerant
species, tolerant species were found in abundance at upstream station 13MNO065. Again the
downstream station did not indicate high nitrate, as nitrate tolerant taxa fell below the expected
average in this stream type.
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Table 77. Macroinvertebrate metrics that respond to nitrate stress in Minneopa Creek compared to the
statewide average of visits meeting the warmwater general use biocriteria. Bold indicates metric value
indicative of stress.
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Chemistry data captured readings throughout the sampling period of spring — fall months; there was
only one slightly elevated reading of 14 mg/L in the entire set. The biometrics had some indication at the
upstream locations, but never greatly exceeded the threshold on any of the parameters. The
downstream station did not have a strong indication that the macroinvertebrate community is being
impacted by high nitrate. The mixed response and moderate concentrations make nitrate inconclusive
as a stressor in this reach.

Total Suspended Solids

During fish sampling TSS, samples were collected. July 24, 2014 had a concentration of 86 mg/L at
13MNO65, and on July 29, 2013, TSS was 80 mg/L at 13MNO066. Eleven additional water chemistry
samples were collected in 2013 May through August. Concentrations ranged from 3.6 mg/L to 520 mg/L
with an average of 76.95 mg/L. 5 of the 13 samples analyzed (38%) exceeded the standard of 65 mg/L in
June and July of 2013. Historically this reach has had issues with TSS as this reach is listed for turbidity.
Turbidity tube readings on this stream show that 40% of the readings fell below 20 cm for transparency.
Figure 87 below displays 2013 turbidity tube readings, with higher values indicating better transparency.
April and May had better transparency when compared to June, July and August, transparency results
are consistently low (poor) during the summer base flow period. In addition to transparency tube
reading, volatile suspended solids (VSS) where analyzed in conjunction to the TSS samples. VSS was
found to account for approximately 56% with the TSS concentration within this reach. Given the
eutrophic status of the upstream reaches, as well as waterbodies, it is likely this is a common
relationship of organics making up a large portion of the TSS load.
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Figure 87. Transparency tube reading in 2013 at Minneopa Creek; 720007-534.
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Sample Date

The two monitoring stations provided different results within the macroinvertebrate community in the
same monitoring day (Table 78). The upstream station 13MNO065 showed consistent signals that could
be indicating TSS stress in the community. The collector filler taxa were not completely absent, but fell
below the expected size that would be found in this stream type. Stoneflies (Plecoptra) is an order
known to be sensitive to TSS; none were found at this location. The TSS index scored at 20; above the
threshold of 15.63; the higher the index score the greater the TSS risks to the community. Intolerant
taxa were present, but still below what should be found. TSS tolerant taxa represented 54% of the
sample.

The macroinvertebrates at 13MNO066 were mixed in regard to showing TSS stress (Table 78). The
collector filter community were in abundance here, scoring well above would be expected in this type of
stream. This is due to blackflies (Simulium) dominating the sample. These macroinvertebrates filter
organic matter out of the water column. Stoneflies a little above the expected range, and the TSS index
score was below the threshold at 14.37, again likely due to the dominance of blackflies. While there was
not a complete absence of intolerant species, they were not at expected levels. TSS tolerant inverts
were not overly abundant and did not dominate the sample size. At this reach, TSS does not seem to be
stressing the community, but the response can be explained by blackfly abundance, which drove up the
collector filterers, decreased the index score and tolerant percentages. This also could point to water
clarity impacts driven by excess algae.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

132



Table 78. Macroinvertebrate metrics that respond to high TSS stress in Minneopa Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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The fish community between the two biological monitoring stations displayed similar trends. Table 79
shows that exclusive benthic (bottom) feeders, herbivores, as well as sensitive fish were all lacking
within this reach. The average expected amount for long-lived species was greatly exceeded in this
reach; however, this is due to the overabundance of common carp in the sample. Perciformes were not
in abundance at either location. Riffle-dwelling species were limited as were simple lithophilic spawners,
who depend on gravel or course substrate for spawning.

Table 79. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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The fish metrics did display a negative response in the metrics regarding TSS (Table 80). In both
monitoring locations, The TSS index score exceeded the average of 19.2, yielding high scores of
25.3-30. TSS sensitive taxa lacked and seem to have been replaced by tolerant taxa types.
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Table 80. Fish metrics that respond to high TSS stress in Minneopa Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS likely is a biological stressor. The chemistry data, historical data, and current stream observations
indicate TSS is an issue within this reach. It is important to note that there is a high percentage of the
TSS loads made up of organics, such as suspended algae. Upstream management of eutrophic conditions
would likely drive down the overall TSS concentrations that are coming through this system.

Habitat

The MSHA scores resulted in similar findings between the two sites (Figure 88). Substrate, cover, and
morphology scored between fair to good. Riparian was slightly different, as the riparian width was
significantly lower at 13MNOG65, due to the land use being row crop. 13MNO065 had a score of 66.15
while 13MNO066 had a score of 71.2. Figure 89 and Figure 90 below, display habitat conditions at the
time of biological monitoring.

Figure 88. Percentage of MSHA subcategory scores for stations 13MN065 and 13MN066, Minneopa Creek
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As shown in Figure 89 and Figure 90, this section of Minneopa Creek does exhibit acceptable habitat
conditions. There appears to be diverse substrate types, noted in the morphology of the stream in
conjunction with multiple gravel and sand types. There are also areas for refuge and shade noted from
the healthy growth along a majority of the riparian area, as well as some woody derbies. While water
quality is questionable from the green hue in these photos, what is there for physical habitat diversity is
adequate.

Figure 89. Station 13MNO65, July 24, 2013
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Figure 90. Station 13MNO66, July 29, 2013
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Burrowers, climbers, and swimmers were low at both monitoring locations. Clingers and Sprawlers
made up a majority of the population at both locations, with station 13MNO066 having a significate
higher population of Clingers (Figure 100). This again is due to the overabundance of blackflies in that
sample. The elevated clingers can be a sign of a strong habitat as clinger species attach to rock or woody
debris need a variation of physical habitat types. Other sensitive taxa at this site also point to decent
habitat conditions overall. Stream surveys showed both sites as stable streams, with a wide variation of
habitat variability. The increase in sprawlers at 13MNO065 may be due to fine sediments, and possibly
related to differences in gradient between the two stations, as the gradient is steeper at 13MNO066.
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Figure 91. Macroinvertebrate metrics that respond to habitat for stations 13MN065 and 13MN066, Minneopa
Creek compared to the range of values for Southern Streams RR visits meeting the general use biocriteria.

90 -
4
80 -
70 -

60 -

50 -

VAR

40 -

30 -

20 -

Percent macroinvertebrate individuals

150 @ 160 @

10 A shi® 109 @
R ] I

Burrower Climber Clinger Sprawler Swimmer

b02QBox M@O3QBox @Mean @ 13MNO65 @ 13MNO66

The fish community that requires specific habitat types is stressed; however, their numbers could be
limited from a different stressor. Table 79 displayed in the above TSS section, shows that exclusive
benthic (bottom) feeders and herbivores were all lacking, however there were some presents of these
groups. Perciformes were not in abundance at either location. Riffle-dwelling species were limited as
were simple lithophilic spawners, who depend on gravel or course substrate for spawning, but were not
completely absent. Station 13MNO65 fish sample was closer at meeting the threshold for these groups
when compared to 13MNO066.

Habitat not likely a stressor. Physically, there seems to be a diverse habitat types available. In addition,
the biologic composition habitat group types are balanced, even though they are decreased in number.
If other stressors were addressed related to water quality, it is likely these sensitive groups would thrive
in more abundance in the habitat that is currently available within this reach.

Longitudinal Connectivity and Altered hydrology

The highest (~52 feet) natural waterfall in the Minnesota River — Mankato Watershed occurs where
Minneopa Creek is undercutting a layer of Jordan Sandstone in Minneopa State Park (DNR 2015). There
is also water quality impacts from Lake Crystal that is contributing to some the biological stressors. For
additional information of the Lake Crystal assessment, reference the DNR Lake SID document in the
appendix of this report.

Altered hydrology is thought to be the primary stressor within this reach, as it is the driver of all other
stressors within this reach. Altered hydrology is occurring in two ways throughout this system. Upstream
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the channel has been modified by ditching and channelizing, in addition to the practice of subsurface tile
drainage. These changes alter the flow regime of the stream system, creating a host of downstream
impacts. Tile drainage specifically provides a direct pathway from land to stream for nutrient (as well as
other pollutant) overloading. For additional information on altered hydrology within this watershed,
reference Chapter 3.1.8 of this report.

Summary Table

Table 81. Identified stressors with suspected sources for reach 534 of Minneopa Creek.
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Minneopa Creek Subwatershed Conclusion

Five stream reaches were found to be impaired for biology within the Minneopa Creek Subwatershed.
Minneopa Creek had two reaches assessed; One upstream reach (-531) was listed impaired for both
invertebrates and fish, and the other reach within Minneopa Creek (-534) was downstream of Lake
Crystal and impaired for lack of fish. County Ditch 27 (-535) was impaired for fish, Judicial Ditch 48 (-593)
feeds into Lake Crystal and was impaired for both fish and macroinvertebrates. County Ditch 56 (-557)
feeds into Lake Crystal and is impaired for fish. All streams were assessed as modified use, warmwater;
with the exception of Minneopa Creek (-534) that was designated as general use warmwater.

Altered hydrology is the primary stressor in these streams as it is directly contributing to the other
stressors. Altered hydrology is occurring two ways within this subwatershed. The first is through
subsurface tile drainage and the second is stream channel alteration by ditching and channelizing.
Alterations in this region are from agricultural practices in attempt to expedite water off the land to
optimize growing conditions. Both of these practices result in altered hydrology. As a result, the streams
are taking on volumes of water greater than what they are naturally designed to carry. This accelerates
flow velocity and significantly changes the morphology of the stream at the receiving location as well as
downstream areas. Stream banks erode and streambeds are scoured out or filled in with sediment.
Habitat degradation within this watershed directly ties back to altered hydrology. As displayed in the
above table, reaches that have been ditched result in poor habitat quality and lack habitat diversity from
being ditched. Minneopa Creek (-534) was found to have strong habitat features; this location differs
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from the upland streams as this section of stream has a large riparian area and limited altered
surrounding land use due to the lands steep gradient. However, this reach is still impacted by poor
water chemistry from upland altered hydrology.

Eutrophication is closely associated with low dissolved oxygen (DO) within the watershed. Stream
reaches where low DO is limiting biology is the result of plant (algae) respiration from headwater stream
and eutrophic lake contributions. Low levels of dissolved oxygen (DO) and eutrophication are clear
biological stressors at all but one of the monitoring locations in this subwatershed. Although DO data is
limited, the data collected strongly indicates that low DO levels and fluctuation are major stressors
throughout the subwatershed. Suspended algae from the eutrophic conditions were found to make up
half of the total suspended solids (TSS) impairments within a majority of the reaches in this
subwatershed. Eutrophic conditions throughout this region will typically occur in the headwater ditched
streams. Here, phosphorus is in abundance, there is a lack of stream covering vegetation that limits
sunlight, and there are slower velocities. Minneopa Creek (-534) was found to have high phosphorus
loading, However, due to its steep gradient and natural riparian zone it is unlikely that this section is
further contributing to the autotrophic (algae) growth. Regardless, the lower section of Minneopa Creek
is still being influenced from the high organic material that is coming through from upstream eutrophic
streams and Lake Crystal.

Nitrate samples were extremely limited in number. What was sampled often exceeded 20 mg/L (the
standard for drinking water is 10 mg/L). It is worth noting that the macroinvertebrate communities in
each stream were suggestive of nitrate stress in the community. Due to the lack of chemistry samples,
nitrates were found to be inconclusive as a stressor, yet it is highly suspected they are playing a role in
limiting the biology.

The fish community in the entire subwatershed is limited to tolerant species. This is due to the natural
barrier of Minneopa falls that cuts off migration potential from the Minnesota River, paired with the lack
of refuge waters where fish would overwinter being highly impaired. Due to these dynamics, only the
most tolerant species thrive within the Minneopa Subwatershed.

It is important to stress the need for additional monitoring, as many reaches had limited chemistry
samples. This resulted in having to leave many of the parameters inconclusive. More data would
particularly be helpful in understanding the sediment load occurring in the upland stream reaches, and
nitrates throughout the subwatershed. Restoration efforts should focus on restoring the upland areas
that influence refuge areas such as Lake Crystal and Loon Lake.

Morgan Creek — MNR Mankato South

This section encompasses biotic impaired reaches in the Morgan Creek 10 digit HUC. There are three
reaches impaired for biology in this 10 digit HUC. Unnamed Creek (577) is a small cold-water tributary to
the Minnesota River that is impaired for fish and macroinvertebrates. Judicial Ditch 10 (701) is a
tributary to Morgan Creek and is impaired for macroinvertebrates. Morgan Creek (691) is impaired for
fish and macroinvertebrates.
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Figure 92. Map of the Morgan Creek Watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates
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4.11 Unnamed creek (07020007-577)

Unnamed Creek (07020007-577) is a tributary north of Lake Crystal, Minnesota. The reach is cold-water
general use Class 2A. The reach extends from upstream of 224™ St to MN68. The reach is impaired for
lack of fish assemblage and lack of macroinvertebrate assemblage.

4.11.1 Biological Communities

There is fish data from two visits at one station (09MN094) sampled in 2010 and 2013. Both F-IBI scores
are below the general use threshold for Southern Coldwater Streams (45) (Figure 93). There were no
coldwater or coldwater fish taxa present in either visit.
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Figure 93. Fish metrics of the Southern Coldwater Streams class for station 09MN094, Morgan Creek

17 -
16 -
15 -
12 -
13 -
12 -
211 -
S 10 -
("] .
S 3 e 09MN094
5 7
= g: 09MNO094
4 u
3 u
2 1 — Average needed to
% i . . ; , , . : be at threshold
&L & «QG' $<§' & @ 8(} & —Maximum
g & & © & & £ &
Yo <® L M
& <97 S &7
O R &
& C S K
s S ¥
& ¢ S
C &

There are two macroinvertebrate visits on one station (09MN094) sampled in 2009 and 2013

(Figure 94). The sample collected in 2009 scored 13 points below the GU threshold, within the lower
confidence interval. The 2013 sample scored 40 points below the GU threshold, well below the lower
confidence interval. Comments made at the time of the 2013 data collection suggest that very high
flows had recently occurred, based on the presence of deeply eroded banks, and large trees that had
been recently moved. There was very low diversity, and a lack of intolerant taxa in the 2013 sample.
Abundant phosphorus and nitrogen intolerant taxa were present in the 2013 sample.
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Figure 94. Macroinvertebrate metrics of the Southern Coldwater Streams class for station 09MNO094, Morgan Creek
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4.11.2 Data Evaluation for each Candidate Cause

Temperature

Historically, DNR stream surveys from 1981 and 1995 indicate management for trout in this stream may
not be feasible due to lack of sufficient habitat. It was kept on the designated trout waters list for
watershed protection, and given current information appears to have coldwater potential.

Biologically, coldwater fish species are absent, as shown in Table 82. On the other hand, coldwater
macroinvertebrates were fairly abundant in 2010, but absent in 2013. Macroinvertebrate samples have
found coldwater taxa including Gammarus and Odontomesa. It is possible the 2013 sample was
impacted by a recent high flow event.

Table 82. Biological metrics that respond to temperature compared to the statewide average of visits meeting
the Southern Coldwater biocriteria. Bold indicates metric value indicative of stress.
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Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

142



Temperature data has been collected during three different years in Unnamed Creek, displayed in
Figure 95, Figure 96, and Figure 98 below. In 2010, temperature data from May through September
looks fairly characteristic of a coldwater stream, with a few time periods in August reaching higher
temperatures. When temperatures rise near 21°C, other fish can have a competitive advantage over
trout for the food supply (Behnke, 1992) and shows some time above this threshold in 2010 and 2013
the threat temperature for brown trout during more critical time periods like July. The most recent
deployment of 2016 displayed stable stream temperatures of a coldwater stream.

Figure 95. Temperature data from station 09MNO094 in May-September 2010.

30

Temperature (°C)
=
(951

5
0
5/17/2010 6/6/2010 6/26/2010 7/16/2010 8/5/2010 8/25/2010 9/14/2010
Date
© Temperature Temperature Maximum for coldwater streams

Temperature data in 2013 exceeded the coldwater threshold of 24 degrees Celsius August 25 through

August 29 reaching a peak temperature of 25.11 °C. Temperature data in 2010 reached its peak of 23.83
°Cin late August.
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Figure 96. Temperature data from station 09MNO094 in May-September 2013.
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During sonde deployment in August 2016, temperatures from this stream appear normal, and very
typical of a coldwater stream.

Figure 97. Temperature data from station 09MNO094 in August 2016.
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Temperature is inconclusive within this reach. The biological community collected does show the
temperature sensitive species are not thriving within this reach. With fish species lacking more so than
the macroinvertebrate coldwater species. Additional long-term temperature loggers are recommended
to track the coldwater stability of this stream.

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on July 21, 2010,

September 17, 2013, and August 7, 2013 at station 09MNO094 was 8.4 mg/L, 8.7 mg/L, and 7.7 mg/L
respectively. Additional samples collected in 2015 and 2016 ranged from 7.7 mg/L — 13.1 mg/L (average
of 9.8 mg/L). Only eight samples were collected, and all were above the coldwater standard of 7 mg/L.
Samples were collected at stations S008-559 and S009-156.

In 2016, an YSI sonde was deployed from August 10 through August 23. During that period,
concentrations ranged from 6.99 mg/L —9.03 mg/L (Figure 98). DO flux was minimal, and well below the
standard for the South Region (4.5 mg/L). There was a brief violation of the coldwater DO standard, but
it was just below and overall concentrations were good.

Figure 98. Continuous dissolved oxygen measurements (mg/L) at 09MN094 from August 12, 2016 to August 23, 2016.
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A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting
the MIBI threshold (Table 83). The macroinvertebrate DO index score was below average both years; as
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this score decreases, so does the sensitivity of the community. There were four DO intolerant taxa
comprising 2 — 35% of the community, and 3 — 4 DO tolerant taxa comprising 2% of the community. Taxa
richness of Ephemeroptera, Plecoptera and Trichoptera (EPTCh) and a measure of pollution based on
tolerance values assigned to each individual taxon developed by Chirhart (HBI_MN) were worse than
average. Total taxa richness (TaxaCountAllChir) was the only metric to score better than average.
Overall, a majority of the macroinvertebrate metrics are suggestive of stress.

Table 83. Macroinvertebrate metrics that respond to low DO stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 84). Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were zero both years, and tolerant individuals
(TolPct) comprised 100% of the community. There were zero DO sensitive taxa, and zero DO tolerant
taxa. The fish DO index score was below average both years, but the probability of this reach obtaining
the DO standard based on the fish community was 88%.

Table 84. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is not considered a stressor within this reach. The chemistry data suggests it would support
healthy communities within this reach. Metric scores were suggestive of low DO stress, but it is likely
that the poor community scores were due to another stressor.

Eutrophication
The total phosphorus (TP) concentration during biological sampling on July 21, 2010 and July 17, 2013 at
station 09MN094 was 0.095 mg/L and 0.099 mg/L respectively. Additional samples collected in 2015 and
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2016 ranged from 0.049 mg/L — 0.1 mg/L (average of 0.074 mg/L). Only six samples were collected, and
all six samples were below the river eutrophication standard for the South Region (0.150 mg/L). Samples
were collected from station S008-559 in April, May, June (two), August, and September.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. One chl-a sample

was collected on September 1, 2015; this sample was well below the 35 pg/L standard at 2.11 pg/L. At
this time, there have been zero BOD samples collected. DO flux during sonde deployment in 2016 was
minimal, and well below the standard for the South Region of 4.5 mg/L. There was low DO during this
deployment, but it was very brief and just below the standard.

All of the macroinvertebrate metrics except for total taxa richness (TaxaCountAlIChir) were worse than
the statewide average of stations meeting the MIBI threshold (Table 85). There were zero intolerant
taxa (Intolerant2Ch), and a high percentage of taxa with tolerance values equal to or greater than six
using MN TVs (Tolerant2ChTxPct). There was also a below average score for collector-fillterer species
present in both years. However, the collector-gatherer species fell just below the state average for
southern coldwater streams.

Table 85. Macroinvertebrate metrics that respond to eutrophication stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 86). Sensitive individuals (SensitivePct), abundance of darter species (DarterPct), and
intolerant individuals (IntolerantPct) were all zero during both visits. Tolerant individuals (TolPct)
comprised 100% of the fish community during 2010 and 2013. Abundance of simple lithophilic spawners
(SLithopPct) increased substantially from 2010 to 2013.
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Table 86. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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09MNO094 (2010) 0 0 18.2 100 2 0
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Eutrophication is not likely a stressor within this reach. Chemistry data is not suggestive of nutrient
overloading. Secondary chemistry responses, (such as DO flux) also were found to be in acceptable
ranges. Visually there were not any eutrophic conditions observed within this reach. It is likely that the
biological communities are responding to another stressor.

Nitrate

Nitrate concentration during fish sampling on July 21, 2010 and July 17, 2013 at station 09MN094 was
14 mg/L and 17 mg/L respectively. Additional samples were collected in 2015 and 2016, ranging from
2.9 mg/L — 24 mg/L (average of 18 mg/L). Only six samples were collected, but elevated concentrations
were observed. The five highest concentrations ranged from 18 mg/L — 24 mg/L; these samples occurred
in April, May, June (2), and August between the two year. Samples were collected from station

S008-559.

Taxa richness of Trichoptera (TrichopteraCh) and relative percentage of taxa belonging to Trichoptera
(TrichopteraChTxPct) were below the statewide average of stations meeting the MIBI threshold

(Table 87). There were 0 — 1 nitrate intolerant taxa, and 14 — 15 nitrate tolerant taxa comprising

52 —92% of the community. The macroinvertebrate nitrate index score was better than average in 2009,
but worse than average in 2013. The macroinvertebrate metrics were indicative of nitrate stress in 2013,
but not as much in 2009. The 2013 sample was dominated by snails (Physa).

Table 87. Macroinvertebrate metrics that respond to nitrate stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is considered a biological stressor within this reach. While there was not an abundance of
chemistry samples, what was available for analysis showed all but one were high for nitrate. The overall
macroinvertebrate response is also suggestive of nitrate stress. Station 09MNO094 does appear to be
slightly more affected by nitrate, in comparison to 09MNQ94.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on July 21, 2010 and July 17, 2013 at
station 09MNO094 was 24 mg/L and 75 mg/L respectively. Additional samples collected in 2015 and 2016
ranged from 4 mg/L — 39 mg/L (average of 16.1 mg/L). Only seven samples were collected, but four were
above the coldwater standard of 10 mg/L. Elevated concentrations were observed in 2016 in February,
May, June, and August. Samples were collected at station SO08-559.

The relative abundance of collector-filterer individuals (Collector-filtererPct) and relative abundance of
Plecoptera individuals (PlecopteraPct) were worse than the statewide average of stations meeting the
MIBI threshold (Table 88). The macroinvertebrate TSS index score was below average in 2009, and
above average in 2013; as this score increases, so does the tolerance of the community. There were zero
TSS intolerant taxa, and 3 — 4 TSS tolerant taxa. The percentage of TSS tolerant individuals was above
average both visits, and very high in 2013 (85%). Overall, a majority of the macroinvertebrate metrics
are worse than average and suggestive of stress.

Table 88. Macroinvertebrate metrics that respond to high TSS stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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All of the fish metrics with strong relationships to TSS were below the statewide average of stations
meeting the FIBI threshold (Table 89). In fact, all metrics had a score of zero. Creek chub and blacknose
dace were the only two species collected. Fish TSS index scores were above average both visits

(Table 89), suggesting a more tolerant community.
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Table 89. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 90. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive as a biological stressor. The macroinvertebrates did indicate some negative response
signals within the TSS community metrics, yet specific tolerant to TSS individuals were not abundant.
This indicates there is not TSS specific displacement. Fish responded poorly in most parameters for TSS
response in the community. As with the macroinvertebrates, TSS tolerant fish groups fell under the
expected average, indicating another stressor is limiting this community. Additional to the uncertainty
seen in the metrics, there is a lack of chemistry data to conclusively correlate TSS impacts.

Habitat
Station 09MNO094 MSHA scores display an increasing trend from the 2010 to 2013 survey (Figure 99). In

2010, surrounding land use was the limiting factor out of all the categories assessed. As surrounding
land use went from poor to fair, the riparian zone increased; with that yielding stronger shade and cover
from the canopy. Channel morphology also improved in correlation to surrounding land use, providing a
more stable system that allowed for improvements to the substrate. However, there is embeddedness
noted in the form of silt in 2013. The stream ben was also noted to lack diverse substrate types (only

three forms present).
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Figure 99. Percentage of MSHA subcategory scores for station 09MNO094, Unnamed Creek
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Burrowers, climbers, and sprawlers were above average, and clingers and swimmers were below
average (Figure 100). The elevated burrowers and minimal clingers are symptoms of habitat stress;
burrower species “burrow” in fine sediment and clinger species attach to rock or woody debris. Worms
(Oligochaeta) and scuds (Gammarus) were the dominant two taxa in 2009. Indicator values for
suspended sediment and fine substrates for Gammarus, developed by Carlisle et al (2007), are ten and
six respectively. The scoring system is based on a scale from 1 — 10, with ten being the most tolerant.
Snails (Physa) dominated the community in 2013. Indicator values for suspended sediment and fine
substrates for Physa were five and eight respectively.
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Figure 100. Macroinvertebrate metrics that respond to habitat for station 09MN094, Unnamed Creek compared
to the range of values for Coldwater Stream visits meeting the modified use biocriteria.
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As the fish community was limited two only two taxa types, the metrics are not helpful in identifying if
habitat is limiting the community. As displayed in previous TSS section (Table 79), the relative
abundance of individuals that are riffle-dwelling species (RifflePct) were zero both years, and abundance
of simple lithophilic spawners (SLithopPct) was below average in 2010 but well above average in 2013.
These species require clean coarse substrate and riffles, and are expected to decrease with stress. The
only two fish species sampled during both visits were blacknose dace and creek chub.

Habitat is considered a stressor as the macroinvertebrates are showing strong signals of habitat stress.
The MSHA recon also indicates poor habitat availability as well as unstable stream banks that could be
contributing to sedimentation within this channel. The fish sample was limited in being able to call out
specific stressors, as there were only two taxa types collected.

