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Buffering inland fisheries against largeale changes in ecosystem function
climate regimes, and societalluationsof natural resourcegquires progressive
management appaches that incorporate fish and angler dynamics at large spatial and
temporal scake Current paradigms of inland fishery management generally utilize
waterbodyspecific, fishcentric frameworkslesignedo regulate fish populations
directly, and anglerindirectly, througtish stock enhancemeahdharvestregulation.
In reality, anglers are the most maealgle component of a fishery buanagement of
anglers requires explicit consideration of their behavior (e.g., spatial and temporal
patterns of pdicipant use), which, unlike fish populations, opesatiea scale larger than
a single waterbody. Therefore, a first step in creating a resilient and sustainable
recreational fishery requires gaining a thorough understanding of angler behavior so that
managers can anticipate current and future management needs. In this dissertation, | used
three technigueto describe angler behavioramegion (19 reservay during ad-year
period Anglers make decisions about where to go fishisigg a large amouwof
information. One piece of information available to thempdsts tosocial media
websites. | provided a meatwsevaluate fishing effort oimdividuatwaterbody and
regional scalefrom posts to an online fishing social network; potentially redythe

need for intensive creel surveyanglersalsomake decisios abouhow far to drive to



participate in angling. | usdernetldensityestimationto describe the spatial area of
influence of resemwirs; differences in area of influenaee likely reated to accesand
amenities fish community, and angler preferences. Finally, network analysis provided a
sociatecological perspective to angler behavior and an explicit link between anglers and
the reservoirs that they chose to fisthis anglerresevoir interactionis important to
understand foangler recruitmenandretention and potential changes in the regional
fishery due to management actioris.combination, these techniques provide natural
resource gencies with the tools needed fmheries managemeragencies to ensure

resiliert and sustaindb inland recreational fishing.



Aut horsés Acknowl edgment s

First, I would like to thank everyone who has supported me through-yi@ars
project including my advisoDr.Kevi n Pope. I am most thankf
over the past 7 years, allowing me to stay with you for a doctoral program, and allowing
me to create my own path. | also thank those who served on my graduate committee: Dr.
Douglas Beard, Dr. Kentdkridge, Dr. Richard Holland, and Dr. Mark Pegg. Your
thoughtful comments in development of this project and meetings along the way have
proved extremely helpful. Furthermore, | thank Dr. Joseph Fontaine, Dr. Craig Allen,
Dr. Brenda Pracheil and othdms comments on drafts of manuscripts and discussions
throughout this process that have furthered my research. | look forward to continuing

great working relationships with all of you on future research projects.

| thank all of the graduate studentshie Pope lab for countless hours spent in lab
meetings bouncing ideas around and critiquing writing and presentations. Thank you for
all of your help and friendship to make it through these five years. | especially thank
Chris Wiley and Peter Spirk, Mastd s st udents on the angler s

believe we created a great research project.

| also thank all of the technicians who worked on the Salt Valley angler survey
project: Chris Dietrich, Michael Dedinsky, Cameron Depue, Dan Dobesly, E\dins,
Amber Fandrich, Hannah Hummel, Carla Knight, Luke Kowalewski, Natalie Luben,
Alexis Maple, Jean Paul Montes, Ashley Pella, Phil Stolberg, and John Walrath. Without
your tireless efforts to collect interviews and count anglers, | would have sestdison.

The cold, midnight shifts were worth it to collect those counts of zero anglers, | promise!



| also thank Tony Barada and Dr. Chris Chizinski for coordinating the statewide
sampling of the angler survey project. | enjoyed working with bbyfoo to provide
leadership on this project from the beginning. We have learned a lot through this project,
and | appreciate having both of you over thgers to bounce ideas off of and

occasionally team up on Kevin when needed.

| also thank the Soudiast District Fisheries office of the Nebraska Game and
Parks Commission as well as the Fisheries Division staff at the Headquarters office. |
appreciate your willingness to discuss my results and give feedback on potential
management outcomes from myeaasch. | truly believe that the close relationship
between Nebraska Game and Parks and the Coop Unit is the best way students can learn

how to apply our research to management.

Last, | thank my family for being there to support me through all of teestaind
frustration associated with this project. | especially thank my partner, Cliff Wilson, for
his undying support of me, through all of my crazy hours working midnight creel shifts to
the frustrations of analyses and writing. | also thank my p&rgatr sipport of me

throughout my lifehas never wavered, and | owe you a lot for that.

This project waprimarily funded by Federal Aid in Sport Fish Restoration,
project F182-R administered by the Nebraska Game and Parks Commissidditional
funding was provided throughResearch Grasih-aid from the University of Nebraska
Center for Great Plains Studies; this additional funding was used asstarids for the

returnmail survey portion of the project.



Vi

Table of Contents

Chapter 3. Area of Influence of Reservoirshw the Salt Valley Regional fishery of

NI=Y o] =11 L VO TR T TR UP TR 71

Chapter 4: Network analysis of a regional fishery: implications for recemt and

Fetention Of ANQIETS......ooei e eeee i e e e e e e e e nnaeeaeaes 89
Chapter 5: Conclusions and Recommendations..................uuvieeeeeeeeeeeeeevnnnnnnnnnn. 128

Appendix A. Summary of creel survey effort and number of counts and interviews

[o70] 00 18 (o3 (=Yo MR R TR 140

Appendix B. Summary of annual estimates of number of anglers fishing Salt Valley lakes

AUING 20092012........co ettt e et e s aeer e 142

Appendix C. Summary of annual estimates of angling effort for Salt Valley lakes during

200G2002.....cei e s 144

Appendix D. Summary of annual estimates of catch and harvest for Salt Valley lakes

SUrVeYed 200012. ... ..o et e e ————— e e et e e e eerbn————_ 146

Appendix E. Monthly angling effort at Salt Valley reservoirs sampled during-2002.

Appendix F. Monthly estimates of catfdr Salt Valley lakes surveyed 202912... 154

Appendix G. Monthly estimates of harvest for Salt Valley lakes surveyed ZmA1 71



Vil

Appendix H. Monthly fishing effort estimated from br@gite pressure counts at all Salt

Valley reservoirs during 2008012............coooiiiiiiiiiiiireer e eeere e 188



viii
List of Tables
Table 1. Delineation of sampling groups for-site creekurvey by surface area
(hectares) and fish type present. An @A Xo

Fish types listed are bluegill (BLG), largemouth bass (LMB), walleye (WAE), crappie

(CRP), flathead catfish (FHC), channel catfish (CCFpyriaystriped bass (HSB)...46

Table 22. Salt Valley reservoir angler surveys completed during 2AI®L2. An
AX0o i ndiwatartbalpwas duraelyed January through December of that year,

except for 2009 when surveying was conducted April through December........ a7

Table 21. Surface area (ha), mean monthly effort (angler hours + SE) and mean
number of posts to the Nebraska Fish and Game Association Fishing Forum discussing
each reservoir per month for the 19 reservoirs in the Salt Valley regional fishery of

Nebraska during AprBeptember 2009 and 201Q..............ooovvvivviiereeeeeeeeeiinnnn 67

Table 22. Results of individual lake correlations between monthly estinedfed
from busroute pressure count and posts on the online social forum at reservoirs of the

Salt Valley regional fishery during Aptbeptember 2009 and 201Q.................... 68

Table 31. Areaof-influence size for reservoirs of the Salt Valley regional fishery

from kernel density estimates of 10%, 50% and 95% utilization distributions and N is
sample size of anglers included in acfanfluence estimates. Standard errors
calculated by bootstrapping approach described in text; (.) indicates no standard error

calculated because of small sample size (N <.25)........ccoooiiiiiiiiiiccc e 84

Table 41. Nodelevel metrics of bootstrapped matrix for the reservoirs of the Salt

Valley regional fishery. Code is the tvietter code that reservoirs are referred to



throughout remaining figures, degreehie humber of other nodes that each reservoir

[ ol0] 1 a1=Te1 (=)0 I (o TUE TR 109

Table 42. Networklevel metrics of reservoir networks basedamgler clusters

defined by cluster analysis in the Salt Valley regional fishery. Density is the
proportion of possible edges that occur within the network. Communities are the
number of communities found using the fasttgreedy community detection
algorithm. Modularity is a measure of the number of edges contained within groups

compared to the number expected within groups by random.......................... 110

Table A1. Number of days in survey period, days surveyed, counts conducted, and
parties interviewed during the Salt Valley Angler Survey project during 1 April

through 31 December in 2009 and 1 January through 31 December 2010, 2011, and

Table B1. Total number of anglers (SE), bank anglers (SE), and boat anglers (SE) for
the Salt Valley lakes during 1 April through 31 December in 2009 aaddady

through 31 December 2010, 2011, and 2012...........ccoooiiiiiiiceeie e, 142

Table G1. Total angling effort (SE; hours), bank angling effort (SE), avat bngling
effort (SE) for the Salt Valley lakes during 1 April through 31 December in 2009 and 1

January through 31 December 2010, 2011, and 2012...........ccvvvvvivivecvvneennnn. 144

Table D1. Total catch (SE), harvest (SE), and catch per unit effort (SE) and harvest
per unit effort (SE) by seeking anglers for the Salt Valley lakes during 1 April through
31 December in 2009 and 1 January through 31 Decemb@y 2011, and 2012.

Species codes are: BCF = blue catfish, BHD = bullhead species, BLG = bluegill, CCF

= channel catfish, CCP = common carp, CRP = crappie (black and white combined),



GSF = green sunfish, HSB = hybrid striped bass, LMB = largemouth ba$s; RB

rainbow trout, WHB = white bass, and WHP = white perch............................. 146



Xi

List of Figures

Figure X1. Map of 19 study reservoirs in the Salt Valley watershed of southeastern

NI=] o] = 1Y L VTR 48

Figure 2. Map of busroute creel survey for study reservoirs in the Salt Valley

watershed of southeastern NEDIrASKAL.........ce. v 49

Figure 3. Datasheet for conducting pressure counts at reservoirs during a creel shift.

Figurel-4. Datasheet (front side) for conducting interviews in the Salt Valley angler

S0 V=3V o] (0] [=Tox AR PP PP PPPPPPP 51

Figure 15. Datasheet (badckde) for conducting interviews and recording catch and

harvest in the Salt Valley angler survey project............cccccuvvivimmmnniiiiiiiiiiineee 52

Figure 16. Exampleof returnmail survey (front) for the Salt Valley angler survey

S 101 TP PTTPPPPI 53

Figure 27. Example of returmail survey (back) fothe Salt Valley angler survey

L (0 1= oX PP 54

Figure 21. Temporal trends in total number of posts to the online social network and
total angler effort (in thousands of hours) in the Salt Valley region of Nebraska April

September 2009 and 20L0.......ccoouiiiii e 69

Figure 22. The association between number of posts on the online social network to
angler effort per month (log number of hours) for the 19 reservoirs in the Salt Valley

region of Nebraska during Api®$eptember 2009 and 2010 (r = 0.82,0.001)....... 70



Figure 31. Map of Salt Valley regional fishery with population density based on ZIP
code for the Salt Valley region. Population density ¢t Zbde based on data from

2010 United States Census. Reservoiristter codes represent: BO = Branched Oak
Lake, BS = Bluestem Lake, CO= Conestoga Lake, CT = Cottontail Lake, KD =
Killdeer Lake, HO = Holmes Lake, MG = Merganser Lake, ML = Meadowlakela

OC = Olive Creek Lake, PA = Pawnee Lake, RC = Red Cedar Lake, ST = Stagecoach
Lake, TP = Timber Point Lake, WT = Wagon Train Lake, WP = Wild Plum Lake, WW

= Wildwood Lake, and YH = Yankee Hill LaKe..........cccccoviiiiiiiiiceeeiieeeeeeeeee, 85

Figure 32. Box plot of driving distance traveled for anglers fishing reservoirs on
weekends (dark gray) and weekdays (light gray) from home ZIP code of angler to
geographical cadlinates of reservoir in the Salt Valley regional fishery. Horizontal
black lines represent median, boxes represent range ffio 75" percentile,

whiskers extend from the box to highest or lowest value within 1.5 x IQR (interquartile

range), pointsepresSent OULHErS.........cccoooe e 86

Figure 33. Areaof-influence of Salt Valley reservoirs. Red point represents location
of reservoir angholygons represent 10% (darkest blue), 50% (light blue), 95% (yellow)

area of influence of reservoirs based on kernel utilization distribution estimate87

Figure 34. Relationship between are&influence (ha) estimates and reservoir
surface area (ha; top) and number of parties interviewed at each reservoir (bottom) at

reservoirs of the Salt Valley regional fishery............ccooooiiiiiieee i, 38

Figure 41. Proportion of reported days that anglers fished in the Salt Valley regional

fishery in the past 12 months at each of th&aR Valley reservoirs.................... 111



Figure 42. Reservoir projection of observed Salt Valley regional fishery network
using FruchtermafReingold layout. Nodes (circles) represent reservoirs and edges
(lines) represent a weighted measure of association among those reservoirs (i.e.,

strength of substitutability between reServoirsS)........cccccceevviiiiiiceeciiiiiiiieee e 112

Figure 43. Salt Valley regional fishery network after bootstrapping technique using
FruchtermarReingold layout. Nodes (circles) represent reservoirs and edges (lines)
connecting twaeservoirs represent weighted measure of association between those
two reservoirs (i.e., probability of being in the same community in bootstrapping

iterations using fasatndgreedy communitgetection algorithm)......................... 113

Figure 44. Group membership in the Salt Valley regional fishery bootstrapped

network using the fasindgreedy communitgletection algorithm. Nodes (circles)
represent reservoirs and edges (lines) connecting two reservoirs represent weighted
measure of association between those two reservoirs. Red and blue nodes indicate two
distinct groups of reservoirs. Black edges are those connecting two reservoirs within

the same group, red edges are those connecting two reservoirs in different gktdps.

Figure 45. Spatial layout of the Salt \fay regional fishery bootstrapped network

with communities defined by the fashdgreedy communityletection algorithm.

Nodes (circles) represent reservoirs and edges (lines) connecting two reservoirs
represent weighted measure of association betwese tivo reservoirs. Red and blue
nodes indicate two distinct groups of reservoirs. Black edges are those connecting two
reservoirs within the same group, red edges are those connecting two reservoirs in

(o[ 1{=Tg=T 0 0o | (o TN o1 PP 115



Figure 46. Group membership of reservoirs in the Salt Valley regional fishery as a
function of reservoir size (surface hectares of water). Reservoir girooesponds to

red nodes in Figure-4 and reservoir group 2 corresponds to blue nodes in Figlire 4

Figure 47. Cluster malysis of anglers in the Salt Valley regional fishery based on

recreational specialization. Fediuster solution explains 15.9% of variability in data.

