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ABSTRACT
The river-reservoir interface (RRI) provides dynamic habitat heterogeneity that
influences fish communities within the reservoir and the tributary upstream. However,
little is known about the North Platte River-Lake McConaughy interface. Thus, the
objectives of this research were to: 1) describe fish assemblages in the North Platte River
and relate their temporal differences to water quality and physical habitat parameters; and

2) compare young fish communities collected with different gears in the upper reservoir.

Twenty-nine species were collected across four habitat types in the North Platte
River above Lake McConaughy. Main and side channel habitats were more consistently
available throughout the summer. Backwater habitats declined in abundance, and back
eddies disappeared. Species richness and Shannon’s diversity were highest in backwaters.
Fish communities were somewhat similar between the habitat types, but some species
were more or less abundant in some habitats. Water quality did not differ between habitat
types. However, discharge and water temperature appeared to influence community

composition.

In upper Lake McConaughy, | captured 21 taxa across four sampling gears. Fewer
species were captured with the gears used in the earlier time period compared to the gears
used later time period. Species richness, Shannon’s diversity, and relative abundance
were highest for seines and lowest for tow nets. Boat-mounted electrofishing appeared to
be the most efficient gear. Similarities were noted in fish communities between the two

time periods, but abundance of individual species varied between time periods.



This study provides updated and new information on fish communities in the
North Platte River-Lake McConaughy system. Selecting the sampling gear or gears that
best meet sampling objectives is important for understanding fish communities in RRIs.
With such sampling information, fisheries managers may be able to identify water
management strategies that provide habitats for fish communities in unique ecotones such

as the RRI.
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CHAPTER 1:
INTRA ANNUAL CHANGES IN FISH ASSEMBLAGE COMPOSITION
BETWEEN HABITATS IN THE NORTH PLATTE RIVER ABOVE LAKE

McCONAUGHY, NEBRASKA

Thyme Taulaki

Department of Biology, University of Nebraska at Kearney

2401 11 Ave, Kearney, NE 68849, USA



Introduction

Rivers are complex, heterogeneous ecosystems influenced by natural processes
and anthropogenic factors that occur at different spatial and temporal scales (Ward et al.
2002; Robinson and Uehlinger 2008; Brennan et al. 2019). Geomorphic processes shape
rivers and form various habitats (Jacobson 2013; Zeiringer et al. 2018) that change within
and between years due to hydrological variation and subsequent alterations in sediment
transport that occur within and between seasons (Anderson et al. 2006; Stowik et al.
2021). Perhaps one of the most variable lotic systems are braided rivers, which exhibit
dynamic habitat complexity related to changes in flow (Junk et al. 1989; Ward et al.
2002; Gray et al. 2006; Smith et al. 2016). However, many braided river systems are

impacted by impoundment (Tockner et al. 2006).

Anthropogenic factors such as reservoir construction can influence hydrology of
the river, thus affecting sediment transport and deposition (Harman and Stewardson
2005; Lins and Slack 2005). Sediment loads are often produced by bank erosion (Baxter
1977). When the river flows above a reservoir decrease, large loads of sediment are
deposited, modifying channel morphology (Cooper et al. 2016). Thus, the interface of
rivers and reservoirs represents a transition from lotic to lentic habitat (Baxter 1977). To
date, most studies that have quantified changes to habitat and fish communities as a result
of reservoir construction have focused downstream of the dam (e.g., Shields, Jr. et al.
2002; Kondolf et al. 2014; Yang et al. 2014). However, changes in the river upstream are
important as well, as flow changes in the river-reservoir interface may lead to important

changes in fish community structure (Pringle 1997).