Longitudinal Connectivity and Altered Hydrology

Unnamed Creek has a perched culvert at Hwy 68 and there is also a large beaver dam approximately

1.3 miles from the confluence with the Minnesota River. For more information on the barrier, please see
DNR’s Minnesota River, Mankato Watershed Characterization Report (2015). Station 09MNQ94 is
upstream of both the perched culvert and the beaver dam. There are no downstream stations for
comparison. Creek chub and blacknose dace were the only fish species surveyed at station 09MNQ94, in
2010 and 2013. There are no lakes or wetlands that could provide fish replenishment to the creek. These
barriers are stressors to the fish community as they disconnect fish from migrating to and from the
Minnesota River.
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Altered hydrology is thought to be the primary stressor within this reach, as it is the driver of all other
stressors within this reach. Altered hydrology is occurring in two ways throughout this system. Upstream
the channel has been modified by ditching and channelizing, in addition to the practice of subsurface tile
drainage. These changes alter the flow regime of the stream system, creating a host of downstream
impacts. Tile drainage specifically provides a direct pathway from land to stream for nutrient (as well as
other pollutant) overloading. For additional information on altered hydrology within this watershed,
reference Chapter 3.1.8 of this report.

Summary Table

Table 91. Identified stressors with suspected sources for reach 577 of Unnamed Creek.

577 Unnamed Creek

Key
®=suspected source, O=potential source Stressor Inconclusive
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4.12 Judicial Ditch 10 (07020007-701)

Judicial Ditch 10 (07020007-701) is a tributary of Morgan Creek, southeast of Cortland, Minnesota. The
reach is warmwater modified use Class 2B. The reach extends from unnamed creek to downstream of
112%™ Ave. The reach is impaired for lack of macroinvertebrate assemblage.

4.12.1 Biological Communities

Fish and macroinvertebrates were sampled at station 13MNO053 in 2013. The fish community scored
(47.7) above the modified use threshold (33) for the Southern Headwaters class. The fish community
was dominated by brassy minnows and creek chubs. The macroinvertebrate community scored (9.0)
below the modified use threshold (22) for the Prairie Streams GP class. The macroinvertebrate
community was dominated by snails, Gyraulus and Physa. Nearly all of the MIBI metrics were less than
the average metric score needed to obtain an IBI at the threshold (Figure 101).
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Figure 101. Macroinvertebrate metrics for the Prairie Streams GP class station 13MNO053, Judicial Ditch 10
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4.12.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

The only dissolved oxygen (DO) samples collected on this reach occurred during biological sampling on
June 12, 2013, August 8, 2013, and August 15, 2013 at station 13MNO053. Concentrations were

10.3 mg/L, 2.3 mg/L, and 1.1 mg/L respectively. Two of the samples were well below the warmwater
standard (5 mg/L), both collected in early morning. Indicating that the low DO is driven by plant
respiration.

A sonde was deployed from July 23 through July 30, 2015 (Figure 102 and Figure 103). During that time
DO was low and some days did not reach the standard of 5 mg/L. Yet, there were some days with
elevated DO flux, with the DO ranging from 0.4 to 7.5 mg/L within 24 hours. In 2013, elevated DO flux
was also noted on August 7 and 8, with DO of 9.6 mg/L at 4:15pm and then 0.90 mg/L at

8 am. DO flux during sonde deployment in 2015 ranged from 2.5 to 7.1 mg/L. Four of the days measured
had DO flux greater than 4.5 mg/L, the river eutrophication standard.
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Figure 102. Continuous dissolved oxygen measurements (mg/L) at 13MNO053 from July 23, 2015 to July 31, 2013.
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Figure 103. Dissolved oxygen flux measurements (24-hour variation) at 13MNO053 from July 23, 2015 to July 31, 2013.
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All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 92). The macroinvertebrate DO index score was below average; as this score
decreases, so does the sensitivity of the community. There were zero DO intolerant taxa, and eleven DO
tolerant taxa comprising 59% of the community. Taxa richness of Ephemeroptera, Plecoptera and
Trichoptera (EPTCh), a measure of pollution based on tolerance values assigned to each individual taxon
developed by Chirhart (HBI_MN), and total taxa richness (TaxaCountAllChir) were worse than average.
The macroinvertebrate metrics are suggestive of stress.

Table 92. Macroinvertebrate metrics that respond to low DO stress in Judicial Ditch 10 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is a biological stressor within this reach. Chemistry data strongly displayed low levels of DO,
during both the grab sample as well as the continuous data during sonde deployment. The
macroinvertebrate metrics also showed a consistent negative response to low DO stress.

Eutrophication

The only total phosphorus (TP) samples collected on this reach occurred during fish sampling at station
13MNO53 on June 12, 2013 and August 8, 2013. Concentrations were 0.029 mg/L and 0.214 mg/L
respectively. The August sample exceeded the river eutrophication standard for the South Region
(0.150 mg/L).

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. There have been
zero chl-a or BOD samples collected. DO flux during sonde deployment in 2015 ranged from

2.5 to 7.1 mg/L. Only two of the full days of measurements had DO flux greater than 4.5 mg/L, the river
eutrophication standard. The two partial days were also greater than 4.5 mg/L, with 5 and 5.3 mg/L flux,
on the day of deployment and the day of pick up. Low DO was also documented in this AUID. Abundant
autotrophic growth is apparent, seen below in Figure 104 and Figure 105.

All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 93Error! Reference source not found.). There were zero intolerant taxa
(Intolerant2Ch), and a high percentage of tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-
filterers (Collector-filtererCh), collector-gatherers (Collector-gathererCh), and Ephemeroptera,
Plecoptera, and Trichoptera (EPT) were below average.
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Table 93. Macroinvertebrate metrics that respond to eutrophication stress in Judicial Ditch 10 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Figure 104. Station 13MNO053, August 8, 2013
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Figure 105. Station 13MNO053, July 23, 2015

Eutrophication is likely a stressor within this reach. While TP data is lacking, what is available is high. DO
flux data also is responding in a way indicative of eutrophic conditions. One of the clearest lines of
evidence for determining eutrophic conditions is assessment of the physical state of the stream. Each
recon visit, excess algal growth is noted. This can be seen in the photo of August 8, 2013 and July 23,
2015. An additional site visit in June of 2013 noted some algal mats.

Nitrate
The only nitrate samples collected on this reach occurred during fish sampling at station 13MNO053 on
June 12, 2013 and August 8, 2013. Concentrations were 21 mg/L and 0.05 mg/L respectively.

Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below the statewide average of stations meeting the MIBI threshold
(Table 94). There were zero nitrate intolerant taxa, and eleven nitrate tolerant taxa comprising 44% of
the community. The macroinvertebrate nitrate index score was worse than average. A majority of the
macroinvertebrate metrics were worse than average, but there is not a strong signal of nitrate stress.
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Table 94. Macroinvertebrate metrics that respond to nitrate stress in Judicial Ditch 10 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is inconclusive as a stressor. There is limited chemistry data, but elevated concentrations have
been documented. With the sample of 21 mg/L paired with lack of nitrate sensitive species nitrate is
suspected to be a limitation. Additional data is needed to conclusively identify this.

Total Suspended Solids

The only total suspended solids (TSS) samples collected on this reach occurred during fish sampling at
station 13MNO053 on June 12, 2013 and August 8, 2013. Concentrations were 2 mg/L and 1.6 mg/L
respectively. Both samples fell below the warmwater standard for the South Region of 65 mg/L.

The relative abundance of collector-filterer individuals (Collector-filtererPct) and relative abundance of
Plecoptera individuals (PlecopteraPct) were worse than the statewide average of stations meeting the
MIBI threshold (Table 95). There were zero TSS intolerant taxa, and five TSS tolerant taxa. TSS tolerant
individuals comprised 33% of the community. The TSS index score was below average; as this score
decreases, so does the tolerance of the community. Overall, the macroinvertebrate metrics display a
mixed response to TSS stress.

Table 95. Macroinvertebrate metrics that respond to high TSS stress in Judicial Ditch 10 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive. As there are limited TSS samples and a mixed biological community response, not
able to determine if the negative measured responses is from TSS or from eutrophic conditions, as they
will have similar physical impacts of habitat needs for the biology.
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Habitat

Both 13MNO053 MSHA assessments scored poorly at 30 (June) 35 (August) in 2013. There was noted
bank erosion, moderate embeddedness (August 2013) and no coarse substrate (June 2013), and
moderate cover. Overhanging vegetation and macrophytes were the available cover types. The reach
was 100% run, dominated by sand and silt substrate (Figure 106). Below, Figure 107 captures stream
instability, lack of cover, as well as the homogenous features throughout the reach.

Figure 106. Percentage of MSHA subcategory scores for station 13MNO053, Judicial Ditch 10
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Figure 107. Station 13MNO053, August 8, 2013

Burrowers, clingers, sprawlers, and swimmers were below average, and climbers were above average
(Figure 108). Climber species use overhanging vegetation or woody debris habitat. Clingers were in the
lower quartile, which may be a sign of habitat stress as clingers attach to rock or woody debris. The
clinger MIBI metric score was below the average metric score needed to meet the MIBI threshold. Snails
(Gyraulus and Physa) dominated the community. Indicator values for suspended sediment and fine
substrates for Physa, developed by Carlisle et al (2007), are five and eight respectively. The scoring
system is based on a scale from 1 — 10, with ten being the most tolerant.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

161



Figure 108. Macroinvertebrate metrics that respond to habitat for station 13MNO053, JD 10 compared to the
range of values for Prairie Streams GR visits meeting the modified use biocriteria.
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Habitat is a stressor. This reach has poor channel morphology and lack of physical habitat availability, as
well as diversity. These features are also reflected in the biological community metrics.

Longitudinal Connectivity and Altered Hydrology
Connectivity was not considered a stressor. There are no identified downstream barriers, or longitudinal
connectivity issues that were found to limit migration ability.

Altered hydrology is the primary stressor within this reach, also driving downstream impacts. Judicial
ditch 10 is downstream from a significant stretch of altered stream. These channels have been
completely altered by way of ditching as well as introduction of subsurface tile drainage for agricultural
purposes. For additional information on the impacts of these forms of altered hydrology reference

Chapter 3.1.8 of this report.
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Summary Table

Table 96. Identified stressors with suspected sources for reach 577 of Unnamed Creek.

701 Judicial Ditch 10

Key
e=suspected source, o=potential source Stressor Inconclusive
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4.13 Morgan Creek (07020007-691)

Morgan Creek (07020007-691) is a tributary south of Cortland, Minnesota. The reach is warmwater
general use Class 2B. The reach extends from approximately 232" St to the Minnesota River. The reach
is impaired for lack of fish assemblage and lack of macroinvertebrate assemblage. The reach is also
impaired for E. coli, but this report will not address that impairment.

4.13.1 Biological Communities

Station 13MNO55 was sampled for fish and macroinvertebrates in 2013. The macroinvertebrate
community scored 23.8, below the general use threshold of 37 for Southern Streams RR class. The
community was dominated by Polypedilum (non-biting midges) and Cheumatopysche (tolerant
netspinning caddisflies). Many of the metrics were below the average metric score needed to obtain an
IBI at the threshold (Figure 109).
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Figure 109. Macroinvertebrate metrics for the Southern Streams RR class station 13MNO055, Morgan Creek
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The fish community scored (27.3) below the general use threshold (50) for the Southern Streams class.
The most abundant fish were central stonerollers, blacknose dace, and common shiners. All but one of the
IBI metrics were below the average metric score needed to obtain an IBI at the threshold (Figure 110).

Figure 110. Fish metrics of the Southern Streams class IBI for station 13MNO055, Morgan Creek
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4.13.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on July 29, 2013 and August 7, 2013
at station 13MNO55 was 12 mg/L and 11 mg/L respectively. Two additional samples were collected on
June 20, 2016 at stations S007-339 and S009-154; concentrations were 8.3 mg/L and 7.2 mg/L
respectively. Minimal samples have been collected, but all are above the warmwater standard (5 mg/L).
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A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting
the MIBI threshold (Table 97). The macroinvertebrate DO index score was right at the average. There
were seven DO intolerant taxa comprising 12% of the community, and four DO tolerant taxa comprising
6% of the community. Taxa richness of Ephemeroptera, Plecoptera and Trichoptera (EPTCh), a measure
of pollution based on tolerance values assigned to each individual taxon developed by Chirhart
(HBI_MN), and total taxa richness (TaxaCountAllChir) were worse than average.

Table 97. Macroinvertebrate metrics that respond to low DO stress in Morgan Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 98) Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were below average, and tolerant individuals
(TolPct) comprised 70% of the community. There was one DO sensitive taxa comprising 0% of the
community, and six DO tolerant taxa comprising 4% of the community. The fish DO index score was
above average, and the probability of this reach meeting the DO standard based on the fish community
was 64%.

Table 98. Fish metrics that respond to low DO stress in Morgan Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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DO is inconclusive as a stressor. This finding is partially due to lack of chemistry data. There are also
guestionable findings within the biological metrics, as in both cases the DO index score for fish and
macroinvertebrates fell at the average score for this stream type. It is plausible the poor metric values
within these two groups are related to a different stressor. In the future, continuous sonde data would
be helpful in understanding the DO dynamics within this reach, to better interpret the correlation of low
DO impacts on the biological community.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

165



Eutrophication

The total phosphorus (TP) concentration during fish sampling on September 29, 2013 at station
13MNO055 was 0.068 mg/L. Twenty two additional samples were collected in 2009 and 2010, ranging
from 0.02 mg/L— 0.308 mg/L (average of 0.083 mg/L). Of these 22 samples, two exceeded the river
eutrophication standard for the South Region (0.150 mg/L). All of these samples were collected near the
mouth of Morgan Creek at station S004-281 in April (five), May (four), June (six), July (five) and August
(two). Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. There have
been zero chl-a, BOD, or DO flux samples collected.

All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 99). There were zero intolerant taxa (Intolerant2Ch), and an elevated percentage
of tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-filterers (Collector-filtererCh), collector-
gatherers (Collector-gathererCh), and Ephemeroptera, Plecoptera, and Trichoptera (EPT) were below
average.
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Table 99. Macroinvertebrate metrics that respond to eutrophication stress in Morgan Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 100). There were zero intolerant individuals (IntolerantPct), and elevated tolerant
individuals (TolPct). Abundance of simple lithophilic spawners (SLithopPct) was the only metric that
scored well.

Table 100. Fish metrics that respond to eutrophication stress in Morgan Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is listed as inconclusive. While there is a fair number of TP collected, there are not any
secondary responses to evaluate. Diurnal DO would be especially helpful is identifying a eutrophic signal
within this reach. Biological metrics were slightly mixed.

Nitrate

Nitrate concentration during fish sampling on July 29, 2013 at station 13MNO055 was 2.2 mg/L. Thirty-
two additional samples were collected in 2009, 2010, and 2013, ranging from 0.29 mg/L — 29 mg/L
(average of 10 mg/L). Of the entire sample set 50% were above 10 mg/L. Elevated concentrations were
observed in all years, in April (three), May (four), June (seven), and July (two). Samples were collected
from stations S004-281 and S007-339.

Fish metrics are not yet developed to clearly identify nitrate stress within the fish community. The
impacts of nitrate stress to the macroinvertebrate community are a better indicator if nitrate stress.
Taxa richness of Trichoptera (TrichopteraCh) was below the statewide average of stations meeting the
MIBI threshold (Table 101), and relative abundance of non-hydropsychid Trichoptera individuals
(TrichwoHydroPct) was above average. There were zero nitrate intolerant taxa, and twenty-two nitrate
tolerant taxa comprising 84% of the community. The macroinvertebrate nitrate index score was worse
than average. A majority of the macroinvertebrate metrics are indicative of nitrate stress.
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Table 101. Macroinvertebrate metrics that respond to nitrate stress in Morgan Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is likely stressing the biological community within this reach, given the chronically high values in
the nitrate dataset. The biological metrics also suggest nitrate is limiting the macroinvertebrate
community.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on July 29, 2013 at station 13MNO055
was 3.6 mg/L. Thirty-one additional samples collected in 2009, 2010, and 2013 ranged from 2 mg/L —
290 mg/L with an average of 19.2 mg/L. Only two samples were found to be above the warmwater
standard for the South Region of 65 mg/L. The two exceedances were 123 mg/L on June 29, 2010 and
290 mg/L on June 26, 2013. Samples were collected in the lower end of the AUID at stations S004-281
and S007-339; each station had one exceedance.

The relative abundance of collector-filterer individuals (Collector-filtererPct) was above the statewide
average of stations meeting the MIBI threshold, while relative abundance of Plecoptera individuals
(PlecopteraPct) was below average (Table 102). There was a complete absents of TSS intolerant taxa,
and eleven TSS tolerant taxa. TSS tolerant individuals comprised 58% of the community, well above the
expected composition of 35% of this stream type. The TSS index score was above average, indicating a
more tolerant community. Overall, the macroinvertebrate community is suggestive of stress.

Table 102. Macroinvertebrate metrics that respond to high TSS stress in Morgan Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Most of the fish metrics with strong relationships to TSS were below the statewide average of stations
meeting the FIBI threshold (Table 103). The relative abundance of individuals that are non-tolerant
Centrarchidae (Centr-TolPct), relative abundance of individuals that are intolerant species
(IntolerantPct), relative abundance of individuals that are long-lived (LLvdPct), relative abundance of
individuals of the order Perciformes, excluding tolerant individuals (Percfm-TolPct), relative abundance
of individuals that are sensitive species (SensitivePct), and relative abundance of individuals that are
simple lithophilic spawners (SLithFrimPct) were all below average. There were zero TSS sensitive taxa,
and two TSS tolerant taxa comprising 1% of the community (Table 104). The fish TSS index score was
well below average; as this score decreases so does the tolerance of the community.

Table 103. Fish metrics that respond to high TSS stress in Morgan Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 104. Fish metrics that respond to high TSS stress in Morgan Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is listed as inconclusive. While it is not likely the driving stressor on the biological community, there
are some indication that it could be placing limitations on the biology. Water chemistry samples did not
indicate a chronic TSS issue within this reach. The metrics were mixed, especially in the fish community;
however the fish community is likely limited from the connectivity issue of the culvert (discussed in
further detail below); this will limit the available fish sample within this reach. What was present within
the fish community displayed that there were some species present who cannot thrive in turbid
environments, such as benthic feeders and lithophilic spawners. In the macroinvertebrate community
there is a higher than usual percentage of TSS tolerant species. However, there was a healthy number of
collector filter inverts that depend on non-turbid environments for their habitat.
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Habitat

On July 29, 2013 the MSHA score was at 47.55 with the riparian zone being the largest contributor to a
low score (Figure 111). There was also heavy bank erosion and moderate embeddedness noted. There
were a variety of pool features and substrate types present, as well as a healthy ratio of riffles (25%),
runs (55%), and pools (20%). Cover types included deep pools, logs or woody debris, boulders,
rootwads, and macrophytes. Overall, there was sufficient physical habitat available.

Figure 111. Percentage of MSHA subcategory scores for station 13MNO055, Morgan Creek
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Burrowers, sprawlers, and swimmers were below average, and climbers and clingers were above
average (Figure 112). There appears to be adequate overhanging vegetation, woody debris, and/or rock
substrate, as climbers and clingers were present in good numbers. The climber MIBI metric score was
just below the average metric score needed to meet the MIBI threshold, and the clinger MIBI metric
score was above average. Overall, the macroinvertebrates do not show strong signs of habitat stress.
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Figure 112. Macroinvertebrate metrics that respond to habitat for station 13MNO055, Morgan Creek compared to
the range of values for Southern Streams RR visits meeting the modified use biocriteria.
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As displayed in Table 103 in the TSS section, the relative abundance of individuals that are riffle-dwelling
species (RifflePct) as well as benthic feeders were above average. These species require clean coarse
substrate and riffles, and are expected to decrease with habitat stress.

Habitat not likely a stressor. Fish and macroinvertebrate community not suggestive and the physical
habitat present is diverse and abundant. Poor riparian paired with upstream alterations to flow could
change the current habitat findings in the future. While habitat is not thought to be a stressor, it is
vulnerable.

Longitudinal Connectivity and Altered hydrology

On August 3, 2016, a perched culvert was found on Morgan Creek at Hwy 68. In June 2016, a flow event
that completely filled the two culverts took place, creating stream instability at the mouth of this
culvert. It is unknown if the culvert was perched prior to the event. The culvert is perched about a foot
under summer baseflow conditions (Figure 113 and Figure 114). Due to this barrier on fish migration,
longitudinal connectivity is considered a stressor.
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Figure 113. Morgan Creek downstream at Hwy 68, perched approximately 1 foot, August 3, 2016
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Figure 114. Morgan Creek, Upstream of Hwy 68, on June 20, 2016, debris resting on culvert from storm event.

This reach is the farthest downstream monitoring station in Morgan Creek. A majority of the upstream
locations and tributaries have been completely altered by way of ditching, channelizing, and
introduction of subsurface tile drainage for agricultural purposes. This can lead to downstream water
quality and geomorphology impacts as this alters the streams flow regime, creating more erosive
conditions. Pollutant loading also is enhanced from the direct connection of subsurface tile drainage to
the stream. For this reason, altered hydrology is thought to be the primary stressor as it is driving the
other identified stressors on this reach. For more information on how altered hydrology impacts streams
within this watershed, reference Chapter 3.1.8 of this report.
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Summary Table

Table 105. Identified stressors with suspected sources for reach 691 of Morgan Creek.
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Morgan Creek Subwatershed Conclusion

Three stream reaches were found to be impaired for biology in the Morgan Creek Subwatershed and
vary in stream type and dynamics. Unnamed Creek (-577) was assessed as a cold-water general use
stream, impaired for both macroinvertebrates and fish. Judicial Ditch 10 (-701) was assessed as a
modified warmwater stream and only had impairments for macroinvertebrates. Morgan Creek (-691)
was assessed as a general warmwater stream, with impairments for both macroinvertebrates and fish.

The Morgan Creek Subwatershed is unique as it has one of the few cold-water reaches contained in the
entire Minnesota River- Mankato Watershed.

Unnamed Creek’s (Horseshoe creek) temperature was identified as a potential biological stressor, as this
reach was found close to exceeding temperatures that are known for limiting cold-water species, but
never officially fell over the threshold. Temperatures should continue to be monitored in the future to
ensure support for the cold-water biological community. The DNR and MPCA both feel habitat is a
limiting factor to the cold-water species in this creek. Biological sampling and geomorphology work
indicated severe bank erosion and embeddedness were causing macroinvertebrate and fish
displacement. However, a unique attribute of Unnamed Creek is this is the only stream in the entire
watershed where altered hydrology as a stressor is not prominent. Erosion occurring in this stream
appears to be a natural process in this reach. This stream reach is down cutting and not under altered
accelerated forces. There were no cold or cool water fish species sampled during two separate attempts.
In 2010, the macroinvertebrate community was right below the expected population for a coldwater
stream where in 2013 it was completely lacking. Connectivity is a stressor as fish migration ability is
limited due to barriers within this reach, there is an identified community of beavers who have placed a
dam between this station and the Minnesota River, and there is also a perched culvert at Hwy 68.

Excluding unnamed creek, the other two streams within this subwatershed are heavily influenced by
altered hydrology by way of accelerated ground water input from tile lines related to agriculture. This
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alteration causes increased input of nutrients such as nitrate and phosphorus. Nitrate alone is toxic to
biology and was found to be limiting the biology in two reaches with potential in the other one. High
phosphorus loading has led to eutrophic conditions in JD 10. An overabundance of suspended and
filamentous algae have made oxygen levels variable and were recorded to reach levels that would not
support aquatic life. Suspended algae is also likely contributing to the impairments in biology and made
up a significant amount of the total suspended solids.

Other than tile line groundwater inputs, the other form of altered hydrology impacts to a stream is seen
in ditching and channelizing. This practice of altering the channel increases surface flow and eliminates
habitat diversity within the stream. Pasturing land use practices along Judicial Ditch 10 were also found
to be limiting habitat.

Little Cottonwood River-MNR Mankato South

This section encompasses biotic impaired reaches in the Little Cottonwood 10 digit HUC. There are four
reaches impaired for biology in this 10 digit HUC. County Ditch 11 and County Ditch 67 are tributaries to
the Little Cottonwood River. County Ditch 11 is impaired for macroinvertebrates and County Ditch 52 is
impaired for both fish and macroinvertebrates. There are two reaches on the Little Cottonwood River.
The upstream reach is impaired for fish and macroinvertebrates, while the downstream reach is
impaired for macroinvertebrates.

The watershed’s largest tributary, the Little Cottonwood River, is unusual compared to other streams in
the watershed because 77% of its 83-mile length is still considered natural channel based on the Altered
Watercourse Project. A mere 17% of the Little Cottonwood is considered channelized. Lack of
channelization along this stream may be attributed to a portion of the stream occupying lowlands that
are more suitable for pasture and hay.
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Figure 115. Map of the Little Cottonwood Watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates
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4.14 County Ditch 11 (07020007-657)

County Ditch 11 (07020007-657) is a tributary of the Little Cottonwood River, northwest of Hanska,
Minnesota. The reach is warmwater modified use Class 2B. The reach extends from unnamed ditch to
Unnamed Creek. The reach is impaired for lack of macroinvertebrate assemblage.

4.14.1 Biological Communities

Fish and macroinvertebrates were surveyed at station 13MNO049 in 2013. The fish community scored an
IBI of 44.6, above the modified use threshold of 33 for the Southern Headwaters class. Common shiners
were the most dominant species present. The macroinvertebrate community had an IBI score of 21.3,
below the modified use threshold of 24 for the Southern Streams RR class. The most abundant species
were Physa (snails) and Hyalella (scuds). Only four of the 10 metrics in the Southern Streams RR 1Bl were
above the average metric score needed to obtain an IBl score at the threshold (Figure 116).
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Figure 116. Macroinvertebrate metrics of the Southern Streams RR IBI class for station 13MNO049, County Ditch 11
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4.14.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on July 9, 2013 and August 15, 2013
at station 13MNO049 was 11.9 mg/L and 11.7 mg/L respectively. Eight additional instantaneous DO grab
samples collected in 2015 and 2016 ranged from 6.4 mg/L — 10.6 mg/L (average of 8.4 mg/L); all were
above the warmwater standard (5 mg/L). Samples were collected at station S008-536.

In 2016, a sonde was deployed from August 10 through August 23 at station 13MNO049. During that time
frame, concentrations ranged from 3.1 mg/L—9.7 mg/L (Figure 117). Low DO was observed 51% of the
deployment. Daily DO flux ranged from 1.4 mg/L — 5.8 mg/L; two days exceeded the 24 hour flux
standard for the South Region (4.5 mg/L).
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Figure 117. Diurnal dissolved oxygen for station 01MNO020, July 30 — August 10, 2015
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A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting

the MIBI threshold (Table 107). The macroinvertebrate DO index score was bel
decreases, so does the sensitivity of the community. There were three DO into
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lerant taxa comprising 8%

of the community, and four DO tolerant taxa comprising 30% of the community. Taxa richness of
Ephemeroptera, Plecoptera and Trichoptera (EPTCh), a measure of pollution based on tolerance values
assigned to each individual taxon developed by Chirhart (HBI_MN), and total taxa richness
(TaxaCountAllChir) were worse than average. Overall, the macroinvertebrate metrics are suggestive of

stress.