Figure 48. Recreational specialization of angler cluster defined by cluster analysis in

the Salt Valley regional fishery. Days (mean + SE) are the total number of days

reported fishing by anglers answering the retmail survey, skill (mean + SE) is the

selfreported skill on afpoint Likert scale from 1 (amateur) to 5 (very skilled), and

|l icense i s a measure of i mportance of fis
reported number of years (mean + SE) holdingafii ng | i cense divided

age (subtracting 16 years no license is needed until age 16 in Nehraska).....118

Figure 49. Degree distribution of lakes in networks of individual angler clusters of the
Salt Valley regional fishery. Angler clusters were derived using cluster analysis based

on recreational specializatiQn.............ccoooiiiiiiccciii s 119

Figure 410. Reservoir network for angler cluster one of the Salt Valley regional
fishery. Community detection determined by the-tastgreedy algorithm. Nodes
(circles) repres#t reservoirs and edges (lines) connecting two reservoirs represent
weighted measure of association between those two reservoirs. Red, blue, and green

nodes indicate three distinct groups of reservoirs. Black edges are those connecting



two reservoirs whin the same group, red edges are those connecting two reservoirs in

IffEIrENT GrOUPS-. .ottt erer e e e e e e e e e e e e e e e s s e e as 120

Figure 411. Reservoir network for gter cluster two of the Salt Valley regional
fishery. Community detection determined by the-tastgreedy algorithm. Nodes
(circles) represent reservoirs and edges (lines) connecting two reservoirs represent
weighted measure of association betweenetas reservoirs. Red and blue nodes
indicate two distinct groups of reservoirs. Black edges are those connecting two
reservoirs within the same group, red edges are those connecting two reservoirs in

IffEIENT GrOUPS.. oottt eeer et e e e e e e e e e e e e e s s e e e as 121

Figure 412. Reservoir network for angler cluster three of the Salt Valley regional
fishery. Community detection determined by the-tastgreedy algorithmNodes

(circles) represent reservoirs and edges (lines) connecting two reservoirs represent
weighted measure of association between those two reservoirs. Red, blue, and green
nodes indicate three distinct groups of reservoirs. Black edges are thosdingnnec

two reservoirs within the same group, red edges are those connecting two reservoirs in

(o1 {=T (=T ae | o 1N o1 PR 122

Figure 413. Reervoir network for angler cluster four of the Salt Valley regional
fishery. Community detection determined by the-tastgreedy algorithm. Nodes
(circles) represent reservoirs and edges (lines) connecting two reservoirs represent
weighted measure of saciation between those two reservoirs. Red and blue nodes
indicate two distinct groups of reservoirs. Black edges are those connecting two
reservoirs within the same group, red edges are those connecting two reservoirs in

(o[ 1{=Tg=T 0 0o | (o TN o1 PP 123



Figure 414. Modularity (mean * SE) for each level of node removal experiment in the
network of the Salt Valley regional fishery. Retk indicates modularity of full

ODSEIVEA NEBIWOTK. .. e e 124

Figure 415. Distribution of modularity for each level of node removaleziment in

the network of the Salt Valley regional fishery. Horizontal black lines represent
median, boxes represent range fro! 2575" percentile, whiskers extend from the
box to highest or lowest value within 1.5 x IQR (interquartile range), poapresent

(o]0 1 [ £ TP 125

Figure 416. Number of communities (mean + SE) for each level of node level

removal experiment in theetwork of the Salt Valley regional fishery................. 126

Figure 417. Community size (mean + SE) for each level of node level removal

expeiment in the network of the Salt Valley regional fishery...............cccceunn..e. 127

Figure E1. Monthly fishing effort (mean = SE) at BluestdBnanched Oak,

Conestoga, and Cottontail rESEIVOIIS.......cooiivieeeeeeeeeeeeeeee e 150

Figure E2. Monthly fishing effort (mean = SE) at Killdeer, Merganseraiit@vlark,

AN HOIM S 10 S IV OIS .. ettt ettt e et e e e e e er e e e e e e e ee e e enrenaees 151

Figure E3. Monthly fishing effort (mean = SE) at Olive Creek, Pawnee, Stagecoach,

P 1a [0l 2 {=Te OF=To F- Vgl (1T 4710 || £ TN UT T TR TRTPR 152

Figure F1. Monthly catch (mean + SE) of species comprising greater than 5% of

catch in any one year atuBstem LaKe.........ccoooeveiiiiiiiiiieeee e 154



Figure F2. Monthly catch (mean + SE) of species comprising greater than 5% of

catch in any one year at Brandh®ak Lake. Anything represents total catch of fish.

Figure F3. Monthly catch (mean + SE) of species comprising gréaaer5% of

catch in any one year at Conestoga Lake. Anything represents total catch. of fts.

Figure F4. Monthly catch (meat SE) of species comprising greater than 5% of

catch in any one year at Cottontail Lake. Anything represents total catch of.fikh7

Figure F5. Monthly catch (mean + SE) of species comprising greater than 5% of

catch in any one year at Holmes Lake. Anything represents total catch af .fisi58

Figure F6. Monthly catch (mean + SE) of species comprising greater than 5% of

catch in any one year at Killdeer Lake. Anything represents total catch of fisi.59

Figure F7. Monthly catch (mean + SE) of species comprising greater than 5% of

catch in any one year at Meadowlark Lake. Anything represents total catch.df6h.

Figure F8. Monthly catch (mean + SE) of species comprising greater than 5% of

catch in any one year at Merganser Lake. Anything represgatsatch of fish...161

Figure F9. Monthly catch (mean + SE) of species comprising greater than 5% of

catch in any one year at Olive Creek Lake. Anything represents total cdisln 0162

Figure F10. Monthly catch (mean £ SE) of species comprising greater than 5% of

catch in any one year at Pawneke. Anything represents total catch of fish....163

Figure F10. Monthly catch (mean £ SE) of species comprising greater thar 5%

catch in any one year at Red Cedar Lake. Anything represents total catch. ofiftsh.



Figure F11. Monthly catch (mean + SE)f species comprising greater than 5% of

catch in any one year at Stagecoach Lake. Anything represents total catch.cf@sSh.

Figure F12. Monthly catch (mean £ SE) of species comprising greater than 5% of

catch in any one year at Timber Point Lake. Anything represents total catch a6ésh.

Figure F13. Monthly catch (mean £ SE) of species comprising greater than 5% of

catch in any one year at Wagon Train Lake. Anything represents total catch b67ish.

Figure F14. Monthly catch (mean £ SE) of species comprising greater than 5% of

catch in any one year at Wild Plum Lake. Anything represents total cafish.of. 168

Figure F15. Monthly catch (mean £ SE) of species comprising greater than 5% of

catch in any one year at Wildwood Lakenything represents total catch of fish.169

Figure F16. Monthly catch (mean £ SE) of species comprising greater than 5% of

catch in any one year at Yankee HIll Lake. Anything represents total catch ofL#éh.

Figure G1. Monthly harvest (mean + SEf species comprising greater than 5% of

harvest in any one year at Bluestem Lake. Anything represents total harvestlffish.

Figure G2. Monthly harvest (mean = SE) of species comprising greater than 5% of

harvest in any one year at Branched Oak Lake. Anything represents total harvest of

Figure G3. Monthly harvest (mean + SE) of species comprising greater than 5% of

harvest in any one year at Conestoga Lake. Anything represents total harvest of fish.

Figure G4. Monthly harvest (mean = SE) of species comprising greater than 5% of

harvest in any one year at Cottontail Lake. Anything represents total harvestio4i



Figure G5. Monthly harvest (mean = SE) of species comprising greater than 5% of

harvest in any one year at Holmes Lakeything represents total harvest of fisti75

Figure G6. Monthly harvest (mean = SE) of species comprising greater than 5% of

harvest in any one year at Killdeer Lake. Anything represents total harvest ofL#igh.

Figure G7. Monthly harvest (mean + SEf species comprising greater than 5% of

harvest in any one year at Meadowlark Lake. Anything represents total harvest of fish.

Figure G8. Monthly harvest (mean = SE) of species comprising greater than 5% of

harvest in any one year at Merganser Lake. Anything represents total harvest of fish.

Figure G9. Monthly harvest (mean = SE) of species comprising greater than 5% of

harvest in any one year at Olive Creek Lake. Anything represents total harvest of fish.

Figure G10. Monthly harvest (mean + SE) of species comprising greater than 5% of

harvest in any one year at Pawnee Lake. Anything represents total harisst dfg§0

Figure G11. Monthly harvest (mean = SE) of species comprising greater than 5% of

harvest in any one year at Red Cedake. Anything represents total harvest of fish.

Figure G12. Monthly harvest (mean + SE) of species comprising grénter5% of

harvest in any one year at Stagecoach Lake. Anything represents total harvest of fish.



10

Figure G13. Monthly harvets(mean + SE) of species comprising greater than 5% of

harvest in any one year at Timber Point Lake. Anything represents total harvest of fish.

Figure G14. Monthly harvest (mean + SE) of species comprising greater than 5% of

harvest in any one year at Wagon Train Lake. Anything represents total harvest of fish.

Figure G15. Monthly harvest (mean + SE) of species comprising greater than 5% of

harvest in any one year at Wild Plum Lake. Anything represents total harvest of fish.

Figure G16. Monthly harvest (mean + SE) of species comprising greater than 5% of

harvest in any one year at Wildwood Lake. Anything represetatisitarvest of fish.

Figure G17. Monthly harvest (mean + SE) of species comprising greater than 5% of

harvest in any ongear at Yankee Hill Lake. Anything represents total harvest of fish.

Figure H1. Monthly fishing effort (mean + SE) estimdtfom busroute pressure
counts at Bluestem, Bowling, Branched Oak, and Conestoga reservoirs during 2009

FZ O PP PSPPSR PPPPPPPPPPPRPPTR 188

Figure H2. Monthly fishing effort (mean + SE) estimated from fbaste pressure

counts at Cottontail, East Twin, Hedgefield, and Holmes reservoirs during2Z20@9



11

Figure H3. Monthly fishing effort (mean + SE) estimated from-boiste pressure
counts at Killdeer, Meadowlark, Merganser, and Olive Creek reservoirs during 2009

O PP PP PSPPPPPPPPPPPPPPPPTRR 190

Figure H4. Monthly fishing effort (mean + SE) estimated from-boiste pressure
counts at Pawnee, Red Cedar, Stagecoach, and Timber Point reservoirs during 2009

7 O PP PSPPSR PPPPPPPPPPPRPPT 191

Figure H5. Monthly fishing effort (mean + SE) estimated from-boiste pressure
counts at Wagon Train, Wild Plum,. Wildwood, and Yankdereservoirs during

20082002.......cco oo e 192



12

Chapter 1: Introduction to Salt Valley Angler Survey

Fisheries management has a long history of angler surveysnlmggin the
1920s and 1930s in the United Statésmerica(Clark 1934 Needham 1937).
However, throughout the last century most surveys have focused on the potential catch
and harest of fish species by angldfSook and Younk 199&videnced by theurrent
and historical name of many surveys (i.e., creel surveys), named after a woven basket
used to keepr holdharvested fishEconomicfocused surveys joined the fisheries
management world during tH®60s (e.g., Crutchfield 19%and signifieda swich from
fish-focused surveys toumanfocusedsurveys Furthermore, angler surveys have
evolved to encompass surveys aimed at understanding the fisheries clientele, anglers, and
what they desire from fisheries (e.g., Fedler and Ditton 1994). Thisielehiifat aims to
understand the angler and how they interact with the resource is often termed human

dimensions.

Historically, fisheriesmanagement agencies have not placed emphakisman
dimensions studies designed to understarglers and their nives (Voiland and
Duttweiler 1984; Brown 1987).Areas of research such ameervation biology
(Jacobson and Duff 1998) and wildlife biology (Decker et al. 1882¢ also not
historicallyplaced emphasis on understanding participankere is still adisconnect
between fishery management and humi@mensionsalthough humaiimensions
research is now available and becoming more mainstfidant et al. 2013 Most
fishery managers put more importance on information about angler support of
management aicins, angler attitudes and angler satisfaction than on angler motivations,

market information and demographicsaoiglers (Wilde et al. 1996More recently, state
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management agencies are realizing the need for understanding their clientele and
managindor their future. For example, the Nebraska Game and Parks Commission
(NGPC) recently adopted a-3@ar plan directing Commission employees to work
towards recruitment, development, and retention of hunter and angler populations in
Nebraska (NGPC 2008Recruitment and retention of anglers is imperative for natural
resource agencies to maintain funding, as a majority of their funding comes directly from

participants through license sales.

Angler retention (i.e., continuation of license purchases fromtgegear) varies
temporally, spatially, and demographically. Reasons for anglerairopr failure to
purchase a fishing license include lack of time, angling partners, social interaation
anglingaccess (Fedler and Ditton 20@ytton et al. 2009)However, most anglers
would begin fishing again if these personal and structural constraints were removed
(Fedler and Ditton 2001). Efforts by managers to increase angling participation from
lapsed anglers should focus on increasing interest in angiorgasing knowledge of

angling regulations, and reducing time required for participation (Sutton et al. 2009).

Demographics of anglers affect both rates and motives of participation in angling.
Location (proximity to water), employment status (fihe vs. unemployed), primary
residence (urban vs. rural), education level, and household size are all important factors
that affect rates of angling participation amonggheeral population (Fedler 2000;
Arlinghaus 2006). Age also influences angling pgsttion; in general, changes in
participation patterns correlate with life changes (e.g., drop in angling participation at
time of starting fultime college or career; Fedler 2008 linghaus 2006). Angler

gender is also important in determining anglemographic subgroups because males are
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more likely to participate in fishing (USFWS 2QCGthdfemales are more likely to
harvest the fish they catch (Schroeder et al. 2006). Angler experience (e.g., number of
years angling), investment (e.g., amount ohey invested in angling gear), and
consumptive habits (e.g., catahdrelease vs. harvest angling) are important in
determining angler subgroups to be used for analysis of motives (Chipman and Helfrich

1988).

We have some knowledge of why anglers ragnay not participate in angling
during a particular year, yet we do not
participate at a certain water body on any given day. Questions that should be asked to

further our knowledge of angler behavior iradu

1 Why do anglers choose to participate in fishing on a certain day?

1 Why do anglers select one water body over another?

1 Does the choice of water body change seasonally?

1 Do anglers fish elsewhere if their preferred water body is not available
(i.e., closed for renovation)?

91 Do anglers continue to fish for a certain species or switch species
throughout the year? Across years?

Answers to these questions and a thorough understanding of angler behavior are needed

to understand the effects of managenaations on angler participation and harvest.

One management action that may negatively, or positively, affect angler
participation within a region is reservoir renovatioRenovations often include closing

reservoirs for a short period-dlyears) taenovate fish habitat and restructure the fish
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community. Actionsmay close water bodies preferred by anglers and force atglers
make a decision on if, and where to fish on any given day. The set of substitute sites
from which they chose to fish on agiwen day is a list of water bodies with
characteristics that are suitable to tlissires and type of fishing (e.gpecies present,

location and type of fishing available).

Recognition of this concept of a set of substitute sites from which angieose
to fishleads to a need for a changemanagement practicedlost inlandfisheries
management is done on a fishényfishery basis (i.e., water bodies are managed
independently from one another within a region). However, this managementeracti
seems unlikely to create the types of fishing experiences that anglers prefer. A new
practice in which water bodies are managed with consideration of other water bodies
within the region is needed; i.e., a regiofighery management approach (Martirda
Pope 2011)A regional fishery is defined as a complex seeblogical system
consisting of a set of water bodies, the fish that inhabit the water bodies, and society that
has an overarching influence on the fish and water bodiHsis practice dagnot
eliminate watetbody specific management and specifically allows for creation of
different fisheries for different angler groups (e.g., kigimsity centrarchid fishery for
urban angling within a city and a leglensity trophy percid fishery in a rligea for avid

anglers).

