


 
 

Abstract 

River discharge influences fish and invertebrate communities and understanding how hydrologic 

variables contribute to fish and invertebrate composition can provide information for restoration 
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Flowing water is a defining characteristic of all riverine ecosystems but flow regimes 
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years of sampling. We 
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It is possible that a combination of these patterns occur in many lotic systems; however, the 

importance of each is unclear in temperate large river systems (Tockner et al. 2000; Thorp et al. 

2006; Junk and Bayley 2007). More recently, the river wave model, whia/propo thesse tskner/-17(y)al. 
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of high flows, and reduced or eliminated floodplain connectivity in many large rivers (Poff et al. 

1997; Puckridge et al. 1998, Carlisle et al. 2011) and led to declines in native species (Bunn and 

Arthington 2002; Poff and Zimmerman 2010). Altered flow regimes and accompanying water 
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Lauridsen and Fribert 2005; Gibbins et al. 2007). Tracking invertebrate abundance before, during 

and after a flood may help us understand the role of flooding on prey availability 
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refugia from high flows (Welcomme 1985; Zeug and Winemiller 2007) and differences in 
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(AICc) to decrease the probability of selecting overfit models (Burnham and Anderson 2002). 

W�H���F�D�O�F�X�O�D�W�H�G���û�$�,�&c ���û�$�,�&c = AICc �± AICc(minimum)) to identify best fit models, and candidate 



 

17 
 

We tested the hypothesis that macroinvertebrate communities were similar among 

reaches during flooding using a Bray-
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was not consistent among 
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Only one model (year and flood stage; wi� ���������������K�D�G���V�W�U�R�Q�J���V�X�S�S�R�U�W�����û�$�,�&�����������I�R�U��
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Chaoboridae was the most abundant taxa in the inundated secondary chann
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(Paillex et al. 2007, Starr et al. 2014). As such, some main channel fishes may benefit from 

inundations of terrestrial habitats without directly moving into inundated habitats by feeding on 

invertebrates that enter the drift and are carried to the main channel. IT
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considerable influx of macroinvertebrates into the main channel (Tockner et al. 2000; Baxter et 

al. 2005; Thorp et al. 2006).  
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Figure 2.1. Conceptual framework showing how invertebrate assemblages develop in secondary channels and contribute to main 

channel habitats in various hydrologic conditions and how main channel fishes may benefit from these invertebrates. Invertebrates can 

colonize standing water in secondary channel habitats and then flush into the main channel during flooding (i.e. source) come directly 

from the main channel and settle in the secondary channel (i.e. sink) or a combination of the two.
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Figure 2.6. Mean (±SE) drifting and benthic invertebrate densities samples collected in the 

upstream and downstream main channel reaches and the inundated secondary channel of the 

Kansas River during flooding from 2009 �± 2011. 
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Benthic Invertebrates During Flooding
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Figure 2.8. Non-
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Chapter 3 - Flood-induced lateral connectivity alters fish and 
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macroinvertebrate diversity and density will be higher i
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The Kansas River is a 7th 
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better meet assumptions of normality. Drifting and benthic invertebrate samples were analyzed 
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Drifting and benthic invertebrates were collected from upstream and downstream main 
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A total of 72 drifting invertebrate samples were collected from upstream and downstream 

main channel reaches before, during, and after flooding in 2010 which included a total of 2,893 

drifting invertebrates from 15 orders and at least 21 families captured at least once in main 

channel reaches (Table 3.2). Invertebrates from 10 taxa accounted for greater than 5% of the 

total catch and were retained for further analyses (boldface text Table 3.2). For all sampling 

periods combined, Ephemeroptera were the most abundant taxa in main channel drift before and 

after flooding and densities were 3 �± 4 times higher before and after flooding compared to 

densities during flooding when Chaoboridae and Diptera both had higher densities.  

Two competing mod
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Seventy-two total benthic invertebrate samples were collected from main channel reaches 

before, during, and after flooding in 2010 with a total of 466 invertebrates collected representing 

11 orders and 15 families (Table 3.3). Among all invertebrates, seven taxa accounted for at least 

5% of the total catch and were retained for further analyses (
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connected secondary channel. Conversely, the mean density of Corixidae, the most abundant 

taxa in the permanently connected 
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Permanently connected and seasonally inundated secondary channel invertebrate and fish 

assemblages during flooding 

We collected a total of 1052 drifting invertebrates during flooding in 2010 including 368 

from the permanently connected secondary channel and 684 from the seasonally connected 

secondary channel reach. Mean drifting invertebrate densities were about twice as high in the 
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s that inundated sub-bankful habitats but did not 
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Secondary ch
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(Franssen et al. 2015) and restoration efforts should consider other factors (e.g. distribution of 
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Table 3.2. Mean ± standard error (SE) of density of drifting invertebrates per 100 cubic meters in main channel reaches of the Kansas 