Table 106. Macroinvertebrate metrics that respond to low DO stress in County Ditch

11 compared to the

statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Low DO appears to be a stressor. There were almost daily violations of the DO standard. It is likely this
streams DO dynamics are driven by eutrophication, as there is a clear correlation of high DO levels
during peak photosynthesis as well as extreme DO depletion when autotrophic respiration would be at
its highest.

Eutrophication

The total phosphorus (TP) concentration during biological sampling on July 9, 2013 at station 13MNO049
was 0.064 mg/L. Six additional samples collected in 2015 and 2016 ranged from 0.088 mg/L —0.757
mg/L (average of 0.271 mg/L). Three of the six samples were above the river eutrophication standard for
the South Region (0.150 mg/L). Samples were collected from station S008-536 in February, May, June
(two), and August (two); the exceedances occurred in February (0.348 mg/L), May (0.180 mg/L), and
August (0.757 mg/L).

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. One chl-a sample
was collected on August 27, 2015; this sample was well below the 35 pg/L standard (0.97 pg/L). At this
time, there have been zero BOD samples collected. During sonde deployment in 2016, daily DO flux
ranged from 1.4 mg/L — 5.8 mg/L; two days exceeded the 24 hour flux standard for the South Region of
4.5 mg/L (Figure 117). Low DO was also observed during the time of this deployment.

Additional to the chemistry data, eutrophic conditions can be seen in the abundance of filamentous
algae, in the form of floating algae mats (Figure 118) and benthic algae (Figure 119). As the dominant
algae/plant type appears to be filamentous, this could account for the low chl-a, as that sable is usually
collecting for the water column; typically limited to picking up suspended algae.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

179



Figure 118. Station 13MNO049 on September 13, 2012.
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Figure 119. Station 13MNO049 on July 9, 2013

The macroinvertebrate community did reflect eutrophic stress in the metrics. All of the
macroinvertebrate metrics were worse than the statewide average of stations meeting the MIBI
threshold (Table 107). There were zero intolerant taxa (Intolerant2Ch), and a high percentage of
tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-filterers (Collector-filtererCh), collector-
gatherers (Collector-gathererCh), and Ephemeroptera, Plecoptera, and Trichoptera (EPT) were below

average.

Table 107. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 11 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is listed as a stressor. While TP and chl-a data is limited, DO flux supports the findings of
eutrophic conditions, as does the physical state of the stream over the two biological monitoring years.
Phosphorus samples were limited, but what was present was high enough and randomly sampled
enough that it strongly indicates a TP overloading problem within this stream.

Nitrate

The nitrate concentration during fish sampling on July 9, 2013 at station 13MN049 was 8.4 mg/L. Six
additional samples were collected in 2015 and 2016, ranging from 0.45 mg/L — 27 mg/L (average of 17 mg/L).
Four of the six were above 10 mg/L and three above 20 mg/L. The elevated concentrations were observed in
February, May, June, and August of 2016. Samples were collected from station S008-536.

Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below the statewide average of stations meeting the MIBI threshold
(Table 108). There were zero nitrate intolerant taxa, and 24 nitrate tolerant taxa comprising 70% of the
community. The macroinvertebrate nitrate index score was worse than average. The macroinvertebrate
metrics were worse than average and indicative of nitrate stress.

Table 108. Macroinvertebrate metrics that respond to nitrate stress in the Little Cottonwood River, compared to
the statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of
stress.
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Nitrate is a stressor. There is a biological response suggestive of nitrate displacement. While the nitrate
samples were limited, they are randomized (in timing) enough that the frequent findings of high
concentrations are likely telling of chronic nitrate loading within this stream. With some exceedances as
high as 27 mg/L, regardless of frequency, this system demonstrates periods of extremely high nitrate
concentrations that would eliminate sensitive taxa.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on July 9, 2013 at station 13MNO049
was 1.6 mg/L. Six additional samples collected in 2015 and 2016 ranged from 1.2 mg/L — 40 mg/L
(average of 11.2 mg/L). All were below the warmwater standard for the South Region (65 mg/L).
Samples were collected in February, May, June (two), and August (two) at station S008-536.

The relative abundance of collector-filterer individuals (Collector-filtererPct) and relative abundance of
Plecoptera individuals (PlecopteraPct) were below the statewide average of stations meeting the MIBI
threshold (Table 109). There were zero TSS intolerant taxa, and 10 TSS tolerant taxa comprising 39% of
the community. The macroinvertebrate TSS index score was below average; as this score decreases, so
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does the tolerance of the community. Overall, a majority of the macroinvertebrate metrics were worse
than average.

Table 109. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 11 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive. Due to the limited data collected, it is not clear what TSS potential this reach has,
particularly after a rain event. In addition, there were mixed results in the biological metrics. This makes
it difficult to correlate a macroinvertebrate displacement from an overloading of TSS or if the
community metrics are responding to a different stressor.

Habitat

During the July 9, 2013 biological sample, the MSHA scored low at 32, scoring “poor” in all categories,
with the exception of the substrate category that scored “fair” (Figure 120. There was little bank
erosion, moderate embeddedness, and sparse cover. Cover type’s available included overhanging
vegetation and macrophytes (Figure 121). This station was 100% run, dominated by gravel and sand.
There was a lack of physical habitat variation.

Figure 120. Percentage of MSHA subcategory scores for station 13MN049, County Ditch 11
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Figure 121. Station 13MNO049 on July 9, 2013.
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Burrowers, clingers, and swimmers were below average, and climbers and sprawlers were above
average (Figure 122). Climbers and sprawlers were in the upper quartile, while clingers were in the
lower quartile. The reduced clingers may be a sign of habitat stress, as clingers attach to rock or woody
debris. Climber and clinger MIBI metric scores were above the average metric score needed to meet the
MIBI threshold. Most of the habitat related macroinvertebrate metrics have values atypical of habitat
stress.
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Figure 122. Macroinvertebrate metrics that respond to habitat for station 13MNO049, CD 11, compared to the
range of values for Southern Streams RR visits meeting the modified use biocriteria.
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Habitat is considered a biological stressor. There is a clear lack of habitat availability. In addition, stream
instability is impairing what habitat is available. While the community group metrics are not completely
imbalanced, sensitive species are lacking within this reach, as well as “clingers” that rely on benthic
habitat.

Longitudinal Connectivity and Altered Hydrology

Connectivity will not be evaluated for this reach, as macroinvertebrates were the only community found
to be impaired. Fish communities however can be greatly impaired by barriers, as they are not listed as
impaired no further evaluation for this stressor is needed. Additionally, there were not any obvious
barriers identified downstream of the monitoring site.

Altered hydrology is considered to be the primary stressor as it is the main driver of many of the
impairments found within this location. This reach has been completely altered by way of ditching,
channelizing, as well as the introduction of subsurface tile drainage for agricultural purposes. These
alterations directly affect the systems natural flow regime, nutrient inputs, as stream morphology. For
additional information, refer to Chapter 3.1.8 of this report.
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Summary Table

Table 110. Identified stressors with suspected sources for reach 567 of County Ditch 11.
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4.15 County Ditch 67 (07020007-658)

County Ditch 67 (07020007-658) is a tributary of the Little Cottonwood River, west of Searles,
Minnesota. The reach is warmwater general use Class 2B. The reach extends from CD 58 to Little
Cottonwood River. The reach is impaired for lack of macroinvertebrate assemblage and lack of fish
assemblage.

4.15.1 Biological Communities

Station 13MNO051 was surveyed in 2013 for fish and macroinvertebrates. The macroinvertebrate
community scored (31) below the general use threshold (37) for the Southern Streams RR IBI. The
sample was dominated by black fly larva, Simulium. Many of the metrics of the IBl were less than the
average metric score needed to obtain an IBI score at the threshold (Figure 123). Those that were
particularly low were relative abundance of dominant five taxa in subsample (DomFiveChPct), taxa
richness of Plecoptera (Plecoptera), taxa richness of predators excluding chironomid predator taxa
(Predator), and taxa richness of Trichoptera (Trichoptera).
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Figure 123. Macroinvertebrate metrics of the Southern Streams RR IBI for station 13MNO051, County Ditch 67
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The fish community scored (49.7) below the general use threshold (55) for the Southern Headwaters IBI.
The community was dominated by common shiners. Four of six IBI metrics were less than the average
metric score needed to obtain an IBl score at the threshold (Figure 124).

Figure 124. Fish metrics of the Southern Headwaters IBI for station 13MNO051, County Ditch 67
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4.15.2 Data Evaluation for each Candidate Cause

Metric Score

O N B~ Oy CO
1

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on June 12, 2013 and August 7,
2013 at station 13MNO051 was 8.6 mg/L and 9.0 mg/L respectively. Five additional samples collected in
2015 and 2016 ranged from 9.0 mg/L — 13.0 mg/L (average of 10.1 mg/L); all were above the warmwater
standard (5 mg/L). Samples were collected at station SO08-537.

A majority of the macroinvertebrate metrics were better than the statewide average of stations meeting
the MIBI threshold (Table 111). The macroinvertebrate DO index score was above average; as this score
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increases, so does the sensitivity of the community. There were seven DO intolerant taxa comprising

29% of the community, and one DO tolerant taxa comprising 1% of the community. Taxa richness of

Ephemeroptera, Plecoptera and Trichoptera (EPTCh) and total taxa richness (TaxaCountAlIChir) were
worse than average, but a measure of pollution based on tolerance values assigned to each individual
taxon developed by Chirhart (HBI_MN) was better than average. The macroinvertebrates do not appear

stressed by DO.

Table 111. Macroinvertebrate metrics that respond to low DO stress in County Ditch 67 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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The fish metrics were mixed is showing signals of low DO stress; half were better than the statewide

average of stations meeting the FIBI threshold, and half were worse (Table 112). Relative abundance of
sensitive individuals (SensitivePct) and individuals with a female mature age greater than three years

(MA>3Pct) were below average, and tolerant individuals (TolPct) comprised 45% of the community.

There were zero DO sensitive taxa, and three DO tolerant taxa comprising 8% of the community. The

fish DO index score was above average, and the probability of this reach meeting the DO standard based

on the fish community was 54%.

Table 112. Fish metrics that respond to low DO stress in County Ditch 67 compared to the statewide average of

visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is not likely a stressor. Both the fish and macroinvertebrate community metrics did not have
consistent measurements of low DO stress. In addition, what is available for chemical DO analysis did

not indicate low DO.

Eutrophication

The total phosphorus (TP) concentration during biological sampling on June 12, 2013 at station

13MNO051 was 0.01 mg/L. Additional samples collected in 2015 and 2016 ranged from 0.130 mg/L —

0.324 mg/L (average of 0.207 mg/L).
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Only five samples have been collected, but four of the samples were above the river eutrophication
standard for the South Region (0.150 mg/L). Samples were collected from station S008-537 in February,
May, June (two), and August; exceedances were observed in all months.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. One chl-a sample
was collected on August 27, 2015; this sample was well below the 35 pg/L standard (1.06 pg/L). At this
time, there have been zero BOD or DO flux samples collected.

All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 113). There were zero intolerant taxa (Intolerant2Ch), and an elevated percentage
of tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-filterers (Collector-filtererCh), collector-
gatherers (Collector-gathererCh), and Ephemeroptera, Plecoptera, and Trichoptera (EPT) were below
average.

Table 113. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 67 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 114). Abundance of darter species (DarterPct) and intolerant individuals (IntolerantPct)
were both zero, but percentage of tolerant individuals (TolPct) was low. Abundance of simple lithophilic
spawners (SLithopPct) was also better than average.

Table 114. Fish metrics that respond to eutrophication stress in County Ditch 67 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive. Chemistry analysis at this location was limited in data. Phosphorus was
often above the threshold of .15 mg/L. However, there was little secondary chemistry parameters
available to determine eutrophic signals. The biological communities are somewhat suggestive of
eutrophic stress. With mixed metrics in the fish community, paired with a limited collection in the
macroinvertebrates it is difficult to correlate to eutrophication.
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Nitrate

Nitrate concentration during fish sampling on June 12, 2013 at station 13MNO051 was 12 mg/L. Five
additional samples were collected in 2015 and 2016, ranging from 3.9 mg/L — 29 mg/L (average of
20.2 mg/L). Five of the six total samples were above 10 mg/L; three of those above 20 mg/L. Elevated
concentrations were observed in both years, in February, May, and June. Samples were collected from
station SO08-537.

Fish metrics are yet to be developed to identify nitrate stress. Macroinvertebrate metrics provide a
stronger line of evidence. Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-
hydropsychid Trichoptera individuals (TrichwoHydroPct) were below the statewide average of stations
meeting the MIBI threshold (Table 115). There were zero nitrate intolerant taxa, and thirteen nitrate
tolerant taxa comprising 48% of the community. The macroinvertebrate nitrate index score was worse
than average. A majority of the macroinvertebrate metrics were worse than average.

Table 115. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 67, compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is a stressor within CD 67. There is a biological response indicative of nitrate stress. The nitrate
samples, are limited; however, they are randomized enough that the frequent findings of high
concentrations.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on June 12, 2013 at station
13MNO051 was 23 mg/L. Five additional samples collected in 2015 and 2016 ranged from 12 mg/L — 150
mg/L (average of 52.8 mg/L), one was above the warmwater standard for the South Region (65 mg/L).
Samples were collected in February, May, June (two), and August at station S008-537; the exceedance
occurred on May 11, 2016.

There were areas of significant TSS contribution potential, due to erosive conditions that are noted
within this reach (Figure 125). Unstable banks and the sandy bluffs make this system vulnerable to
sediment loading.
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Figure 125. Biological monitoring location 13MNO051, taken on June 12, 2013.

The relative abundance of collector-filterer individuals (Collector-filtererPct) was well above the
statewide average of stations meeting the MIBI threshold, and relative abundance of Plecoptera
individuals (PlecopteraPct) was below average (Table 116). There were zero TSS intolerant taxa, and
seven TSS tolerant taxa comprising 21% of the community. The macroinvertebrate TSS index score was
below average; as this score decreases, so does the tolerance of the community. Overall, the
macroinvertebrates do not show a strong indication of TSS stress.

Table 116. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 67 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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All of the fish metrics with strong relationships to TSS were below the statewide average of stations
meeting the FIBI threshold (Table 117). The relative abundance of individuals that are non-tolerant
Centrarchidae (Centr-TolPct), relative abundance of individuals that are intolerant species
(IntolerantPct), relative abundance of individuals that are long-lived (LLvdPct), and relative abundance of
individuals of the Order Perciformes excluding tolerant individuals (Percfm-TolPct) were all 0% of the
fish community. There were zero TSS sensitive taxa, and one TSS tolerant taxa comprising 2% of the
community (Table 118). The fish TSS index score was just below average and the probability of the reach
meeting the TSS standard based on the fish community was 72%.

Table 117. Fish metrics that respond to high TSS stress in County Ditch 67 compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

8 5 5 5 g g g

g ¥ a % o a a

= o g S L = g S

= 'L s & 5 E a = £

= £ s S 5 S . a S

Q ()] — "":' = Q = [) ]

Station (Year sampled) @ © T = = e = n n
13MNO051 (2013) 124 0 14.2 0 0 0 14.2 1.8 3.1
Southern Headwaters Average 35.0 1.0 22.4 1.6 4.5 13.6 26.2 7.9 14.6

Expected response to stress N% N% N3 N2 N% N% N N N

Table 118. Fish metrics that respond to high TSS stress in County Ditch 67 compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive as a stressor. While biological metrics do not show a conclusive negative response to
TSS within the two communities, there are some TSS sensitive species present who depend on good
water clarity to thrive. There are few TSS samples to better understand if there is a chronic problem
within this reach. Site recon displayed areas of erosion that could be contributing to high TSS loading.
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Habitat

At the time of biological monitoring the MSHA scored fair with a total score of 64.3 (Figure 126). There
was noted to be a variety of streambed substrate types as well as strong diversity in cover types and
channel morphology. There was heavy bank erosion, moderate embeddedness, and moderate cover.
Available cover types included undercut banks, overhanging vegetation, deep pools, logs or woody
debris, boulders, root-wads, and macrophytes. The station had a good mix of pools (20%), riffles (25%),
and runs (55%).
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Figure 126. Percentage of MSHA subcategory scores for station 13MNO051, County Ditch 67
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Based on the macroinvertebrate habitat groups, there is little to suggest that lack of habitat is limiting
the community. Burrowers, climbers, sprawlers, and swimmers were below average due to the
abundance of clingers skewing the group composition (Figure 127). Clingers dominated the community;
clingers attach to rock or woody debris. The climber MIBI metric score was below the average metric
score needed to meet the MIBI threshold, but the clinger MIBI metric score was well above average.
Often times in habitat impaired systems, burrowers will dominate as they thrive in embedded streams
and are typically composed of generally tolerant species.
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Figure 127. Macroinvertebrate metrics that respond to habitat for station 13MNO049, CD 67, compared to the
range of values for Southern Streams RR visits meeting the general use biocriteria.
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As displayed in the TSS section, the relative abundance of individuals that are riffle-dwelling species
(RifflePct) fell below average. However, abundance of simple lithophilic spawners (SLithopPct) was
above average (Table 117). Both of these fish groups require clean substrate and riffles, and are
expected to decrease with stress.

Habitat is inconclusive as a biological stressor. The observed habitat had a combination of good
attributes paired with poor. What is of particular concern is the erosive banks as well as some
embeddedness of the streambed. The macroinvertebrates did not show a strong indication of habitat
stress. The fish community does have some species present that depend on clean riverbed substrate.
There were also some sensitive habitat groups missing from the fish sample as well, yielding
inconclusive finding in determining habitat impacts to the fish community.

Longitudinal Connectivity and Altered Hydrology

Longitudinal Connectivity is not considered a stressor within this reach. There were not any identified
longitudinal connectivity barriers within or downstream of this reach that could be negatively
influencing fish migration.

Altered hydrology is identified upstream on this reach, as there are several unassessed reaches that feed
into this reach and therefore is likely influenced from the channelized contributing streams. The
introduction of subsurface tile drainage is also playing a role in biotic impairments. These practices not
just alter the stream systems physical stability as the flow regime is changed, but also the nutrient
cycling and loading. For additional information on altered hydrology and impacts to the stream, refer to
Chapter 3.1.8 of this report.
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Unlike the other tributaries to the Little Cottonwood River that were predominantly channelized, the
monitored reach on County Ditch 67 (-658) consists of a mostly natural channel, and showed fair habitat
according to MSHA results. This reach is located closer to the Little Cottonwood Rivers confluence with
the Minnesota River, and is likely demonstrating the higher gradient, natural channel characteristics that
is commonly found as streams near the Minnesota River Valley (as the riparian is left intact, as the

surrounding land use is uninhabited).

Summary Table

Table 119. Identified stressors with suspected sources for reach 658 of County Ditch 67.
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Little Cottonwood River (07020007-676)

Little Cottonwood River (07020007-676) is the upstream portion of the Little Cottonwood River system,
located north of Comfrey, Minnesota. The reach is warmwater general use Class 2B. The reach extends
63 miles from the headwaters to approximately CR 24. The reach is impaired for lack of
macroinvertebrate assemblage and lack of fish assemblage. The reach is also impaired for fecal coliform
and turbidity. Fecal coliform will not be addressed in this report. Turbidity will be addressed as it relates

to the biological communities.

4.15.3 Biological Communities

In 2001 and 2010, station 91MNO056 was surveyed for fish and macroinvertebrates. Stations 13MNO041,
13MNO044, and 13MNO048 were sampled for fish and macroinvertebrates in 2013. At station 91MNO056, in
2001 and 2010, the macroinvertebrate community scored (34.9 and 33) just below the Southern
Streams RR threshold (37). There were a lack of climbers, stoneflies (Plecoptera) and predator taxa. The
community had a large percentage of tolerant taxa as well as a low metric score for a measure of
pollution based on tolerance values assigned to each individual taxon developed by Chirhart (HBI_MN).
Of the three stations in the Prairie Streams GP MIBI class, only station 13MNO044 scored (35.9) below the
threshold (41). Station 13MNO048 and 13MNO041 scored just above the threshold with 41.8 and

45.1 respectively. All three stations had an IBI metrics score for the taxa richness of macroinvertebrates
with MN tolerance values less than or equal to two (Intolerant2Ch) less than the average metric score
needed to obtain the threshold (Figure 128). Also low was the measure of pollution based on tolerance
values assigned to each individual taxon developed by Chirhart (HBI_MN) and the percentage of
collector-filterer individuals in subsample (Collector-filtererPct).
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Figure 128. Macroinvertebrate metrics of the Southern Streams RR IBI for station 91MNO056, Little Cottonwood River
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Figure 129. Macroinvertebrate metrics of the Prairie Streams GP IBI for stations 13MN041, 13MNO044, and
13MNO048, Little Cottonwood River
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At station 91MNO56, the FIBI scores were 49.9 and 52.8 on the Southern Headwaters class. Both were
below the threshold of 55. The most abundant fish were central stonerollers and creek chubs. There was
a lack of sensitive fish taxa (Sensitive) as well as a high percentage of generalist taxa (GeneralTxPct) and
very tolerant taxa (VtolTxPct; Figure 129). The four visits among the three stations in the Southern
Streams class scored worse upstream and improved downstream, but remained below the threshold of
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50 (13MNO041 = 23.9, 13MN044= 37.7, 13MNO048 = 48 & 44.3). The IBl metric scores for these four visits
have a similar pattern. All had low scores of the percentage of individuals with a female mature age
equal to or less than two (MA<2Pct) and the percentage of taxa that are sensitive (SensitiveTxPct; Figure
130).

Figure 130. Fish metrics of the Southern Headwaters IBI for station 91MNO056, Little Cottonwood River
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Figure 131. Fish metrics of the Southern Streams IBI for stations 13MNO041, 13MNO044, and 13MNO048, Little
Cottonwood River
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4.15.4 Data Evaluation for each Candidate Cause

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling at stations 13MN048, 13MNO044,
13MNO041, and 91MNO056 ranged from 6.5 mg/L — 10.8 mg/L (nine samples). Seventy-nine additional
samples collected from 1980 — 2016 ranged from 3.1 mg/L — 13.7 mg/L (average of 8.6 mg/L). Seven
(9%) were below the warmwater standard (5 mg/L). There were no recent exceedances; exceedances
were documented in 1996 (five), 1999, and 2001. Samples were collected from eight stations.

A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting
the MIBI threshold (Table 120). The macroinvertebrate DO index scores were above average at all
stations except 91MNO056 (2010); as this score increases, so does the sensitivity of the community. There
were 3 —7 DO intolerant taxa comprising 5 — 16% of the community, and 4 — 6 DO tolerant taxa
comprising 2 — 22% of the community. Taxa richness of Ephemeroptera, Plecoptera and Trichoptera
(EPTCh) and a measure of pollution based on tolerance values assigned to each individual taxon
developed by Chirhart (HBI_MN) were worse than average at all stations. Total taxa richness
(TaxaCountAllChir) was worse than average at all stations except 13MNO041. Overall, the
macroinvertebrate metrics provide a mixed response to low DO stress; station 91MNO056 has the
greatest potential for stress.

Table 120. Macroinvertebrate metrics that respond to low DO stress in Little Cottonwood River compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 121). Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were below average at all stations, and tolerant
individuals (TolPct) comprised 39 — 83% of the community. There were 0 — 1 DO sensitive taxa
comprising 0% of the community, and 2 — 8 DO tolerant taxa comprising 4 — 48% of the community. The
fish DO index scores were below average at all stations except 91MNO056, and the probability of this
reach meeting the DO standard based on the fish community ranged from 37 — 62%. The two stations
below 50% were 13MNO041 and 13MNO048; based on fish, these stations have the greatest potential for
low DO stress.
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Table 121. Macroinvertebrate metrics that respond to low DO stress in Little Cottonwood River compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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91MNO056 (2001) 1.5 1.3 82.5 7.3 0 0.0 2 14.2
91MNO056 (2010) 1.1 4.0 77.8 7.3 0 0.0 3 3.5
Southern Headwaters Average 7.9 13.9 72.8 7.1 0.8 4.2 3.4 20.2
13MNO041 (2013) 11.0 0.0 45.2 7.0 0 0.0 5 26.0
13MNO044 (2013) 5.8 2.6 39.3 7.1 0 0.0 4 12.0
13MNO048 (2013) 4.3 10.4 51.1 7.1 0 0.0 6 17.4
13MNO048 (2013) 2.7 8.0 62.6 6.8 1 0.1 8 48.0
Southern Streams Average 16.9 24.6 44.9 7.2 1.7 6.1 4.7 18.5

Expected response to stress J J ™ N J J ™ ™

DO is inconclusive. While there is a strong historical dataset, continuous sonde data is needed to fully
understand the DO dynamics of this stream. The instantaneous DO measurements do not indicate a
chronic low DO issues within this stream. However, continuous DO collection would be helpful in better
understanding the DO dynamics of this system. The biological metrics are somewhat suggestive, yet
have some inconsistencies within the separate community group measurements.

Eutrophication

The total phosphorus (TP) concentration during biological sampling ranged from 0.054 mg/L —0.109
mg/L. Additional samples collected from 1980 — 2016 ranged from 0.011 mg/L — 0.858 mg/L (average of
0.184 mg/L). This timeframe includes 162 samples, and 89 exceedances of the river eutrophication
standard for the South Region (0.150 mg/L). Samples collected recently (2015 and 2016) ranged from
0.011 mg/L—0.265 mg/L (average of 0.123 mg/L). Six (40%) of these fifteen samples were above the
standard, with exceedances occurring in February, May (two), and June (three). Samples were collected
throughout the AUID at stations S000-678, S008-538, S008-540, and S008-541; exceedances were found
at all stations.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. Two chl-a samples
were collected on August 27, 2015, one in the upper end of the AUID (S008-541) and one in the lower
end (S008-538). Concentrations were 4.64 pg/L and 49.4 ug/L respectively. The sample at station
S008-538 was above the 35 pg/L standard. There have been zero recent BOD samples collected. There
has been no DO flux information collected.

A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting
the MIBI threshold (Table 122). There were zero intolerant taxa (Intolerant2Ch), and a high percentage
of tolerant taxa (Tolerant2ChTxPct) at all stations. Taxa richness of collector-filterers (Collector-
filtererCh) was above average at all stations except 13MNO044, and taxa richness of collector-gatherers
(Collector-gathererCh) was below average at all stations except 13MNO041. All stations had at least half
of the metrics score worse than average.
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Table 122 Macroinvertebrate metrics that respond to eutrophication stress in Little Cottonwood River compared
to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of
stress.
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91MNO056 (2001) 36 9 12 14 0 86.1
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 123). Sensitive individuals (SensitivePct), abundance of darter species (DarterPct), and
intolerant individuals (IntolerantPct) were below average at all stations. Tolerant individuals (TolPct)
were above average at all stations except 13MNO044. Abundance of simple lithophilic spawners
(SLithopPct) was below average at all stations except 91MNO056 (2001) and 13MNO041. At all stations,
five out of six metrics were worse than average.