Though the current focusgaterbodyspecific regulations for fishing, there is a
growing realization that watershéelel issues affect eastater body(Lesteret al.2003)
and that mobility of anglers influences eadterbodywithin a region (Carpenter and

Brock 2004; Kaufman et aR009). Socieecological models have shown that these large
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scale relationships are diverse and complicated (Carpenter and Brock 2004), and that a
singlefocus management approach leads totgreariability in fiskpopulation

response than does an adaptive managempraagh (Carpenter and Gunder2i®l).

Several models have been developed to examine redewghleffects on anglers and fish
populations in response to restricting effortsmme lakes to reduce harvest (Cox et al.

2003), however, these models did not explicitly assess angler movement and assumed an
idealfree distribution(Fretwell and Lucas 197®) which anglers disperse effort to

equalize catch rates across the regiogsuinptions on angler behavior limit the

applicability of these models on larger, more complex systems in which all lakes are not

identical.

Choice of fishing site by anglers is driven by a combination of six factors: travel
costs, fishing quality, environemtal quality, facility development, encounters with other
anglers, and regulations (Hunt 20@®)en a list of available sites. Thesetors
combine to form a ranking of fishing sites for each individual angler that serves as their
set of substitute @6.A listing of availablesites along with the dynamics of dayday

fishing conditions leads to variation in where an angler chooses to fish on any given day.

Models to describe angler choice among sites have traditionally used either
gravity models ochoice models to assess angler preferences for fishing sites. Gravity
model s assume that fishing site choice is
residence and positively affected by quality of fishing sites (e.g., Freund and Wilson
1973); havever, they do not assume any behavioral theory. This deficiency led to the
adoption of choice models using random utility theory (Train 20@®)picemodels

allow for the prediction of how changes in site quality may affect use at other sites and its
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effects on the economic value of an area. Random utility theory assumes that anglers will
select one fishing site over the other available choices to maximize their greatest utility
or benefit(Cascetta 2009). This angling utility is a measure that iempdf both an

unobserved portion and an observable portion that can be modeled.

Hunt (2005) defined two different methods researchers have used to define the
observable portion of fishing utility. The revealed preference method uses actual fishing
sitechoice patterns reported by anglers during either an interview or survey. The stated
preference method uses hypothetical situations during an interview or survey to develop a
ranking of fishing site characteristics that drive angler fishing site cholMest studies
to date have used a revealed preference method, however, a combination of these two
methods using actual behavior and model parameters would be beneficial (Earnhart 2001
Hunt 2005). A more robust method may include using a stated prederamel to
predict angler behavior then validation of that model using revealed preferenée.glata
Wallmo and Gentner 2008) or an observational method that removes any biases

associated with anglerds answers and | ust

Other fishing site choice models have used multinoheigit choice models to
force angler substitutions into a defined set of substitute fishing sites (Hunt 2005). This
method does not account for variation among anglers in what they perceive as a valid set
of substitute water bodies. One way to account for this is to use a generalized extreme
values or generalized nestlegjit model (Hunt et al. 2004), which is a more flexible
model that allows for asymmetrical substitutability. These models are likely mo
realistic than making the assumption that all anglers are choosing fishing sites in the same

manner.
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The theory of recreainal specialization (Bryan 197Djtton et al. 1992) provides
a method to evaluate angler types and therefore create anglps goause for
substitution modeling. Angler typology based on fishing preferences, fishing skill, and
type of fishing pursued have been beneficial in describing angler attitudes and behavior
(e.g., Connelly et al. 2008alz and Loomis 2005). The useamigler groups derived
from typology and demographics allows for a more accurate assessment of angler

substitution practices.

There is an abundance of studies and literature about spatial substitution of fishing
effort among both species and wdtedies(e.g., Jakus et al. 1993utton and Ditton
2005 Hyun and Ditton 2006Hunt et al. 2007Beville and Kerr 2009). However, these
studies are all based on a Asnapshoto view
snapshot views are usually based orregated angler substitution responses across an

entire year or fishing season.

Angler behavior likely changes throughout the year (sometimes onta-day
basis) and an understanding of these dynamics is necessary to understandttérenlong
effects ofmanagement actions such as reservoir closures.only study using a spatio
temporal model to describe angler behavior and participation wasldy-substitution
approactemployed to study the economic valuation of salmon fishing at multiple sites in

sautheastern Alaska (Carson et al. 2009).

Given the sociaécological nature of angler movement and choice of reservoir, a
more appropriate modeling choice may be in the form of netevaakysis (Wasserman

and Faust 1994)Traditional network analysisedived from graph theory, has focused



19

on the connections and relationships between actors, typically people, within a group;
thus, has been termed social network analysis and has been used since t{&d&80s
1988). Network theorymay have started isociology, buhasbeenused in many

disciplines ranging from friendships derived from molptene records (Eagle et al.

2009), diseastransmission patterns (Christley et al. 2005), brain synapses (Rubinov and
Sporns 2010), ecological foadebs (Krauseteal. 2003), planpollinator communities
(Bosch et al. 2009), and many more. This diversity in applicaéieealsthe robustness

of this network analysis as a tool to examine the structure of complex systems.
Resilience of socia¢écological systems has been proposed as one particular metric that

may be particularly suited to studying with network analysis (Jan$s¢n2©06).

One of the earliest works in network analysis regardeddrmlersinteracted in
relation to the villagethattheybelonged (Barnes 19%4This type of network, termed a
bipartite network, contains two types of nodes, one for each tygpeat In the analysis
of a bipartite network, the connections between each type of actors are modeled. In the
case of the regional fishery, theterbodiesrepresent one set nbdes and anglers
represent another set of nodes that are used to conateebadies togetherA one-
modeprojection or a projection of just the reservoicen be made in which the number
of anglers connecting any two reservoirs represents the edge between those reservoirs.
This bipartite network can hesed to gain importd, networklevel information on the
regional fishery that is not available with other modeling techniques. Although this
technique is static (i.e., no explicit temporal modeling), insights can be drawn from
examining changes in network structure aftetually removing nodes and reassessing

network attribute¢Callaway et al. 2000)Neural network models, a similar tool to social
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network models, have similar predictive power to those of choice models like the discrete

choice models historically usedrmodel reservoir choice (Hensher and Ton 2000).

These models of angler substitution and movement among regional fisheries
should serve as a first step in designing further models to examine effects of angler
movements on the fish communities themselves. ifstance, the base network built
using a network theory approach could then be used to model fishing effort changes when
a reservoir is closed for renovation. These changes in fishing effort, given angler
substitution patterns, would allow for modeliofycatch and harvest at substitute water

bodies.

Goals

My research has two primary goals: 1) understand spatial and temporal patterns
in angler participation and 2) understand angler behavior in response to regulation

changes among water bodies.
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Objectives

1) Document current angler participation in water bodies of the Salt Valley
watershed in southeastern Nebraska.

2) Describe differences in participation levels among angler groups (both
demographic and specialization) in the Salt Valley watershed

3) Develop spatigemporal models to describe spatial (wdtedies) and temporal
(monthly) patterns in angler participation within the Salt Valley watershed.

4) Document watebody substitution groups within the Salt Valley watershed and

describe differences substitution groups among anglers.
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Hypotheses

Objective 1

Ho11: Angling effort is constant across all water bodies within the Salt Valley

watershed.

Ha1-1a Angling effort increases linearly with water body size.

Ha1-10: Angling effort increases exponentially with water body size.

Ha1-1cc Angling effort within predicted water body substitution groups is constant.

Ha1-1¢: Angling effort decreases with linear distance from population center (i.e.,

Lincoln, NE).

Objective2

Ho21: Angling effort is constant across all angler groups within the Salt Valley

watershed.

Haz-1a Angling effort increases with angler age within the Salt Valley watershed.

Haz-10: Angling effort is greater for males than females within the Salt Valley watershed.

Haz-1c Angling effort is greater for more experienced anglers within the Salt Valley

watershed.
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Objective 3

Hoz1: Anglers select substitute water bodies at randtwenvaccess to preferred water

Hasz-1a

Haz-1b:

Hasz-1c:

Has-1d:

Haz-1e

body is prevented.

Anglers select substitute water bodies based on public information on fish
community, regulations, and boating access (i.e., information available to the

public can be used to predict angler subsisites).

Anglers select substitute water bodies basedfonmation gained from other

anglers (i.e., worabf-mouth information transfer about quality of fishing).

Anglers select substitute water bodies based on tradition and pasj fish
experiences (i.e., angler substitute sites are chosen on an individual level and

cannot be predicted using available information).

Anglers do not select substitute water bodies and participate ianging

recreational activity when accessgreferred water body is prevented.

Anglers do not select substitute water bodies and participate ireoggational

activity when access to preferred water body is prevented.
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Objective 4
Hos1: All anglers exhibit the sanpattern of substitute watéodies when access to

preferred water body is prevented.

Has-12 Anglers pattern of substitute watandies varies with angler experience (i.e.,

years fished, days fished in prior year, etc.).

Has-10: Anglers pattern afubstitute watebodies varies with location of residence (i.e.,

urban vs. rural anglers; e.g., Schramm and Dennis 1993).

Has-1c. Anglers pattern of substitute watandies varies with fishing goals (i.e., spe€ies

targeted fishing vs. fAanythingo fi

s hi

ng
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Study Area

Salt Valley Watershéd The Salt Valley watershed is located in the southeastern portion

of Nebraska (Figuré-1). Salt Creek drains this watershed in a southeast to northwest
direction and empties into the Platte River near Ashland, NkhraPortions of this
watershed are highly developed (i.e., Lincoln, Nebraska) and other portions remain rural.

The rural areas are primarily regvop agriculture and pastureland.

Bluesteniaked BluestemLakeis an 132ha floodcontrol reservoir located 4 km west of
Sprague, Nebraska. The fish community consists of blusgplbmis macrochirys
largemouth basklicropterus salmoidesvalleyeSander vitreuscrappiePomoxis
annularisandP. nigromaculatusflathead catfisiPylodictis olivaris channel catfish
Ictalurus punctatusand common car@yprinus carpio carpio All species are managed

with statewide regulations.

BowlingLaked Bowling Lakeis a 4.8ha reservoir located in Lincoln, Nebraska.

Bowling Lakeis owned by the city of Lincoln and was renovated in 2007 and restocked.
The fish community consists of bluegill, largemouth bass, and channel catfish. Bowling
is also stocked with rainbow tro@ncorhynchus mykisssery winter for increased angler
opportunities. Largemouth bass are managed as aaadgklease fishery, channel

catfish are managed with a daily bag limit of three fish and panfish are collectively

managed with a daily bag limit of 10 fish. Bowlihgkewas not included in AprMay
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2009 sampling because it was dry because of problems with the water Boming

Lakeis closed to all activity from 11 p.m. to 5 a.m. daily.

Branched Oaltaked BranchedOakLakeis a 728ha floodcontrol reservoir located 0.8

km west and 6.4 km nortHf Malcolm, Nebraska. The fish community consists of

bluegill, largemouth bass, walleye, crappie, flathead catfish, channel catfish, blue catfish
Ictalurus furcatuscommon carp, hybrid striped badsrone chrysops x saxatiliand

white perchMorone amergana Most species are managed under statewide regulations.
Walleye are managed with a one fish over-&%8 restriction, crappie are managed with

a minimum length limit of 254 mm, and hybrid striped bass and flathead catfish are

managed as a cateimdrelease trophy fishery.

Conestogd.aked Conestogad.akeis a 93ha floodcontrol reservoir located 2.4 km north

of Denton, Nebraska. The fish community consists of bluegill, largemouth bass, walleye,
crappie, flathead catfish, channel catfish, common ¢teMprid striped bass, and

freshwater druni\plodinotus grunniensAll species are managed with statewide

regulations.
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Cottontail Laked CottontailLakeis an 11.7ha floodcontrol reservoir located 0.8 km

north of Martell, Nebraska. Cottontdibkeis owned by the Lower Platte South Natural
Resources District (LPSNRD) and was renovated in 2006 and restocked. The fish
community consists of bluegill, largemouth bass, and channel catfish. Largemouth bass
are managed with a minimum length limit of 5881, channel catfish are managed with

a daily bag limit of three fish, and panfish are collectively managed with a daily bag limit

of 10 fish.

East/West Twihaked East and West Twihake combined isa109-ha floodcontrol
reservoir located 4 km north aBB km west of Pleasant Dale, Nebraska. The fish
community consists of bluegill, largemouth bass, walleye, muskellasme
masquinongycrappie, channel catfish, bullheAtheiurus sp.and common carp. All
species are managed with statewide regulatidvisst TwinLakewas notassessed in

this study due to difficulty in access.

HolmesLaked HolmesLakeis a 40ha floodcontrol reservoir located in Lincoln,
Nebraska. Holmes is owned by the city of Lincoln and was renovated in 2004 and
restocked. The fish community consists of bluegill, largemouth bass, walleye, and
channel catfish. The south basin afliHesLakeis also stocked with rainbow trout
every winter for increased angler opportunities. Largemouth bass are managed as a

catchandrelease fishery, channel catfish are managed with a daily bag limit of three
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fish, panfish are collectively managediwa daily bag limit of 10 fish, and there is a no

live bait regulation. HolmesLakeis closed to all activity from 11 p.m. to 5 a.m. daily.

Killdeer Laked Killdeer Lakeis an 8ha floodcontrol reservoir located 4 km north of
Martell, Nebraska. The fish community consists of bluegill, largemouth bass, crappie,

channel catfish, and bullhead. All species are managed with statewide regulations.

MeadowlarkLaked Meadowlak Lakeis a 22ha floodcontrol reservoir located 9 km

west and 1.6 km north of Agnew, Nebraska. Meadowlakeis owned by the

LPSNRD and was renovated in 2007 and restocked. The fish community consists of
bluegill, largemouth bass, crappie, and chaoatfish. Largemouth bass are managed
with a minimum length limit of 533 mm, channel catfish are managed with a daily bag
limit of three fish, panfish are collectively managed with a daily bag limit of 10 fish, and

there is a no live bait regulation.

MerganserLaked Mergansetbakeis 17-ha floodcontrol reservoir located 1.2 km north
and 1.6 km east of Kramer, Nebraska. Mergahakeis owned by the LPSNRD. The
fish community consists of bluegill, largemouth bass, channel catfish, and bullhead.
Largenouth bass are managed with a minimum length limit of 533 mm and all other

species are managed with statewide regulations.
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Olive Creel.ak&) Olive CreekLakeis a 7tha floodcontrol reservoir located 3.2 km
east and 1.6 km south of Kramer, Nebraska. ®hedommunity consists of bluegill,
largemouth bass, and channel catfish. Largemouth bass are managed withra 533
minimum length limit, sunfish are collectively managed with minimum length limit of

203 mm, and there is a no live bait regulation.

Pawne Laked Pawned.akeis a 306ha floodcontrol reservoir located 3.2 km north and
2.4 km west of Emerald, Nebraska. The fish community consists of bluegill, largemouth
bass, saugesander canadensisvalleye, white basslorone chrysopscrappie, flathead
cafish, channel catfish, common carp, freshwater drum, and white perch. Panfish are
collectively managed with a daily bag limit of 10 fish and all other species are managed

with statewide regulations.