Riverine fishes are adapted to physical changes in and availability of habitat and
often use multiple habitat types throughout the year (Aadland 1993). For example,
Muskellunge (Esox masquinongy) in the New River, Virginia, positively selected for
deeper riverine habitats, but moved to shallower, nearshore habitats during times of
increased water velocity (Brenden et al. 2006). Additionally, species richness and
diversity have been linked to the availability of diverse habitats (Gorman and Karr 1978;
Scheidegger and Bain 1995; Carlhavo et al. 1998; Gratwicke and Speight 2005; Santos et
al. 2010). For example, habitat heterogeneity and connectivity in the River Rhine were
linked to an increase in species richness (Stoffers et al. 2022). However, if habitats
become inaccessible due to anthropogenic hydrological changes, then local extirpations
of some species may occur (Page et al. 1997; Brauer et al. 2020), and abundance and
diversity of riverine fish may decline (Miranda 2005; Buckmeier et al. 2014; Bower et al.

2019).

Physical and chemical features within riverine habitats may change through time
which can alter fish presence (Robinson et al. 2002; Ahearn et al. 2004; Thorp et al.
2006). For example, habitats with higher vegetation complexity compared to those with
little to no vegetation had increased fish abundance and richness in a lowland river
(Grenouillet et al. 2002). Additionally, changes in water quality may contribute to
changes in fish communities (Saalfeld et al. 2012; Parker et al. 2016), thus, impacting
species richness and diversity within and across all habitats (Williams 1943). Site-level
selection of fishes have been linked to water quality (Sutela et al. 2010; Wuellner et al.

2013). Although some research has been conducted on relationships between



physicochemical features of rivers and fish assemblages (e.g., Maret and MacCoy 2002;
Hughes et al. 2005), little is known regarding how changes in physical habitat and water

quality influence fish diversity and richness in the river above a reservoir.

Limited research has been conducted on fish assemblages in the North Platte
River upstream of Lake McConaughy, but the river is likely used by some species that
also occur in the reservoir (Johnson 1942; Lynch and Roh 1996).The North Platte River
from the Nebraska border to Lake McConaughy is approximately 190 km long. Kingsley
Dam in Keith County, Nebraska, was constructed on the North Platte River in 1941 to
create Lake McConaughy, the largest reservoir in the state (CNPPID 2017). The North
Platte River in Nebraska above this reservoir offers a unique setting to study how fish
communities may change within a short period of time (e.g., a few months) as the
availability of habitats change frequently due to sandy sediments and river braiding
(Soukup et al. 2009). Determining associations between the fish that occupy the river at
least for part of the year and water quality and physical habitat can be useful to the
management and conservation of fish and habitat above Lake McConaughy. Thus, the
objective of this study was to describe fish assemblages in the North Platte River above
Lake McConaughy and relate their temporal differences to water quality and physical
habitat parameters.
Methods

The reach of the North Platte River sampled for this study began at the Oshkosh
Bridge in Oshkosh, Nebraska, at 41°22°52.1” N 102°20°50.7” W and ended above Lake

McConaughy at 41°17°40.24” N 102°00°24.16” W. Water quality was measured, and fish



sampling was conducted across six periods encompassing the first and third weeks of
each month between June and August 2020. The study reach was sectioned into three
braided and three non-braided river segments (Figure 1). Within each section, aerial maps
and on-the-ground verification were used to identify the availability of four habitat types:
back eddies, backwaters, main channel, and side channels. Definitions for each habitat
followed those provided by Armantrout (1998; Table 1). Initially, every available habitat
type was to be sampled in each section of the river reach from Oshkosh, NE to above
Lake McConaughy, but after the first sampling period, the high relative availability of
habitats precluded complete sampling within each river section. Thus, more backwater
and main channel habitats were sampled during the first period compared to others (Table
2). Due to time restrictions and limited access to the river, one replicate of each habitat
type was randomly selected within the six sections of the study area for the remaining
periods (Figure 2). However, not all habitats were found within each section, especially
later in the summer when flows decreased. In these instances, all available habitats were
sampled and, consequently, the number of locations for each habitat type was unequal

(Table 2).