Table 123. Fish metrics that respond to eutrophication stress in Little Cottonwood River compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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91MNO056 (2001) 1.5 3.6 34.5 82.5 11 0
91MNO056 (2010) 1.1 10.9 30.5 77.8 13 0

Southern Headwaters Average 7.9 11.5 31.5 72.8 11.5 1.6
13MIN041 (2013) 11.0 0 42.5 45.2 13 0
13MNO044 (2013) 5.8 3.1 36.6 39.3 15 0
13MIN048 (2013) 4.3 5.3 34.8 51.1 23 0
13MN048 (2013) 2.7 4.8 23.8 62.6 25 0

Southern Streams Average 16.9 11.9 37.0 44.9 19.3 4.2
Expected response to stress J J N ™ N N

Eutrophication is inconclusive as a biological stressor. While phosphorus loading within the stream is
high, there is a lack of secondary evidence (BOD, chl-a, DO flux) collected or observed to identify
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eutrophic conditions occurring or directly affecting biology within this reach. Biological metrics are
suggestive of eutrophic stress in both the fish and macroinvertebrate communities.

Nitrate

Nitrate concentration during fish sampling on July 15, 2013 and August 7, 2013 at station 13MNO048 was
6.8 mg/L and 1.7 mg/L respectively Concentration on July 18, 2013 at station 13MNO044 was 9.2 mg/L,
and concentration on July 8, 2013 at station 13MNO041 was 14 mg/L. Fifteen additional samples collected
in 2015 and 2016 ranged from 6.7 mg/L — 19 mg/L (average of 12.8 mg/L). Twelve of the

15 were above 10 mg/L. Elevated concentrations were observed in both years, in February, May (four),
June (six), and August. Samples were collected from stations S000-678, SO08-538, S008-540, and S008-
541; elevated concentrations occurred at all stations.

Nitrate metrics for fish have yet to be developed, therefore the macroinvertebrate metric response is
the only community evaluated for nitrate stress. The taxa richness of Trichoptera (TrichopteraCh) and
relative abundance of non-hydropsychid Trichoptera individuals (TrichwoHydroPct) were below the
statewide average of stations meeting the MIBI threshold at all stations (Table 124). There were

0 — 1 nitrate intolerant taxa, and 16 — 30 nitrate tolerant taxa comprising 55 — 88% of the community.
The macroinvertebrate nitrate index scores were worse than average at all stations. A majority of the
macroinvertebrate metrics were worse than average and indicative of nitrate stress.

Table 124. Macroinvertebrate metrics that respond to nitrate stress in the Little Cottonwood compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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91MNO056 (2010) 6 1.6 | 3.0 1 19 58.8
Southern Streams Average 63 | 55 | 29 | 24 | 188 47.2
13MNO041 (2013) 2 1.5 3.8 0 30 88.3
13MNO044 (2013) 3 0.9 3.6 1 18 60.9
13MNO048 (2013) 3 3.2 3.5 0 18 65.0
Prairie Streams Average 44 | 4.8 | 3.1 2.0 | 188 55.1
Expected response to stress NE J ™ NE ™ ™

Nitrate is a stressor. The chemistry data displayed that nitrate was often over the 10 mg/L threshold.
The macroinvertebrate metrics also indicate nitrate stress. This reach has a number of small feedlots
and mining operations along it is plausible that these locations are contributing to the high nitrate
concentrations.
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Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on July 8, 2013 (13MNO041), July 15,
2013 (13MNO048), July 18, 2013 (13MNO044), and August 7, 2013 (13MNO048) was 35 mg/L, 20 mg/L,

85 mg/L, and 24 mg/L respectively. Fifteen additional samples were collected in 2015 and 2016 ranged
from 4.8 mg/L — 160 mg/L (average of 55.3 mg/L), four (27%) were above the warmwater standard for
the South Region (65 mg/L). Exceedances occurred in both years, in May and June (three). Samples were
collected in February, May (four), June (eight), and August (two) at stations S000-678, SO08-538, SO08-
540, and S008-541. Each station had one exceedance. This AUID is also impaired for turbidity.

A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting
the MIBI threshold (Table 125). TSS intolerant taxa ranged from 0 — 1, comprising 0 — 2% of the
community. TSS tolerant taxa ranged from 9 — 18, comprising 34 — 80% of the community. All but one of
the macroinvertebrate TSS index scores were above average; as this score increases, so does the
tolerance of the community. The macroinvertebrates display signs of TSS stress.

Table 125. Macroinvertebrate metrics that respond to high TSS stress in Little Cottonwood River compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of
stress.
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91MNO56 (2001) 27.9 0 16.38 1 1.5 13 42.8
91MNO56 (2010) 25.8 0 14.67 0 0 9 33.8
Southern Streams Average 25.4 0.7 15.63 2.9 4.7 12.2 34.5
13MNO041 (2013) 8.6 0 20.42 0 0 14 73.1
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Similar to the macroinvertebrates, most of the fish metrics were worse than the statewide average of
stations meeting the FIBI threshold (Table 111). All metrics at all stations in 2013 were worse than
average. There were zero TSS sensitive taxa, and 0 — 6 TSS tolerant taxa comprising 0 — 32% of the
community (Table 126). Four out of six fish TSS index scores were worse than average, and the
probability of the reach meeting the TSS standard based on the fish community ranged from 20 — 73%.
Stations 13MNO048 and 13MNO044 had the lowest probability at 20 and 26% at station 13MNO048, and
28% at station 13MNO044. The fish community appears to be experiencing TSS stress.
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Table 126. Fish metrics that respond to high TSS stress in Little Cottonwood River compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

& 5 o g g 5 3

S o o & o a a

= S g S i s 9 £

h: f = 3 S E a = =

= € s o o o = 2 =

(0] ()] — E = Q = Q ]

Station (Year sampled) @ © T = = e = v v
91MNO056 (2001) 26.2 0 24.1 0 0 3.6 24.1 1.5 13
91MNO056 (2010) 48.3 0 38.7 0 0 10.9 38.7 1.1 4.0
Southern Headwaters Average 35.0 1.0 22.4 1.6 4.5 13.6 26.2 7.9 14.6

13MNO041 (2013) 14 0 12.3 0 14 0 12.3 11.0 0
13MNO044 (2013) 2.1 0 7.3 0 4.7 3.1 7.3 5.8 1.6
13MNO048 (2013) 133 0.1 6.2 0 3.8 5.1 7.8 2.7 6.9
13MNO048 (2013) 125 0 7.4 0 4.7 6.5 8.4 4.3 7.2
Southern Streams Average 36.0 5.4 25.7 4.2 13.6 20.1 30.2 16.9 19.1

Expected response to stress N% N% N3 N2 N% N% N N N

Table 127. Fish metrics that respond to high TSS stress in Little Cottonwood River compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

TSS Index Score

Station (Year sampled)
91MNO056 (2001)
91MNO056 (2010)

Southern Headwaters Average 15.4 0.9

[y
v
~N

© |© | TSS Sensitive Taxa
© |© | TSS Sensitive Pct
© |© | TSS Tolerant Taxa
© |© | TSS Tolerant Pct

[EEY
u
o

IN
=~
o
EN
N
o

13MNO041 (2013) 17.7 0 0 3 6.8
13MNO044 (2013) 22.3 0 0 4 31.9
13MNO048 (2013) 24.0 0 0 6 204
13MNO048 (2013) 22.7 0 0 4 31.1

Southern Streams Average 19.2 1.7 5.3 2.4 12.5

Expected response to stress T N2 N T T

TSS is a stressor. There are strong TSS indications based on the chemistry data as well as historic loading
data. Biomonitoring locations 13MNO041, 13MNO044 and 13MNO048 in 2001 had a consistent response to
TSS pointing to community decline. Station 91MNO56 in the year 2001 had the strongest response to
TSS; in 2010, the community still displayed TSS stress with slightly improved scores.
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Habitat

This portion of the Little Cottonwood River is continuously changing, by extension so is habitat
availability. As the below graph displays (Figure 132), there is high variation through the years regarding
riparian, substrate, cover, and the morphology of the stream; land use stayed the same (primary
forested and row crops). Across all parameters 2013 as station 13MNO044 scored the poorest; noting
high readability, lack of substrate diversity and embedded, as well as a complete absence of riffles.

Figure 132. Percentage of MSHA subcategory scores for stations 91MNO056, 13MNO041, 13MN044, 13MN089, and
13MNO048, Little Cottonwood River
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In general, the macroinvertebrates do not show strong signs of habitat stress (Figure 133 and Figure
134). For the most part, there were moderate burrowers and climbers; sprawlers and swimmers were
present in moderate to slightly elevated numbers. Clingers were a little more variable among stations,
ranging from reduced to slightly elevated. The reduced clingers at station 13MNO041 are the most likely
signal of habitat stress; clingers attach to rock or woody debris and are expected to decrease in areas
with poor substrate. The climber MIBI metric scores at station 91MNO056 were below the average metric
score needed to meet the MIBI threshold, and clinger MIBI metric scores were above average. Clinger
MIBI metric scores at stations 13MNO041, 13MNO044, and 13MNO048 were above average.
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Figure 133. Macroinvertebrate metrics that respond to habitat for station 91MNO056, Little Cottonwood River,
compared to the range of values for Southern Streams RR visits meeting the general use biocriteria.
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Figure 134. Macroinvertebrate metrics that respond to habitat for station 13MNO041, 13MNO044, and 13MNO048. Little
Cottonwood River, compared to the range of values for Prairie Streams GP visits meeting the general use biocriteria.
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As displayed in previous sections, the relative abundance of individuals that are riffle-dwelling species
(RifflePct) was below average at all stations except 91MNO056 in 2010. Abundance of simple lithophilic
spawners (SLithopPct) was below average at all stations except 91MNO056 in 2001 and 13MNO041. These
species require clean coarse substrate and riffles, and are expected to decrease with habitat stress.

Much of this reach consists of a natural channel, although some channelized portions exist (Figure 135).
Habitat ranged from poor to good, with the majority of the monitoring sites exhibiting fair habitat
ratings based on MSHA results. Channel stability for this reach ranged from stable to severely unstable
according to CCSI results. One monitoring location (91MNO056) exhibited stable conditions, which was
located the furthest upstream of all the monitoring locations. Stability at this location may benefit from
an outcropping of Sioux Quartzite bedrock at this location, which serves as a durable substrate for the
stream channel. Unlike the stability at the uppermost site, the next two monitoring stations
downstream exhibit severe channel instability. The lowest two monitoring locations on this reach were
rated as moderately unstable.
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Figure 135. Monitoring station 13MNO044 taken September 13, 2012.

The fall before monitoring began, a site visit was conducted. The conditions seen in the above figure at
that time display the steams homogenous habitat features (Figure 135), additional to the degraded
streambed. In the photo below (Figure 136), upstream station 13MNO041 stream banks are documented
as undergoing active erosion. Sediment loss from the channels along the upstream Little Cottonwood
contribute both to the turbidity impairment, as well as the loss of habitat at these locations, as well as
downstream as sediment fills in pools, and buries the streambed.
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Figure 136. Monitoring station 13MNO041 taken on July 8, 2013.

Habitat is a stressor. Overall habitat between the multiple monitoring stations varied in the severity of
habitat issues. Station 13MNO044 has little habitat variation and is unstable, the response is seen more in
the fish community and likely ties back to the turbidity impairment on this reach.

Longitudinal Connectivity and Altered Hydrology

Longitudinal Connectivity was not found to be a biological stressor within this section of the little
Cottonwood. There were not any noted barriers within this reach, nor downstream leading to the
Minnesota River. There was nothing to suggest any limitations on fish migration.

Altered hydrology within this reach is considered the primary stressor to the biological communities, as
it is the driving force for TSS, loss of habitat diversity, as well as nitrate overloading. In this region,
altered hydrology is driven by the introduction of subsurface tile drains and well and modifications of
the streams and landscape as the land was ditched and streams channelized for agricultural drainage.
For more information on these drivers of altered hydrology, reference Chapter 3.1.8 of this report.

Altered hydrology impacts within this long reach varies from upstream to downstream, as the landscape
and surrounding land use is diverse in comparison to the other subwatershed areas found in the
Minnesota River, Mankato Watershed. A comprehensive geomorphology study was conducted
throughout the Little Cottonwood River by the DNR to better understand the changing dynamics
associated with different stream types and their respective location in the subwatershed.

The first area of study falls on the headwaters of the Little Cottonwood River; this site was first
established to better understand stream impacts following a ditch network expansion, that was done
upstream of this location where 6.5 miles of open ditch was created to flow into the headwaters of the
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Little Cottonwood River. The DNR’s geomorphology work, paired with historical MPCA cross section
measurements found that following the ditch expansion this section in the Little Cottonwood River is
changing its dimensions in attempt to reestablish a floodplain within the old channel. Both the
MPCA site visit as well as the DNR geomorphology study found this area is especially susceptible to
erosion. Confined to the headwater portion of this reach, the BANCS model found that 730’ of this
section of reach alone contributes 50.44 tons of sediment (DNR 2015). This is a result from the
stream losing connection from its floodplain, paired with the increased water contributions from
the ditch network have made to increased velocities confined within the channels of the stream.

Further downstream of this reach, another geomorphology site was studied by the DNR. This site is
located within a glacial outwash plain, between biological monitoring stations 13MN041 and
13MNO044. This section of the reach stands out due to it being non-channelized, as well as preserved
within the boundaries of the Terri Wildlife Management Area (although the surrounding drainage
area is over 85% agriculture and just under 7% developed). Regardless of being found downstream of
severely altered channels, this segment of the reach had maintained its channel stability, as well as its
lateral connectivity with its floodplain. However, the streambed is noted as losing some of the natural
pool features and substrate due to embeddedness that ties back to upstream erosion. Erosion models
that this 518’ reach of stream delivers 12.9 tons of sediment annually (DNR 2015).

One additional geomorphology site was studied to better understand the hydrology to stream
relationship occurring within this subwatershed. This segment was on the Altermatt Creek tributary
that feeds into this reach (AUID 07020007-518). This is a channelized stream that has developed a
two-stage ditch and gained back sinuosity naturally over time (Figure 137). Having sinuosity in low-
gradient channels, such as this one, allows riffle-pool sequence to form that is needed in order to
have a functional aquatic ecosystem with diverse fish and macroinvertebrate assemblages. This
ditch is found to have another important role, as two-staged ditches such as this one, naturally
create a way for the river to “dissipate energy in high flows, deposit sediment and nutrients onto
the floodplain, and store more flood water than most ditches, thus reducing flood stages
downstream (Lore).” Sediment erosion from this 507’ section was modeled to contribute 7.25 tons
of sediment annually (DNR 2015). This is approximately six times less sediment loss from erosion,
when compared to the upstream site.
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Figure 137. Aerial photo showing two-staged channel within the ditch banks at the Altermatt Creek
geomorphology site, from the DNR geomorphology study.
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Paired with these alterations, the DNR included a long term precipitation study specifically for this
system, that confirmed in this area precipitation has not significantly changed, while flows have
increased. This is correlated to the 22% increase in corn and soybean agriculture (since 1921) as an
increase of irrigation to accommodate this land use (DNR 2015).

Summary Table

Table 128. Identified stressors with suspected sources for reach 676 of the Little Cottonwood River.
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4.16 Little Cottonwood River (07020007-677)

Little Cottonwood River (07020007-677) is the downstream reach of the River, north of Searles,
Minnesota. The reach is warmwater general use Class 2B. The reach extends miles from approximately
CR 24 to the Minnesota River. The reach is impaired for lack of macroinvertebrate assemblage. The
reach is also impaired for fecal coliform and turbidity. Fecal coliform will not be addressed in this report.
Turbidity will be addressed as it relates to the biological communities.

4.16.1 Biological Communities

Stations 13MNO050, 97MNO009, and 13MNO052 were sampled for fish and macroinvertebrates in 2013.
The fish communities were sampled once at the upstream two stations with scores (64.1 and 61.7)
above the Southern Streams class general use threshold (50). Station 13MNO052 had two reportable
visits. The July 2013 survey resulted in an IBl of 57.8 and the August 2013 survey had an IBl of 46.8. The
station was dominated by shiners (sand, common, and spotfin) during each visit. Shiners were also the
two most abundant species in the upstream two stations in 2013.

1. Stations 13MNO050 and 13MNO052 scored (35.8 and 30.8) below the general use Southern Streams RR
class threshold (37), and station 97MNO0Q09 scored (37.2) just above the threshold. Similar
communities present at each station, with subtle differences accounting for the slightly depressed
IBI scores. This is exhibited by the similar pattern seen in the IBI metrics scores (Figure 138). A net-
spinning caddisfly, Cheumatopsyche, was the most abundant at station 13MNO050 and 97MNO0O09. At
station 13MNO052, the most abundant was tied between Cheumatopsyche and mayflies
(Tricorythodes).

Figure 138. Macroinvertebrate metrics of the Southern Streams RR IBI for stations 13MN050, 97MNO009, and
13MNO052, Little Cottonwood River
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4.16.2 Data Evaluation for each Candidate Cause

Temperature

Of all the warmwater reaches of the entire Minnesota River — Mankato Watershed, this reach showed
warmer temperatures comparatively. At the time of biological monitoring, the water temperature was
recorded at 30 °C. A temperature logger was placed at 13MNO052 from June 6, 2015 to September 23,
2013. The July and August average temperatures were 24 and 22 °C, with a maximum of 29.9 °C. Most of
the warmwater streams in the watershed have monthly average temperatures in the summer months

near 20 °C, or lower. Looking closely at the data, the periods of high temperatures occurred during
periods of low flow.

Figure 139. Temperature log at monitoring station 13MNO052, June 25, 2015 to October 3, 2015.
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Temperature in this reach in inconclusive. While there was not any recording of temperature to go
above the threshold of 30 °C, there were a handful of reading that fell right below or at the threshold.
Additional data should be collected to ensure temperatures are not getting higher than what was
collected in 2015 and causing stress to aquatic life.

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling at stations 13MN052, 90MNO058,
97MNO009, and 13MNO050 ranged from 7.9 mg/L — 12.6 mg/L (10 samples). Additional samples collected
from 1980 — 2015 ranged from 3.7 mg/L — 21.4 mg/L (average of 9.7 mg/L). Of these 203 samples, four
(2%) were below the warmwater standard (5 mg/L). Low values occurred on April 1, 2015 (3.7 mg/L),
June 24, 2003 (4.1 mg/L), May 27, 1998 (4.6 mg/L), and May 12, 2003 (4.8 mg/L). Samples were
collected at stations S000-677, SO00-777, S004-609, S008-543, and S008-544.

The macroinvertebrate metrics were mixed; half were worse than the statewide average of stations
meeting the MIBI threshold, and half were better (Table 129). The macroinvertebrate DO index score
was below average at station 13MNO050, and above average at stations 97MNO009 and 13MNO052. As this
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score decreases, so does the sensitivity of the community. There were 7 — 10 DO intolerant taxa
comprising 8 — 25% of the community, and 0 — 2 DO tolerant taxa comprising 0 — 1% of the community.
Taxa richness of Ephemeroptera, Plecoptera and Trichoptera (EPTCh), total taxa richness
(TaxaCountAlIChir), and a measure of pollution based on tolerance values assigned to each individual
taxon developed by Chirhart (HBI_MN) were worse than average at all stations. Overall, the
macroinvertebrate metrics show varying response to low DO stress.

Table 129. Macroinvertebrate metrics that respond to low DO stress in Little Cottonwood River compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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13MNO050 (2013) 21 11 7.80 6.93 7 7.5 0 0
97MNO009 (2013) 31 14 7.74 7.42 10 24.8 1 0.3
13MNO052 (2013) 29 12 7.91 7.56 10 24.3 2 0.6
Southern Streams Average 45.8 14.2 7.08 7.04 9.0 24.0 4.8 9.9
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Low DO was found to not be a biological stressor within this bottom reach of the Little Cottonwood
River. The chemical data is no suggestive to chronic low DO issues. The biological metrics are slightly
mixed. However, the decrease in these certain groups are likely being driven down from a different
stressor.

Eutrophication

Total phosphorus (TP) concentrations from 1980 — 2016 ranged from 0.008 mg/L — 1.27 mg/L (average
of 0.228 mg/L). This timeframe includes 327 samples, and 180 exceedances of the river eutrophication
standard for the South Region (0.150 mg/L). Samples collected recently (2015 and 2016) ranged from
0.02 mg/L—1.23 mg/L (average of 0.296 mg/L). Thirty-six (72%) of these fifty samples were above the
standard, with exceedances occurring in February (two), March (three), April (two), May (seven), June
(fourteen), July (five), and August (three). These samples were collected throughout the AUID at stations
S000-777, S008-543, S008-544, and S004-609; exceedances were found at all stations. Chl-a, BOD, and
DO flux are also considered when evaluating eutrophication stress. There have been zero recent chl-a,
BOD, or DO flux samples collected.

All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 130). There were zero intolerant taxa (Intolerant2Ch), and a high percentage of
tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-filterers (Collector-filtererCh), collector-
gatherers (Collector-gathererCh), and Ephemeroptera, Plecoptera, and Trichoptera (EPT) were below
average.
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Table 130. Macroinvertebrate metrics that respond to eutrophication stress in Little Cottonwood River
compared to the statewide average of visits meeting the general use biocriteria. Bold indicates metric value

indicative of stress.
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Eutrophication is inconclusive. There was some response noted in the metrics. Chemically there was
high phosphorus loading within this reach. However, there is a lack of secondary responses (Chl-a, DO
flux, BOD), with out those chemical response variables eutrophication cannot be determined.

Nitrate

Nitrate concentrations during fish sampling on July 16, 2013 and August 7, 2013 at station 13MNO052
was 5.8 mg/L and 1 mg/L respectively. Concentrations on July 18, 2013 and August 6, 2013 at station
13MNO050 was 5 mg/L and 1.8 mg/L respectively; concentrations on the same days at station 97MN009
were 5.1 mg/L and 1.6 mg/L respectively. One hundred and ninety three additional samples were
collected in the last decade (2007 — 2016) and ranged from 0.05 mg/L — 18.4 mg/L (average of 6.9 mg/L).
Of these 193 samples, 52 (27%) were above 10 mg/L. Elevated concentrations were observed in multiple
years and months, and at multiple stations. Samples were collected from stations S000-777, S004-609,

S008-543, and S008-544.

Taxa richness of Trichoptera (TrichopteraCh) was below the statewide average of stations meeting the
MIBI threshold at all stations (Table 131). Relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below average at station 13MNO052, and above average at stations
13MNO050 and 97MNO009. There were 0 — 1 nitrate intolerant taxa, and 8 — 15 nitrate tolerant taxa
comprising 73 — 77% of the community. The macroinvertebrate nitrate index scores were worse than
average at all stations. A majority of the macroinvertebrate metrics were worse than average and

indicative of nitrate stress.
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Table 131. Macroinvertebrate metrics that respond to nitrate stress in the Little Cottonwood River compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of

stress.
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Nitrate is a stressor. There is a strong data set to indicate chronic nitrate overloading into this stream. In
addition to the elevated nitrate concentrations, the majority of the macroinvertebrate metrics suggest

nitrate displacement to the community.

Total Suspended Solids

The total suspended solids (TSS) analysis during fish sampling took place on July 16, 2013 (13MNO052),
July 18, 2013 (13MNO050 and 97MNO009), August 6, 2013 (13MNO050 and 97MNO009), and August 7, 2013
(13MNO052) was 25 mg/L, 23 mg/L, 18 mg/L, 27 mg/L, 12 mg/L, and 6.4 mg/L respectively. Additional
samples collected from 2007 — 2016 ranged from 2 mg/L — 1,520 mg/L (average of 135 mg/L). Of these
193 samples, 94 (49% of all samples) were above the warmwater TSS standard for the South Region of
65 mg/L. Exceedances occurred in various months and years, with at least one exceedance at all stations
sampled (S004-609, S008-544, S008-543, and S000-777). Most of the samples (and exceedances) were
near the mouth of the Little Cottonwood River at station S004-609. This reach is also impaired for
turbidity, as clearly seen in the figure below, were water clarity is poor. Multiple photographic
documentation has been taken to capture the clarity of the Little Cottonwood throughout this reach;
the photo below (Figure 140) depicts the conditions that are most commonly found.
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Figure 140. Monitoring station 13MNO050, taken on June 23, 2015.

Additional monitoring has been done by the Pollutant Load Monitoring team at the MPCA. Table 132
highlights the findings on TSS loading within the Little Cottonwood River.
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Table 132. MPCA’s Watershed Pollutant and Load Monitoring network data, displaying location of sampling and
catchment size. Data was based off samples collected from 2007-2014.

Site Name Hvdstra ID Station Catchment | TSS FWMC | TSS Mass
y area (Acres) (mg/L) (Tons)
Little Cottonwood R near Courtland, MN £28057001 | 108,800 225 15,020

The biological community metrics were suggestive of TSS stress, as shown in Table 133. The relative
abundance of collector-filterer individuals (Collector-filtererPct) will typically decrease in streams that
has high TSS concentrations in the form of sedimentation. In all three sites, collector filters were above
the statewide average of stations meeting the MIBI threshold. This is due to the high numbers of
Cheumatopsyche, the net spinning caddisfly; this is a tolerant species of caddisfly usually found in
abundance in other impaired streams within this watershed. The relative abundance of Plecoptera
individuals (PlecopteraPct) was below average at two out of three stations. There were 0 — 1 TSS
intolerant taxa comprising 0% of the community, and there were 11 — 13 TSS tolerant taxa comprising
57 — 74% of the community. All macroinvertebrate TSS index scores were well above average; as this
score increases, so does the tolerance of the community. Overall, a majority of the macroinvertebrate
metrics are suggesting stress.

Table 133. Macroinvertebrate metrics that respond to high TSS stress in Little Cottonwood River compared to
the statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of
stress.
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TSS is a stressor seen in the current and historical data collected. Photo documentation also supports
extremely turbid conditions. A majority of the macroinvertebrate metrics displayed a decline, indicating
TSS is limiting the community.

Habitat

MSHA score at 13MNO050 was fair with a total score of 53.4 — 60.1 (Figure 142). Major issues within the
stream is channel erosion and embeddedness (Figure 141), however there were other substrate types
present. There was also a good proportion of pools (20%), riffles (30%), and runs (50%). Cover type was
abundant and diverse.
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Figure 141. Bank erosion at station 13MNO050 on August 6, 2013.