Red Cedat.aked Red Cedatakeis a 20hareservoirflood-control reservoir located 9
km north and 3.2 km west of Valparaiso, Nebraska. Red Cad#tais owned by the
LPSNRD. The fish community consists of bluegill, largemouth bass, crappie, flathead

catfish, and channel catfish. All species are managgdstatewide regulations.

Stagecoaclhaked Stagecoachakeis a 79ha floodcontrol reservoir located 2.4 km
south and 0.8 km west of Hickman, Nebraska. The fish community consists of bluegill,
largemouth bass, walleye, crappie, channel catfish, consarpn and hybrid striped

bass. Largemouth bass are managed with a minimum length limit of 533 mm and hybrid
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striped bass are managed with a daily bag limit of three fish and only one fish over 457

mm is allowed. All other species are managed with stdeeregulations.

Timber PointLaked Timber PointLakeis an 1tha floodcontrol reservoir located 1.6

km south and 3.2 km east of Brainard, Nebraska. Timber Paketis owned by the
LPSNRD and was renovated in 2005 and restocked. The fish commurstgts @i

bluegill, largemouth bass, muskellunge, crappie, and channel catfish. Largemouth bass
are managed with a minimum length limit of 533 mm and all other species are managed

with statewide regulations.

Wagon TrainLaked Wagon TrainLakeis an 12%haflood-control reservoir located 3.2

km east of Hickman, Nebraska. The fish community consists of bluegill, redear sunfish
Lepomis microlophusargemouth bass, walleye, muskellunge, and channel catfish.
Largemouth bass are managed with a minimum lemgih¢f 533 mm and muskellunge
are managed with a minimum length limit of 1,016 mm. All other species are managed

with statewide regulations.

Wild PlumLaked Wild PlumLakeis a 6ha floodcontrol reservoir located 2.4 km north
and 0.8 km west of KrameKebraska. Wild Plurhakeis owned by the LPSNRD. The
fish community consists of bluegill, largemouth bass, and channel catfish. All species are

managed with statewide regulations.
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WildwoodLaked Wildwood Lakeis a 42ha floodcontrol reservoir located.@ km west

and 2.4 km north of Agnew, Nebraska. Wildwdakeis owned by the LPSNRD and

was renovated in 2003 and restocked. The fish community consists of bluegill,
largemouth bass, walleye, and channel catfish. Largemouth bass and channel catfish are
managed as a total catahdrelease fishery and panfish are collectively managed with a
203 mm minimum length limit. All other species are managed with statewide

regulations.

Yankee Hild Yankee HillLakeis an 84ha floodcontrol reservoir located 4 km east and
1.6 km south of Denton, Nebraska. Yankee Hakewas renovated in 2007 and

restocked. The fish community consists of bluegill, largemouth bass, walleye, and
channel catfish. Largemouth bass @m@aged with a 536im minimum length limit,

panfish are collectively managed with a daily bag limit of eight fish, and there is a no live

bait regulation. All other species are managed with statewide regulations.

Creel Methods

Sampling Framé Thesampling frame consisted of monthly periods from April 2009 to
December 2012. Sampling was conducted year round, except for times when ice was

unsafe, primarily late Novemb&ecember and late February of each year. The
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sampling frame included three etgiour shifts (00:0@8:00 [early], 08:0a16:00 [mid],

and 16:0024:00 [late]) per day.

The sampling frame included 19 reservoirs (listed above; Figlyerilthe Salt
Valley watershed. These 19 reservoirs were grouped based on surface area and fish
community into five similar groups (Table1). From each group, two reservoirs were
selected randomly to sample each year (Tafflg¢ with the exception of Branched Oak

Lake which was sampled each year.

Sample selectian Creelsurvey days and times wesbosen following a stratified muti

stage probability sampling regime (Malvestuto 1996). Each group of lakes received the
same sampling effort each month consisting of twelve samples. These samples were split
evenly into six categories (weekdegrly, weekdaymid, weekdaylate, weekengbarly,
weekendmid, and weekenthte). Weekday sample days were selected from all non

holiday MondayFriday days within each month and weekend sample days were selected
from all SaturdaySunday days plus all federal holdawithin each month. All available
sampling periods within each month were assigned a random date from within the
available sampling frame.

Each creel technician was assigned to two samples from each sampling category
listed above (e.g., weekemarly)for a total of twelve samples per month. Two creel
technicians were assigned to 2 reservoirs and randomly assigned creel periods on those
reservoirs. Deviations from randomly assigned creel pe(iadgtechnicianswitched

shiftsdue to vacations @icknessand maintained random schedule of samples on
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reservoirs)vere allowed because of logistical constraints and were recorded as a non

random creel.

Two pressureount times per water body were randomly chosen within the
sampling period. Creel tegitians moved between reservoirs within each pair in order to
attain these pressure counts at the randomly assigned #mgker interviews were
conducted when creel technicians wei@ conducting pressure couaisd only

conducted atthe end ofthedngr 6 s f.i shing trip

Pressure counts were also conducted at each of the 19 reservoirs regardless of
whet her or not they are included in that
were sampled twice per month during each of the six divisionssdisduabove for a total
of 12 samples per month. During each sample period,-eoltes method was used to
conduct pressure aats at each reservoir (Figurel. To randomize busoute samples,
arandom start direction, start reservoir, and start time (within the first 2 hours of the
sampling period) were selected for eaaeimple Hedgefield_akewas added to the
pressurecount route in 2011 following repening after renovation, but was not ura¢d

in full creel surveys.

Inclement weather (i.e., blizzafike conditions or icy roads) sometimes
prevented sampling from occurring during wint€ata missed during inclement weather
during the lowuse season (e.g., winter in Nebraska) typically acttor a small
proportion of the total data collected (Spiller et al., 1988). Therefore, during times of

inclement weather, pressure countsev@ssumed to be zero and wererestheduled.
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Onssite Creel Survey On-site creel surveys consisted of a rgyoount to estimate effort
with accesgoint interviews to estimate harvest. Roving counts were conducted from
vehicles or high point observations. Pressure counts (effort) included angling effort and
other watetbased recreational effort (e.g., wateiirgk pleasure boating, etc.; Figute

3).

Creel technicians intercepted anglers at access pgintscompletion of their
fishing tripand conducted interviews to gather information on fishing effort, catch and
harvest. Interviews contained questionsmethod of angling (boat, bank or ice), type of
fishing license, angling behavior, quality of fishing experience, zip code and patterns of
angling participation (Figur&-4). Further questions addressed angler turnover rate (i.e.,
whether an angler héeen interviewed within the last month or last 6 months). Species
and anglerreported length of released fish and species and the length and weight of all

harvested fish were recorded at the end of the interview (Figbye

ReturnMail Survey) Anglersthat participatd in the onsite creésurveys were asked if

they werewilling to participate in an additional retumail survey during 201:2012.

This surveywascompleted at home and returned in a posfzgd envelope (e.g., Ditton

and Hunt 2001). @ncerns over recall bias with traditional angler mail surveys (e.g.,

Osborn and Matlock 201®ereminimal given the short time expected for survey return.
This returamail survey included detailed questions on angler demographics,

angler behavior and mettions for picking substitute sites (Figude§ and 17).

Questions examining angling success and enjoyment of the potential substitute sites

within the Salt Valley watershed used a fp@nt Likerttype scale (Likert 1932; Clason
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and Dormody 1994).The returamail survey also included questions about bait
preferences (i.e., live vs. dead, species preference, etc.), boat usage, preferences on

fishing private or public water bodies, and fish identification skills (Figiv@snd 17).

Pre-samplingSubstitute Site Classificati®nWater bodies can be classified into distinct
groups based on watershed factors-ismmunity data, and watéody size using
statistical tests (Schupp 1992; Cross and Mclnerny 199&)sampling substitute site
groups wee created using data available to the general angling public from the NGPC
website and the 2009 NGPC Fishing Guide.

A subjective lake classification was conducted using onlyex#ody size and
presence of fish specie$his classification was done gabtively bygrouping
waterbodies that had similar fish species composition and water bodyA#izeugh
analyzed subctively, fish species present were consistent across water body groups
indicating that this simple daification also provided a clear grouping of reservoirs

(Tablel-1).

Data Analysi® Total angling effort was calculated for all 20 (original 19 plus
HedgefieldLake addedn 2011 and 2012) water bodies usandaily estimator by strata
sampled withraditional creel analysis techniques from fyoste pressure count surveys
(Pollock 1994). Effort and harvest were calculated by weekend and weekday and then
combined to determine monthly estimates for each water body. Angler catch and harvest

from the compdted-trip interviews were calculated using the radfemeans estimator
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(i.e., mean catch from interviews divided by mean effort; Poléded.1994,Pollock et
al. 1997).Annual estimates are reported in Appendices A througlEBtimates were
calculatedoy month to decreasmas (Rasmussen et al. 199&stimates of effort, catch,

and harvesare reported by ressir and month in AppendicdsthroughH.

Dissertation Overview

This dissertation focuses on spatial and temporal participation of aimgthes
Salt Valley regional fishery of southeastern Nebraska. In this dissertation, | use three
cuttingedge ideas to determine spatial and temporal participation and distribution of
anglers and explore potential management implications of regulatiogehan the
regional fishery. | begin by addressing the use of an online fishing forum to predict
fishing effort both within a reservoir temporally and among reservoirs within a regional
fishery (Chapter 2). Next | examine the spatial influence of iddalireservoirs within
the regional fishery by adopting kerra#nsity methods to examine the different spatial
distribution of angler home origins for reservoirs (Chapter 3). In the final research
chapter, | use network analysis to understand the ini@naamong reservoirs, and
anglers, in the regional fishery and draw conclusions on the resilience of the Salt Valley
regional fishery to disturbances (Chapter 4). Finally, | conclude with implications and
recommendations for fisheries management aadbabader scale, natural resources

management.
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Table 1. Delineation of sampling groups for-site crel survey by surface area
(hectarepand fish type presenA n i X 0 iigh dpeciea fresent infthat reservoir.
Fish types listed are bluegill (BLG), largemouth bass (LMB), walleye (WAE), crappie

(CRP), flathead catfish (FHC), channel catfish (CCF), hybrid striped bass (HSB).

Group Reservoir Surface areaBLG LMB WAE CRP FHC CCF HSB

1 Bowling 4.9 X X X
Wild Plum 6.5 X X X
Killdeer 8.1 X X X X
Timber Point 11.3 X X X X
Cottontall 11.7 X X X
Merganser 16.6 X X X
Red Cedar 20.2 X X X X X
Meadowlark 22.3 X X X X

2 Holmes 40.5 X X X X
Wildwood 41.7 X X X X
Olive Creek 70.8 X X X
Stagecoach 78.9 X X X X X X

3 Y ankee Hill 84.2 X X X X
Conestoga 93.1 X X X X X X X
East/West Twin 109.3 X X X X X
Wagon Train 127.5 X X X X
Bluestem 131.9 X X X X X X
Pawnee 299.5 X X X X X X

4 Branched Oak 728.4 X X X X X X X
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Table 22. Salt Valley reservoir angler surveys completadng 2009 2012. An
AXO0 i ndi cat e svassuhveyedlamuary teraughtDecember of that year,

except for2009 when surveyingascondicted April through December

Group Reservoir 2009 2010 2011 2012

1 Bowling
Wild Plum X
Killdeer X
Timber Point X
Cottontail X
Merganser X X
Red Cedar X
Meadowlark X
2 Holmes X X
Wildwood X X X
Olive Creek X
Stagecoach X X
3 Yankee Hill X
Conestoga X
East Twin
Wagon Train X X
Bluestem X X
Pawnee X
4 Branched Oak X X X X
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Figure X1. Map of 19 study reservoirs in the Salt Valley watershed of southeastern Nebraska.
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Salt Valley Creel Day Information

Date _ Reservoir Creel Tech Randomly assigned? ¥ or N
Fressure Counts
Time Reservoir | #bank | #bank | & boats | # of # of Water | Effectof | lce Vegetation | Comments
anglers | non- on boat non- temp | weather | conditions | coverage?
anglers | water anglers | anglers | (C) (circle icircle icircle onej
on one) one)j
boat
Positive Safe Mone
Mone Marginal Scarce
Megative | Unsafe Abundant
Mone Excessive
Positive Safe Mone
Mones Iarginal Scarce
Megative | Unsafe Abundant
Mone Excessive
Positive Safe Mone
Mone Marginal Scarce
Megative | Unsafe Abundant
Mone Excessive
Positive Safe Mone
Mone Marginal Scarce
Megative | Unsafe Abundant
Mone Excessive

Figurel-3. Datasheetor conducting pressure counts at reservoirs during a creel shift.

0s
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Salt Valley Angler Interview
Date
Reservoir Section _

Creel Tech -
Random ? YES OR NO

Angler Interview Interview # _

How many anglers in party?
What type of angler? BOAT BANK ICE
ICEONLY #linesout
Ice shack ¥ N

What time did you begin fishing? Time of interview (end fishing )?
Angling effort (time elapsed )

What type of fishing license do you have? (annual, resident, etc.)

What was the primary species that you targeted today? _
Did you catch most of your primary species on bait or artificial lures? BAIT or LURE
If bait, what type? What type of hook?
If lure, what type did you catch most target fishon?
What depth of water did you fish to capture most of your targeted species?

Did you use electronics while fishing today? Y N If so, what type?

How satisfied are you with your fishing experiences at this reservoir? VS 5 N D VD

What is your ZIP code?
Have you been interviewed by a creel technician within....

Last month? YES or NO

Last 6 months? YES or NO
Have you participated in this return-mail survey in the past 6 months? YES or NO

What was the last water body on which you used your boat?
When was this? _
Reservoirs are often closed for many reasons (including rehabilitation projects, blue-green algae blooms,
road closures, etc.). If this reservoir would have been closed today, would you have fished elsewhere
today? YES or NO
If yes, where would you have fished today?
If no, what would have you done today?

Figure1-4. Datasheet (front side) for conducting interviewshe Salt Valley angler survey

project



Harvest Information - Record length (mm) and weight (g) on first five fish, lengths on next five, and then count the remaining fish.

Species | L-1 |W-1 |[L-2 W-2 |L-3 W-3 L-4 W-4 |L-5 W-5 L-6 L-7 L-8 L-9 L-10 Count

Catch and Release Information — Record all reported lengths of caught and released fish.

Species

—
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Figurel-5. Datasheetl{ackside) for caducting interviews and recording catch and harveste Salt Valley angler survey project.
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12, Whers do you obtain your live bait? Selzct all that apply.
Live fish (minnows, eic) Oither live bait (wormns, ete )

(7 Batshop (1) Bait shop
Whers you are fishing (21 Where you are fishing
Ancther |ake/stream () Another lake/strzam
Breed st home +} Collected at home
Other (Specify) (=) Breed at home

(&) Other (Specify)

13. What do you belizve is the greatest threat over the next 5
wears 1o your fishing enjoyment m the Zalt Valley reservoirs?
Please imit answer fo ONE threat

Fersonal Background Information
Your answers are strictly confidential.

14, What is your home ZIPF code?

=, Whatis your gender?  (OMale (2 Femals

18, What year were you bom?

17. What is your race? Zelect ail thaf appiy.
(71 White
(£} Spanish, Hispanic, or Latino
(5} American Indian ) Black or &frican &merican
= Chinese
(7} Japansse 1) Korean
&) Oiher (specify)

) Vietnamese

18, What is your current cccupation® Felect ail that apply.
(1) Sef-empioyed (2} Retired
(51 Employed Full-time (4 Student
=) Employed Parttime 2} Homemaker
() Mot Employed

Figurel-6. Example of returimail survey front) for the Salt Valley angler survey project.