River upstream and downstream of a 
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Table 3.
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Table 3.
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Figure 3.1. Aerial photograph of the Kansas River near St. George, KS. Lines indicate upstream main channel (solid), downstream 

main channel (dashed), and permanently connected secondary channel (dotted) study reaches.  
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Figure 3.2. Mean density (±SE) of drifting and benthic invertebrates in upstream (US) and 

downstream (DS) main channel reaches of the Kansas River before, during, and after flooding in 

2010.  
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Figure 3.
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INTRODUCTION  
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We examined recruitment patterns of four native fishes: flathead catfish (Pylodictis 

olivaris), freshwater drum (Aplodinotus grunniens), river carpsucker (Carpiodes carpio), and 

shovelnose sturgeon (
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stages (Guy et al. 2015). Additionally, shovelnose sturgeon is treated as a threatened species in 

downstream portions of the Kansas River under the Endangered Species Act because of its 

similarity to the federally endangered pallid sturgeon (Quarterman 2010). As such, increasing 
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including portions of Colorado, Kansas, and Nebraska. Although impoundments on the main 

stem of the Kansas River are rare, the Kansas River Watershed contains 18 large reservoirs 

(>650ha) and numerous small impoundments (Eitzmann and Paukert 2010) and the flow regime 

is largely regulated by releases from these reservoirs. Samples were collected from upper, 

middle, and lower reaches of the Kansas River to ensure that a gradient of habitats were sampled 
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speed isomet saw. Otolith annuli and fin ray radii were counted using a computer mounted 
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connectivity is more prevalent in this reach than more channelized downstream reaches. As such, 

we used a cutoff of 175% of the 20 year mean annual flow at each reach as a conservative and 

consistent threshold to defining flooding among all reaches (sensu Carlisle et al. 2010).  

We used numerous hydrologic variables to examine the role of high and low flows on 

native fish recruitment for each reach of our system (Table 4.1). High flow events have been 

identified as a primary factor impn 
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Mean daily discharge varied among years in our study and resulted in a gradient of high, 

intermediate, and low flow years (Figure 4.1). Lowest flows were observed in 2006 (mean daily 

discharge = 34.52 m3/s) and highest flows were obF1 8v.er319992006 �(r)-3(a)4(n da)9(i)liy disultarge=-6(e)4( )] TJ

ET
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zeros) for fishes greater than 10 years (2001 year class) and fishes 11 years and older were 



 

106 
 



 

107



 

108 
 

river) factors regulating recruitment patterns for the other fishes. Our results are consistent with 

other studies that found that river carpsucker recruitment was often variable and not strongly 

related to flow (e.g. Peterson and Jennings 2007; Quist and Spiegel 2011). Peterson and Jennings 

(2007) found that abundance of age-0 river carpsucker decreased in response to high flows in the 

Oconee River in Georgia indicating that high flows may negatively influence river carpsucker 

recruitment. Whereas we did not find a link between hydrology and recruitment of these species, 

high flow events are often associated with increased growth rates for both freshwater drum and 

river carpsucker (Peterson and Jennings 2007; Quist and Spiegel 2011; Jacquemin et al. 2015). 

Our study showed that shovelnose sturgeon and flathead catfish recruitment increased in 

relation to high flow events but no relationship was found between high and low flows and 

recruitment of river carpsucker and freshwater drum. However, all four native species in our 
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Table 4.1. Descr



 

119 
 

Table 4.2. List of candidate models used to examine relationship between principal components (PC1, PC2) of PCA for hydrologic 

variables, spatial location (reach), and native fish recruitment (standardized catch-curve residuals) for flathead catfish, freshwater 

drum, river carpsucker, and shovelnose sturgeon in the Kansas River. 

Model 
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Table 4.
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Table 4.4. Principal component (PC) loadings for hydrologic factors obtained from three reaches of the Kansas River near Manhattan 

(USGS Station #06887500), Topeka (USGS Station #06889000), and Kansas City (USGS Station #06892350) from 1999 �± 2009. 
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Table 4.5. AIC results for models with strong support as best model (�û�$�,�&�F < 2) explaining spatiotemporal relationships between PC 

loadings of PCA of hydrologic variables and recruitment of four native fishes in the Kansas River. Model strength was assessed using 

Akaike Information Criterion corrected for small sample size (AICc) to identify best fit models. Akaike weights (wi) were used to 
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Figure 4.1. Hydrograph of mean daily discharge in the Kansas River near 
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channels had higher densities of benthic invertebrates. These findings may indicate that fishes 

may benefit from secondary channels differently depending on their feeding ha
3sshes 
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Additionally, inundated secondary channels had different fish and invertebrate communities 