Water temperature (°C), pH, salinity (ppt), and total dissolved solids (mg/L) were
measured once at the surface for each location just prior to fish sampling using a YSI
multi-meter™ (YSI Incorporated, Yellow Springs, OH). Discharge (m®/s) was measured
using the float method (Robins and Crawford 1954). An analysis of variance (ANOVA)
was used to compare water quality and discharge between habitat types for the entire

study. All variables were tested for normality prior to this analysis and were found to



meet normal distribution. Fish were sampled using a 4.6 x 1.2 m seine with 0.6 cm?-
knotless mesh (Memphis Net and Twine, Memphis, TN). Quarter-arc seine hauls
(Goldstein 1978; Brown and Ford 2002) were pulled at three randomly selected sites
within each location based on accessibility and physical conditions (e.g., water depth,
vegetation, and velocity). All fish captured were identified and enumerated. Total lengths
(TL; mm) of the first ten individuals of each species were measured at each location. Fish
not identified in the field were vouchered and identified later in the laboratory to the
lowest possible taxonomic level. Generally, most individuals were identified to species;
however, some individuals were only identified to family as they were potential hybrids
or were degraded during storage. Those individuals not identified to species were omitted

from final analyses.

Species richness and the mean and standard error for Shannon diversity (H;
Shannon 1948) were calculated for each habitat type across all sections by month.
Comparisons of fish assemblages between habitats were examined using data across all
sections and periods for each habitat. Jaccard’s Similarity Index (Jaccard 1901) was
calculated for all pairwise combinations of habitats using only presence-absence of
species. Similarities in fish communities between habitat types based on abundances of
species were calculated using non-metric multidimensional scaling (NMDS) along with a
Bray-Curtis dissimilarity measure (Walters et al. 2003; Cassati et al. 2006; Li et al. 2011).
In addition, | used a one-way analysis of similarity (ANOSIM, 99 permutations) to

determine if fish communities differed between habitat types (o = 0.10; Li et al. 2011,



Pan et al. 2012). Both the NMDS and the ANOSIM were completed in program R using

packages “vegan” and “MASS” (R Core Team, 2020 version 4.0.0).

Individual species associations with differences in water temperature and velocity
were visualized using a canonical correspondence analysis (CCA; Rakocinski 1996;
Legendre and Legendre 2012). These two variables were used in the CCA as previous
research has shown that these characteristics may influence fish community structure in
lotic systems (Marchetti and Moyle 2001; Gillette et al. 2006; Essaid and Caldwell 2017)
and were expected to differ between the four habitat types included in my study. A
Monte-Carlo Permutation test with 99 permutations was used to determine whether there
was significance at o = 0.10 (Legendre and Legendre 2012).
Results

Water quality did not differ between habitat types as was expected. Results from
the ANOVA indicated that pH was the only water quality variable to differ between
habitat types (F = 13.07, p < 0.001). However, the range observed in pH across all habitat
types is considered tolerable for most freshwater fish species (Howells et al. 1983). Water
temperatures were generally warmest in backwaters and coolest in back eddies (Table 3),
but the differences between habitat types were not significant (F = 0.24; p = 0.87).
Salinity also did not differ between habitat types (F = 0.48; p = 0.70). Total dissolved
solids were generally higher in backwater habitats and lowest in side channel habitats
(Table 3), but no differences between habitats were found (F = 0.18; p = 0.91). Although

water quality was not notably different, discharge was different between habitat types (F



=03.74, p <0.001). Average discharge was highest in the main channel and lowest in

back eddies and backwaters as these two habitats had no flows (Table 3).

