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Abstract

This research addresses the many calls to stem the overgrowth of aquatic plants in Emery
Reservoir, a privately owned lake in the Sierra Foothills of California; this study assessed the
reservoir’s trophic state and influencing factors in order to provide a set of recommendations for
both short-term and long-term management. Use of Secchi depth (visibility), phosphorous
concentration, and several qualitative factors provided sufficient evidence to categorize the
reservoir as eutrophic. Identification of the specific nuisance plants, the chemical and physical
characteristics of the water, the role of the geographic and geologic features of the reservoir’s
watershed and the trends in weather and climate for the region were accomplished in order to
develop an understanding of the role that the lake’s ecosystem plays in its eutrophication, and to
evaluate potential remedies to address the overgrowth of the lake’s aquatic plants. A set of
recommended actions was developed to assist the residents and property owners of the Emery
Reservoir in organizing their volunteer activities and developing a sustainable lake management
plan (LMP). Recommendations include lake use policy, board structure and volunteer activities,
watershed management, and an integrated pest management (IPM) approach to address aquatic

plant overgrowth and in-lake restoration efforts.

i



CONTROLLING EUTROPHICATION AND MANAGING VEGETATION

IN EMERY RESERVOIR

By

Eli Kersh-Oliva

Approved: Date:

David Woo Ph.D.

Ellen Woodard Ph.D

Holly Price Ph.D.

111



Acknowledgments

Firstly, I would like to thank the members of the M-24 HOA who invited me to study
their reservoir and provided generous support. I am especially grateful to the Board Secretary,
Chris Kramer, who was instrumental in helping me locate and gather sources of information, and
was encouraging throughout the entire process. Of course I must mention friends and family,
especially those that lent a hand with fieldwork.

I would also like to thank the North American Lake Management Society for their
resources and for connecting me to the Western Aquatic Plant Management Society, who
provided me with a scholarship to help fund this research.

Lastly, I would like to thank my thesis committee members, all of whom provided unique

and valuable guidance in the creation and execution of this study.

v



Table of Contents

ADSEFACTccciineiiiitiiiiteiiiteeiseeniineeesssteesssnessssnesssssesssseessssssssssesssssssssssnssssssssssasssssssssssasssssnsass ii
ACKNOWICAZGIMENLS ...ccoiiriuerriciisrnnricsssnricssssssresssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssse iv
LiSt Of GraphiS..aeeicciniiiinisniiccncsniicssssssiessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss vii
LISt Of TADIES cucceeuneeriinriiinininniecsneissneecineesssntesssecsssnessssnecsssnsssssssssssssssssssssssasssssssssases viil
LSt Of FIUIES..cuuueeiiirirnriiniisnricssssnnecssssssnessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses ix
L INErOAUCTION cucueeeeecneeeciniecineeiineeiinneeisnnecsssnecsssnecsssnessssescsssnsssssesssssesssssnsssssessssasssssnssssas 2
IL. STUAY AT @A c.cuuueeiiiiiinnriiiiinnricsssnniecsssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 2
History Of Aquatic Plants In Emery ReServoir .........cocveevvieiiiiieciieeieeeiee e 3
Past Management ACHIVILY .....cccviiiiiieeiiieeeiieeeieeeeiee et e et e ereeetaeeeeaeesnaeeenseeesnnneesnneeenns 5
IIL. ODjJECTIVES ceceeuunrricrsrnrrecsssnrnccsssnsnecsssssresssssssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 10
IV. MethOdOIO@Y ...cccccveunriiciirnnriccsssnnnicsssnnnesssssssnssssssssssssssssssssssssssssssssssssssssssssssssasssssssans 11
Aquatic Plant Identification And Mapping:......c.cccccveeevieeeiiieeeiiieeciee e 11
N ER10] o] (S B0 1ot 18 1033 S USSR 13
Water QUAlTLY . ..eeieeeiie ettt e et e et a e e na e e eeae e enaeeenree s 14
K< 001 015 2110 PSPPSR 15
VIISTDIIIEY L ettt et ettt e b e st e bt e st e ebeesaeeens 15
Watershed ASSESSIMENL: ......coouiiiiiiiiiiiiie ettt st st bee s ens 16
Bathymetric Mapping Of Lake Depths And Calculation Of Lake Geometry: ................. 16
V. BaCKZIOUN....cuuueiiiiiiinnricnssnniicsssnnicsssssnsicsssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssss 18
Chemical And Physical Interactions Within Lake Ecosystems.........c.cccoecueeiiiniinnenncn. 20
LaKE TUIMOVET ...ttt ettt ettt et e st et e e siteebeesaeeens 22
VI RESUILS cauueeeneeiiineiiiiniiinteennnicsinninsnnesssnnessssesssssnscsssesssssesssssesssssesssssnssssssssssssssssassssanee 22
History Of Land Uses Surrounding Emery Reservoir.........ccoccveeviieeiiieeiieeecieecieeeeen 23
L€ eToTea ;1) 1 SRS 24
L€ 10 (o} o USSR 25
Clmate & WEAhET ........ooiuiiiiieii ettt 28
Determining Emery Reservoir’s Trophic State..........cccveevcvieeriieeciieieieeeieeeee e 33
Quantitative Measurement Of VISibility........ccccvveriiieeriieiniieeieecee e 33
Qualitative Assessment Of VISIDIItY.......ccoviieiiiieiiiieeiiiecciieciee e 35
Quantitative Measurements Of Nutrient Levels .........ccooooiiiiiiiiiiiiiiiceeeeeeee e 35
Qualitative Assessment Of Nutrient Levels..........ooooviiiiiiiiiiiiiiiic e 37
Determining Contributing Factors Of Eutrophication ............ccceeeeveeveiieeiieencieeeiieeee. 41
Quantitative Assessment Of Groundcover Change In The Watershed..............cccueeen... 41
Qualitative Assessment Of The Watershed ............ccocooeiiiiiiiiiiiiiiiee e 43
Plant Distribution MapPing.........ccccuveeeiieeiiiieeeiieeeieeesieeesreeesireeesereesseeessaeesssneesseeesseees 44
VII. ReCOMMENUATIONS: c..cuueeiiieiisssneissnecssnenssanecsssnecsssnessssesssssnessssessssssssssssssssssssssassssanse 48
OTANIZATION......evieeiieeeiiee et e ettt e et e e eteeesteeesbeeessseeessseeessseeesseeasseeansseesssseesssseesnseeenseees 48
Tasks To Implement In The First Year:.......cccccvveriiieeriieeeiie e 49
Tasks To Implement In FOIIOWING Y@aIS: .....cccuvveeiiieriieeiie et 51