Station 13MNO052 has scored slightly higher with MSHA with scores of 64.3 — 67.2. Bank erosion and
embeddedness are marked to the same extent as 13MNO50. This station had slightly less substrate type
variation but good stream feature variation with a ratio of pools (30%), riffles (15%), and runs (55%).
There was a large variation of cover types.

Station 97MNO009 had the best MSHA scores of the visits, scoring at 67.65 — 69.2. Bank erosion was
noted, but not as prevalent as the other locations. Embeddedness not as much of an issue, and there
was a good diversity of substrate types and well as stream feature variation with a ratio of pools (15%),
riffles (20%), and runs (65%). Cover types were also marked as diverse and abundant.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

218



Figure 142. Percentage of MSHA subcategory scores for stations 13MN050, 97MNO009, and 13MNO052, Little
Cottonwood River
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Burrowers were below average at all stations, and clingers were above average (Figure 143) Climbers,
sprawlers, and swimmers were mixed, with some above average and some below. Climber MIBI metric
scores at all stations were below the average metric score needed to meet the MIBI threshold, and
clinger MIBI metric scores were above average. Overall, the macroinvertebrates do not show strong
signs of habitat stress.
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Figure 143. Macroinvertebrate metrics that respond to habitat for station 13MN050, 97MNO009, and 13MNO052,
Little Cottonwood River, compared to the range of values for Southern Streams RR visits meeting the general
use biocriteria.
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While some site visits noted appropriate habitat diversity, the channel is unstable. There are notable
unstable habitat conditions, particularly seen in high sedimentation that can lead to impacts to the
streambed. The macroinvertebrate habitat group types do not seem displaced by habitat. Due to the
strong conflicting lines of evidence, habitat is listed as inconclusive.

Connectivity and Altered Hydrology
As macroinvertebrates were the only community found to be impaired, and are not impacted by
barriers in longitudinal connectivity, this parameter is not considered as a biological stressor.

Due to the long-term flow data that has been collected on the outlet of the Little Cottonwood River,
near Courtland Minnesota, this reach has been subject to intense analysis by not just the MPCA, but
the DNR as well. From this data trend analysis was done to determine changed in the hydrologic
regime. For the full report please refer to the DNR’s Minnesota River, Mankato report that
incorporates full findings of the hydrologic study for this subwatershed.

Discharge analyses showed an increasing trend in the amount of water flowing through the Little
Cottonwood River from 1973-2010. The double mass curve showed a break in relationship between
precipitation and runoff around 1983; similar to other watersheds in southern Minnesota.
Additionally, the Little Cottonwood River has had higher monthly flow averages for every month
except November and December when comparing 1973-1982 and 1983-2010. The overall trends do
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show that precipitation has been staying steady with no significant annual increase of rainfall where
runoff volumes and overall discharge volumes of the little cottonwood are increasing (Lore 2016).

The Little Cottonwood River is receiving more water, to the extent that base flows had also
increased throughout the year, as shown in Figure 144.

Figure 144. Number of days displaying high flows (top chart) compared to number of days displaying low flows
(bottom chart), compiled by the DNR.
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Additional to the hydrologic study, the DNR also conducted cross section measurements to track how
this system may be changing at the gage site, reporting, “Upstream land practices, proximity to two road
crossings, highly erodible bank material, and fragmented vegetative buffer control all have impacts on
the Little Cottonwood River gage survey site. Since 1991, this site has changed its pattern through large
amounts of lateral erosion, resulting in high sediment contributions (as shown in Figure 145). Woody
debris jams through the reach from previous erosion events leave areas with high shear stress due to
flow deflection from the wood, further increasing bank erosion” (DNR 2015).

Figure 145. 2013 Arial imagery with overlay (in red) of the stream channel in 1991 taken from the DNR
geomorphology report.

Legend

+ 1991 Stream Lines

The geomorphic changes, as well as the other stressors within this reach can be tied back to altered
hydrology. For this reason, altered hydrology is thought to be the primary stressor within the Little
Cottonwood River. As a majority of the surrounding land use that drains into this system, altered
hydrology is the result from the practice of subsurface tile drainage, paired with ditching and
channelizing the headwater tributaries that feed into the Little Cottonwood River. In this case, the
drainage of the agricultural landscape to the stream is creating nitrate overloading as tile drains the soil.
Tile drainage and channel alteration is also contributing to peak flows as the landscape is drained and
directed to one pour point; primarily influencing erosion rates (that contributes to TSS), stream stability,
and loss of habitat. Additional information on altered hydrology can be found in Chapter 3.1.8 of this
report.
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Summary Table

Table 134. Identified stressors with suspected sources for reach 677 of the Little Cottonwood River.

677 Little Cottonwood River

Key
®=suspected source, ©=potential source Stressor Inconclusive RN

Little Cottonwood River Subwatershed Conclusion

There were four reaches with biological impairments within the Little Cottonwood Subwatershed.
County Ditch 11 (-657) was the only stream assessed that was classified as modified warmwater, found
impaired for macroinvertebrates. All other assessed sites were identified as warmwater general use.
County Ditch 67 (-658) and Little Cottonwood (-676) had impairments for both macroinvertebrates and
fish. The farthest downstream reach of the Little Cottonwood River (-677) only had impairments of
macroinvertebrates.

Altered hydrology is the primary stressor in these streams as it is directly contributing to the other
stressors. Altered hydrology is occurring two ways within this subwatershed. The first is through
subsurface tile drainage and the second is stream channel alteration by ditching and channelizing.
Alterations in this region are from agricultural practices in attempt to expedite water off the land to
optimize growing conditions. Both of these practices are the leading source for altered hydrology. Due
to these dynamics, these streams are taking on volumes of water greater than what they are naturally
designed to carry. This results in accelerated flow velocity and significantly changes the morphology of
the stream at the receiving location as well as downstream areas. Stream banks erode and streambeds
are scoured out or filled in with sediment. The Little Cottonwood stream is the largest tributary that
enters the Minnesota River mainstem within the Minnesota River, Mankato Watershed; for this reason,
the Little Cottonwood has been intensely monitored as well studied by the DNR. A comprehensive
review of their findings and restoration plan can be found in the DNR’s 2016 Minnesota River, Mankato
Watershed Characterization Report.

Portions of the Little Cottonwood River have been found to be unnaturally down cutting and losing their
natural connection to the floodplain with the presence of increased flows. Downstream on the Little
Cottonwood, accelerated erosion is occurring, resulting in high sediment contributions to the stream.
The vegetative riparian that was noted throughout the geomorphology reports have been mitigating
some of the erosion issues. However, as the stream increases in gradient towards the Minnesota River,
other forms of sediment from ravines and bluffs are found to have accelerated erosion rates that further
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overload the stream. The DNR has recommended that more land water storage efforts be put in place to
increase stream stability.

The Little Cottonwood River is listed for a turbidity impairment. Additional to the DNR’s work on
geomorphology, intense water monitoring efforts have found that the tributary of the Little Cottonwood
River has the highest flow-weighted mean concentration in all of the Minnesota River Watershed. As
increased erosion rates have already been discussed as a sediment source in this area, it is important to
call attention to some of the other likely contributors found within the Little Cottonwood River
Subwatershed. There are a few areas where run off from urban development, mining operations, and
pasture practices are noted as potential sources.

Total Suspended solids (TSS) is contributing to some of the additional biological stressors in this
subwatershed. With high TSS, there is often poor habitat associated. One example of this is seen in the
streams with moderate to low gradients, were sediment and silt is settling on the streambed causing
embeddedness over time. This reduces habitat diversity as riffles and pools are eliminated from the
system.

TSS also can influence temperatures of a stream. As sediment absorbs heat, it can significantly increase
water temperatures when introduced at high concentrations. The other influencing driver in increased
stream temperatures is typically found in the upland headwaters. Here, there is a lack of overhanging
vegetative coverage that allows direct sunlight penetration. The Little Cottonwood River is not a cold-
water stream, yet unusually high temperatures at the time of biological monitoring lead to follow up
temperature monitoring (typically reserved for cold-water streams). At this time, temperature is listed
as inconclusive as it was not found to be consistently at dangerous levels to biology. However, it was
borderline on several occasions during deployment. Additional temperature monitoring is
recommended.

Tile drainage in this watershed is likely the leading input of nutrients, such as nitrates and phosphorus.
There are a few potential point source contributors along the Little Cottonwood River as well. Nitrate
itself is toxic to biology and was found to be limiting the biological communities at all monitoring
locations.

Eutrophication was limiting the biology in County ditch 11. While all the streams had high phosphorus
concentrations, CD11 was the only one that had an overabundance of algae growth; likely from the
additional combination of poor stream canopy cover and slow flow.

Spring Creek — MNR Mankato South

This section encompasses biotic impaired reaches in the Spring Creek - MNR 10 digit HUC (). There are
eight reaches impaired for biology in this 10 digit HUC. They are organized from east to west and
upstream to downstream when multiple reaches. There are two coldwater reaches in this group of
reaches, John’s Creek and the middle reach of Spring Creek. Both are impaired for fish and
macroinvertebrates. The two warmwater reaches in Spring Creek are also impaired for fish and
macroinvertebrates, same as County Ditch 13 and Crow Creek. Unnamed Creek is impaired for fish only
and County Ditch 52 is impaired for macroinvertebrates only.
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Figure 146. Map of the Spring Creek Watershed with biological impairments and monitoring stations.
Impairments are described as F=Fish, F, M=Fish and Macroinvertebrates, and M=Macroinvertebrates
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4.17 County Ditch 10 (John's Creek) (07020007-571)

John's Creek (07020007-571) is a small tributary, northeast of Sleepy Eye, Minnesota. The reach is cold-
water general use Class 2A, and managed as a marginal warmwater trout stream by the DNR. The reach
extends miles from approximately T110 R32W S1, west line (between CR 10 and CR 29) to the
Minnesota River. The reach is impaired for lack of macroinvertebrate assemblage and lack of fish
assemblage. The reach is also impaired for nitrates and E. coli. The E. coli impairment will not be
addressed in this report. The nitrate will be addressed as it pertains to the aquatic life, not drinking
water.

4.17.1 Biological Communities

Fish sampling occurred twice on John's Creek, once closer to the outlet at 09MNO080 in 2009, and
upstream at 05MNO11 in 2013. Station 09MNO80 had a FIBI of 37; station 05MNO011 had a score of 38;
both falling under the threshold for Southern Coldwater streams of 50. There was a drastic difference in
the sampled population between these two samples. In 09MNO80, the fish population was primarily
made up of 89 brown trout. The sample at this site was of special interest for the DNR for their trout
survey on this stream. There has not been cold-water stocking since 1995, and have self-sustained from
that time at this station. Also in high abundance were Creek Chubs blacknose dace, and white suckers.
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There were 11 types of fish taxa in total. The upstream station 05MNO011 was void of trout during the
2013 fish sample, and dominated by blacknose dace with only five taxa types found.

As shown in the figure below, both stations fell short for cold-water sensitive species
(CWSensitivePct_10DrgArea), native cold-water species (NativeColdPct), and species that are detritus
eaters. Herbivores met the threshold at both sites. Neither sample resulted in a score reduction for
DELTS (FishDELTPct).

Figure 147. Fish metrics of the Southern Coldwater Streams class for stations 09MNO080 and 05MNO011, Spring
Creek
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Only station 05MNO011 was evaluation for macroinvertebrate impairments. The August 11, 2013 sample
resulted in an MIBI of 22.6, far below the Southern Coldwater threshold of 43. Polypedilum (non-biting
miges) and Baitis (mayflies) were the dominant taxa of the sample. In total, there were 46 taxa types
surveyed. There were very few coldwater species (CBI), Chironomidae and Diptera (ChiroDip) were
absent as were intolerant taxa (Intolerant2Ch) with very tolerant taxa (veryTolerant2Pct) in place, as
noted in Figure 148.
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Figure 148. Macroinvertebrate metrics of the Southern Coldwater Streams class for station 05MNO011, Spring
Creek
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4.17.2 Data Evaluation for each Candidate Cause

Temperature

Johns Creek is a designated trout stream and is managed as a marginal warmwater trout stream and
extends from the confluence of the Minnesota River to river mile 3.7. According to DNR, from
1961-1995, yearling brown trout and to a lesser extent yearling rainbow trout were stocked to maintain
a put-and-take coldwater fishery. Recent assessments in 2009 and 2010 indicate a self-sustaining
population of brown trout. In 2009, brown trout ranging from 3.5-19.9 inches were collected
representing an estimated minimum of three-year classes. Over 90% were likely from the 2009-year
class.

A special assessment in 2005 at approximate river mile 2.5 (05MNO077) sampled no brown trout and
temperature loggers near this location indicated high summer temperatures that are unsuitable for
prolonged trout survival at this location. The 1987 stream survey mentions evidence of over-wintering
trout and a subsample of the collected trout were age-two suggesting they were the yearling fish
stocked in 1986.

At the time of the fish sample on August 14, 2013, the temperature at station 05MNO011 was recorded at
24.1°C.

A temperature logger and sonde were placed at 05MNO011 in 2013 and 2016 to record temperature
continuously. The temperature data which was collected from May through September of 2013

(Figure 149) showed two days (July 18, 2013 and August 25, 2013) where water temperatures exceeded
24 degrees Celsius. The temperature data shows some regular periods of time where temperature
exceeds the critical temperature threshold for brown trout (24°C), but also shows a good amount of
time above 18°C, the threat temperature for brown trout. Sonde data that was collected in 2016 does
not exceed the 24°C, and does look fairly normal for a coldwater stream, seen in Figure 150.
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Figure 149. Temperature data from 05MNO011 collected from May to September on Johns Creek, 2013
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Figure 150. Temperature data from sonde deployment at 05MNO011 in August of 2016
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Temperature is marginal, while there are not any blatant or consistent violations of the temperature
threshold there is not enough data to confidently conclude temperature is not problematic for the
coldwater populations.

Biologically, there were some cold-water fish species and cold-water sensitive fish species present, but
were not present in high numbers (Table 135). Trout were present in the 2009 sample at 09MNQ90 but
absent in 2013 at 05MNO011. Station 09MNO090 is on the true cold-water portion of this stream, while
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05MNO011 exists farther upstream where cold-water is marginal. Coldwater macroinvertebrates were
also reduced in numbers at 05MNO011 in 2011. No sample was available in 2009 from 09MNO080.

Table 135. Biological metrics that respond to temperature compared to the statewide average of visits meeting
the Southern Coldwater biocriteria. Bold indicates metric value indicative of stress.
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Temperature is inconclusive as a biological stressor. In cold-water streams, temperatures plays a critical
role in maintaining the community. While there is a few continuous reading, what is available between
two different years, displays different temperature dynamics. Additional temperature monitoring would
be beneficial at this reach.

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on July 17, 2013 and August 15,
2013 at station 05MNO011 was 8.3 mg/L and 7.5 mg/L respectively. Additional samples collected in 2009,
2010, and 2016 ranged from 4.1 mg/L — 18.5 mg/L (average of 10.3 mg/L). Twenty-eight samples were
collected, and five (18%) were below the cold-water standard of 7 mg/L. All exceedances occurred in
2009 in August and October. Samples were collected at station S005-623.

In 2016, a sonde was deployed from August 10 through August 23 at station 05MNO011. During that
period, concentrations ranged from 7.3 mg/L — 10.2 mg/L (Figure 151). All values were above the cold-
water standard. Daily DO fluxuation (DO flux) was minimal and below the standard for the South Region
of having no more than a 4.5 mg/L swing in DO within 24 hours.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

229



Figure 151. Temperature data from sonde deployment at 05MNO11 in August of 2016
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The macroinvertebrate metrics are suggestive of stress. All of the macroinvertebrate metrics were
worse than the statewide average of stations meeting the MIBI threshold (Table 136). The
macroinvertebrate DO index score was below average; as this score decreases, so does the sensitivity of
the community. There were five DO intolerant taxa comprising 33% of the community, and seven DO
tolerant taxa comprising 6% of the community. Taxa richness of Ephemeroptera, Plecoptera and
Trichoptera (EPTCh), a measure of pollution based on tolerance values assigned to each individual taxon
developed by Chirhart (HBI_MN), and total taxa richness (TaxaCountAlIChir) were worse than average.

Table 136. Macroinvertebrate metrics that respond to low DO stress in John’s Creek compared to the statewide
average of visits meeting the Coldwater stream biocriteria. Bold indicates metric value indicative of stress.
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All of the fish metrics were worse than the statewide average of stations meeting the FIBI threshold
(Table 137). Relative abundance of sensitive individuals (SensitivePct) and individuals with a female
mature age greater than three years (MA>3Pct) were below average, and tolerant individuals (TolPct)
comprised 51 — 97% of the community. There were 0 — 2 DO sensitive taxa comprising 0 — 47% of the
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community, and 2 — 3 DO tolerant taxa comprising 11 — 31% of the community. The fish DO index scores
were below average, and the probability of this reach meeting the DO standard based on the fish
community was 52% (05MNO011) and 98% (09MNO080).

Table 137. Fish metrics that respond to low DO stress in John’s Creek compared to the statewide average of
visits meeting the Coldwater stream biocriteria. Bold indicates metric value indicative of stress.

© - ©

o s & o 5

- 8 () [ +— )

© n = = [=4 c

% = P h=4 = © ©

2 i 2 Z 2 9 9

b= ™M s c (] O o )

wn A a = (%] (%5} [l [l

S <§f 3 o o o o o

Station (Year sampled) v = e e e e e
05MNO011 (2013) 0 0.0 96.5 7.2 0 0.0 2 31.0
09MNO080 (2009) 47.1 55.0 50.8 8.4 2 47.1 3 10.6
Southern Coldwater Average 71.7 74.6 24.0 8.9 2.5 72.4 1.1 6.8

Expected response to stress J J ™ N J J ™ ™

Low DO is inconclusive as a stressor. While the continuous DO monitoring that took place in 2016 looked
good, there were a few low DO levels documented, particularly in late summer months when base flow
is low. Both the fish and macroinvertebrate community composition is suggestive of low DO stress.

Eutrophication

The total phosphorus (TP) concentration during fish sampling on July 17, 2013 at station 05MNO011 was
0.135 mg/L. Thirty additional samples were collected with a majority occurring in 2009 and 2010 ranging
from 0.049 mg/L —0.873 mg/L (average of 0.242 mg/L); one additional sample of .077 mg/L was taken
on August 23, 2016. Of these 31 samples, 50% were above the river eutrophication standard for the
South Region of 0.150 mg/L. The exceedances occurred in multiple months in 2009 and 2010. All
samples were collected in the upper end of the AUID at station S005-623.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress, as they indicate
signs of overabundant plant (algae) growth and respiration. There have been zero chl-a or BOD samples
collected. During sonde deployment in 2016, daily DO flux was minimal and did not exceed the standard
variation for the South Region of 4.5 mg/L. Low DO has been documented in this AUID and future
deployments are recommended to better understand the daily DO flux within this system and if it is
connected to autotrophic productivity, low base flows, or something else.

All of the macroinvertebrate metrics except taxa richness of collector-filterers (Collector-filtererCh) were
worse than the statewide average of stations meeting the MIBI threshold (Table 138). There were zero
intolerant taxa (Intolerant2Ch), and a high percentage of tolerant taxa (Tolerant2ChTxPct). Taxa richness
of collector-gatherers (Collector-gathererCh) and Ephemeroptera, Plecoptera, and Trichoptera (EPT)
were below average. Collector-filterers were right at the average.
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Table 138. Macroinvertebrate metrics that respond to eutrophication stress in John’s Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 139). There were zero sensitive individuals (SensitivePct) at station 05MNO011, and zero
intolerant individuals (IntolerantPct) at stations 05MNO011 and 09MNO080. Tolerant individuals (TolPct)
were elevated at both stations. The only metrics that scored better than average were abundance of
simple lithophilic spawners (SLithopPct) and total taxa richness (TaxaCount) at station 05MNO011 in 2013.

Table 139. Fish metrics that respond to eutrophication stress in John’s Creek compared to the statewide average
of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive at this time, although phosphorus is high and should be targeted for
reduction. The community metrics are suggestive of eutrophic stress, however secondary response (Chl-
a, BOD, DO flux) is unavailable for this station. Looking at photo documentation of this reach, there is
little to no algae growth present. It is likely that location of this stream is not suitable for high algal
growth (due to the velocity of the stream as well as the shade from the healthy canopy cover.

Nitrate

Nitrate concentration during fish sampling on July 17, 2013 at station 05MNO011 was 14 mg/L. Thirty
additional samples were collected in 2009, 2010, and 2016, ranging from 3.1 mg/L — 26 mg/L (average of
14.7 mg/L). Twenty-five (83%) of those samples were above 10 mg/L. Elevated concentrations were
observed in all years and various months. Samples were collected from station S005-623. This AUID is
already identified as being impaired for nitrate.

Taxa richness of Trichoptera (TrichopteraCh) and relative percentage of taxa belonging to Trichoptera
(TrichopteraChTxPct) were below the statewide average of stations meeting the MIBI threshold

(Table 140Error! Reference source not found.). There was one nitrate intolerant taxa, and 20 nitrate
tolerant taxa comprising 64% of the community. There was a lack of nitrate sensitive Trichoptera, a taxa
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particularly sensitive to nitrate stress. The macroinvertebrate nitrate index score was worse than
average. The macroinvertebrate metrics have values indicative of nitrate stress.
Table 140. Macroinvertebrate metrics that respond to nitrate stress in 05MNO011 compared to the statewide

average of visits meeting the southern cold-water stream use biocriteria. Bold indicates metric value indicative
of stress.
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Nitrate is a stressor. Chemistry data, both historic and present are at levels of concern. The
macroinvertebrate community also is showing displacement from high nitrate.

Total Suspended Solids

The total suspended solid (TSS) concentration during fish sampling on July 17, 2013 at station 05MNO011
was 3.2 mg/L. Thirty additional samples collected in 2009, 2010, and 2016 ranged from 2 mg/L — 182
mg/L, providing an average of 18.7 mg/L, and 9 (30%) were above the cold-water standard of 10 mg/L.
Exceedances occurred in 2009 and 2010, in March (two), April, June (two), July, September (two), and
October, with higher level noted to follow after rain events. Samples were collected at station S005-623.

The relative abundance of collector-filterer individuals (Collector-filtererPct) and relative abundance of
Plecoptera individuals (PlecopteraPct) were below the statewide average of stations meeting the MIBI
threshold (Table 141). There were zero TSS intolerant taxa, and seven TSS tolerant taxa comprising 25%
of the community. The macroinvertebrate TSS index score was below average; as this score decreases,
so does the tolerance of the community. Overall, a majority of the macroinvertebrate metrics are worse
than average and suggestive of stress.

Table 141. Macroinvertebrate metrics that respond to high TSS stress in John’s Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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All of the fish metrics with strong relationships to TSS were below the statewide average of stations
meeting the FIBI threshold (Table 142). The relative abundance of individuals that are non-tolerant
Centrarchidae (Centr-TolPct) and relative abundance of individuals that are intolerant species
(IntolerantPct) were zero at station 09MNO080 in 2009. These metrics, in addition to relative abundance
of individuals that are herbivore species (HrbNWQPct), relative abundance of individuals that are long-
lived (LLvdPct), relative abundance of individuals that are riffle-dwelling species (RifflePct), relative
abundance of individuals that are sensitive species (SensitivePct), and relative abundance of individuals
that are simple lithophilic spawners (SLithFrimPct) were also zero at station 05MNO011 in 2013. There
were zero TSS sensitive taxa at both stations, and one TSS tolerant taxa at station 09MNO80 comprising
1% of the community (Table 143). Fish TSS index scores were also worse than average.

Table 142. Fish metrics that respond to high TSS stress in John’s Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 143. Fish metrics that respond to high TSS stress in John’s Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Figure 152. Station 05MNO011, taken on September 13, 2012 displaying high erosive potential.
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TSS is a biological stressor. Both the biological metrics support this, as does the water chemistry
collected throughout the monitoring period. Photo documentation (shown in Figure 152), displays
erosive conditions within the reach that san contribute to sedimentation.

Habitat

The MSHA for station 05MNO011 was good in July 2013 (72.9) (Figure 153). All of the subcategories
scored at a minimum in the fair range. The surrounding land use is forest with row crop. The riparian
area was wide to extensive with little bank erosion and heavy shade. There were a diverse set of stream
features and substrates (Figure 154). Riffle features comprised 50% of the reach with cobble and gravel.
There was only 10% pool habitat. There was moderate cover (25-50%). The channel had good depth
variability, with moderately high stability.
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Figure 153. Percentage of MSHA subcategory scores for station 05MNO011, John’s Creek
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Burrowers, clingers, and sprawlers were close to average, while climbers were well above average and
swimmers were well below average (Figure 155). The elevated climbers are atypical of habitat stress;
climbers use overhanging vegetation and woody debris habitat, and are expected to decrease with
stress. Most of the habitat related macroinvertebrate metrics had values uncharacteristic of habitat
stress.

Figure 155. Macroinvertebrate metrics that respond to habitat for station 09MNO094, John’s Creek compared to
the range of values for Coldwater Stream visits meeting the modified use biocriteria.
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As displayed in previous sections, the relative abundance of individuals that are riffle-dwelling species
(RifflePct) was below average at both stations. Abundance of simple lithophilic spawners (SLithopPct)
was above average at station 05MNO011 and just below average at station 09MNO080. Both of these
species require clean coarse substrate and riffles, and are expected to decrease with stress.

Habitat is not considered a stressor to the macroinvertebrate or fish community. There is diverse and
healthy habitat availability noted during site visits. The macroinvertebrate community also does not
suggest it is being limited by a habitat impairment.

Longitudinal Connectivity and Altered Hydrology

Connectivity is listed as inconclusive as a biological stressor. Longitudinal connectivity could be impaired
due to extremely low base flows. It is possible there are connectivity issues associated with flow,
particularly at station 09MNOS8O0 (Figure 156). In the future, flow monitoring is recommended to confirm
if this is a losing reach or not.
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Figure 156. Nearly dry creek bed at John’s Creek at station 09MNO80 taken in July 23, 2015.
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Altered Hydrology is viewed as the primary stressor within this reach. While this portion of stream is
defined as natural channel, the headwaters that feed into it are completely altered by way of ditching,
channelization, as well as subsurface tile drainage for agricultural purposes. These modifications will
alter the streams natural flow regime, which can lead stream instability. Tile drainage can directly
increase the streams pollutant loading as it transports pollutants from a large land area. More
information on the direct and indirect impacts of altered hydrology can be found in Chapter 3.1.8 of this
report.