Overall, I collected 6,068 fish (222 within back eddies; 4,278 within backwaters;
1,073 within the main channel; and 493 within side channels). The fish collected across
all habitat types and sampling periods represented 29 species. Fish omitted from final
analyses included unknown Cyprinidae, Catostomidae, Leuciscidae, and Lepomis species
that were only identified down to genus. Fish that were unidentifiable down to species
were most likely included in the overall species richness. Fifteen and 16 species were
collected in side channel and main channel habitats, respectively and most species (n =
14) were shared between the two habitats (Table 4). Species richness was nearly 3 times
greater in backwaters compared to back eddies (Table 4). One species of conservation
interest in Nebraska [Plains Topminnow (Fundulus sciadicus)] was sampled only in
backwaters, and two invasive species [Common Carp (Cyprinus carpio) and Western
Mosquitofish (Gambusia affinis)] were found in all habitat types but were most
prominent in backwaters (Table 4). Other species found in all habitat types included
Channel Catfish (Ictalurus punctatus), Creek Chub (Semotilus atromaculatus), Plains
Killifish (Fundulus zebrinus), Red Shiner (Cyprinella lutrensis), River Carpsucker
(Carpiodes carpio), and White Sucker (Catostomus commersonii; Table 4). One adult
White Bass (Morone chrysops) was sampled in a side channel (Table 4). Backwaters had
a substantially higher Shannon’s diversity score compared to the other habitat types in

June and July (Table 5). However, in August, backwaters had the lowest diversity score



compared to the other habitat types (Table 5). Diversity scores for side channel, back

eddy, and main channel habitats generally increased over time (Table 5).

Species presence was most similar between main channel and side channel
habitats and least similar between backwater and back eddy habitats (Table 4; Table 6).
In contrast, different patterns were noted when quantifying fish community similarities
based on abundance according to the ANOSIM and NMDS (ANOSIM R = 0.23, stress =
0.16, p = 0.001; Figure 3). Backwaters had the largest ordinal space, indicating that
species relative abundance was most variable in this habitat (Figure 3). In contrast,
ordinal spaces between back eddies, the main channel, and side channels were smaller
and had the highest overlap (Figure 3), indicating fish communities were more similar

between these three habitat types (Figure 3).

The Monte Carlo permutation test indicated a significant relationship between
species relative abundance and discharge and water temperature (p = 0.01). Eigenvalues
for axis 1 (water temperature) and axis 2 (discharge) were 0.35 and 0.09, respectively,
and the proportion of variation explained was 0.80 and 0.20. Species present only in
backwaters appeared to orient along axis 2 because of low to no discharge (Figure 4).
Species associated with higher discharge along axis 2 included Gizzard Shad (Dorosoma
cepedianum), Bigmouth Shiner (Notropis dorsalis), Longnose Dace (Rhinichthys
cataractae), and Emerald Shiner (Notropis atherinoides; Figure 4). Species that oriented
towards cooler water temperatures included Northern Pearl Dace (Margariscus
nachtriebi), Green Sunfish (Lepomis cyanellus), Black Crappie (Pomoxis

nigromaculatus), and Plains Topminnow (Figure 4). Species present in all habitat types



(i.e., Creek Chub, River Carpsucker, Plains Killifish, Red Shiner, and Channel Catfish)
oriented around the middle of the biplot, indicating little association with either water

temperature or discharge (Figure 4).

Discussion

The lack of notable differences in water quality between habitat types in the North
Platte River above Lake McConaughy was not an expected result, however, may be
explained by groundwater influences. The dynamics of ground water and surface water
are closely intertwined in the North Platte River as this system receives substantial
groundwater inputs from the High Plains regional aquifer (Wen and Chen 2006). Such
continuous inputs have been shown to moderate surface water chemistry (Hynes 1983;
Power et al. 1999; Sophocleous 2010; Li et al. 2016; Essaid and Caldwell 2017; Hamid et
al. 2020). However, results from the CCA indicate that both temperature and discharge
did seem to influence fish assemblage composition. Other studies have demonstrated how
these variables are important in habitat selection by riverine fish (Bell et al. 1991;
Marchetti and Moyle 2001; Gillette et al. 2006; Essaid and Caldwell 2017). For example,
Lepomis spp. are typically found in warmer habitat types with lower flows (Werner 1977,
Moyle and Cech 2004). However, during my study, Green Sunfish did not follow this
expected pattern. Rather, the species associated with habitats exhibiting cooler water
temperatures they typically avoid as a warmwater species (Beitinger et al. 1975; Cherry
et al. 1975). The interaction between water temperature and flow is important in
structuring habitat conditions and fish assemblages (Tockner et al. 2000) and may also