A\



Watershed Management...........ccueiiiuieiiiieiiiie ettt e e e e e e e saeeeeaeeeaaeesnseees 51

Reduce Inputs Of PhOSPROTUS......cccueiiiiiiiiiiieciie ettt 51
Promote And Maintain A Healthy Vegetative Buffer ............ccccoeeviveeiiiniiiinieeeen 54
Record Actions And Evaluate Progress.........oovvveeiieeeiieeiiie e 55
In-Lake Management (IPIM) .......cceecuiiiiiiieiiie ettt e e eee s 55
Nutrient REAUCTION ........coviiiiiie ettt e e e e e aae e enee e seneeeenns 55
St GOALS -ttt ettt ettt eaeas 56
Cultural Controls - Determine Where To Control Plants ...........ccccoevevieeiiieniiieniieeee. 56
Mechanical Or Physical Controls - Harvesting ...........ccceeecveeeviieeeieeeiiiecieeeie e 57
Chemical Controls - Herbicides........eevuiiiiiiiieiieeciie ettt 58
Viil. DISCUSSION .ueueniiiiiisnnricssssnnnicssssnniesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 59
BibDLioGIrapRy c.ccccceeiiiiiinniiiiisnriccsssniecssssnsnesssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 61
APPEINUIX A couueriiiiiinnricnsssnnricssssssnessssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 63
APPENAIX B auuueriiiiniiiiiiinnricissnniisssssnnicsssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 64
APPENUIX Caunnnrrriirnnnricnsisnnricssssssncsssssssiosssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 66
APPENAIX D auueerriiiinnniiiniinnricsssnniisssssnniesssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 71

vi



List of Graphs

Graph 1:
Graph 2:
Graph 3:
Graph 4:
Graph §:
Graph 6:
Graph 7:

Average AnNUal TeMPEerature .........ccoccverecssssnrrecsssnnnccsssnssecsssssnessssssssssnnss 28
Average Annual Precipitation..........cccceiicnissnniccsssnnnccsssnnnccssssssnesssssssncssnnns 28
Ambient Air And Surface Water Temperatures.......ccccceeesccnercccccnneeccscnnns 30
Vertical Temperature Profile........iicnivsriiciisnnniccscsnnicssssnsnccsssssseccssnnns 32
Dissolved Oxygen Depth Profile........coeiicnvvnrriciisnniccsssnnccsssnenccsssnnseccssnnns 32
SeCChi DePth...cceeeiiicccniiiiiissniicniissnnicsissnniccsssnsecssssssnessssssssssssssssssssssssssssssssss 34
Total Phosphorous Concentration ..........cccoceeeecssssnerecsssssseccsssssssssssssssssssssssecs 36

vil



List of Tables

TABLE 1: EMERY RESERVOIR TIMELINE .......ccuuuiiiiiiieeeieeeeeeeeeeeerereeeseseeeesssssssssssssnnserennnnnnnes 23
TABLE 2: CARLSON'S TSIttt ettt e e e e ettt e e e e e e e e aeeraneeas 34
TABLE 3: RESERVOIR VOLUME, HIGH WATERMARK ......cccuvvveeeierereeeeeeeeeeeeeeeeeeeseneresnnnnnnnnes 63
TABLE 4: RESERVOIR VOLUME, LOWEST LEVEL.....cootttiiiiiiiiiiiiiiieeee e 63
TABLE 5: AVERAGE DEPTH.....oviiiiiiiiiiiiiiiiiee ettt e e e e e eeitaree e e e e e e esnanaraeeaeaeeesenanssanens 63

viil



List of Figures

FIGURE 1: FOOD WEB AND LAKE ZONE CLASSIFICATIONS. ....uuttitireeeeeeiiceirerereeeeeeennnnenenns 18
FIGURE 2: TROPHIC PYRAMID ....ccciiiiiiiiiiiiiieie e ettt e e e ettt e e e e e e e e eatavaneaee e e e eeanssaneeas 19
FIGURE 3: CHEMICAL AND PHYSICAL INTERACTIONS WITHIN LAKES. ......ccvvvvvverereverevnnnns 22
FIGURE 4: LAKE TURNOVER ....coiiiiiiiiiiiiiiiiieeeeeeeceittteeeeeeeeeettaraeeeeeeeesnasssaseseseesssnnnssenenes 22