Summary Table

Figure 157. Identified stressors with suspected sources for reach 571 of Johns Creek.
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4.18 County Ditch 13 (07020007-712)

County Ditch 13 (07020007-712) is a small tributary northwest of Essig, Minnesota. The reach is general
use Class 2B. The reach extends miles from 245™ Ave. to the Minnesota River. The reach is impaired for
lack of macroinvertebrate assemblage and lack of fish assemblage. The reach is also impaired for E. coli.
The E. coliimpairment will not be addressed in this report.

4.18.1 Biological Communities

Station 13MNO025 was surveyed for fish and macroinvertebrates in 2013. The macroinvertebrate
community had an IBl score of 15.7, below the threshold of 37 for the Southern Streams RR class. Nearly
all of the macroinvertebrate IBI metrics were below the average metric score to obtain an IBI at the
threshold (Figure 158). The community was dominated by black fly larva (Simulium).

Figure 158. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MN025, County Ditch 13
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The fish community had an IBI score of 36.1, below the threshold of 55 for the Southern Headwaters
class. Similar to the macroinvertebrate community, five of six of the FIBI metrics were below the average
metric score to obtain an IBI at the threshold (Figure 159). Fathead minnows dominated the survey.
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Figure 159. Fish metrics of the Southern Headwaters class IBI for station 13MNO025, County Ditch 13
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4.18.2 Data Evaluation for each Candidate Cause

Metric Score

O L s LN O GO LD
T I |

Dissolved Oxygen

Dissolved oxygen (DO) concentration during biological sampling on July 9, 2013 and August 14, 2013 at
station 13MNO025 where both at 8.5 mg/L. Additional samples collected in 2009, 2010, and 2015 ranged
from 3.8 mg/L — 16.7 mg/L (average of 9.0 mg/L). Twenty-eight samples were collected, and five (18%)
were below the warmwater standard (5 mg/L). Exceedances occurred August — October in 2009.
Samples were collected at station S005-624.

In 2015, a sonde was deployed from July 16 through July 23 at station 13MNO025. During that time
frame, concentrations ranged from 7.8 mg/L — 8.9 mg/L (Figure 160) There were zero violations of the
standard, and daily 24 hour DO fluxuation (DO flux) was minimal (< 1 mg/L).
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Figure 160. 13MNO025 Sonde deployment from July 16 through July 23 in 2015.

10

=
=
E 6
s
1]
]
=
] R e R e e e i
o]
=
v
=
o
2
a
2
0
$ $ $ $ & & & & &
) ) ) ) L
S %0 %0 %Q c.}Q' %Q %Q c.}Q c.}Q
A 4 A > A > A > -.Q\’ o o o o
oV \ 0y o N N AN o o\
AV AV AL AL AV AV AV AV AV
Date
® Dissolved Oxygen for 13MN025 @ Dissolved Oxygen Standard (5 mg/L)

The macroinvertebrate metrics were mixed (Table 144). The macroinvertebrate DO index score was
above average; as this score increases, so does the sensitivity of the community. There were four DO
intolerant taxa comprising 10% of the community, and two DO tolerant taxa comprising 3% of the
community. Total taxa richness (TaxaCountAllChir) and taxa richness of Ephemeroptera, Plecoptera and
Trichoptera (EPTCh) were worse than average, and a measure of pollution based on tolerance values
assigned to each individual taxon developed by Chirhart (HBI_MN) was better than average. Overall, the
macroinvertebrates are mixed and do not show a strong indication of DO stress.

Table 144. Macroinvertebrate metrics that respond to low DO stress in County Ditch 13 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 145). Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were below average, and tolerant individuals
(TolPct) comprised 84% of the community. There were zero DO sensitive taxa, and three DO tolerant
taxa comprising 54% of the community. The fish DO index score was below average, and the probability
of this reach meeting the DO standard based on the fish community was 35%. The fish are suggestive of
stress.

Table 145. Fish metrics that respond to low DO stress in County Ditch 13 compared to the statewide average of
visits meeting the general coldwater use biocritera. Bold indicated metric value indicative of stress.
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DO is listed as inconclusive. There is a history of random low DO measurements, there has not been any
current testing to show low DO is prevalent in this system. Macroinvertebrates are mixed while the fish
community was suggestive of low DO stress.

Eutrophication

Total phosphorus (TP) concentration during fish sampling on July 9, 2013 at station 13MNO025 was
0.126 mg/L. Forty three additional samples were collected in 2009, 2010, and 2015, ranging from 0.027
mg/L —0.948 mg/L (average of 0.267 mg/L). Of these 43 samples, 21 (49%) were above the river
eutrophication standard for the South Region of 0.150 mg/L. Exceedances occurred in multiple months
in 2009 and 2010. All samples were collected in the upper end of the AUID at station S005-624.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. One chl-a sample
was collected on July 23, 2015; this sample was well below the 35 pg/L standard at 3.15 pg/L. At this
time, there have been zero BOD samples collected. During sonde deployment in 2015, daily DO flux was
minimal low DO has been documented in this AUID.

All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 146). There were zero intolerant taxa (Intolerant2Ch), and a high percentage of
tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-filterers (Collector-filtererCh), collector-
gatherers (Collector-gathererCh), and Ephemeroptera, Plecoptera, and Trichoptera (EPT) were below
average.
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Table 146. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 13 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold Table 147). Abundance of darter species (DarterPct) and intolerant individuals (IntolerantPct)
were both zero, and tolerant individuals (TolPct) comprised 84% of the fish community. Abundance of
simple lithophilic spawners (SLithopPct) was the only metric that scored better than average.

Table 147. Fish metrics that respond to eutrophication stress in County Ditch 13 compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive due to the limited secondary response data (Chl-a, BOD, DO Flux). Both
biological communities were suggestive of eutrophic stress. However, it is feasible another stressor is
displacing these communities. Phosphorus is clearly high within this reach, and should be reduced to
reduce downstream impacts.

Nitrate

Nitrate concentration during fish sampling on July 9, 2013 at station 13MNO025 was 13 mg/L. Additional
samples were collected in 2009, 2010, and 2015, ranging from 0.51 mg/L — 18.1 mg/L (average of

7.4 mg/L). Forty-three samples were collected, and 14 (33%) were above 10 mg/L. Elevated

concentrations were observed in all years and various months. Samples were collected from station
S005-624.

Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below the statewide average of stations meeting the MIBI threshold
(Table 148). There were zero nitrate intolerant taxa, and thirteen nitrate tolerant taxa comprising 26% of
the community. The macroinvertebrate nitrate index score was better than average. The
macroinvertebrate metrics provide a mixed response, and there is not a strong signal of nitrate stress.
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Table 148. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 13 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is inconclusive as a stressor. There was a strong sample set to evaluate nitrate that did show to
be a problem. Upon evaluation of the macroinvertebrate community, the sample did not seem to be
specifically responding negatively to high nitrate concentrations. There were a high number of Simulium
(black fly larva) that are not overly tolerant of nitrate, therefore this cannot explain their dominance of
the community and there is likely another stressor limiting this community.

Total Suspended Solids

Total suspended solids (TSS) concentration during fish sampling on July 9, 2013 at station 13MNO025 was
4.8 mg/L. Additional samples collected in 2009, 2010, and 2015 ranged from 2 mg/L — 286 mg/L (average
of 15.2 mg/L). Out of the 42 samples collected only two (5%) were above the warmwater standard for
the South Region of 65 mg/L. Samples were collected at station S005-624; both exceedances were in
March 2010.

The relative abundance of collector-filterer individuals (Collector-filtererPct) was well above the
statewide average of stations meeting the MIBI threshold, and relative abundance of Plecoptera
individuals (PlecopteraPct) was below average (Table 149). There was one TSS intolerant taxa
comprising 0% of the community, and eight TSS tolerant taxa comprising 19% of the community. The TSS
index score was better than average. Overall, the macroinvertebrate metrics provide a mixed response,
but there does not appear to be a strong indication of TSS stress.

Table 149. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 13 compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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All of the fish metrics with strong relationships to TSS were below the statewide average of stations
meeting the FIBI threshold (Table 150). The relative abundance of individuals that are non-tolerant
Centrarchidae (Centr-TolPct), relative abundance of individuals that are intolerant species
(IntolerantPct), relative abundance of individuals that are long-lived (LLvdPct), relative abundance of
individuals of the Order Perciformes excluding tolerant individuals (Percfm-TolPct), and relative
abundance of individuals that are simple lithophilic spawners (SLithFrimPct) were all zero percent of the
community. There were zero TSS sensitive taxa, and one TSS tolerant taxa comprising 1% of the
community (Table 151). The fish TSS index score was worse than average and the probability of the
reach meeting the TSS standard based on the fish community was 42%. A majority of the fish metrics

were worse than average and suggestive of stress.

Table 150. Fish metrics that respond to high TSS stress in County Ditch 13 compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 151. Fish metrics that respond to high TSS stress in County Ditch 13 compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive. There are few exceedances of TSS during the times of sample. There was a large
dataset to assess TSS concentrations, with only a few going above the standard, likely following rain
events. There is not much to chemistry wise to suggest TSS is a chronic issue within the stream, although
with one of the highest readings reveal that concentrations of that magnitude could temporarily
displace the biology. The fish community is indicative of TSS displacement. However, the
macroinvertebrates that would be impacted most by chronic TSS conditions are thriving, particularly

noted within the filter feeders.
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Habitat

The MSHA score notes on July 9, 2013 was fair with a score of 60.9. Driving down the score was poor
riparian, due to being row cropped. Stream instability is also suspect as there was heavy bank erosion
noted (Figure 161). Available cover types included deep pools, logs or woody debris, boulders, and
macrophytes. The station was 15% pool, 20% riffle, and 65% run, providing fair habitat diversity. Figure 162
illustrates some of the streams positive attributes, such as clean substrate as well as overhanging
vegetation.

Figure 161. Percentage of MSHA subcategory scores for station 13MNO025, County Ditch 13.
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Figure 162. Station 13MNO025 on July 9, 2013.
S— = R —

Burrowers and sprawlers, and swimmers were below average, and clingers were above average

(Figure 163). The elevated clingers are atypical of habitat stress; clingers attach to rock or woody debris,
and are expected to decrease with stress. The climber MIBI metric score was below the average metric
score needed to meet the MIBI threshold, and the clinger MIBI metric score was above average. Black
flies (Simulium) dominated the community. Indicator values for suspended sediment and fine substrates
for Simulium, developed by Carlisle et al (2007), are five and seven respectively. The scoring system is
based on a scale from 1 — 10, with ten being the most tolerant. Overall, the macroinvertebrates
community did not indicate they are stressed by habitat.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

247



Figure 163. Macroinvertebrate metrics that respond to habitat for station 13MNO025, CD 13 compared to the
range of values for Southern Streams RR visits meeting the general use biocriteria.

90 -
80 - '|'
70 -

60 -

50 -
4714 @ |

40 -

30 A

20 -

Percent macroinvertebrate individuals

150 ® 160 ©

. ; - I 100 @
1071 spe e

Burrower Climber Clinger Sprawler Swimmer

O02QBox O3QBox @Mean @ 13MNO25

As displayed in previous TSS section, the relative abundance of individuals that are riffle-dwelling species
(RifflePct) was below average, and abundance of simple lithophilic spawners (SLithopPct) was just above
average. These species require clean coarse substrate and riffles, and are expected to decrease with
stress.

At the time of monitoring, the flow conditions were low, and noted to likely impact the riffle dwelling
species. Likely, due to low flowing conditions the macroinvertebrate and fish community’s potential was
not reached and therefor this parameter is listed as inconclusive.

Longitudinal Connectivity and Altered Hydrology

Connectivity is inconclusive as a biological stressor at this time, as there were not any barriers identified
at the time of biological monitoring or recon. There is a possibility of altered hydrology within this reach
influencing low base flow.

Altered Hydrology is a stressor. While this reach is identified as a natural channel, the headwaters that
feed into it are completely altered by way of channelization and subsurface tile drainage for agricultural
purposes. For more information on how these land practices lead to altered hydrology, reference
Chapter 3.1.8 of this report. While many parameters where listed as inconclusive, the sample size was
limited do to erratic flows. The chemistry of the stream does show high potential for nitrates and
eutrophication to be likely, however additional biological monitoring would be needed to clearly identify
these are limiting the fish and macroinvertebrate community.
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Summary Table

Table 152. Identified stressors with suspected sources for reach 712 of County Ditch 13.
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4.19 Spring Creek (Judicial Ditch 29) (07020007-622)

Spring Creek (07020007-622) is the upstream most reach on Spring Creek, northeast of Evan,
Minnesota. The reach is general use Class 2B. The reach extends miles from approximately CR 8 to T111
R33W S$23, east line (downstream of 300" St). The reach is impaired for lack of macroinvertebrate
assemblage and lack of fish assemblage.

4.19.1 Biological Communities

Station 13MNO024 was sampled in 2013 for fish and macroinvertebrates. The macroinvertebrate
community scored (21.3) below the general use threshold of 37 for the Southern Streams RR class. The
community was dominated by snails (Physa). Nearly all the IBI metrics were less than the average metric
score needed to obtain an IBI score at the general use threshold (Figure 164).
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Figure 164. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MNO024, Spring Creek.
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The fish community had an IBI score (40.9) below the Southern Headwaters class general use threshold
of 55. Four of the six IBI metrics were lower than the average metric score needed to obtain an IBI score
at the general use threshold (Figure 165). Blacknose dace dominated the community.

Figure 165. Fish metrics of the Southern Headwaters class IBl for station 13Mn024, Spring Creek.
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4.19.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

Dissolved oxygen (DO) concentrations during biological sampling on June 12, 2013, August 12, 2013, and
August 15, 2013 at station 13MNO024 was 3.8 mg/L (Taken at 9:15am), 14.8 mg/L, and 9.2 mg/L
respectively. Additional samples collected in 2009, 2010, and 2016 ranged from 4.0 mg/L — 13.5 mg/L
(average of 8.8 mg/L). Forty-two samples were collected, with only one below the warmwater standard
of 5 mg/L. The low DO reading occurred on the afternoon of September 25,

10; samples were collected at station S005-689. No early morning readings were collected.
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In 2016, a sonde was deployed from August 4 through August 9 at station 13MNO024. During that time
frame, concentrations ranged from 5.53 mg/L — 8.78 mg/L (Figure 166). There were zero violations of
the standard, and daily DO flux was minimal with a 2-3 mg/L swing in concentrations.

Figure 166. Continuous DO data at monitoring location 13MNO024, from August 4, 2016 to August 10, 2016.
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All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 153). The macroinvertebrate DO index score was below average; as this score
decreases, so does the sensitivity of the community. There was one DO intolerant taxa comprising 1% of
the community, and twelve DO tolerant taxa comprising 19% of the community. Taxa richness of
Ephemeroptera, Plecoptera and Trichoptera (EPTCh), a measure of pollution based on tolerance values
assigned to each individual taxon developed by Chirhart (HBI_MN), and total taxa richness
(TaxaCountAllChir) were worse than average. The macroinvertebrate metrics are indicative of low DO

stress.

Table 153. Macroinvertebrate metrics that respond to low DO stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 154). Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were zero, and tolerant individuals (TolPct)
comprised 99% of the community. There were zero DO sensitive taxa, and one DO tolerant taxa
comprising 1% of the community. The fish DO index score was above average.

Table 154. Fish metrics that respond to low DO stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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DO is inconclusive as a stressor until additional data can be collected. There were minimal DO
exceedances and the sonde deployment showed good oxygen values, however this deployment
occurred after a large rain event. As discussed under eutrophication (below), there was evidence of
algae overgrowth occurring within this stream. In systems like this, low DO is often driven by
eutrophication due to excessive plant respiration that will be noted in early morning readings. As
monitoring took place after a substantial event that could have flushed the system as well as add
aeration to the stream, there is enough uncertainty to withhold a determination on low DO impacts to
the biology of this reach. Additionally, the macroinvertebrates were suggesting low DO stress, but the
fish were mixed in their response. Low DO is a possibility, future monitoring is recommended.

Eutrophication

Total phosphorus (TP) concentrations during fish sampling on June 12, 2013, August 12, 2013 at station
13MNO024 were 0.1 mg/L and 0.344 mg/L respectively. Twenty-two additional samples were collected in
2009, 2010, and 2016, ranging from 0.026 mg/L — 0.541 mg/L (average of 0.240 mg/L). Of these twenty-
two samples, thirteen (59%) were above the river eutrophication standard for the South Region (0.150
mg/L). Exceedances occurred in July (three), August (six), and September (four) in 2009, 2010, and 2016.
All samples were collected at station S005-689.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. Twenty-one chl-a
samples were collected in 2009 and 2010 at station S005-689, ranging from 1 pg/L — 249 ug/L (average
of 18.4 pg/L). There were two exceedances of the standard (35 pg/L) in August 2010 (71.9 pg/L and
249 pg/L). At this time, there have been zero BOD samples collected. Low DO has been documented in
this AUID, but there is minimal DO flux (2-3 mg/L) during sonde deployment.

All of the macroinvertebrate metrics were worse than the statewide average of stations meeting the
MIBI threshold (Table 155). There were zero intolerant taxa (Intolerant2Ch), and a high percentage of
tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-filterers (Collector-filtererCh), collector-
gatherers (Collector-gathererCh), and Ephemeroptera, Plecoptera, and Trichoptera (EPT) were below
average.
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Table 155. Macroinvertebrate metrics that respond to eutrophication stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 156). Sensitive individuals (SensitivePct), abundance of darter species (DarterPct), and
intolerant individuals (IntolerantPct) were all zero. Tolerant individuals (TolPct) comprised 99% of the
fish community. Abundance of simple lithophilic spawners (SLithopPct) was well above average,
comprising 85% of the community.

Table 156. Fish metrics that respond to eutrophication stress in Spring Creek compared to the statewide average
of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive. Phosphorus loading is clearly high, and should be reduced. However,
secondary responses to validate eutrophic response is lacking. Biological metrics suggest low DO stress in
both the fish and macroinvertebrate communities. Most of the site visits resulted in photo documentation
of over-growth of algae. However, there was some filamentous floating algae notes at the time of August
12, 2013. The two high chl-a samples also indicate that overgrowth of algae does occur. Additional
monitoring should take place to determine how common of an occurrence this is for JD 29.

Nitrate

Nitrate concentration during fish sampling on June 12, 2013, August 12, 2013 at station 13MN024 was
2.8 mg/L and 0.05 mg/L respectively. Additional samples were collected in 2009, 2010, and 2016,
ranging from 0.2 mg/L — 17.6 mg/L (average of 6.7 mg/L). Twenty-two samples were collected, and eight
(36%) were above 10 mg/L. Elevated concentrations were observed in all years and various months.
Samples were collected from station S005-689.

Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below the statewide average of stations meeting the MIBI threshold
(Table 157). There was one nitrate intolerant taxa, and seventeen nitrate tolerant taxa comprising
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78% of the community. The macroinvertebrate nitrate index score was worse than average. A majority
of the macroinvertebrate metrics were worse than average and indicative of nitrate stress.

Table 157. Macroinvertebrate metrics that respond to nitrate stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is a stressor. Metrics suggest a negative response in the macroinvertebrate community. Nitrate
concentrations were also found to be above the threshold of 10 mg/L often.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on June 12, 2013, August 12, 2013
at station 13MNO024 was 2.4 mg/L and 5.2 mg/L respectively. One additional sample was collected on
August 10, 2016 (51 mg/L) at station S005-689. There were zero exceedances of the warmwater
standard for the South Region of 65 mg/L.

The relative abundance of collector-filterer individuals (Collector-filtererPct) and relative abundance of
Plecoptera individuals (PlecopteraPct) were worse than the statewide average of stations meeting the

MIBI threshold (Table 158). There were zero TSS intolerant taxa, and nine TSS tolerant taxa comprising
45% of the community. The macroinvertebrate TSS index score was better than average, but overall, a

majority of the macroinvertebrate metrics were worse than average.

Table 158. Macroinvertebrate metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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All of the fish metrics with strong relationships to TSS were below the statewide average of stations
meeting the FIBI threshold (Table 141). The relative abundance of individuals that are non-tolerant
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Centrarchidae (Centr-TolPct), relative abundance of individuals that are intolerant species
(IntolerantPct), relative abundance of individuals that are long-lived (LLvdPct), relative abundance of
individuals of the Order Perciformes excluding tolerant individuals (Percfm-TolPct), relative abundance
of individuals that are sensitive species (SensitivePct), and relative abundance of individuals that are
simple lithophilic spawners (SLithFrimPct) were all zero percent of the community. There were zero TSS
sensitive taxa, and zero TSS tolerant taxa (Table 159). The fish TSS index score was better than average.
Overall, a majority of the fish metrics were worse than average, but it’s possible they are being affected
by a different stressor as the TSS index score, TSS tolerant percent, and probability of meeting the TSS
standard all scored well.

Table 159. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 160. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive as a stressor. This is largely based on the lack of samples collected to understand TSS
loading within this reach. Metrics are suggestive of TSS displacement in both invert and the fish
community.

Expected response to stress ™

Habitat

As shown in Figure 167, the MSHA categories improved slightly from June to August, yes still followed
the same trend regarding habitat degradation. Surrounding land use was the largest negative impact to
the overall score, being agricultural row crops. The riparian width of this stream ranges from wide to
extensive, yet the canopy cover is moderate and only provides some shade and refuge. The channel
morphology of this stream is unstable, with little creating erosive banks and lacking in habitat diversity.
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There were no identifiable pool or riffle features in wither assessment. There were multiple substrate
types noted, yet there was also some embeddedness noted, ranging from sever to light.

Figure 167. Percentage of MSHA subcategory scores for station 13MN024, Spring Creek
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Burrowers and climbers were above average, and clingers, sprawlers, and swimmers were below
average (Figure 168). The elevated burrowers and reduced clingers are symptoms of habitat stress, but
the elevated climbers are uncharacteristic of habitat stress. The climber MIBI metric score was above
the average metric score needed to meet the MIBI threshold, but the clinger MIBI metric score was
below average.
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Figure 168. Macroinvertebrate metrics that respond to habitat for station 13MNO024, Spring Creek compared to
the range of values for Southern Streams RR visits meeting the general use biocriteria.
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As displayed in Table 161, the relative abundance of individuals that are riffle-dwelling species

(RifflePct), simple lithophilic spawners (SLithopPct), Riffle dwellers, stone rollers (Centr-TolPct), and
benthic feeders (BenFdFrimPct) were severely depleted if not all together absent from the sample.
These species require clean coarse substrate and have specific habitat needs.

Table 161. Fish metrics that respond to high TSS and habitat stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Figure 169. Station 13MNO024 taken on August 12, 2013.

Habitat is a stressor. There is poor habitat diversity noted in the MSHA scores. As is also evident in the
above photograph of station 13MNO024 (Figure 169), were shade is sparse, and the stream is
homogenous. Both the fish and macroinvertebrate community composition displays an absents of
groups that have specific habitat needs. Additional information on the stream stability study will be
provided in the next section. The instability of this stream is a large contributing factor to the impaired
habitat conditions.

Longitudinal Connectivity and Altered Hydrology
Connectivity and altered hydrology are both identified as biological stressors within this reach.

At the time of biological monitoring, downstream on Spring Creek there was a perched culvert as well as
beaver dam that has been noted to create impoundment issues. See Figure 170 for the location
summary image provided by the DNR on this barrier.
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Figure 170. Spatial location of perched culvert on Spring Creek prior to the 2015 restoration project (DNR 2015).

& A7

) - s 5 A - ~ i

Spring Creek Culvert Profile

} 3-4' Drop

L K4 -~
Morizontal Distance (Feet)

For more information on the perched culvert and beaver dam, please see DNR’s Minnesota River,
Mankato Watershed Characterization Report (2015). In 2013, station 13MNO024 had six species
surveyed. Downstream of the culvert and beaver dam, in 2010, station 91MNO55 had 13 fish species. At
station 13MNO090, in 2013, there were 11 fish species surveyed. There are no upstream lakes to
replenish this section of Spring Creek. With the reduced fish taxa richness, fish passage due to perched
culvert and potentially the beaver dam is a stressor to the fish community. Sense the last fish survey, a
respiration projects was conducted to allow for fish passage that may have eliminated this stressor.

This reach is the final stretch of channelized stream. This section and all upstream portions have been
completely altered to meet agricultural land use, primarily seen in ditching and channelizing the stream
and well and the introduction of subsurface tile drainage to the stream. For more information on how
these specific practices influence hydrology in this watershed, reference Chapter 3.1.8 of this report.

This site was established as a geomorphology assessment site by the DNR. The overall findings of this
reach found that this reach is not stable, as noted in the erosive bank measurements as well as the
stream actively becoming incised, and with that losing connection with its floodplain. Erosions rates in
one year of a stream bank measured to be a loss of .638, ‘greatly exceeding the predicted erosion rate
of .25’ a year DNR 2015. The DNR recommends for this historically channelized stream to return to its
flood plain and meander pattern by forming a natural two-stage channel (DNR 2015). Withholding from
dredging or clean outs is critical for this headwater stream to stabilize and recreate habitat.
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Summary Table

Table 162. Identified stressors with suspected sources for reach 622 of Spring Creek.

622 Spring Creek (Judicial Ditch 29)
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4.20 Spring Creek (Hindeman Creek) (07020007-574)

Spring Creek, otherwise known as Hindeman Creek (07020007-574) is the middle reach on Spring Creek,
northeast of Evan, Minnesota. The reach is coldwater general use Class 2A. The reach extends miles
from approximately T111 R33W S24, west line (downstream of 300th St) to T111 R32W S20, east line
(downstream of Golden Gate Rd). The reach is impaired for lack of macroinvertebrate assemblage and
lack of fish assemblage.

4.20.1 Biological Communities

Both macroinvertebrate samples at 91MNO55 fell significantly below the Southern Coldwater threshold
of 43 (Figure 171). The macroinvertebrate sample on September 18, 2001 scored 23.2 with Physa
(snails) dominating to population. In the August 16, 2010, the score fell down to 13 out of 43. The
dominate taxa was Cricotopus (Non-biting midge). This non-biting midge is known to be extremely
tolerant to heavy polluted environments and will thrive in heavily degraded waters; whereas in a balanced
system they typically only make up a fraction of the overall community (Boesel 1983).

There were very few coldwater species (CBI), Chironomidae and Diptera (ChiroDip) were absent as were
intolerant taxa (Intolerant2Ch) with very tolerant taxa (veryTolerant2Pct) in place, as noted in the figure
below.
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Figure 171. Macroinvertebrate metrics of the Southern Coldwater Streams class for stations 91MNO055 (2001)
and 91MNO055 (2010), Spring Creek (Hindeman Creek).
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Fish sampling occurred twice on Hindeman Creek (monitoring station 91MNO055). In both years, the fish
IBI score was significantly below the southern coldwater streams threshold of 50, scoring 17 in 2001 and
30in 2010. Spring Creek is currently managed as a put-and-take trout stream, stocked annually for
brown and rainbow trout since 2006. It was designated as a trout stream in 1952 and received various
numbers of Brown Trout yearlings or occasionally adults, from 1952 to 2005. A separate DNR fisheries
fish survey did find one trout in 2003 that was thought to be the product of natural reproduction. There
is little else to indicate the trout stocked in Spring Creek thrive, as trout were not found in either MPCA
survey for this reach or the downstream reach (-573).