20. What is the highest level you completed in school?
Select one.

Completed grade school

Some high school

Completed high school

Some vocational school

Some college

Completed 2-year college

Completed 4-year college

Some graduate school

Completed graduate school

21. What is your cumrent household income?
Select one:
i Under $20,000
() $20,000 - $30,000
(i $30,001 - $50,000
%) %50,001 - $70,000
& $70,001 - $100,000

eI

(& Ower$250,001

THANK YOU for your fime and participation!

Please RETURN to:
Angler Survey
School of Natural Eesources
Umversity of Nebraska-Limeoln
118 Hardm Hall
Lincoln, NE 68583-0984

If you hawve suggestions or comments concerning the Salt

Valley reservoirs, please share them here or on an
attached sheet.

(£ $100,001 - $150,000
@ §150,001 — $200,000
() $200,001 - $250,000

2010 Angler Survey

o™t

e
Salt Valley Project

Dear Angler,

| am conducting a survey to help the
Mebraska Game and Parks Commission learn
maore about recreational use of reservoirs
within the Salt Valley watershed.

Your participation is voluntary and you may
decline to respond to any or all questions.
Your responses will be held confidential.
This survey should take approximately 10
minutes to complete.

Please direct your questions to Dr. Kewvin
Fope (402-472-T028). Project information
and updates are available at
hitp:fisnr.unl.edu/necocpunit/creel.himl.

| appreciate your participation with this
survey.

Sincerely,

Luke

ik

I mmmsans cocemare
L s ‘l\

A,

€§



Instructions: Fill in blanks or shade in circles for each gquestion.
1.

How long have you had a fishing license?

YEARS
2. How would you rate your fishing skils? Selecf one on a scale from
amateur (1) to very skilled [(3).
Amateur Average Very skilled

¢ o @ @ ®

How many days did you fish within the last 12 months?
In Mebraska DAYS
Outside Mebraska DAYS

Which type of water do you fish more often?

Sefest one: (1) Public {MGPC & MRD resenvoirs, etc.)

(& Private (farm ponds, etc.)

Flease answer both quesfions for each resenoir in fhe Salf Valley

watershed.
How many days.
did you fish this
reservoir in the
last 12 months?

How likely are you

Naoif fikely
Bowling

Wild Plum
Kildeer

Timber Point
Cothontad
Merganser

Red Cedar
Meadowlark
Holmes
Wildwood
Ofve Creek
fankee Hill
Conestoga
EastWest Twin
Wagon Tran
Bluestem
Pawmee
Branched Oak

iai=lslcleloiaicel=taycie felaicfeye o]
BEEEEEEEEEREEREEEEEE
ceoeeereeEeEEEREEEE®

to

fish this reservoir in
the next 12 months?

ECECEEHEEECEOEDEEEE®

@@@@@@@@@@@@@@@@@@@g

. Where was your last fishing frip outside the Salt Valley

watershed?
State Fishing location

. How satisfied are you with your fishing experiences at

Cottontad Reservoir? Select one on a scale from very
dissatisfied (1] fo wery satisfied (3).

Very dissafisied Very satisfied
o o® @ @ @®

. How important are each of the following factors to you

when selecting a reservoir to fish in the Salt Valley
watershed? Zelect one on a scale from nof important

(1) to very imporiant ().

Mot imporfant  Very imporiant

O @ @ @ @ Type of fish present

Water quality

Camping facities

Boating access

Length limits in effect

Bag limits in effect

Catch fish to eat

Catch a trophy fish

Sofitude (not many people)
Previous catch of fish

Previous experience

Fishing reports — internet, tv, radio
Fishing reports — word of mouth
Marina faciliies

Beauty of area

Other (Specify)

QoRoeeReeeRoEee
EePEEEEEECEERER
BEEeEEREEEEeEeEEE
[ofoyc oo oy ool cRojcRci o olo]
QOPEEePRECERRRE

. ¥What type of fish identification guide do you carry with

you while fishing? Select all that apply-

(I} Commeon Fishes of Nebraska

(£} Mebraska Fishing Guide

(@) Mational Audubon Society Field Guide to Fishes

@) Other {Specify)
(&} | NEVER carry a fish identfication guide

10. How confident are you i your ability to comecily identify the

following fish? Select one on & seale from not confident (1)
to extremely confident (5.

3
& S
3 B F o=
= Lo = Ly
6] © B Walleye
& @ {5 Sauger
3] 3 E White crappie
(2} Black crappie

Iy

& &

Iy

5} Channel catfish

@ (@ Flathead catfish
B (3 {& Blue caffish
@ [ {Z White bass
(&3] (43 (=) Hybrid striped bass [wper)
iz (3 (@ White perch
&) &) {5 Bluegil

b D =
= E S = B @ S S & & Somewhal
&

V@

(®) Redear sunfish
{5} Green sunfish

o] - el - le)=tel - el = lel - le)

Iy
Iy

. How often did you use each type of bat within the last 12

Figurel-7. Exanple ofreturnmail survey (backfor the Salt Valley angler survey project.

maonths?
None Some Half Most Always
Arfificial lures O ® @ © &
Minnows o ® @ @ @
£ | Goldfish LCT O S € N ) B
" | Bl o 0 @ @ @
5| White Perch o B @ o @
Other fish o ® @ @ @
Dead fish/cutoait O G
Cricketsigrasshoppers. (00 @& @ @& @
Crayfishicrawdads o 3N ) B 3 B (Y
Mighterawiers o 606 @ 0 ®
Leeches LCT O S € N ) B
Salamandersifrogs @ 0 @ © @
Waxworms o 3N ) B 3 B (Y
Other | Specify) o e @& @ @

Survey CONTINUES on back.

125
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Chapter 2: Using angler posted information to an online social network to
assess fishing effort

Introduction

Policiesemphasizing ecosystem managen{@ftristensen et al. 1996;

MSFCMRA 2006)and sociakcological system®erkes and Folke 1998pvecreated
theneed for new tools to assess systgitie change. Fisheries management, for

example, has evolved fromdividual waterbodyto watershegcalemanagement

(Carpenter and Brock 200Martin and Pope 20)kreating a nee(Pollock et al. 1994)

to simultaneously gather informatianthin and across interacting wateodies

Traditional creel surveys are difficult to implement on multiple individuatierbodies

within a region because they are expensive and logistically difficult to conduct (Lester et
al. 2003). Furthermore, amomgater bodyariationin amenities, fish communities, and
other recreational opportunities prevents the expansion of results from a subset of single
waterbodies to all watebodies in a region.

There is a need to develop a method to assess fishing effort across muligple wat
bodies that is both cosfffective and easy to implement. Possible methods to collect
effort-only data on a regional, or larger, scale include mail and telephone surveys (Brown
1991; Weithman 1991), aerial surveys (Volstad et al. 2006), antbhtes ©@unt surveys
(Jones and Robson 1991). Although no information on catch or harvest would be
collected in these surveys, effort is correlated to the harvest oMishdletz and
Stanovick 200k Mail and telephone surveys allow data to be gatheredesftigiacross
multiple waterbodies, but these surveys are subject to recall bias (Osborn and Matlock

2010) and operate on a tirseale that is too course to pick up skertn changes in
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regional fishing pressure. Alternatively, the growing use of tlegnet by anglers has
created a possible method of tracking fishing effort with minimal cost and time.

Angler-related online social networks (OSN; e.g., Nebraska Fish and Game
Associationwww.nefga.org create a community feel among anglers within somggi
and often lead to the development of friendships and fishing partners outside of the online
world (Ridings and Gefen 2004; Tang 2010). The use of these fishing forums has grown
during the past decade and patterns of internet search volume forterimssas A f i s hi n
forumso and Afishingd mimic seasonal trend
al. 2012). Anglers use these OSN as a way of relaying fishing conditions, often
discussing where to go fishing and relaying stories of past catchets dd OSN can be
read by anyone with internet access, often leading to a more complete sharing of
information across the angling population than previously achieved through traditional
word-of-mouth exchange.

Angler poss aboutwaterbodiesto OSNprovide a unique medium to test
hypotheses on themporal and spatiaistribution of fishing pressure. These reviews
provide an account of wuser 06sWiiretm38attd f or r e
Valley regional fishery in southeastern Naska, ve examined the relatioimsp between
the number of pds to a fishing forunmentionng areservoir and the observed fishing
effort at that reservoir. We hypothesized that this fopuovides a relative index of
monthly efforton individualreservoirs as well as a relative index of efmtoss multiple

reservoirs
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Methods

Study sité The Salt Valley watershed in southeastern Nebraska, USA includes 19 flood
control reservoirs that range in size from 5 to 730 hectares. The recreationah catch
these reservoirs is dominated by largemouth Massopterus salmoideshannel catfish
Ictalurus punctatusbluegill Lepomis macrochirydlackcrappiePomoxis
nigromaculatusand white crappi®omoxisannularis but walleyeSander vitreusnd
rainbowtrout Oncorhynchus mykisge caught seasonallAnnualangling pressure on
these reservoirs during 2010 ranged from 61 to 3,931 hours per hectare. Two of the 19
reservoirs are located within the city limits of Lincoln, Nebraska, a city of 250,000
people Travel time between these 19 reservoirs has a maximum travel time of

approximately 60 minutes between any two reservoirs.

Online Social Network Da&aData on posts to the online social network were gathered

from theNebraska Fish and Game AssociatibifFGA) Forum (vww.nefga.ory. The
NEFGA forum had 4,964 members and 264,214 fishailgted posts as of January 28,

2013. We searched all posts from May to September during 20Da6atb the

NEFGA fishing forum ér all references to eadt the 19 reservoirsn April 1, 2011.

All references to each reservoir were summed by month to provide a monthly estimate of

online activity for that reservoir.

Angler Effort Dat® Data on angler effort were collected using amute roving count

at all 19 reservoirduring 2009 and 2010. u8rey days and timeserechosen following


http://www.nefga.org/
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a stratified multistage probabiliisampling regime (Malvestuto 199@pays were

stratified by daytype with two strataweekday and weekend dail weelend days plus
federal holidays). Each day whstherstratifiedinto three eighthour shifts (00:00

08:00 [early], 08:0€L6:00 [mid], and 16:0@4:00 [late]) per dayTwo samples from

each of the @laytype-period strata were randondglected each month (i.e., two
weekdayearly, two weekend early, etc.) for a total of 12 samples per méntandom

start direction, stareservoir and start timéwithin the first two hours of period) was
selected for each sample periodreel clerksvere instructed to complete the loop

around all 19 reservoirs as quickly as possible to ensure comparable numbers of anglers

across reservoirs.

Monthly estimates of effort and associated variance were calculated using
eqguations provided by Malvestuto &€t@978). The basic process of the extrapolations is
as follows. First, fishing pressure for each survey day was calculated by multiplying the
angler count by the number of hours in the survey period (i.e., 8 hours) adjusted by the
probability of the dai} period (i.e., 0.33). The mean daily pressure for each stratum
(weekday and weekend/holiday) was then calculated for the month and these two mean
values are weighted by the proportion of the day types per month and summed. This
daily pressure estimate wéen multiplied by the number of days per month to calculate

monthly pressure.

Data Analysi® All reservoirs with less than a maximum of four posts to the online

forum in a month were removed from further analyses, resulting in 13 reservoirs for



59

analy®s. Reservoirs with fewer than 4 maximum monthly posts had little variation in
posts and could not meaningfully correlate with efféfbn-parametric correlation (i.e.,
Spear manos r aas ksedctaanalyeeltbsgodiaborbgétween monthly angler
posts to the NEFGA forum and monthly angler effort on both individual reservoir and
regional scales in R v2.15.2 (R Development Core Team 20ih2)jvidual reservoir
correlationsvere used to determine reservgpecificassociatbns between posts and
effort. We assmed a significance level of 0.06r this assessmenNon-parametric
correlationwasalso used to determine regiossalaleassociationdy examining the

correlationbetween monthly posts and effort across all resesvoi

Results

The total number of posts to tNEFGA forumfor the 19 reservoirs in the Salt
Valley regional fisheryvas 1,23%€etween May and September during 2009 and 2010.
The meant SE number of posts per month about an individual reservoir rdragad.2
+ 0.1 t023.0+£ 3.4 posts (Tabl@-1). The two reservoirs with the greatest number of
posts were Holmes Lake, the largest urban reservoir, and Branched Oak Reservoir, the
largest reservoir in the region. Smaller reservoirs (surface area rdfigleat excluding
urban reservoirs, in the region had few posts except following events such as a large fish

being caught and reported.

The total angler effort observed at the 19 reservoirs in the Salt Valley regional
fishery was310,221hours between May drSeptember during 2009 and 2010. The
meant SE angler effort observed per month ranged 258 + 87 to 1207 + 2684

hours(Table 21). The reservoir with the greatest angler effort was Holmes Lake, the
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largest urban reservoir. Small reservoirs (kdQwith the exception of Bowling Lake)

had little angling effort.

Six reservoirs were removed from the analysis because they had less than a
maximum of four posts per month and could not meaningfully be correlated to observed
fishing effort. Reservoirspecific correlations between posts to the NEFGA forum and
monthly fishing effort(log number of hoursyere significany positivein 5 of the13
remainingreservoirs Table 22). The other7 reservoirs exhibited nsignificant
relationship between angling effort and the number of posts to the NEFGA forum.
Temporal trends in both number of posts and angler effort follow similar seasonal
patternswith the peak number of posts coming one month prior to peak fishing effort
(Figure 2-1). The associatiorbetween posts arfashing effort (log number of hoursyas

significantly positiveon a regionakcaleas well (r = 0.82P<0.001; Figure2-2).

Discussion

The NEFGA forum is used by anglers within the Salt Valley regidiedfraska
to gather and exchange information on fishing resources within the region. The close
proximity of these 19 reservoirs to a population center created a unique regional fishery.
Angler participation in the NEFGA forum provided an opportunity @ tiss online
social network to predict angling effort on regional and individual reservoir scales.
Angl ersd posts about individual reservoirs
fish, reporting of fishing conditions, and reporting of extreme eatckither of large fish

multiple fish or no fish This sharing of information in an online format leadtaster
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and more complete sharing across the angling commilnaitywas previously available

given only wordof-mouth transfer of information (Hgston and Wellman 2003).

On the individuakeservoir scalethe monthly number of posts to the NEFGA
forumwas positively related tthe observedngler effortat five out of 13 of the
reservoirs. On these reservoirs, angler posts torthee fishing forun could be used to
examine trends in angler efforthe remaining reservoirs, witio significant
relationship betweemgler effort and posts, were included in bptstsseeking specific
information about that individual reservaind posts witlyeneral questions asked about
multiple reservois. These large, broad scale questions that encompassed multiple
reservoirs likely alterethe effect of posts on angling effort on any one reservoir.
Further, tools to efficiently classify a thread of [@oa$ either positive or negative about a
reservoir would be helpful in determining the relationship to presgue individual
water body(e.g., Ye et al. 2009)Although not addressed in this study, further research
into the effects of repeated postassindividual people who post repeatedly about the
same topic, should be analysed to determine if they play a role in determining the

observed relationships.