influence fish diversity (Chu et al. 2008).
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My study indicated that over time diversity decreased in backwaters and increased
in other habitat types. An explanation for the change in diversity could be that backwaters
serve as spawning and nursery habitat for some species. Spring flooding of backwaters as
a result of natural hydrocycles associated with large rivers provides access to spawning
habitat for many fish species (Wigen and Miranda 2010). Backwaters also provide still,
shallow, and food-rich refuges for developing larvae (Scheaffer et al. 1986; Humphries et
al. 1999; Falke et al. 2010). However, once young fish are large enough, they may leave
backwater habitats to find juvenile and adult habitat elsewhere (Scott and Nielson 1989;
McDonald et al. 2014). For example, Brewer (2011) found that in Missouri streams, age-
0 Smallmouth Bass (Micropterus dolomieu) selected for habitat with warmer
temperatures but gradually shifted towards habitat with cooler temperatures for older age
classes. Some taxa may leave backwaters sooner than others depending on size,
swimming ability, and habitat preferences (Hoxmeier and Devries 1997; Lyon et al.
2010). Additionally, some species are cued to seek other habitats under low flow
conditions (Bunn and Arthington 2002). Thus, diversity might also have decreased in
backwaters over time as a result of habitat isolation and fragmentation resulting from
lower summer flows (Lyon et al. 2010; Acre 2015; Fuller et al. 2015). In my study,
changes in diversity were recorded over a short time period (e.g., a few months) within a
single year. However, identifying how fish assemblages change in response to
interannual flow differences could improve the understanding of how specific taxa use

this mosaic of habitats.
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A paucity of sampling has been conducted on the North Platte River above Lake
McConaughy and in the North Platte River region, but substantial changes in assemblage
structure have been observed from the oldest known survey (Johnson 1942) to my study.
For example, Johnson (1942) found a total of 13 species in the North Platte River at sites
in Garden and Keith County, Nebraska, before the construction of Kingsley Dam. Almost
half a century later, Lynch and Roh (1996) found an average of 26 species above the
reservoir. The presence of nonnative and sportfish species has also increased over time as
species including Western Mosquitofish, Black Bullhead (Ameiurus melas), Emerald
Shiner, White Bass, Walleye (Sander vitreus), Channel Catfish, Largemouth Bass
(Micropterus salmoides), and Bluegill (Lepomis macrochirus) have been documented in
my study and by Lynch and Roh (1996). Collectively, these results demonstrate the
changes in fish assemblages in the North Platte River region over the course of 80 years
and how impoundment may influence species richness and diversity. However, because
both nonnative and sportfish species have been documented, native species may be
impacted. For example, Franssen and Tobler (2013) found increases in species richness
from pre- to post-impoundment over a 45-year time period, resulting from declines in
native fish supplanted by increases in invasive species in a region upstream of an
Oklahoma Reservoir. Overall, it is important to note how riverine habitat resulting from
impoundment may influence species richness and diversity and fish assemblage
composition of native, nonnative, and sportfish species. Fisheries managers should
consider this trend for a resource area when prioritizing total biodiversity, sportfish

promotion, or the integrity of the fish community.
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Overall, this study of the North Platte River above Lake McConaughy provides
information regarding changes in fish assemblages between habitat types over time. This
information may be useful for fisheries managers to consider for other riverine systems
above large reservoirs across the U.S. The changes in diversity over time between habitat
types potentially indicate that certain habitats are more important for fish during specific
times of the year. The availability of backwater habitats created by natural changes in
flow, even if temporary, may be important for providing spawning and nursery areas for
many native riverine fishes (Ruppert et al. 1993) and sportfish migrating from the
reservoir (Hladik and Kubecka 2003). Over time, as flows decrease in the river and
backwaters become fragmented, fish may find refuge in other habitat types, including the
main channel. Management should strive to mimic natural flows to maintain habitat
heterogeneity (Tockner et al. 2000), because when the hydrograph is anthropogenically
altered (e.g., impoundment), the availability of habitats may consequently decline and
negatively affect species richness and diversity (Ward and Stanford 1995; Poff et al.
1997). Ultimately, managers should improve understanding on the variety of habitats that
are more important to the development of different species within each river system.
Opportunities to promote overall biodiversity, specific sportfish population, or native
species are easier to achieve when the temporal associations within the complexity of

habitats available are better understood.
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Tables and Figures
Table 1. Habitats identified and sampled within the North Platte River (Nebraska) reach

selected for this study. Definitions of habitats follow those of Armantrout (1998).