As shown in Figure 172, the fish survey in 2010 was slightly better compared to the 2001 sample.
However, both stations fell short for cold-water sensitive species (CWSensitivePct_10DrgArea), native
cold-water species (NativeColdPct), and species that are detritus eaters. Herbivores met the threshold at
both sites. Neither sample resulted in a score reduction for DELTS (FishDELTPct). Both site had pioneer
species (typically slightly tolerant) as the dominate group.
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Figure 172. Fish metrics of the Southern Coldwater Streams class for stations 91MNO055 (2001) and 91MNO055
(2010), Spring Creek (Hindeman Creek).
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4.20.2 Data Evaluation for each Candidate Cause

During the fish sample, the water temperature was recorded at 23.2°C on July 30, 2001, and 26.2°C on
August 9, 2010. There were two other point measurements taken on June 16, 2015 and on
September 1, 2015 measuring 18.9°C and 20.19°C respectively.

In 2015, a temperature logger was put at 91MNO55 from June through September, displayed in Figure 192.
During that time frame, there were 18 days that exceeded 24 degrees for multiple hours at a time. The
maximum temperature occurred in July, at 26 degrees. The temperature data shows some regular periods
of time where temperature exceeds the critical temperature threshold for brown trout (24°C), but also
shows a good amount of time above 18°C, the threat temperature for brown trout.

Temperature
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Figure 173. Temperature data from 91MNO055 from June through September 2015
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There were no trout collected during the fish sample at 91MNO55 in either year, which results in a zero
score for coldwater fish individuals. There were some fantail darters sampled which are a coldwater
sensitive species. However, it is still below the Southern Coldwater average for coldwater sensitive
individuals (70.6%). Native coldwater species like Brook Trout were also lacking, resulting in a zero metric
score. In addition, coldwater macroinvertebrates were almost absent during both visits (Table 163).

Table 163. Biological metrics that respond to temperature compared to the statewide average of visits meeting
the Southern Coldwater biocriteria. Bold indicates metric value indicative of stress.

— X —
= v L5
o - =
5 | 8 & ¢
— >
[ F= X & 2
S 2 Q ® 5
o ] (] ; hul
o N 2 T
° = © S s
Station (Year sampled) o o z O =
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Temperature is considered a stressor on this coldwater community. Temperature reading found that
often during summer months the temperature would exceed the coldwater threshold. In addition, that
coldwater community metrics show that they are in decline. It is likely the fish metrics would be
significantly worse if it was not for the intervention of trout management on this stream.

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on August 5, 2009, August 19, 2009,
and August 9, 2010 at station 91MNO55 was 12.1 mg/L, 9.1 mg/L, and 16.0 mg/L respectively. Additional
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samples collected in 2015 and 2016 ranged from 6.1 mg/L — 13.9 mg/L (average of 9.9 mg/L). Only 10
samples were collected, but one (10%) was below the cold-water standard of 7 mg/L. The low DO value
occurred on June 20, 2016. Samples were collected at stations S008-547 and S009-152.

In 2016, an YSI sonde was deployed from August 3 through August 10 at station 91MNO55. During that
time frame, concentrations ranged from 7.5 mg/L —11.4 mg/L (Figure 174). All values were above the
cold-water standard, and daily DO flux was below the standard for the South Region of 4.5 mg/L of
variation within a 24-hour period.

Figure 174. Continuous DO data at monitoring location 91MNO055, from August 4, 2016 to August 10, 2016.
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A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting
the MIBI threshold (Table 164). The macroinvertebrate DO index score was below average both years; as
this score decreases, so does the sensitivity of the community. There were 6 — 7 DO intolerant taxa
comprising 9 — 23% of the community, and 3 — 5 DO tolerant taxa comprising 4 — 8% of the community.
Taxa richness of Ephemeroptera, Plecoptera and Trichoptera (EPTCh) was the only metric to score better
than average. A measure of pollution based on tolerance values assigned to each individual taxon
developed by Chirhart (HBI_MN) and total taxa richness (TaxaCountAlIChir) were worse than average.
Overall, a majority of the macroinvertebrate metrics are suggestive of stress.
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Table 164. Macroinvertebrate metrics that respond to low DO stress in Spring Creek compared to the statewide

average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 165). Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were well below average, and tolerant
individuals (TolPct) comprised 38 — 69% of the community. There was one DO sensitive taxa comprising
18 — 48% of the community, and 1 —4 DO tolerant taxa comprising 1 — 3% of the community. The fish
DO index scores were below average, and the probability of this reach meeting the DO standard based

on the fish community was 72% (2001) and 89% (2010).

Table 165. Fish metrics that respond to low DO stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Due to the mixed results, DO is inconclusive. The continuous DO data was not suggestive that this
system has a chronic issue with low DO. However, both invert and fish metrics fell below most of the

expected averages, there was still some sensitive and low DO intolerant individuals found.

Eutrophication

Total phosphorus (TP) concentration during fish sampling on August 9, 2010 at station 91MNO055 was
0.134 mg/L. Additional samples were collected in 2015 and 2016, ranging from 0.028 mg/L —0.390 mg/L

(average of 0.189 mg/L). Only six samples were collected, but three were above the river eutrophication

standard for the South Region (0.150 mg/L). Exceedances occurred in 2016 in February (0.390 mg/L),

June (0.364 mg/L), and August (0.160 mg/L). Samples were collected from station SO08-547.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. One chl-a sample
was collected on September 1, 2015; this sample was well below the 35 pg/L standard (3.44 pg/L). At
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this time, there have been zero BOD samples collected. During sonde deployment in 2016, daily DO flux
was below the standard for the South Region (4.5 mg/L). Minimal low DO has been documented in this.
However, there is little data to correlate a relationship to overproduction of algae.

The macroinvertebrate metrics were mixed; half were worse than the statewide average of stations
meeting the MIBI threshold and half were better (Table 166). There were zero intolerant taxa
(Intolerant2Ch), and a high percentage of tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-
filterers (Collector-filtererCh), collector-gatherers (Collector-gathererCh), and Ephemeroptera,
Plecoptera, and Trichoptera (EPT) were above average. Metric values were similar in 2001 and 2010.

Table 166. Macroinvertebrate metrics that respond to eutrophication stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 167). There were zero intolerant individuals (IntolerantPct), and tolerant individuals
(TolPct) were elevated during both visits. Abundance of darter species (DarterPct) was above average
both years, and abundance of simple lithophilic spawners (SLithopPct) was above average in 2010.

Table 167. Fish metrics that respond to eutrophication stress in Spring Creek compared to the statewide average
of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication as a stressor is considered inconclusive. There were minimal samples collected for
phosphorus, but a few exceeded the standard. There was an overall lack of connecting response data
related to eutrophication. The DO data appears sufficient for this reach, but the biological response
suggests otherwise. Eutrophication does not appear likely. However, due to conflicting results more data
is needed to confirm.
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Nitrate

Nitrate concentration during fish sampling on August 9, 2010 at station 91MNO055 was 0.61 mg/L.
Additional samples were collected in 2015 and 2016, ranging from 2.1 mg/L — 27 mg/L (average of 15
mg/L). Only six samples were collected, but four were above 10 mg/L and two above 20 mg/L. Elevated
concentrations were observed in 2016 in February, May, June, and August. Samples were collected at
station S008-547.

Taxa richness of Trichoptera (TrichopteraCh) was above the statewide average of stations meeting the
MIBI threshold, and relative percentage of taxa belonging to Trichoptera (TrichopteraChTxPct) was
below average (Table 168). There was one nitrate intolerant taxa, and 17 — 22 nitrate tolerant taxa
comprising 49 — 61% of the community. The macroinvertebrate nitrate index score was better than
average in 2001, but worse than average in 2010. The macroinvertebrate metrics were more indicative
of nitrate stress in 2010 than 2001.

Table 168. Macroinvertebrate metrics that respond to nitrate stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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At this time, nitrate is inconclusive. There were minimal samples collected, but the concentrations were
elevated. However, the biological response within the macroinvertebrate community is mixed and does
not strongly indicate stress with moderate to low nitrate tolerant individuals, there was also a decent
number of Trichoptera taxa.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on August 9, 2010 at station
91MNO055 was 23 mg/L. Additional samples collected in 2015 and 2016 ranged from 2.8 mg/L — 140 mg/L
(average of 48.2 mg/L). Only six samples were collected, but four were above the cold-water standard of
10 mg/L. Exceedances occurred in 2016 in February, May, June, and August. Samples were collected at
station SO08-547.

The relative abundance of collector-filterer individuals (Collector-filtererPct) and relative abundance of
Plecoptera individuals (PlecopteraPct) were worse than the statewide average of stations meeting the
MIBI threshold (Table 169). There was one TSS intolerant taxon (2001) comprising 0% of the community,
and eleven (2001) and nine (2010) TSS tolerant taxa comprising 29% and 24% of the community
respectively. The macroinvertebrate TSS index scores were above average; as this score increases, so
does the tolerance of the community. All of the macroinvertebrate metrics are worse than average and
suggesting the possibility of stress.
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Table 169. Macroinvertebrate metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.

Collector-filtererPct
TSS Index Score
TSS Tolerant Taxa
TSS Tolerant Pct
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Southern Coldwater Average 32.7

[N
[
N
(-]
N

14.88
14.70
13.34

g\ oo

The fish metrics were mixed, with some above the statewide average of stations meeting the FIBI
threshold, and some below (Table 170). The relative abundance of individuals that are non-tolerant
Centrarchidae (Centr-TolPct) and relative abundance of individuals that are intolerant species
(IntolerantPct) were zero percent of the community during both visits, and relative abundance of
individuals that are long-lived (LLvdPct) were well below average. Relative abundance of individuals that
are exclusively benthic feeders (BenFdFrimPct) and relative abundance of individuals that are riffle-
dwelling species (RifflePct) were well above average both visits. There were zero TSS sensitive taxa, and
three (2001) and two (2010) TSS tolerant taxa comprising 2% and 1% of the community respectively
(Table 171). Fish TSS index scores were worse than average at 15 and 12.9, with the southern cold-water

average being 10.5.
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Table 170. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 171. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is considered inconclusive as a stressor. There is limited chemistry data to assess TSS on this reach.
Looking at the biological metrics, it is hard to understand if metrics are responding to TSS or other
stressors. The macroinvertebrates overall have a more consistent response, but the fish community is a
bit mixed. Additional TSS data is needed to make a future determination.

Habitat

At station 91MNO55, the MSHA score in 2001 was 70.95 and in 2010 was 80.3, both considered “good”.
There was abundant habitat availability observed at those locations, shown in Figure 175.

Surrounding land use drove down the score the most, due to surrounding row crops (Figure 176).
However, extensive riparian width paired with rooted vegetation coverage has helped mitigate those
land use impacts and created channel stability. With the stable channel, there is also less erosion that
allows for cleaner substrate. There was also a good ratio of pools (45%), Riffles (30%), and runs (25%),
providing diverse habitat and refuge for the biological communities.
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Figure 175. Biological monitoring station 91MNO055, taken on July 30, 2001.
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Figure 176. Percentage of MSHA subcategory scores for station 91MNO055, Spring Creek
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Climbers were above average both years, and swimmers and sprawlers were slightly below average
(Figure 177). The elevated burrowers (one year) is the only potential symptom of habitat stress or
sedimentation of riffle habitats. The percentage of burrowers are expected to increase with stress, while
clingers are expected to decrease. There was adequate clingers during both visits, which suggest
adequate course substrates or woody debris. The 2001 sample of high burrowers is a result from the
Orthocladiinae (non biting midge) within the sample.

Figure 177. Macroinvertebrate metrics that respond to habitat for station 91MNO055, Spring Creek (Hindeman)
compared to the range of values for Coldwater Stream visits meeting the general use biocriteria.
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As displayed in the previous TSS (Table 170), the relative abundance of individuals that are riffle-
dwelling species (RifflePct) was above average both years at 91MNO055. Abundance of simple lithophilic
spawners (SLithopPct) was below average in 2001 and above average in 2010. These species require
clean coarse substrate and riffles, and are expected to decrease with stress.

Habitat is not considered to be a stressor. Channel morphology is rated as stable, with excellent
development and sinuosity. The substrate of the stream has light embeddedness. There is a healthy
variety of substrate as well as cover types. Overall, the available habitat is sufficient for fish and
macroinvertebrates in this reach. The 2015 DNR geomorphology report noted some instability in this
reach, but concluded for a channel of this type, it is one of the more stable reaches in the entire
Minnesota River — Mankato Watershed. A habitat improvement project (with a focus on longitudinal
connectivity) was also scheduled to be conducted on this reach in 2015.
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Longitudinal Connectivity and Altered Hydrology
Longitudinal connectivity and altered hydrology are both a stressors. Connectivity stressor on this reach

would be seen during low base flows that would enable a perched culvert to become a fish barrier
(Figure 178).

Figure 178. Photo displays perched culvert downstream of 91MNO055, taken April 27, 2015.
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In 2015 there was a stream habitat project scheduled that would allow for further upstream migration,
where a perched culvert was identified. The location of this culvert is significantly further upstream than
this reach, and would pose as a migration barrier into those headwater areas that were ditched at the
time of the biological survey. While the culvert identified in (-622) does not pose as a connectivity threat
to this particular reach, improving upstream habitat and connectivity could enhance species richness in
this location in the future. There was not any additional barriers identified at this time that could limit
fish migration within this reach.

Altered Hydrology is thought to be the primary stressor within this reach. While this portion of Spring
Creek is stable, there is a considerable area of ditches and subsurface tile that drains into Spring Creek,
creating a host of hydrological issues that typically can be seen in stream instability and diminished
water quality. As already stated, the stability of this stream is not as compromised as most streams that
have agricultural ditches as headwaters; this is due to the extensive deep-rooted vegetation that has
helped stabilize this channel. The flow regime has been significantly altered as natural water storage has
been removed; at one point making up 20.3% of the drainage basin. Currently, water storage is reduced
to .3% of the drainage basin (DNR 2015).
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Water quality within this reach is limiting the biological cold-water communities, notably seen in the
high temperatures of this stream. Temperature is likely high from to the upstream low gradient ditches
that lack overhanging vegetation that allows for maximum heat absorption from the sun. As upstream
water storage has been reduced, paired with subsurface tile drained, there is the possibility of reduced
groundwater recharge that would have impacts to temperature. While eutrophic and nitrate toxic
conditions were noted as inconclusive, excess phosphorus and nitrates were both found to be
overloading this system. All of these deteriorated conditions can be tied back to altered hydrology being
the driving force. For additional information on these forms of altered hydrology, refer to Chapter 3.1.8
of this report.

Summary Table

Table 172. Identified stressors with suspected sources for reach 574 of Hindeman Creek.

574 Spring Creek (Hindeman Creek)
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4.21 Spring Creek (07020007-573)

Spring Creek (07020007-573) is the downstream most reach on Spring Creek, northeast of Evan,
Minnesota. The reach is warmwater general use Class 2B. The reach extends miles from approximately
T111 R32W S21, west line (downstream of Golden Gate Rd.) to the Minnesota River. The reach is
impaired for lack of macroinvertebrate assemblage and lack of fish assemblage. This reach is also
impaired for E. coli. The E. coli impairment will not be addressed in this report.

4.21.1 Biological Communities

Station 13MNO090 was sampled in 2013 for fish and macroinvertebrates. The macroinvertebrate 1Bl of
34.9 was just below the Southern Streams RR threshold of 37. As shown in Figure 179, the metrics of the
IBI were particularly low for (ClimberCh), (Odonata), and (Plecoptera). The sample was dominated by
net-spinning caddisflies, Cheumatopsyche.
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Figure 179. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MNO090, Spring Creek.
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The fish community scored 37.9, below the Southern Streams IBI threshold of 50. As reflected in Figure 180,
sand shiners and blacknose dace dominated the community, resulting in a low metric score for the
(DomTwoPct). Other low scoring metrics were abundance of mature female fish species (MA<2Pct) and high
presents of tolerant species (TolPct).

Figure 180. Fish metrics of the Southern Streams class IBI for station 13MN090, Spring Creek.
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4.21.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

Low dissolved oxygen (DO) concentration during biological sampling on July 8, 2013 and August 15, 2013
at station 13MNO090 was 8.5 mg/L and 10.1 mg/L respectively. Additional samples collected from

2009 — 2016 ranged from 4.0 mg/L — 17.5 mg/L (average of 9.6 mg/L). Fifty-five samples were collected,
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and six (11%) were below the warmwater standard (5 mg/L). Exceedances occurred August — October in
2009; samples were collected at station S005-625.

The macroinvertebrate metrics were mixed in showing low DO stress; half were worse than the
statewide average of stations meeting the MIBI threshold, and half were better (Table 173). The
macroinvertebrate DO index score was below average; as this score decreases, so does the sensitivity of
the community. There were eight DO intolerant taxa comprising 28% of the community, and two DO
tolerant taxa comprising 1% of the community. Taxa richness of Ephemeroptera, Plecoptera and
Trichoptera (EPTCh) and total taxa richness (TaxaCountAllChir) were worse than average. A measure of
pollution based on tolerance values assigned to each individual taxon developed by Chirhart (HBI_MN)
was better than average. Overall, the macroinvertebrate metrics are mixed and there does not appear
to be a strong indication of DO stress.

Table 173. Macroinvertebrate metrics that respond to low DO stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were better than the statewide average of stations meeting the FIBI
threshold (Table 174). Relative abundance of sensitive individuals (SensitivePct) was above average, and
relative abundance of individuals with a female mature age greater than three years (MA>3Pct) was
below average. Tolerant individuals (TolPct) comprised 75% of the community. There was one DO
sensitive taxa comprising 13% of the community, and one DO tolerant taxa comprising 1% of the
community. The fish DO index score was above average.

Table 174. Fish metrics that respond to low DO stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is inconclusive. In the future, continuous DO measurements are needed to capture the daily DO
relationship. This would be helpful in better understanding the biological response. The low DO values
found in 2009 all occurred in the early mornings, suggesting a eutrophic response.
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Eutrophication

Total phosphorus (TP) concentration during fish sampling on July 8, 2013 at station 13MNQ090 was 0.082
mg/L. Additional samples were collected in 2009, 2010, and 2013, ranging from 0.018 mg/L — 1.2 mg/L
(average of 0.213 mg/L). Of these 52 samples, 15 (29%) were above the river eutrophication standard
for the South Region of 0.150 mg/L. Exceedances occurred in all three years and various months. Four
samples were greater than 1 mg/L. All samples were collected at station S005-625.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. There have been
zero chl-a, BOD, or DO flux samples collected. Low DO has been documented in this AUID, and
suspected to be related to high respiration rates occurring in the stream.

A majority of the macroinvertebrate metrics were worse than the statewide average of stations meeting
the MIBI threshold (Table 175). There was one intolerant taxa (Intolerant2Ch), and a below average
percentage of tolerant taxa (Tolerant2ChTxPct). Taxa richness of collector-filterers (Collector-filtererCh),
collector-gatherers (Collector-gathererCh), and Ephemeroptera, Plecoptera, and Trichoptera (EPT) were
below average.

Table 175. Macroinvertebrate metrics that respond to eutrophication stress in Spring Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 176). There were zero intolerant individuals (IntolerantPct), and tolerant individuals
(TolPct) comprised 75% of the fish community. Abundance of simple lithophilic spawners (SLithopPct)
was below average, as they comprised only 28% of the community. Sensitive individuals (SensitivePct)
and abundance of darter species (DarterPct) were the only two metrics better than average.

< X |o | collector-filtererCh

Expected response to stress NE

Table 176. Fish metrics that respond to eutrophication stress in Spring Creek compared to the statewide average
of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive as there is a lack of response variables. There is some indication that
respiration of excess plant growth could be occurring, as there were a few low DO early morning reads.
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This data too was limited and not enough to validate that is representative to DO dynamics within this
reach. There is some displacement observed in the macroinvertebrate and fish metrics, but not enough
to strongly indicate it’s a result of eutrophication, or if it’s a different parameter causing the limitations.

Nitrate

Nitrate concentration during fish sampling on July 8, 2013 at station 13MNO090 was 13 mg/L. Fifty-two
Additional samples were collected in 2009, 2010, and 2013, ranging from 0.99 mg/L — 22 mg/L (average
of 7.5 mg/L). Fifty-two samples were collected, 16 (31%) were above 10 mg/L. Elevated concentrations
were observed in all years and various months. Samples were collected at station

S005-625.

Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below the statewide average of stations meeting the MIBI threshold
(Table 177). There were zero nitrate intolerant taxa, and sixteen nitrate tolerant taxa comprising 45% of
the community. The macroinvertebrate nitrate index score was better than average. The
macroinvertebrate metrics provide a mixed response, and there is not a strong signal of nitrate stress.

Table 177. Macroinvertebrate metrics that respond to nitrate stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is inconclusive as a stressor. While there is a good size data set with over 30% exceeding the
threshold, the biological response is mixed to having nitrate as a limiting factor. The metrics that did
“pass” still fell close the threshold. Nitrate reduction efforts is still recommended within this reach.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on July 8, 2013 at station 13MNQ090
was 16 mg/L. Fifty additional samples collected in 2009, 2010, and 2013 ranged from 2 mg/L — 1,380
mg/L (average of 119.3 mg/L). Out of the 50 samples were collected, nine (18%) were above the
warmwater standard for the South Region (65 mg/L). Exceedances occurred in 2010 and 2013, in March
(three), June (three), and September (three). Samples were collected at station S005-625.

Figure 181 below shows erosive conditions along this reach that could lead to and overloading of TSS
conditions, especially during high flow. While these events are intermittent, they can still impact
communities, as it will alter habitat conditions.
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Figure 181. Monitoring locations 13MNO090, taken on July 9, 2013.

The relative abundance of collector-filterer individuals (Collector-filtererPct) was above the statewide
average of stations meeting the MIBI threshold, and relative abundance of Plecoptera individuals
(PlecopteraPct) was below average (Table 178). There was one TSS intolerant taxa comprising 1% of the
community, and seven TSS tolerant taxa comprising 37% of the community. The macroinvertebrate TSS
index score was better than average. Overall, the macroinvertebrates display a mixed response to TSS

stress.

Table 178. Macroinvertebrate metrics that respond to high TSS stress in Spring Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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All but one of the fish metrics with strong relationships to TSS were below the statewide average of
stations meeting the FIBI threshold (Table 179). The relative abundance of individuals that are non-
tolerant Centrarchidae (Centr-TolPct), relative abundance of individuals that are intolerant species
(IntolerantPct), relative abundance of individuals that are long-lived (LLvdPct), and relative abundance of
individuals that are simple lithophilic spawners (SLithFrimPct) were all zero. Relative abundance of
individuals that are sensitive species (SensitivePct) was the only metric above average. There were zero
TSS sensitive taxa, and one TSS tolerant taxa comprising 45% of the community (Table 180). The fish TSS
index score was worse than average. Overall, a majority of the fish metrics are worse than average and
suggesting stress.

Table 179. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 180. Fish metrics that respond to high TSS stress in Spring Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive at this time. Chemistry data as well as noted stream conditions (such as erosion) do
indicate a high potential to impact the biology at this reach. Regardless of these findings, the community
composition does not appear to be influenced by TSS. One of the greatest indications of this is noted in
the abundance of collecter-filler feeders that are well above the threshold.

Habitat

The MSHA score at 13MNO090 had a fair score at 64.6, with all the main categories for habitat that were
evaluated, scored from fair to good (Figure 182). Stream stability was moderate for this reach, with good
physical habitat diversity and availability. However, there was heavy bank erosion, moderate
embeddedness, and moderate cover. Substrate diversity was limited to sand and gravel. Available cover
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types included undercut banks, deep pools, logs or woody debris, and boulders. The station was
30% pool, 10% riffle, and 60% run.

Figure 182. Percentage of MSHA subcategory scores for station 13MNO090, Spring Creek.
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Burrowers, climbers, sprawlers, and swimmers were below average, and clingers were above average
(Figure 183). The reduced climbers may be a symptom of habitat stress, but the elevated clingers are
atypical of habitat stress. The climber MIBI metric score was below the average metric score needed to
meet the MIBI threshold, and the clinger MIBI metric score was above average.
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Figure 183. Macroinvertebrate metrics that respond to habitat for station 13MNO090, Spring Creek compared to
the range of values for Southern Stream RR visits meeting the general use biocriteria.
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The fish community did seem to be displaced from lack of habitat. As displayed in previous TSS section,
the relative abundance of individuals that are riffle-dwelling species (RifflePct) and abundance of simple
lithophilic spawners (SLithopPct) were below average. These species require clean coarse substrate and
riffles, and are expected to decrease with stress. This also correlates with the findings of moderate
embeddedness and bank erosion noted during site visits.

While the overall MSHA scored fair- good, the site survey also included a channel condition stability
index (CCSl) rating, finding this reach as being severely unstable, stating “this AUID being the lowest in
the watershed, all of the accumulated flow moves thru this reach, changes to the hydrology within this
watershed would affect this reach the most. Unstable stream channels can negatively impact the fish
community.” With the MSHA conflicting with the CCSI, additional to the conflict in habitat stress
between the fish and the macroinvertebrate communities, habitat is inconclusive.

Longitudinal Connectivity and Altered Hydrology
Connectivity does not appear to be a stressor within this reach, there was not any identified areas that
would limit fish migration on this lower reach of Spring Creek.

Altered hydrology is considered a biological stressor as this reach has predominantly channelized
headwater streams for agricultural use. While the assessment of this reach could not identify definitively
the limitations to the community, channel instability and nutrient overloading were identified. These
potential limitations to the community tie directly back to the upland altered headwaters of Spring
Creek. For better understanding how this form of altered hydrology forms these types of impacts
reference Chapter 3.1.8 of this report.
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Summary Table

Table 181. Identified stressors with suspected sources for reach 573 of Spring Creek.

573 Spring Creek
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4.22 Unnamed creek (07020007-715)

Unnamed Creek (07020007-715) is a small tributary, northeast of Morgan, Minnesota. The reach is
warmwater general use Class 2B. The reach extends miles from approximately T111 R33W S8, east line
(CR 8) to Unnamed Creek. The reach is impaired for lack of fish assemblage. The macroinvertebrate
community was not sampled in 2013 and was not sampled until after the assessment of the stream in
2015. Station 13MNO013 is located upstream of CR 8.