Perhaps of more importance to managers, the number of posts to the NEFGA
forum was related to éhamount of angler effort on a regional scale. This provides a
relative index of angler effort across the region with reservoirs receiving the most angler
effort also receiving the greatest number of posts. This method provided a quick and
easy way to idex effort across theeservoirs in this region lgearching the online social
network and calculating a monthly number of posts per reserviiis.allows managers

to look across an entire regional fishery and determine whereraragk spending their
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effort. Furthermore, the trends observed across the region in posts closely mimicked
seasonal trends observed in actual effdfiis seasonal trend lends credibility to the use

of this online tool for following fishing effort temporally.

This methodshowsa simple way to analyze saéiecological systems on multiple
scales with minimal effordind expenseParticipation data are often the most difficult
and timeconsuming type of data to collect on a see@blogical system and are often
subject tomterviewer bias.Relying on anglereported data allows managers to gain
some knowledge on angler behavior, and use of the water bodies they naadage,
potential exists to monitor participation on larger spatial and temporal scales than
currentlyfeasibk givenhistoric approaches and budgetary constraiMenitoring
participation at larger spatial and temporal scales, regional rather than individual
reservoir, is important for understanding how reservoirs interact with each other and how
anglers percge the whole set of reservoirs as a regional fish&dditionally, other
information of interest for managers could be gleaned from these forums as well.
Information on what species anglers are targeting, violations observed by anglers, and
an gl e erd percepons of reservoirs amenities, fish communities, and access are
available within these forum post$his information would likely require sampling at a
larger spatial scale, perhaps regional, to gain a large enough sample size to be useful.
The greatest potential influence on management comes from the ability to monitor, in
near reakime, changes in fisheries that are not usually visible until a creel or

standardized fish sampling is conducted.
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Table 21. Surface area (ha), mean monthly effort (angler hours + SE) and mean
number of posts to the Nelwka Fish and Game Association Fishing Forum discussing
each reservoir per month for th@ reservoirs in the Salt Valley regional fishery of

Nebraskaduring April-September 2009 and 2010.

Reservoir Surface Area Mean = SEEffort Mean + SEPosts
Bowling 4.9 21333 + 375.3 2.8 + 05
Meadowlark 22.3 7153 + 176.3 1.2 + 03
Holmes 40.5 14207.0 + 2684.6 230 + 34
Wildwood 41.7 43358 + 6195 6.2 + 1.2
Olive Creek 70.8 3095.3 + 4721 4.0 + 04
Stagecoach 78.9 5212.7 + 1050.6 9.3 + 15
Yankee Hill 84.2 30054 + 4929 4.2 + 0.7
Conestoga 93.1 45579 + 6634 3.6 + 05
East Twin 109.3 30829 + 690.2 1.8 + 05
Wagon Train 127.5 8196.4 + 1204.9 133 =+ 1.9
Bluestem 131.9 12214 + 246.2 1.8 + 04
Pawnee 299.5 7340.6 + 1021.0 118 =+ 1.7

Branched Oak 728.4 7992.1

I+

1540.7 16.4

I+

1.1
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Table2-2. Results of individual lake correlations betwessnthly estimateeffort

from busroute pressure couahd post®n the online social forum at reservoirs of the

Salt Valley regional fishery during Apt$eptember 2009 and 2010.

Reservoir R P

Bluestem 0.48 0.11
Bowling -0.05 0.88
Branched Oak 0.47 0.13
Conestoga 0.03 0.93
East Twin 0.08 0.79
Holmes 0.61 0.03
Meadowlark 0.59 0.04
Olive Creek 0.74 <0.01
Pawnee 0.48 0.11
Stagecoach 0.65 0.02
Wagon Train 0.44 0.15
Wildwood 0.76  <0.01
Yankee Hill 0.38 0.22
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Figure 21. Temporal trends itotal number of posts to the online social network and
total angler effort (in thousands of hours) in the Salt Valley region of Nebraska April

September 2009 and 2010.
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Chapter 3.Area of Influenceof Reservois within the Salt Valley Regional
fishery of Nebraska

Introduction

Site-selection research is conamin recreational fisheriedgkus et al. 1997
Schramm et al. 2003utton and Ditton 200%Carlin et al. 2012Aas and Onstad 2013
De Freitas et al. 2013). Howeyangler groups vary icharacteristics and their site
selection behavior. For example, urban and rural anglers differ in general demographic
variables as well as travel distances to participate in angling (Arlinghaus and Mehner
2004). Anglemotivations, like harvest orientatioalso create differences amgler

behavior (Beardmore et al. 2011) that likely affect site selection.

One major component of site selection research has been travel distance, and
many of the traditional means of analyzing site selection were based on a travel cost
function using gavity models €.g, Freund and Wilson 1973)ravel distance is defined
as the distance required for a participant to travel from their home to participate in the
activity and is often used as a surrogate for travel cost, or a cost to participate in the
activity at that given location. There are three components that need to be addressed
when examining how travel distance affects site selection: the availability of fishing
opportunities, potential angling population, and preferences of anglers (Col¢aadd

1994).

Defining spatial demad for fishing is difficult,especially in situations where
availability of sites for fishing varies temporally. There are two parts to defining the
spatial demand for fishing within a given spatial area. First, arglersnly willing to

travel so far ora singleday trip for fishing. Willingnesso-travel varies among anglers
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based on many factors, many of which affect thosessitection decisions discussed
above. Furthermore, anglers traveling long distancescaton for fishing are often
willing to travel more than anglers on day trips because thepesstour of fishing (or
costperpotentiatfish) per mile traveled becomes less as you stay for more days on a
vacation. This could be a potential temporal éounding factor in systems where anglers
are traveling long distances to fisBecond, spatial demand is determined both by
anglers currently using the lake and those @natnot using the lake botay use the lake

in the future. Potential angler poptiten needs to be derived using population data for

the study area as well.

Angler surveys have generally collected codesel spatial data on angler point
of origination oftencollecting just angler hom&ate,or home county and state. This
coarselevel spatial datéas limited spatial analysid angler participation Collecting
data on angler point of origination to thene Improvement PlarZ[P) code allows for
finer-scale spatial data to be collected and analyzed, leading to new and excitltsg resu
from our angler surveys. Furthermore, the addition of population data from the U.S.
Census allows us to make further assessments of fishing opportunities in relation to
potential angler density. Understanding the spatial demand for angling, as thell a
current spatial area of influentar fishing at different lakes, is especially important
given the recent push toward angler recruitment and retention across the UnitedfStates

America

One technique that may be used to yralnglespatial data isérnel density
estimation (Worton 198%eaman and Powell 1996). This technique has been used in

the wildlife literature for many years, but has not been adopted widely in fisheries (see
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Vokoun 2003or example of univariate kernel densitome range analysis). However,
kernel density estimation is not just restricted to home range analysis. Kernel density
estimation has been used to determine the best placement of new hospitals to distribute
customer usage (Donthu and Rust 1989), thstion of traffic accidentsX{je and Yan
2008, and distribution of crime hot spots (Wang et al. 2013).

My objecive is to define the area of influenf reservoirs of the Salt Valley
regional fishery in southea&sth Nebraska, USA, using kerrignsiy estimation. | will
use angler survey data conducted frompeénson interviewsonducted at these resgeirs.
The spatial area of influender a reservoir and potential overlap with other reservoirs
(i.e., competing for anglers) is importantioderstand for fishery managers in terms of
recruitment of anglers. Areas of the region that are not sending anglers to any reservoirs
may be of interest for heightened recruitment efforts; whereas areas of the region that are

sending anglers to every exgoir may be seen as areas to lessen recruitment efforts.

Methods

Study ared The Salt Valleyregional fisherys located in the southeastern portion of
NebraskgFigure 31) in the Salt Creek watersheBortions of this watershed are highly
developed(i.e., Lincoln and Omaha, Nebragkand other portions remain ruralhere

are 19 reservoirs in the Salt Valley regional fishery ranging in size from 5 to 730
hectares. The recreational catch in these reservoirs is dominated by largemouth bass
Micropterus salmoideschannel catfislctalurus punctatusbluegill Lepomis

macrochirus and black and white crappromoxis spp.but walleyeSander vitreusind
rainbow troutOncorhynchus mykisse caught seasonallyAnnualangling pressure on

these reservoirs during 2010 ranged from 61 to 3,931 hours per hectare.
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Angler interviews In-person angler interviews were conducted at 17 of the 19 reservoirs
in the Salt Valley.Angler interviews were conducted during monthéyipds from April

2009 to December 2012. Sampling was conducted year round, except for times when ice
was unsafe, primarily late NovembBecember and late February of each year. Seven
reservoirs wereandomlyselected to be included in the full creehsay each yearTable

1-2).

Creel survey day@\N=12 per monthand timesverechosen following a stratified
multi-stage probabilitsampling regime (Malvestuto 199&@ample days each month
weresplit evenly into six categories (weekdagrly[00:00-08:00] weekdaymid[08:00
16:00} weekdaylateg16:00-24:00} weekenekarly, weekendnid, and weekendthte).
Weekday sample daygereselected from all noholiday MondayFriday days within
each month and weekend sample dageeselected from all Saturde§undy days plus
all federal holidays within each month. Creel technicians intezdgpiglers athe
completion of their trips access pointand condu@dinterviews to gather information
on fishing effort, catch and harvest. Interviews comtguestion©n method of angling
(boat, bank or ice), type of fishing license, angling behavior, quality of fishing
experiencehome location (i.e., Zone Improvement Plan [ZIR])d patterns cdngling

participation(e.g., substitute fishing site).

Analysisi All analyses were conducted usiRgr15.2 (R Core Team 2012Rriving

distances were calculated for all angler parties usintafRiéx.gegpackage (Friedman
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2012) using Bing Maps (Microsoft 2013eographical coordinates of reservoirs were
converteda the nearest street address and driving distances were calculated from this
address to the center point of the anglero
southeastern Nebraska, defined by a bounding box with coordir@ies, 40.1:97.6,

41.5;-95.8, 40.1; and95.8, 41.5 WGS1984 Projection), were considered outliers and

removed for this analysi®arties that originated outside of this bounding box were

removed because they were considered to be most likely visiting this lake as a vacation or
destination lake instead of making a daily tripifferences in travel distance between

anglers fishing on weekday and weekend days were compared using an ANOVA with

day type and lake.

Spatial error associated with angler home ZIP code was redudekiify a
bootstrapping approach arehdomly assigning anglers to a smaller spatial scale (i.e.,
census blocks) within the ZIP code. Census blocks are related to population size, with
the number of census blocks in a ZIP code increasing as population isciease
accomplish this, each angler was taken and a random census block from the list of
avail able census blocks within the angl er 6
the census block was then chosen to represent their home location insteazkofrthid
of the entire ZIP codeThis randomizationvas repeated 1,000 times to reduce any error
associated with random assignment and the means of the resulting kernel density

estimates (see below) were taken for each cell.

Kernel utilization distributias (Worton 1989) were calculated using the
kernelUD function in th@dehabitatHR package (Calenge 2006).inARbivariatenormal

kernelwas used which places a bivariate normal kernel over each observed point and
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uses the smoothing parameter, h, to controls the width of the bivariate normal kernel. 1
set h at thead hocl e v e | , aftefi thals effdifferent h levels including LCSV and
other subjectively chosen values (Silverman 19886)ere are other choicésr kernel
functions, however, choice of kernel function does not greatly affect estimates of the
utilization distribution (Silverman 1986)Theextent, or spatial range to estimate the
utilization distribution was set at%).which indicates that | estaed kernel density
values0.5 x the range of coordinatgsast the observed range (for example, on the y
coordinates, an extent o0would be estimating the kernel density from a minimum Y
coordinate of ¥n 7 0.5 x Ry to a maximum Y coordinate ofp¥x+ 05 x Ry where R/ is
the observed range of Y coordinate valuedjhegrid, or setcells to estimate utilization
distribution,for kernel estimation was set as a raster of 4 ¢etis encompassing the
survey areaKernel distributions were calculatéar each of the D00 iterations and the
mean valuef each cell of the grid acroise 1000 census blockterations was used as

an estimate of utilization across the region for each lake.

Area of influence (hectares) waalculated for the 10, 50, and 95% utilization
distributiors for each reservaiVariation of kernel density estimates were calculated
using a bootstrap approach (Kernohan et al. 2001). Angler ZIP code locations were
bootstrapped from the original datbga each reservoir with 50% of each reservoirs
samples being drawn on each iteration with replacement. The kernel density procedure
was followed as described above to get 10%, 50%, and 95% utilization distributions, and
the mean and variance across 0,@6rations was taken. Reservoirs with less than 25

anglers, Killdeer and Red Cedar, were excluded from variance calculation.
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Results

A total of 3,739parties were interviewed across thgear survey period.
Driving distance from home ZIP code &servoir ranged from 2.7 to 164.9 km with a
mean = SE of 35.1 + 0.4 km. Driving distance varied among reservoirs with the urban
reservoir, Holmes Lake, having the smallest driving distance (12.9 £ 0.6 km; Fgure 3
Most other reservoirs median tradestance is approximately the distance between the
population center, Lincoln, and the reservdiravel distance varied between anglers
fishing on weekday33.5+ 0.57)or weekend days36.5 + 0.54F; 370518.308,P<0.001)
and varied among reservo(iS;s 370570.95,P<0.001; Figure &). However, the
interaction between day type and reservoir was not significagsA51.07,P=0.37).
Differences in travel distance by day type did differ significantly for Red Cedar Lake

(Figure 32).

Kernel desity estimatescross all reservoirgnged fron0.07 6.33 x 10°
anglersm with ameanof 1.35 x 10" anglers*n. However, kernel density estimates
from the 1,000 iterations varied littheith a mean + SE coefficient of variatiasross
iterationsof 1.90 + 0.01 anglers*n?. Further analysis was completed on deeationof

the kernel density for simplicity.

Areas ofinfluenceranged from 210 + 22to 52,500 + NA ha for 10% utilization
distribution,11,277 + 7Go 340,800+ NA ha for 50% utilizatiordistributionand79,494
+ 81210 1,276,800 + NAha for 95% utilization distributionT@ble 31; Figure 33).
Standard errors could not be calculated for reservoirs with sample size of less than 25
anglers. Sixteenof the seventeereservoirs area of influence included Lincoln, Nebraska

whereas only twelve of the seventeen reservoirs included Omaha, Nebraska, an area of
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much greagr population just to the northegBtgure 33). In general, the 10% utilization
distribution was cented on Lincoln, Nebraska. Tlsenallestreservoirarea of influence

was for Holmes Lake, the urban reservoir in the regional fishery, whereas the largest area
of influencewas for Red Cedar Reservoivrea ofinfluencewas unrelated teurface

area( Spear manos c¢ oRP=082)a@ humioenof parBes mterviehvéd,a

reservorS§pear manods c orP=605b6aigured3rd), S = 938,

Discussion

The spatialiseof a regional fishery is an important first step in understanding
what anglesddesire from the fishery resources within an area. Revealed preferences of
anglers, through actual use of reservoirs, isféactivemeans of examining and
comparing the current angler base of reservoirs across a regional fishery. | used two
analyses, distributions of travel distance and kedeakity estimates of area of influence
to determine the areas of influence for each resewithin the Salt Valley regional
fishery to gain insights on differences among reservoirs and the angling population.
These differences among reservoirs are important for managers to understand in terms of
where anglers are coming from to fish reserwand the importance of maintaining a

diversity of different types of reservoirs in a regional fishery.

