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can improve biodiversity conservation in disturbed ecosystems
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American freshwater fishes that are imperiled or extinct has increased by 40% over the last 20 
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relationships (Kruess, 2003; Erös, 2007; Naskar et al., 2015), but viewing mesohabitats as 

separate, isolated units 
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1963-2013) and 24.55 m3s-1(SE± 2.19, USGS gage 07182250, 1963-2013) for the Neosho and 

Cottonwood Rivers, respectively. 
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 Fish-Mesohabitat Relationships 

We used non-metric multidimensional scaling (NMDS) on two fish datasets, (abundance 

and presence-
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 Results 

 Mesohabitat Characteristics 

Mesohabitat categories, based on a multivariate combination of depth, water velocity, and 
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1993; Menge et al., 1994) and keystone species are inherently context dependent (Christianou & 

Ebenman, 2005; Cottee-
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are expected to increase discharge, raise water levels, and also eliminate riffle habitat through 
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mosaics.
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Figure 1.3. 
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Figure 1.4. 
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Figure 1.5. Non
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Figure 1.7. 
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Figure 1.8. Regression plots of species richness (Y) and (a) habitat diversity (Shannon’s H’), (b) riffle density, (c) pool density, 
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Figure 1.
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Chapter 2 - Habitat mosaics and path analysis can improve 

biological conservation of aquatic biodiversity in ecosystems with 

low-head dams 

 Abstract 

Conserving native biodiversity depends on restoring functional habitats in the face of 
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analysis]. Additional tools for detecting low-head dam impacts on habitat and biodiversity will 

help conservation efforts of state and federal environmental agencies that seek to monitor, 
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stream widths (Lyons, 1992). Transects have also been used within specific habitat units 

(Tiemann et al., 2004; Weaver et al., 2014), typically for habitats > 50% of the channel width 

(e.g. Fitzpatrick et al., 1998). An advantage of the habitat transect approach is that this 

frequently-used method maximizes repeatability and precision of measurements at regular, 

representative intervals over a large spatial scale while minimizing subjective bias (Plats-sect rl., 
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mosaic habitat approaches show different dam-habitat-fish biodiversity patterns downstream of 

dams and at undammed sites (Q3)? As noted above, we predicted that the additional resolution 
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units at each site were digitized into polygons in ArcGIS and stored as sepa
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proportion of specific mesohabitat types are ecologically related but provide different pieces of 
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variation in habitat diversity (standard deviation of Shannon's Diversity Index) at dammed and 

undammed sites. 

 

 Fish sampling   

Fish were sampled using a two-person mini-Missouri trawl at 20 randomly selected 

mesohabitat units (five pools, five riffles, five runs, five glides) at each of the ten study sites 

described above. In cases where there were less than five mesohabitat units of a particular type, 

all units of that mesohabitat type were sampled. The mini-Missouri trawl is a two-seam slingshot 
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(transect and mosaic habitat metrics). Fish abundances were log transformed to satisfy 

parametric assumptions of this analysis. 

 

 Transect vs. mosaic habitat at dammed and undammed sites (Q4a; Fig. 2.1) 

We also used path analysis to test how downstream species richness was influenced by 

habitat at dammed vs. undammed sites. Path analysis analyzes the complex networks of causal 

relationships in ecosystems (Shipley, 2002; Grace, 2006) using partial regressions to establish 

strengths of interactions among sets of variables while accounting for other interactions within 
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and R
2
 quantify the amount of variation ex
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functional link between low-head dams, habitat, and fish biodiversity. In the Qingyi River, 

China, low-head dams also modify local habitat characteristics (e.g. substrate heterogeneity) 

above and below low-head dams and alter fish species richness, but, in this study, using linear 

regression, the link between dams, species richness and substrate heterogeneity was only inferred 

(Li et al., 2016). Elsewhere, for non-
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Finally, all of our analyses considered together have clarified aspects of the complex 
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tool for examining low-head dam effects on fish biodiversity as mediated through alterations to 

habitat. Although use of mediated statistical effects is presently rare in low-head dam studies, 

this statistical approach can be widely incorporated into future dam-habitat-biodiversity studies. 
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Figure 2.1. Conceptual diagram illustrating how our research tests alternate approaches to habitat sampling and statistical 

analyses, which can alter stream habitat and fish biodiversity. Our four specific research questions are indicated.
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Figure 2.2. 
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Figure 2.4. 







84 

Figure 2.7. Path analyses for species richness at (a) dammed (downstream) versus 
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Table 2.1. Summary of stream habitat measurements taken from the Upper Neosho River 

Basin and used in statistical analyses. 
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considering all locations within the Neosho River, shallower, slower riffles had higher maosh 90
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into ArcMap v. 10.2 (ESRI, Redlands, CA). Habitat patches at each site were digitized into 

polygons and converted to raster format. 

 

 Habitat Patch Characteristics 
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 Data Analysis 

 Question 1: Are habitat patches discrete and does the arrangement of patches differ across 

riverscape mosaics?
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(hectares) was quantified on the Y axis.  Plots were created using the R package ggplot2 

(Wickam 2009). Habitat length and area were calculated from raster files for each site using 

ArcMap v. 10.2 (ESRI, Redlands, CA). In addition to the profile plots, we calculated the number 



101 

multiple regression and an inference-theoretic approach [Akaike information criterion modified 

for small sample size (AICc ) (Burnham and Anderson 2002)] to identify the best-approximating 
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correlated with one another (> 0.75; Table C.1). Glide patch density was correlated with glide 

perimeter-
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Some configurational metrics were functionally important. Riffle patch density was the 

most important 
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Appendix A - Fish Sampling Data 

 Table A.1 

 Total abundance, percentage of total fish captured, and total tow occurrence for species 
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Appendix B - Fish Habitat Guilds 

 Table B.1 
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 Table B.2 

SIMPER results for fish data sets on A) abundance, B) presence/absence, and C) guilds including 

habitat specific abundance and cumulative sum explained (>0.05). 
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 Figure B.1 



140 

 Figure B.2 
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