X



List of Maps

MAP 1: DISTRIBUTION OF WATERSHIELD IN 2010......ccuviiiiiiiiiiiiiiieeeieeeeeeeeeeeeeeeeeveveveveeeennnnns 4
MAP 2: SAMPLE LOCATIONS ....oiiiiiiiiieiiiiieeeeeeeeeecittteeeeeeeeeeeeatareseeeeeessanassransseseesssnnsseneens 13
MAP 3: BARREN SOIL IN EMERY RESERVOIR’S WATERSHED, 2012......cccovvviiiieiiiiieiiiinne. 24
MAP 4: GEOLOGIC FORMATIONS OF EMERY RESERVOIRS WATERSHED .........ccvvvvvvvvvevennnns 26
MAP 5: EROSION POTENTIAL ...eeiieiiiiiiiiiiiiieeeeeeeeecititeeeeeeeeeeenttareseeeeeeesnasssaneseseesssnnnssenenes 27
MAP 6: EMERY RESERVOIR WATERSHED..........cuuutttteeeeeeeeeeeeeeeeeeereseesseeessrsrsesssssssnnrerensnnnnne. 29
MAP 7: FETCH DIRECTION .....utiiiiiiiiiiiiiiiiiieeeeeeeeeeiiiteeeeeeeeeeesntrasessseseessensssssssessesssssnssssenes 31
MAP 8: CHANGE IN BARREN SOILS ......uuttiiiiiiiiieeiciiiieeeeeeeeeeeittreeeeeeeeeseineveeeseeeeeseansssnens 42
MAP 9: PLANT DISTRIBUTION IN JUNE.....ccttiiiiiiiiciiiiiieee ettt e e eeirveee e e e e e e e 45
MAP 10: PLANT DISTRIBUTION IN JULY ..vvviiiiiiiieiiiiiee ettt e 46
MAP 11: PLANT DISTRIBUTION IN AUGUST ....evvvvviieieeiieeeeeeeeeeeeeeeeeeeeeeeeeeeeesesssssssnnsssssennnnnes 46
MAP 12: PLANT DISTRIBUTION IN SEPTEMBER .......ccuvvtuviiieeeeeeeeeeeeeeeeeeeeeeersesenessenerssesennnnnes 47



List of Pictures

Picture 1: Emery Reservoir, 2013 .....c..uoiiiiiiiie ettt 3
Picture 2: Solar BEE DIEVICE ........eeiuiiiiiiiieiiiee ettt sttt et 8
Picture 4: SECChi DISK....coouiiiiiii e 15
Picture 5: Sandstone Cliffs Surrounding Emery Reservoir .........ccceveivieeiiiiciiieeeiieeciee e 26
Picture 6: Smoke And Ash From The Rim Fire. September 10, 2013 .........cceeeviieeviieeiiieeiieene 36
Picture 7: Stonewort Algae (Chara Sp.) Picture 8: Britlewort Algae (Nitella Sp.).......... 38
Picture 9: Filamentous Green Algae (Cladophora)...........cceecvieeiiiieiiiiieniieeeiee e 38
Picture 10: Cyanobacteria Growing On Sediment. ..........ccccceviieiiiniiiiienieeieieeee e 39

Picture 11: Colonies As Seen From Above The Water’s Surface Appear As Green Protruding

BUDDIES.....ceee ettt ettt e 39
Picture 12: Curly Leaf Pondweed Picture 13: Creeping Waterprimrose..........c.ceevveenneee. 40
Picture 14: Underwater Photo Of Mixed Plant Species.........ccceevvieiiiiiiriiiieniie e 40
Picture 15: Sediment Accumulation In Emery Reservoir's Watershed, June 2013 ...................... 43
Picture 16: Resident Lines A Creek Bed With Boulders Picture 17: Check Dams Built By

RESTACIIS ...ttt ettt et e sttt e st e b e s aeeeeeas 52
Picture 18: Creekside Signage Picture 19: Rip Rapped Shoreline...........cccccvvevrveennnnnnee. 54
Picture 20: Algae Mat Floating On The Surface Of A Lake ........cocceeeiiiiiiiiiiiiiiiiiceeieeee, 56
Picture 22: LeWisS EMETY JT..ccoiiiiiiiciie ettt e e e e e e e ees 68

Picture 23: Photo Of Kids Playing At Emery Reservoir, Year Unknown. Courtesy Of Aileen

xi