Anglers travel a certain distance to a reservoir to fish on a given day and this
distance likely plays a major part in making daily decisions on wbege fishing.
Anglers in the Salt Valley do vary in travel distaaeeong differenteservoirs with the

urban reservoir, Holmes Lake, not surprisingly having the smallest travel distance.
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Outside of the urban reservoir, most reservoirs had a mediah diatance of between
25 and 40 km, the distance between those reservoirs and Lincoln, Neliaskever,
travel distance alone does not allow us to determine if these reservoirs are drawing
anglers from primarily Lincoln, or the entire area within theius of that 2510 km

travel distance.

Thearea ofinfluence defined by the 95% kernel densitgr reservoirs within the
Salt Valley regional hery variedndicating thatanglers use reservoirs differentially
across the regional fisheryn generalreservoirs further away from the urban center had
larger areas dhfluence whereas reservoirs, such as Holmes Lake, inside Lincoln, had
small areas ohfluence Furthermore, area aifluencedid not increase as the number
of observations (i.e., angkemterviewed) increased as has been suggested (Seaman et al.
1999. There appears to be a distinction between reservoirs that draw from Omaha,
Nebraska, and those that do not. Omaha is the largest city in Nebraska and is located on
the eastern edge ofyndefined boundary. Only 12 of the 17 reservoirs included Omaha
in their 95% area dhfluence most of which are on the northern portion of the region,
closer to Omaha, or are larger, more vkelbwn reservoirsThis suggests that anglers
are willing totravel farther to fish reservoirs that are more walbwn and are perhaps
discussed more frequently through either wofgnouth communication or online social

media (Chapter 2).

Defining the spatial use of fishing in the Salt Valley regional fishkoyva
fishery managers taisualizespecific areas of the regional fisheéhat anglers are
coming from for each reservoitJsing the areaf-influence as a preand post

assessment of angling participation, would allow managers to examine not only a
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numeical increase in angling participation following renovations, stockings, or changes
in regulations, but allows for determination of changes in the spatial draw of anglers to
the lake. Furthermore, this spatial analysis techradjoevs for determinatioof areas

within the regonal fishery that may be underudeaim a fishery perspective, with no
anglers coming fromhbsearea with low kernel densitiesAlthough not within the

scope of this project, future research should focuswrparticipationarea and

determine whethaalack of angler®riginating from a particular ares.a function of no
available fishing opportunities within tineespective travel distancew quality fishing

opportunitiespr is driven by poplation and demographic factarépotential anglers.
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Table 31. Areaof-influence size for reservoirs of the Salt Valley regional fishery
from kernel density estimates of 10%, 50% and 95% utilization distribuaiash$\ is
sample size odinglers included in areaf-influence estimatesStandard errors
calculated by bootstrapping approach describedkin t¢ indicates no standard error

calculated because of small sample size (n < 25).

Reservoir N 10%+ SE 50%+ SE 95%+ SE
WP 30 19,613 (286) 148,501 (1,935) 665,958 (8,573)
KD 16 3,200 () 22,400 () 110,400 ()

CT 59 2,690 (33) 24,248 (240) 127,701 (1,147)
TP 55 40,803 (387) 310,776 (2,374) 1,243,966 (6,601)
RC 7 52,500 () 340,800 () 1,276,800 ()
MG 37 9,350 (187) 75,590 (1,407) 421,075 (7,569)
ML 29 12,325 (254) 100,157 (2,003) 537,707 (9,170)
HO 494 1,210 (22) 11277  (70) 79,494  (812)
WW 482 6,163  (33) 54,946  (266) 624,317 (2,712)
OC 195 7,456  (50) 69,408  (448) 430,157 (2,171)
ST 254 4,008 (31) 35014 (224) 314,270 (2,482)
co 93 4,475  (65) 36,274  (465) 321,531 (5,318)
YH 196 3,741 (37) 30,701  (251) 273,626 (3,166)
BS 31 14,952 (256) 113,589 (1,887) 617,726 (10,015)
WT 254 4,366  (24) 38878 (157) 531,339 (2,699)
PA 201 6,771 (58) 55,661 (469) 681,781 (5,669)
BO 814 6501 (24) 57,563 (209) 771,019 (2,447)
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Figure 31. Map of Salt Valley regional fishery with population density based on ZIP

code for the Salt Valley regiorPopulation density of ZIP code based otadeom 2010

United States Censufeservoir tweletter codes represent: BO = Branched Oak Lake,

BS = Bluestem Lake, CO= Conestoga Lake, CT = Cottontail Lake, KD = Killdeer Lake,

HO = Holmes Lake, MG = Merganser Lake, ML = Meadowlark Lake, OC = Olive Creek

Lake, PA = Pawnee Lake, RC =dR€edar Lake, ST = Stagecoach Lake, TP = Timber

Point Lake, WT = Wagon Train Lake, WP = Wild Plum Lake, WW = Wildwood Lake,

and YH = Yankee Hill Lake.
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Figure 32. Box plot of diving distance traveled for anglers fishing reservoirs on
weekendgdark gray)and weekday§light gray)from home ZIP code of angler to
geographical coordinates of resenvaithe Salt Valley regional fisheryHorizontal
black lines represemedian, bors represemainge from 2% to 75" percentile, whiskers
extend fom the box to highest or lowest value within 1.5 x IQR (interquartile range)

points represent outliers.
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of influenceof reservoirs based on kernel utilization distribution estimates.
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Chapter 4:Network analysis of a regional fishery: implications for
recruitment and retgion of anglers

Introduction

Models to describe angler choice of fishing location and movement among water
bodies have developed from simgdeavity models (e.g., Freund and Wilson 1973) to
complex multinomiatlogit choice or generalized nestkit models (e.g., Hunt 2005;

Hunt et al. 2004). These more complex models used random utility theory (Train 2009),
to describe the process in which anglers chose fishing sites to maximize their greatest
utility (Cascetta 2009)or benefit Siteselection mods were further refiad with the use

of recreationabkpecialization theory to evaluate angler types andeagailer groups for

use in siteselection models (e.g., Connelly et al. 2084lz and Loomis 2005).

One limitation of previous modeling techniqugs$n the ability to determine the
underlying structure of the sociatological system (Berkes et al. 2000). There are likely
multiple angler groupsuch as groups defined by angler skill (e.g., recreational
specializationBryan 1977), and multiple wer-body groupssuch as groupdefined by
fish communites. Both angler groups and waterdy groupdikely interact with each
othercreating a complex soctalcological system. Without a thorough understanding of
the structure of the complesecialecologicalsystem, it is difficult to draw conclusions
on potential changes to the system and its resiliefbese changes are of particular

importance when looking at how to recruit or retain anglers on a regional scale.

A possible modeling tecligue that combines éhdesirable attributes of the
previously describethodeling techniques and allows for a unigmelerstanding of the

underlyingstructure of a sociacological system is network analysis. Network analysis,
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derived from graph theoryak been uset describdriendships derived from mobie
phone records (Eagle et al. 2009), disdesesmission patterns (Christley et al. 2005),
brain synapses (Rubinov and Sporns 2010), ecologicaiviebs (Krause et al. 2003),
andplantpollinator conmunities (B>sch et al. 2009)Network analysis allows for the
explicit linking of nodes (i.e., objects of interest) by weighted edges (i.e., strength of
association) to gain an understanding of the importance of different linkages among
nodes within theacialecological systemResilience of sociaécological systems has
been proposed as one particular metrat thay be particularly suited fetudy with

network analysis (Janssen et al. 2006).

Changes in the regmal fishery(Martin and Pope 2011pravailable watdsodes
for anglers to choose, result in changes in network structure and theeswdaajical
system.The resilience of a regional fishery is dependent on the set of-b@dgroptions
that anglers can choose from. A resilient regiorsdidry would be one that has a set of
diverse waterbody options to choose from but maintains redundancy within those options,

in case of failure of fish populations.

The humarandwatebodyinteractionis of particular interest as a social
ecological netwrk for fisheries managememispecially control oinvasive species
(Johnson et al. 2008nd prevention obverharves{Carpenter and Brock 2004T.he
direct linkages between waterbodies and anglers provides management a tool for
understanding potential pathways for invasive species spread, through angler boat
movement, and secondary effects of overharvest of fish communities. For example, if
one waerbody is overharvested or endures a fish kill, managers may be able to

proactively manage for increased harvest at nearby waterbodies or substitute sites and
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reduce either bag limits before overharvest becomes a contdrasic understanding of
networkstructure of a regional fishery will further our knowledge of angler dynamics and
lead to better fisheries managemelty objectivesare to (a) explore howater bodies
interactwith one anothethrough angler usg.e., define groups within the regional
fishery),(b) explore how anglers group themselves across the region in terms of patterns
of angling participationand €) determinehow resilientaregional fishery is to

disturbance through removals of reservoirs

Methods

Data Collectio® Interviews were conducted-person(Figures 1-4 and 15) at 19
reservoirs in the Salt Valley regiof southeastern Nebraskaring 20092012 (Figure
1-1). Seven reservoirs were sampled per y€able 12), two from each of a pre
defined classificatioscheme based on reservoir size and fish community (Table
One participant from the angling party, the representative of the party, answered all in
person survey question3.o collect inrdepth information on angler use patterns within
the Salt Valleyall individual anglers not only the representative who completed the in
person surveysurveyed during 2012012 wereasked to participate in a retunmail
survey(Figures 1-6 and 17). Return postagepaid envelopewereprovided to anglers to
increa® survey return ratea(mstrong and Lusk 1987)Questions included on the
returnmail survey addressadkitation to the 19 reservoirs in the Salt Valleyhe past
12 monthgQuestions on survey)self-reportedskill (Question?), demographics
(Questionsl4-21), recreational specializatiq@uestiors 1-3), and motivations for

selectinga reservoir (Question 8)
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Network Analysid Network analysis wasompletedusingthe igraph package in R
(Csardi and Nepusz 2006; R Core Team 2012). All pistsl a forcalirected layout
(Fruchterman and Reingold 199inlessotherwisenoted as a spatial layouEorce
directed layouts assignrces among the set of edges and nodes and place nodes to
minimize energy, resulting in a graph with edges of uniform length and nodes with

weaker connections being placed further apart.

A weighted, bipartite matrix was created using angler renait survey data on
visitation to Salt Valley reservoirs. Surveys were combined across years for analysis. In
this bipartite matrix, anglenserelisted in rowsand reservoirsverelisted incolumns
resulting in an 897 29 matrix If a particular anglevisited a reservoir, the
corresponding cell indicadeghe number of days that reservoir was visited in the past 12
months. If an angler did not visit a reservoir, the corresponding cell received a zero. A
bipartite projection of this matrix was completed@maph, which results in two
matrices; an 897 x 897 angler matrix and a 19 x 19 reservoir matrix. Further analysis
was completed on the reservoir matrix only. Within this reservoir matrix, cells represent

a measure of how often these reservoirs wertedidy the same anglers.

The graph representation of this reservoir magpresergreservoirs as nodes,
and reservoirs visiteby the same angler parties weoanectedy edges. Edges were
weighted by the number of angler parties that connected tesseroirs. We first used a
modularitybased community detection algorithm (Newman 2004) to determine whether

discrete communities of nodes, or groups of tightly connected reservoirs, existed within
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this reservoir cevisitation network. The fastandgreedy algorithm maximizes

modularity; modularity is defined as the fraction of edges that fall within groups minus
the expected fraction of edges within groups if edges were distributed at random among
nodes (Newman 2006). Modularity ranges frdéhb to 1 ad positive values indicate

that the number of edges within a group is greater than the expected number.

Due to large sample size and lack of variation in node degbemtstrapping
methodwas used on the original 897 x 19 netw(iridsseau et al. 2@). Bootstrapping
allows for some variation to be derived from the original dataset, given that there are no
other datdrom which to derive variatiarirhe original bipartite matrig897 x 19)was
resampled with replacement by row to create a new maitfixtie same dimensions
(897 x 19)as the original matrix. This resamplings repeated,Q00 times to create
individual bipartite matricesEach bootstrapped matrix was then ran through a bipartite
projection in iGraph to obtain the 19 x 19 reserwoatrix, and ommunity detection was
usedon each bootstrapped iteration using the-fastgreedy algorithn{Clauset et al.

2004) Membership of each reservoir into community subgroups was davied each
iterationand combined to make a0D0x 19 matrix of community membership. This

new matrk was therused to create a 2919 square adjacency matrix by calculating a
probability of each pair of reservoirs being connected. This probability was calculated as
the proportionof 1,000 iterations in which the pair of reservoirs was in the same

community.

The resulting matridased off of community membershifas usedor all further
reservoir analysesDegree, the number of other nodes each node is connected to was

calculated for all reservoi®asserman and Faust 1999ommunity detection of this
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resuting network was also calculated using the-tasgreedy algorithm. The spatial
structure of the regional fishery communities was examined by plotting reservoirs in their
correct geographic location. Reservoir latitude and longitude were addedexs vert
attributes and a new geographic layout was created. Other attributes of the regional
fishery such as reservoir size were included as an attribute matrix. Reservoir size and
fish community wereiseda priori to create dypothesis of reservoir groupirgmd

resulted in four groups (Tablel). These reservoir groups were usedsd substitution
patterns (K anglers are more likely to substitute for another reservoir within the same

group); thus,reservoirs in the sangepriori group should be in theame community.

Angler Communitie$ Differences in angler behavior and reservoir selection among
anglers was tested using a combination of cluster analysis to create similar clusters of
anglers and network analysis to describe the relationship amongdtthMalfzay reservoirs
within each angler cluster. Data from the retarail survey questions aimed at
determining recreational specialization (Bryan 19CZHipman and Helfrich 1988; Fisher
1997 were used for4neans cluster analysis using the PAM functiothe cluster
package in R (Maechler et al. 2013). The three variables used to cluster anglers into
group were 1) total number of days fished in the last 12 months, 2gpelted angler

skill level ranging from unskilled to very skilled measured Byoint Likert scale

(Likert 1932), and 3) a measure of importance of fishing to the anglers lives. This last
measure was calculated as a-sefforted number of years holding a fishing license

divided by theadjusteda n g | e radjsstedhby @btratirg 16 yearbecausao license

is neededintil age 16 in NebraskaAdi ssi mi |l arity matri x based
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was usedor cluster analysis becauaagler skill was measured on an ordinal scale and
treated as a factor variable (Gower 1971). The number of clusters was determined from
the iteration with the greatest average silhouette width after running iterations ranging
from 2 b 20 clusters (Roussuw 1987). A larger silhouette width indicates a better fit of

the clustering algorithm, and is used as a measure of fit.

Angler cluster assignment was thessignedo the original897 x 19 matrix and
subset to create matrices for each angler grdingse anglegroup matrices were then
each ran through a bipartite projection to get a resulting 19 x 19 matrix and created a
network of reservoir nodes and edges describing the angling participation patterns of each
angler cluster.The fastandgreedy ajjorithm was used to detect communities for each
reservoir network based on angler clusters. NetWar&l metrics such as degree
distribution, density, number of communities, and modularity were calculated for each

angler cluster.