4.22.1 Biological Communities

Station 13MNO013 was sampled in July 2013 and July 2015 for fish. The macroinvertebrate community
was sampled in August 2015. The fish community 1Bl scored 50 in 2013 and 72 in 2015, above the
Southern Headwaters IBI (threshold of 55). Figure 184 displays that in both years the fish assessment
found only five taxa types, primarily made up of creek chubs. The macroinvertebrate community scored
below the threshold (37) with a score of 13.8 on the Southern Streams RR IBI; however,
macroinvertebrates were not listed yet due to the sample taken after assessment window in 2015.
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Figure 184. Fish metrics of the Southern Headwaters class IBI for station 13MNO013, Unnamed Creek.
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4.22.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

Dissolved oxygen (DO) concentration during biological sampling on July 9, 2013, July 15, 2015, and
August 20, 2015 at station 13MNO013 was 8.9 mg/L, 8.1 mg/L, and 9.3 mg/L respectively. Additional
samples collected in 2015 and 2016 ranged from 9.7 mg/L — 13.0 mg/L (average of 11.1 mg/L). Only five
samples were collected, and all were above the warmwater standard (5 mg/L). Samples were collected
at station S008-550. There were not any early morning readings of DO.

A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 182). Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were zero both years, and tolerant individuals
(TolPct) comprised 99% of the community. There were zero DO sensitive taxa, and 1 — 2 DO tolerant
taxa comprising 5 — 42% of the community. The fish DO index score was below average in 2013 and
above average in 2015.

Table 182. Fish metrics that respond to low DO stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is inconclusive as a stressor. This is primarily due to the limited data set. Fish metrics were
slightly suggestive of low DO; this however could be a misleading measure as taxa types were limited to
only five different types within the fish community.

Eutrophication

Total phosphorus (TP) concentration during fish sampling on July 9, 2013 and July 15, 2015 at station
13MNO013 was 0.105 mg/L and 0.098 mg/L respectively. Additional samples were collected in 2009,
2015, and 2016, ranging from 0.02 mg/L — 0.271 mg/L (average of 0.09 mg/L). Twelve samples were
collected, including three (25%) above the river eutrophication standard for the South Region (0.150
mg/L). Exceedances occurred on July 2, 2009 (0.157 mg/L), June 1, 2016 (0.183 mg/L), and July 16, 2009
(0.271 mg/L). Samples were collected from stations S008-550 and S005-668.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. One chl-a sample
was collected on September 1, 2015; this sample was below the 35 ug/L standard (14.7 pg/L). At this
time, there have been zero BOD or DO flux samples collected.

A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 183). Sensitive individuals (SensitivePct) and intolerant individuals (IntolerantPct) were
zero in 2013 and 2015, and tolerant individuals (TolPct) comprised 99% of the fish community both
years. Abundance of darter species (DarterPct) and total taxa richness (TaxaCount) were below average.
Abundance of simple lithophilic spawners (SLithopPct) in 2015 was the only metric to score better than
average.

Table 183. Fish metrics that respond to eutrophication stress in Unnamed Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive. Although there is high potential seen in phosphorus overloading, from
what was collected at this site. What is lacking for analysis is the secondary responses that correlate to
eutrophic streams, such as BOD, DO flux, and chl-a. The fish metrics were poor in all groups assessed for
eutrophic stress. With such a limited number of taxa sampled, it is difficult to definitively identify
eutrophic stress to the poor metrics.

Nitrate

Nitrate concentration during fish sampling on July 9, 2013 and July 15, 2015 at station 13MNO013 was
20 mg/L and 22 mg/L respectively. Additional samples were collected in 2009, 2015, and 2016, ranging
from 0.38 mg/L — 30 mg/L (average of 11.8 mg/L). Twelve samples were collected, and six (50%) were
above 10 mg/L. Elevated concentrations were observed in all years, in May (three) and June (three).
Samples were collected at stations S005-668 and S008-550.

Taxa richness of Trichoptera (TrichopteraCh) were below the statewide average of stations meeting the
MIBI threshold (Table 184). Relative abundance of non-hydropsychid Trichoptera individuals
(TrichwoHydroPct) were in abundance. There was a less than average amount of nitrate intolerant taxa,
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as well as nitrate tolerant taxa comprising, the tolerant made up 59% of the community. The
macroinvertebrate nitrate index score was worse than average. The macroinvertebrate metrics provide
a mixed response, and there is not a strong signal of nitrate stress.

Table 184. Macroinvertebrate metrics that respond to nitrate stress in Unnamed Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Nitrate is inconclusive at this time. Nitrate concentrations have been noted as being elevated, therefor
efforts should be made to make nitrate reductions. There is not a clear indication of the impacts to the
biological community at this location. Additional sampling should be done to better understand the
Nitrate and biological dynamics within this reach.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on July 9, 2013 and July 15, 2015 at
station 13MNO013 was 8.4 mg/L and 3.2 mg/L respectively. Additional samples collected in 2009, 2015,
and 2016 ranged from 2 mg/L — 52 mg/L (average of 9.1 mg/L). Twelve samples were collected; none
were above the warmwater standard for the South Region (65 mg/L). Samples were collected in April
(two), May (three), June (four), July (two), and September at stations S005-668 and SO08-550.

Figure 185 displays erosive conditions along this reach that could lead to and overloading of TSS
conditions, especially during high flow following rain events or thaw out. While these events are
intermittent, they can still impair communities, as it will alter habitat conditions.
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All of the fish metrics with strong relationships to TSS were below the statewide average of stations
meeting the FIBI threshold (Table 185). The relative abundance of individuals of Centrarchidae (Centr-
TolPct), relative abundance of individuals that are intolerant species (IntolerantPct), relative abundance
of individuals that are long-lived (LLvdPct), relative abundance of individuals that are sensitive species
(SensitivePct), and relative abundance of individuals that are simple lithophilic spawners (SLithFrimPct)
were all zero during both visits. There were zero TSS sensitive taxa, and zero TSS tolerant taxa

(Table 186). Fish TSS index scores were better than average. A majority of the fish metrics are worse
than average, but this may be due to another stressor as the TSS index scores, TSS tolerant percentages,
and probability of meeting the TSS standard all scored well.

It was also observed that within the macroinvertebrate community, collector filters were lacking, with
only a few found. This also could indicate turbid water quality.
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Table 185. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Table 186. Fish metrics that respond to high TSS stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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TSS is inconclusive. Out of 12 samples, none seemed to indicate excessive TSS. However, fish metrics
suggest this could be limiting the community. While macroinvertebrates were not listed as impaired yet,
it was found that there was a lack inverts that depend on clear water quality for filtering. There are
some areas with excessive erosion noted within this reach that could cause an overloading of TSS at

times of high flow.

Expected response to stress ™

Habitat

In 2015, the habitat assessment noted that much of the overhanging vegetation was grazed off with
erosion and sediment present, with banks actively falling in stream. MSHA was completed in July 2013,
with a wide range of scores over the five primary habitat categories (Figure 207). Bank erosion was
noted as heavy to severe, with light to moderate shading available. In 2013, the cover amount was
noted as moderate, and sparse in both 2015 visits. There was moderate embeddedness noted at each
visit. The channel stability was noted as low to moderate, with moderate depth variability and fair to
good sinuosity and channel development. Figure 186 and Figure 187 below display unstable stream
conditions. Additional indication of stream instability is the perched culvert downstream of the station

(Figure 188).
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Figure 186. Percentage of MSHA subcategory scores for station 13MNO013, Unnamed Creek.
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Figure 187. June 16, 2015 — scour pool and erosion, slumping bank.
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As the macroinvertebrate metrics were not available for review in this assessment cycle, the fish
community was looked at in place to see if there were fish groups that could be being displaced by poor
habitat conditions. Station 13MNO013 had reduced percentages of fish metrics that can correspond to
reduced habitat availability, reflected in Table 187. Simple lithophilic spawners present in both samples
were blacknose dace, 11 in 2013, and 90 in 2015. Lack of habitat is a stressor to the fish community at

station 13MNO013.

Table 187. Fish metrics that respond to habitat stress in Unnamed Creek compared to the statewide average of
visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Habitat is likely a stressor to the community. The main decline in habitat being the lack of riparian zone,
this is enabling channel instability, as the banks are susceptible to erosion; leading to embedded and
poor river substrate.

Longitudinal Connectivity and Altered Hydrology.

Longitudinal connectivity is a stressor within this reach. On June 16, 2015, a culvert was observed to be
perched downstream of the road crossing of CR 8. This culvert created approximately an 8 to 10 inch
break in longitudinal connectivity. Station 13MNO013 is located upstream of the road crossing. There is
not a station currently downstream of the culvert. There were only five fish taxa identified in the
sample, with the majority of the fish either creek chub or blacknose dace. Brook stickleback, johnny
darter, and central stonerollers made up the remainder taxa types. It is likely that this barrier is
impeding fish passage throughout some of the year. It is uncertain the extent due to the lack of
information downstream to be able to be used as a comparison site.

Figure 189. June 16, 2015 downstream of 13MNO013 perched culvert.

Altered hydrology is considered the primary stressor within this reach, as it is driving the other identified
stressor. This reach (as well as the contributing channels upstream of this monitoring location) have
been channelized as well as had the introduction of subsurface tile drainage. These practices contribute
to the water impairments noted as they directly alter the flow regime that influences channel stability as
well as pollutant loading. For more information on these forms of altered hydrology, reference Chapter
3.1.8 of this report.
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Summary Table

Table 188. Identified stressors with suspected sources for reach 715 of Unnamed Creek.

715 Unnamed Creek
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4.23 County Ditch 52 (07020007-636)

County Ditch 52 (07020007-636) is a tributary to Crow Creek. The reach is a warmwater modified use
Class 2B and begins upstream of County Road 1. The reach is impaired for lack of macroinvertebrate
assemblage.

4.23.1 Biological Communities

Station 07MNO074 was sampled for fish and macroinvertebrates in 2007 and 2013. The fish community
scored 55.6 FIBI in 2007, 43.9 and 61 in 2013, all above the modified use threshold of 33 for the
Southern Headwaters class. Common shiner, blacknose dace, and creek chub were abundant.

The macroinvertebrate IBl in 2007 was 14.5 and 17.8 in 2013 for the Prairie Streams GP class. Both of
the visits resulted in MIBI scores less than the modified use threshold of 22. As displayed in Figure 190.
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Figure 190. Macroinvertebrate metrics of the Prairie Streams GP class IBI for station 07MN074, County Ditch 52.
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4.23.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on June 17, 2013, August 13, 2013,
and August 19, 2013 at station 07MNO074 was 13.9 mg/L, 14.7 mg/L, and 13.1 mg/L respectively.
Additional samples collected in 2015 and 2016 ranged from 8.5 mg/L — 15.6 mg/L (average of

10.8 mg/L). Only six samples were collected, and all were above the warmwater standard (5 mg/L).
Samples were collected at station SO08-655.

In 2015, an YSI sonde was deployed at station 07MNO074 (Figure 191 and 192). The DO ranged from
2.96 to 22.14 mg/L, with violations of the DO standard each day. DO flux was also elevated ranging from
6.52 to 19.05 mg/L, with an average of 13.44 mg/L.
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Figure 191. Diurnal dissolved oxygen at station 07MNO074, July 16 - 23, 2015.
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Figure 192. Dissolved oxygen flux at station 07MNO074, July 17 - 22, 2015.
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The macroinvertebrate community had a response as expected with low dissolved oxygen stress in
2007 and 2013 (Table 189). There was a lack of taxa richness, EPT taxa, and low DO intolerant taxa.
There were higher than expected low DO tolerant taxa and individuals.

Table 189. Macroinvertebrate metrics that respond to low DO stress in County Ditch 52 compared to the

statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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Low DO is likely stressing the biological community within this reach. Based on the findings of the
deployment that captured daily drops of DO below the standard. The macroinvertebrate metrics
consistently indicated low DO stress within the community.
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Eutrophication

Total phosphorus (TP) concentration during fish sampling on August 29, 2007, June 17, 2013, August 13,
2013, and August 19, 2013 at station 07MNO074 was 0.223 mg/L, 0.049 mg/L, and 0.202 mg/L
respectively. Additional samples were collected in 2015 and 2016, ranging from 0.066 mg/L — 0.467
mg/L (average of 0.176 mg/L). Only six samples were collected, but three were above the river
eutrophication standard for the South Region of 0.150 mg/L. Exceedances occurred on June 16, 2015
(0.155 mg/L), May 11, 2016 (0.2 mg/L), and February 22, 2016 (0.467 mg/L). Samples were collected
from station S008-655.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. Two chl-a samples
were collected in July and September 2015; both samples were below the 35 pg/L standard (11.7 pg/L
and 16.2 pg/L respectively). At this time, there have been zero BOD samples collected. During sonde
deployment in 2015, daily DO flux was high, ranging from 6.5 to 19.1 mg/L, while Low DO was also
documented during this deployment.

At the time of biological monitoring the site was found to have an excess of algal growth, primarily
filamentous. An additional site recon visit on June 6, 2015 also noted an overabundance of algae growth
(Figure 193).

Figure 193. 07MNO074 displaying algae growth on June 6, 2015.

The macroinvertebrate community is overall suggestive of eutrophication stress (Table 190). There was
a lack of collector-filterer taxa, collector-gatherer taxa, and EPT taxa. As mentioned previously, there is
an overall reduction in taxa richness compared to similar streams meeting the biocriteria. The relative
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abundance of tolerant taxa is also quite high at both visits. In 2007, there was one taxon considered
intolerant.

Table 190. Macroinvertebrate metrics that respond to eutrophication stress in County Ditch 52 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

TaxaCountAllChir
Collector-filtererCh
Collector-gathererCh
Intolerant2Ch
Tolerant2ChTxPct

EPT

Station (Year sampled)
07MNO074 (2007)
07MNO074 (2013) 28

Prairie Streams Average 36.8 3.9

w
N

0 1 90.6
1 89.3
6.5 0.1 85.4

v v T

Eutrophication is considered a biological stressor within this reach. There are high levels of TP to feed
conditions within this stream, as well as a very high daily DO flux as vegetation undergoes
photosynthesis and respiration. Chl-a samples were limited, and what was conducted was low. This is
likely due to primary from of algae growth being filamentous and not suspended algae. There is also
stagnant flow conditions noted during site visits, and lack of shade, which contribute to production of
filamentous algae and macrophytes. Biological metrics all consistently respond to eutrophication stress
as well.
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Expected response to stress N N

Nitrate

Nitrate concentration during fish sampling on August 29, 2007, June 17, 2013, August 13, 2013, and
August 19 at station 07MNO074 was 10 mg/L, 18 mg/L, and 0.05 mg/L respectively. Additional samples
were collected in 2015 and 2016, ranging from 0.05 mg/L — 27 mg/L (average of 9 mg/L). Two out of the
six samples exceeded 10 mg/L, with one significantly higher with a concentration of 27 mg/L on June 1,
16). Samples were collected at station S008-655 in February, May, June (2), July, and September.

Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below the statewide average of stations meeting the MIBI threshold
(Table 191). There were zero nitrate intolerant taxa, and 9 — 16 nitrate tolerant taxa comprising

52 — 62% of the community. The macroinvertebrate nitrate index scores were worse than average
indicating a community tolerant to nitrate. A majority of the macroinvertebrate metrics were worse
than average, showing response to high nitrate conditions.
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Table 191. Macroinvertebrate metrics that respond to nitrate stress in County Ditch 52 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.
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While there were limited samples at this reach, it is clear high nitrate is contributing to stress in this
stream. The biological metrics show some response, but it is not overwhelming. If nitrate were a
dominant stressor, we would expect to see higher amounts of nitrate tolerant taxa and individuals.
There were limited samples on this reach, and while they show the potential for high nitrate
concentrations to occur, it is not clear if the metrics are responding to other stressors or if high nitrate is
the cause. Due to this uncertainty, nitrate is inconclusive as a stressor.

Total Suspended Solids

The total suspended solids (TSS) concentration during fish sampling on August 29, 2007, June 17, 2013,
August 13, 2013, and August 19 at station 07MNO074 was 3.6 mg/L, 2 mg/L, and 7.2 mg/L respectively.
Additional samples collected in 2015 and 2016 ranged from 1.2 mg/L — 82 mg/L (average of 24.1 mg/L).
Only six samples were collected, but one was above the warmwater standard for the South Region of 65
mg/L. The exceedance occurred on May 11, 2016 (82 mg/L). Samples were collected at station S008-655.

The macroinvertebrate community was suggestive of potential TSS stress in 2007, but not as strongly in
2013 (Table 192). All of the macroinvertebrate metrics that respond to high TSS showed plausible stress
in 2007. In 2013, the TSS index score was better as well as fewer TSS tolerant taxa and relative
abundance of TSS tolerant individuals.

Table 192. Macroinvertebrate metrics that respond to high TSS stress in County Ditch 52 compared to the
statewide average of visits meeting the modified use biocriteria. Bold indicates metric value indicative of stress.

TSS Index Score
TSS Tolerant Taxa
TSS Tolerant Pct

Station (Year sampled)
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07MNO074 (2013)
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There is a lack of chemistry data overall to help understand the magnitude and duration of TSS
concentrations in this reach. What is available does not strongly indicate chronic high TSS. The metrics
are somewhat suggestive; however, it could be a response to other stressors. TSS is inconclusive as a
stressor until further information can be collected.

Habitat

MSHA was fair in 2007 (45.5) and poor at both visits in 2013 (40 and 39), reflected in Figure 194. One of
the differences between the two visit years was the substrate had light embeddedness in 2007 and
moderate to severe in 2013. The cover amount was sparse in 2007 and increased to moderate in 2013.
Overhanging vegetation appears more abundant in 2013 in the site photographs. In 2013, there was a
small (5%) presence of pool features, which were absent in 2007. Both macroinvertebrate samples were
collected on undercut banks and overhanging vegetation.

Figure 194. Percentage of MSHA subcategory scores for station 07MNQ074, County Ditch 52.
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Figure 195. Station 07MNO074, August 13, 2013 displaying habitat conditions.

The macroinvertebrate community had mixed results in terms of habitat group metrics (Figure 196).
There was an abundance of climbing individuals in 2007 at station 07MNO074. There was an elevated
percentage of burrowers in 2013, indicating possible excess sediment issues or just a factor of the
habitat sampled (banks). Both years there was less than 10% of clinging individuals, and as seen in the
IBI there were few clinging taxa. This is likely due to a lack of woody debris or riffle/rock habitat that
these types of bugs require.

Minnesota River — Mankato Watershed Stressor Identification Report ¢ January 2019 Minnesota Pollution Control Agency

299



Figure 196. Macroinvertebrate metrics that respond to habitat for station 07MNO074, CD52 compared to the
range of values for Southern Prairie Streams GP visits meeting the general use biocriteria.
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Habitat is a stressor to the biology in County Ditch 52. There is a lack of physical habitat diversity within
the reach. Channel instability and embeddedness are also contributors to the less than ideal habitat
conditions. This is also a modified reach, and habitat has been determined to be limiting the biological
communities.

Longitudinal Connectivity and Altered Hydrology
Longitudinal Connectivity is not considered a stressor within this reach, as only the macroinvertebrate
community is impaired.

Altered hydrology is influencing the overall stream health and biology at this site, as this section of
stream as well as the contributing headers are completely altered by way of ditching, channelizing, as
well as introduction of subsurface tile drainage. For additional information on how these forms of
altered hydrology influence biology, as well at the other parameters evaluated within this report,
reference Chapter 3.1.8.
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Summary Table

Table 193. Identified stressors with suspected sources for reach 636 of County Ditch 52.
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4.24 Crow Creek (07020007-569)

Crow Creek (0702007-569) is a tributary to the Minnesota River, east of Redwood Falls, Minnesota. The
reach is warmwater general use Class 2B and begins at County Ditch 140. The reach is impaired for lack
of fish assemblage and lack of macroinvertebrate assemblage. The reach is also impaired for E. coli, but
it will not be covered in this report. Station 13MNO002 was sampled for fish and macroinvertebrates in
2013.

4.24.1 Biological Communities

The macroinvertebrate community scored 26.4 MIBI, below the Southern Streams RR class threshold of
37. As shown in Figure 197, most groups that make of the IBI score feel below the threshold. The
exception being clinger types as well as species from the order Odonata. Clingers (ClingerChTxPct) made
up a large percentage of the community; this is due of the dominance of a relatively tolerant caddisfly,
Cheumatopsyche. Odonata was the other category that met the expected threshold. However, roughly
half of the species from the order Odonata found were from the lentic dwelling family of
Coenagrionidae (Thorp 2010).
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Figure 197. Macroinvertebrate metrics of the Southern Streams RR class IBI for station 13MNO002, Crow Creek.
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The fish community is impaired as well, receiving an FIBI score of 41.2 for the Southern Streams class
(threshold of 50). There were six different taxa collected. Reflected in Figure 198, the fish community
was dominated by blacknose dace and common shiner on June 18, 2013. Relative abundance of benthic
insectivores (Benlnsect-TolTXPct) was down, replaced by detritivorous taxa (DetNWQTXPct). There was
an absents of mature or long-lived species (MA<2Pct), replaced by short-lived species (SLvd). Taxa types
that are tolerant (TolTXPct) were slightly high, but the overall number of individuals rated at tolerant
(TolPct) drove down the score.

Figure 198. Fish metrics of the Southern Streams class IBI for station 13MNO002, Crow Creek.
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4.24.2 Data Evaluation for each Candidate Cause

Dissolved Oxygen

The dissolved oxygen (DO) concentration during biological sampling on June 18, 2013 and August 18,
2013 at station 13MNO002 was 6.8 mg/L and 9.4 mg/L respectively. Additional samples collected from
2009 — 2016 ranged from 2.6 mg/L — 15.2 mg/L (average of 8.2 mg/L). Fifty-six samples were collected,
and seven (13%) were below the warmwater standard (5 mg/L). All exceedances were found in morning
sampling events in late summer months, with all but two of those samples collected in 2009. All samples
were collected at station S005-628.

In 2016, an YSI sonde was deployed from August 3 through August 10 at station 13MNO002. During that
time frame, concentrations ranged from 5.9 mg/L — 9.8 mg/L (Figure 199). All values were above the low
DO standard of 5 mg/L and the daily DO flux was 3-4 mg/L, below the standard for the South Region (4.5
mg/L).

Figure 199. YSI sonde deployed from August 3, 2016 through August 10' 2016 at station 13MNO002.
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The macroinvertebrate community in this reach of Crow Creek has a consistent metric response to a
possible low DO stress (Table 194). There are a lack of EPT taxa and elevated Hilsenhoff Biotic Index
(HBI_MN). The low DO tolerant taxa and individuals were elevated and the low DO intolerant taxa were
not quite as abundant. There were eight low DO intolerant taxa compared to six low DO tolerant taxa.
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Table 194. Macroinvertebrate metrics that respond to low DO stress in Crow Creek compared to the statewide
average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 195). Relative abundance of sensitive individuals (SensitivePct) and individuals with a
female mature age greater than three years (MA>3Pct) were below average, and tolerant individuals
(TolPct) comprised 68% of the community. There were zero DO sensitive taxa, and one DO tolerant taxa
comprising 2% of the community. The fish DO index score was above average.

Table 195. Fish metrics that respond to low DO stress in Crow Creek compared to the statewide average of visits
meeting the general use biocriteria. Bold indicates metric value indicative of stress
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DO is inconclusive as a stressor at this time. The sonde deployment in the week of early August did not
pick up low DO reading paired with high DO flux, yet DO concentrations never fell below the critical level
of 5 mg/L during that deployment. There were a few instantaneous low DO reading (in 2009). The

macroinvertebrates show a consistent response to stress. However, the fish are mixed in biological

response. It is not clear if the sonde deployment was representative of the conditions this reach
experiences, or if there are other instances of low DO. Additional data needs to be collected in order to
confirm or rule out low DO as a stressor.

Eutrophication

The total phosphorus (TP) concentration during fish sampling on June 18, 2013 at station 13MNO002 was
0.106 mg/L. Fifty three additional samples were collected from 2009 — 2016, ranging from 0.018 mg/L —
0.904 mg/L (average of 0.205 mg/L). Of these 53 samples, 25 (47%) were above the river eutrophication
standard for the South Region (0.150 mg/L). The exceedances occurred in various months in 2009, 2010,
and 2013. All samples were collected in the upper end of the AUID at station S005-628. The total
phosphorus exceedances also showed multiple time periods when TSS was low, and variable base flow
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conditions. This is not as common as when samples are taken during storm events, when we would
expect to see higher total phosphorus that is tied to sediment.

Chl-a, BOD, and DO flux are also considered when evaluating eutrophication stress. There have been
zero chl-a or BOD samples collected. During sonde deployment in 2016, daily DO flux was below the
standard for the South Region (4.5 mg/L). Low DO has been documented in this AUID; this was mostly
limited in just one year (2009).

The macroinvertebrate community indicates possible stress from eutrophication (Table 196). The
number of collector-filterer and collector-gatherer taxa were both slightly reduced at station 13MNO002.
There were no intolerant taxa, including few EPT, and overall the tolerant taxa comprise a large
percentage of the community.

Table 196. Macroinvertebrate metrics that respond to eutrophication stress in Crow Creek compared to the
statewide average of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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A majority of the fish metrics were worse than the statewide average of stations meeting the FIBI
threshold (Table 197). There were zero intolerant individuals (IntolerantPct), and elevated tolerant
individuals (TolPct). Sensitive individuals (SensitivePct) and abundance of darter species (DarterPct)
were both below average. Abundance of simple lithophilic spawners (SLithopPct) were well above
average, as they comprised 83% of the fish community. This is because the two species that completely
dominated the community were blacknose dace and common shiner, both of which are simple
lithophilic spawners.

< X |v | collector-filtererCh

Expected response to stress NE

Table 197. Fish metrics that respond to eutrophication stress in Crow Creek compared to the statewide average
of visits meeting the general use biocriteria. Bold indicates metric value indicative of stress.
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Eutrophication is inconclusive as a stressor to this reach. There are high concentrations of TP to feed
overgrowth within this stream, during all flow regimes. There is a lack of response variables like chl-a,
BOD, or DO flux to confirm eutrophic conditions are occurring in this reach. Biological metrics are slightly
mixed, yet suggest eutrophic stress within both the macroinvertebrate and fish community.
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Nitrate

Nitrate concentration during fish sampling on June 18, 2013 at station 13MNO002 was 13 mg/L.
Additional samples collected from 2009 — 2016 ranged from 0.2 mg/L — 21.9 mg/L (average of 9.1 mg/L).
Fifty-two samples were collected, and 26 (50%) were above 10 mg/L. Elevated concentrations were
observed in most years and various months, with a majority occurring in April —June. Samples were
collected at station S005-628.

Taxa richness of Trichoptera (TrichopteraCh) and relative abundance of non-hydropsychid Trichoptera
individuals (TrichwoHydroPct) were below the statewide average of stations meeting the MIBI threshold
(Table 198). There were zero