Reservoir Removal Resiience of the regional fishery to disturbance was tested by
topological removal of reservoirs from the network and analyzing network measures such
as modularity. Every possible combination of reservoirs was selected and removed from
the network from 1 reseoir per iteration to 18 reservoirs per iteration (i.e., only one
reservoir remaining in the networklror example, at the removal level of 5 reservoirs,
11,628 combinations of reservoirs were possible to be removed from the set of 19
reservoirs. As edccombination was removed, the resulting 897 x 14 (in the case of 5

reservoirs being removed) matrix would be subjected to bipartite projection, and the



96

reservoir matrix (19 x 19) was graphed and subjectedrtomunity detection using the
fastandgreedy &gorithm. Modularityat each iteratiowas calculateafter community
detection. Hrther analysis looked at the number of communities and mean community

size at each level of removals to examine effects of reservoir removal.

Results

A total of 897 usable returmail surveyswvasreceived (21% return rate) from
January 201{December 2012Surveys were combined across yedp$.the returned
surveys, aglers reporte®5.9 + 44.1 dayfishing the 19 reservoirs of the Salt Valley
duringthe last 12 monthwith a total of 32,249 days reportednglers visited 4.6 = 0.9
reservoirs in the past 12 months with a range fromIl5treservoirs. Of the Salt Valley
reservoirs, Wagon Train Lake received the greatest number of reported fishéng day
followed by Holmes and Branched Olakes (Figure 4.). Visitation by individual
anglers at individual reservoirs ranged from 0 to 250 days fishing in the last 12 months,
with the mean £ SE ranging from 0.07 + OddRed Cedar Laki® 53 + 0.6 daysat

Holmes Lake

Reservoir Netwoik The observed network of reservoirs had 19 nodes with 171 edges
(Figure 42). The density of the observed network was ihdicating an edge occurred
between every pair of nodes, i.e., at least one angler visited every combination of

reservoirs. Therefore, tltegree of each node was, ir8licating a complete netwark
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with little variation between nodesNo distinct commnities were found among the

reservoirs using community detection algorithms.

After bootstrapping the observed network, the resulting network based on
probability of group membership had 19 nodes with 135 edges (Figg)teThe group
of reservoirs mostemtrally located on the graph were Bluestem, Bowling, Meadowlark,
Olive Creek, Red Cedar, and Timber Point; indicating these reservoirs were of most
importance to connecting all reservoirs togeth&he densityor proportion of possible
edges that actillg exist, of the bootstrapped network was 0.789 and degree ranged from
9 to 18 (Table 4). Community detection of the bootstrapped network revealed two
separate communities within thegional fishery (Figure-4), indicating that anglers of
the Salt Vdey regional fishery use these two groups of reservoirs differently.
Furthermore, those six centrally located reservoirs mentioned in Fighiveede still
centrally located and belonged to two groups. Bluestem and Olive Creek were located
within the lager community of reservoirs, but were located closer to the smaller
community of reservoirs, indicating that these two reservoirs were connectors between
the two communitiesModularity of the bootstrapped network was 0.32 using the fast
andgreedy algathm, signifying a greater number of edges within groups than would be
expected at randonilherewasno spatial component to the deation of these two
communities, with each community stretching from across the entire Salt Valley regional
fishery(Figure 45). The two communities of the regional fishdrg differ by reservoir
surface area; with a sm&#50 ha) and large (>50 ha) reservaammunity(Figure 46).
The community obmallreservoirs matclteour a priori hypothesized group of small

wata-bodies (Table 11).
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Angler Communitiegs Cluster analysis of the angler community based on recreational
specialization data found four clusters that described the most variation in this dataset.
Fifty-nine observations were removed because anglersoti@swer all questions

related to recreational specialization. The foluster solution describe®% of the

variation in the angler dataset with two components (Figute 4rhe four clusters

differed in the total number of days fished in the lastbaths(KruskatWa | | 9=s , j
167.7, df = 3, P < 0.0013elfreported skill levelKruskatWa | | 3=s823.0jdf =3, P <
0.00) and proportion of years with licensérgskatWa | | 1=<122, df,= 3, P < 0.001
Figure 48). In general, as the numberdadys spent fishing increased, so did angler self
reported skill and the proportion of years holding a license (F8)e Angler cluster

one represents anglers \0) that fish few days per year (18.4 + 1.6), have low angling
skill, and buy a fishindicense once every two years. Angler cluster two represents
anglers (N= 317) that fishmore often than cluster one (3&&.3 day} have average
angling skill, and buy a fishing license three out of every four years. Angler cluster three
representsraglers (N=312) that fish more often (56.7 + 2.7 days), are skilled anglers,
and buy a fishing license nine out of every 10 years. Angler cluster four represents
anglers (N=139) that fish the most (87.6 £ 5.5 days), are very skilled anglers, and buy a

license every year.

Reservoir networks of angler clusters differed in structure and function. Density
of reservoir networks ranged from 0.71 for angler cluster one to 1.0 for angler cluster
three (Table €). The number afeservoircommunities ranged from 2 to 3 with

modularity ranging from 0.01 to 0.09 using the fasttgreedy communityletection
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algorithm (Table 4). Furthermore, reservoir networks for different angler clusters
varied in degree distribution, reflecting numberedervoirs used by individual anglers
(Figure 49). The larger variation in node degree of angler group 1 indicates that this
group behaves differently and there is not much overlap between reseResexvoir
groups varied among angler clusters vattgler clustestwo and four being similar to the
overall network structure of the regional fishery, using data from all anglers combined
(Figures 4107 4-13). The resulting networks from these two angler clusters had two
reservoir communities: a commiybf small (<50 ha) and a community of larger (>50
ha) reservoirs (Figures#l and 413) although modularity wdew indicating a weak
division into communities The network of angler cluster one had three reservoir
communities and appears to be dribgrspatial location within the regional fishery
(Figure 410)with a group of southern reservoirs, group of northern reservoirs, group of
middle latitude reservoirsThe large number of red lines, or connections between
reservoir groups, indicates the lomodularity and relative weak strength of this
community detectionThe network of angler cluster three had three reservoir
communities and appears to have an interaction effect between reservoir Spataid

location (Figure 412); with a southern,arthern, and middle reservaroups

Reservoir Removal Removal of reservoirs form the regional fishery by topological
removal resulted in a reduction in modularity. Modulagiégreased as reservoirs were
removed from the regional fisheflfigures 4-14). Perhaps of more importance,
modularity never increased as reservoirs were removed, as predmted. | predicted

that as reservoirs were removed from the system, the behavior of the system that the



100

network would be broken up into more discrete namities of reservoirs, but this was

not the caseThe range of modularity spread to almost zero after removal of 5 reservoirs
from theregional fishery (Figure-45), indicating that anglersow saw the regional
fisheryasone group of reservoirsThe rumber ofreservoircommunitiesrom

community detection in the regional fishery did not decrease until 10 o&sanere

removed (Figure-46). Themean size ofeservoir communitandnumber of reservoirs

in community bottdecreased rapidly as expected (Figuer

Discussion

Network analysis is asefultool to describe fishing participation across a regional
fishery. Anglers make choices among fishing locations on a daysbtand these
decisions have agiffectonthatan g | &ituré decisions among fishing locationSften
fishery managers do not think that changes at one reservoir will affect anglers at another
reservoir, buthere areften more subtlehangesdue to crowding or overfishinghat
can have lage, cumulative effect&Carpenter and Brock 2004 he explicit connections
shown in network analysis between fishing locations allow researchers and managers to

examine potential consequences of any action with a region.

The regional network of the SMlalley regional fishery consists of two distinct
reservoir groups based on angler use patterns. These two groups are defined by reservoir
size and indicate that anglers see separate, qualitatively different fishing exgeolence
small andarger reservios. This is likely driven by a combination afgleraccess

accessegulations (i.e., no Nebraska Game and Parks Commission park permit needed to
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access 7 out of 8 reservoirs in the small reservoir community whereas park permit
required in 9 out of 1lesservoirs in the large reservoir communigfnd fish community
However, these factors are all highly correlated and the current study cannot determine
which factors are the most importarit.is important to note which reservoirs are

centrally locatedvithin the forcedirected graphs (Figure4). Reservoirs such as

Bluestem, Olive Creek, Red Cedar, and Timber Point play an important role in
connecting these reservoir groups. From a management viewpoint, these reservoirs are

traffic gateways betweehe two groups and are of greater risk for invasive species.

The reservoiclassificationbased on angler use patterns differs fromeopriori
classification of reservoirs based on fish community and reservoir size (Faple This
sociatreservoirclassificationcontains two reservoir groups, whereas the ecological
reservoirclassificationcontains four groups. Thdissimilarityindicates that anglers do
not see differences among reservoirs in the same way that bioklgilstesearchers
typically do. However,the small reservoigroup(reservoirs witHargemouth bass,
bluegill, and channel catfish and reservoig® 1a)from the ecological classification and
thesmaller reservoir group from the social classification are identical. From a social
ecological system perspective, the social reservoir classification encompasses variability
in angler choice and is likely a better reservoir classification system to base regional

management objectives.

The angling community of the Salt Valley regionahtry is comprised of four
distinct clusters, ranging from less active, unskilled anglers to highly active, very skilled
anglers. Reservoir use patterns atite resultinghetwork community of these four angler

clusters differ as well. Specifically, angldusters one and three differ from the overall
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pattern of two reservoir communities based on reservoir size. These two clusters have
different reservoir network communities and appear to haweoagspatial component

that affects decisions of whereftsh, whereas the overall community did not show any
spatialinfluence A thorough understanding of the behavior of angler cluster one, the
less skilled anglers, is importaat understand for angler recruitment and retentibimis
cluster, in particulg has a strong spati&ctorto the network communitthat drives

decisions to choodesh at reservoirs that are closer to horbefferences in angler

behavior across this gradient of recreational specialization are important to understand for
angler ecruitment and retention. Anglers that are less active and unskilled are more
likely to stop angling if angling access at their favorite reservoir whereas anglers that are
highly active and very skilled are likely to keep angling at another locakonher

research into the differences how different anglers across this spectrum of angling
specialization is needed and should address other distributions of anglers such as a
probability distribution around some mean angler skill, as opposed to the dgsteri

technique used here.

The Salt Valley regional fishery is highly resilient to disturbances that would
remove reservoirs from the system. Reservoir removals have little effect on existing
network structure unless removing greater thaeservoirs at one time. Thhange in
structureas reservoirs are removixhighly dependent on which reservoirs are rempved
but reservoirs removed that affect resiliencecanterto what we initially
hypothesized We initially hypothesized thdhe reservoirs that would be most important
to maintaining resilience would be those larger reservoirs that have greater fishing effort,

as these reservoirs are likely visited by more anglers. Howeseryvoirs that reduce
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modularity (i.e., reduce reghce) faster than other reservoirs are some of the smaller
reservoirs that have the least fishing pressure in the region. This is likely because these
reservoirs are used as an exploratory trip for most anglers, and are therefore used by
manyanglers irthe regional fishery, but fdew days. Although not tested, the resiliency

of the angler cluster one network is likely less than the overall Salt Valley network
because of the greater dependency on spatial location and smaller reservoir community

size.

An understanding of the network structure of a regional fishery is needed for
knowing what anglers will do in response to manmade disturbances, such as reservoir
renovations or regulation changes. However, it is also important for understanding the
potertial implications of invasive species spread or overharvest. Invasive species are
likely to spread from an infected reservoir to other reservoirs that have strong angler use
connections with the infected reservoir. Similarly, knowing angler movemeatmsat
and preferences can help predict what anglers will do when populations of popular fish
species decline, or harvest regulations become limiting (e.g., Beard et al. 2003). Anglers
are likely to move to the next reservoir with the strongest conndti@malso has a good
population of species of interest to continue harvest. Proactive management of regional
fisheries, after gaining an understanding of angler behavior, can lead to changes in
regulations and prevent invasive species spread or overhafgportfishes One
assumption that needs to be addressed when addressing the topological removal of
reservoirs to measure resilience is that angler behavior remains the same given that the
choice of reservoirs has changed. In this case, | just rehtuata from the dataset that |

had of angler behavior, there was no measure of what direct effects certain reservoir
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removals would have on this regional fishery. For a more complete understanding of
regional fishery resilience, a thorough survey of aisgha the substitutability of

reservoirs under different removal scenarios is needed.

The application of network theory to user participation has widespread
applications in natural resources management. Natural resource agencies are interested in
increasing recruitment and retention of hunters and anglers to secure funding and a user
base for the future; however, without an understanding of current behavior, and what to
expect these new hunters and anglers to do, this is a difficultXesttuork analys
allows natural resource agencies to gain a better understanding of current user behavior.
The techniques of network theory can be used to determine where and what is the best
placement of new properties for participation or if current locations atiagyased in
amounts that equal theiraintenanceosts (i.e., is the reton-investment enough to
keep properties). A thorough understanding of our user base in natural resources will
allow natural resource management agencies to better manage $aenamdur

constituents.
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Table 41. Nodelevel metrics of bootstrapped matrix for the reservoirs of the Salt
Valley regional fishery.Code is the twdetter code that reservoirs are referte
throughout remaining figures, degree is the number of other nodes that each reservoir

is connected to

Reservoir Code Degree
Branched Oakake BO 14
BluestemLake BS 18
Bowling Lake BW 18
Conestogd.ake CO 14
CottontailLake CT 8
East TwinLake T™W 14
HolmesLake HO 14
Killdeer Lake KD 8
Merganset.ake MG 8
MeadowlarkLake ML 18
Olive CreekLake oC 14
Pawned ake PA 14
Red Cedatake RC 18
Stagecoachake ST 14
Timber PointLake TP 18
Wild Plum Lake WP 8
Wagon TrairnLake WT 14
Wildwood Lake WWwW 14

Yankee HillLake YH 14
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Table 42. Networklevel metrics of reservoir networks based on angler clusters
defined by cluster analysis in the Salt Valley regional fish&gnsity is the

proportion of possible edges that occur within the netw@émmunities aréhe

number of communities found using the fasttgreedy community detection

algorithm. Modularity is a measure of the number of edges contained within groups

compared to the number expected within groups by random.

Cluster Density Communities Modularity

1 0.71 3 0.09
2 0.98 2 0.01
3 1.00 3 0.02

4 0.99 2 0.02
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Figure 41. Proportionof reported daythatanglersfishedin the Salt Valley regional

fishery in the past 12 months at each of the 19 Salt Valley reservoirs.
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Figure4-2. Reservoir projection afbservedsalt Valley regional fishergetworkusing
FruchtermarReingold layout. Nodegircles)represent reserva andedgeglines)
represendweightedmeasure ossociatioramong those reservoirs (i.strength of

substitutability between reservoirs).
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Figure4-3. Salt Valley regional fishery network after bootstrapping technicpireg
FruchtermarReingoldlayout. Nodegcircles)represent reservoirs and ed@lazes)
connecting two reservoirs represamightedmeasure of association between those two
reservoirs (i.e probability of being in the same community in bootstrapping iterations

using fastandgreedy communitydetection algorithm).



114

Figure4-4. Group membership e Salt Valley regional fishetyoostrapped network
using the fasandgreedycommunitydetectionalgorithm. Nodes(circles)represent
reservoirs and edgélnes)connecting twaeservoirs represemteightedmeasure of
association between those two reservdited and blue nodes indicate two distinct
groups of reservoirsBlack edges are those connecting two reservoirs within the same

group, red edges are those connecting &genvoirs in different groups.













































































































































































































