Habitat Type Definition

Back eddy A pool formed and maintained by strong eddy current

Pool formed by water backing upstream from an obstruction;

Backwater abandoned channel that remains connected to the main
channel
Main channel Primary watercourse containing the major streamflow

Extension off main channel that can become a backwater
Side channel
under low flow conditions
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Table 2. Number of habitats sampled for each sampling period in the North Platte River from Oshkosh, Nebraska, to Lake

McConaughy from June to August 2020.

Habitat
Sampling period Dates Back eddy Backwater Main channel Side channel
1 6/1—6/7 1 14 8 3
2 6/15 — 6/24 1 5 6 5
3 716 —7/16 1 4 6 5
4 7/21 - 7128 1 4 6 5
5 8/4 —8/10 1 4 6 5
6 8/18 —8/28 0 4 6 5
Totals 5 35 39 28
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Table 3. Mean water quality measurements for each habitat sampled in the North Platte River between Oshkosh, Nebraska and
Lake McConaughy, Nebraska. Means were calculated across all periods sampled during June — August 2020. Numbers in

parentheses represent one standard error.

Water quality

. Water - Total dissolved Discharge
Habitat temperature (°C) Salinity (ppt) solids (mg/l) PH (m3/s)
Back eddy 24.3 (1.5) 0.4 (0.0) 634.6 (9.8) 8.3(0.1) 0.0 (NA)
Backwater 25.3 (0.6) 0.4 (0.0) 636.5 (12.4) 8.0 (0.1) 0.0 (NA)
Main channel 24.6 (0.3) 0.4 (0.0) 629.4 (14.3) 8.3(0.0) 10.1 (0.8)
Side channel 25.1 (0.5) 0.4 (0.0 626.6 (10.7) 8.3(0.0) 1.1(0.2)




Table 4. Fish species presence (denoted by an “x’’) across habitats (back eddy, backwater, main channel, side channel) in the

North Platte River from Oshkosh, Nebraska to Lake McConaughy, June-August 2020. Code denotes those used in Figures 3

0€

and 4.
Habitat

Common name Scientific name Code Back eddy Backwater Main channel Side channel
Bigmouth Shiner Notropis dorsalis BMS X X X
Black Bullhead Ameiurus melas BBH X
Black Crappie Pomoxis nigromaculatus BLC X
Bluegill Lepomis macrochirus BLG X
Brook Stickleback Culaea inconstans BRS X
Central Stoneroller Campostoma anomalum CSR X
Channel Catfish Ictalurus punctatus CCF X X X X
Common Carp Cyprinus carpio CcocC X X X X
Creek Chub Semotilus atromaculatus CCH X X X X
Emerald Shiner Notropis atherinoides EMS X X
Fathead Minnow Pimephales promelas FHM X X
Gizzard Shad Dorosoma cepedianum GzD X X X
Green Sunfish Lepomis cyanellus GSF X
lowa Darter Etheostoma exile IDR X
Largemouth Bass Micropterus salmoides LMB X
Longnose Dace Rhinichthys cataractae LND X
Northern Pearl Dace Margariscus nachtriebi NPD X
Orangespotted Sunfish  Lepomis humilis 0SS X
Plains Killifish Fundulus zebrinus PFK X X X X
Plains Topminnow Fundulus sciadicus PTM X
Red Shiner Cyprinella lutrensis RES X X X X
River Carpsucker Carpiodes carpio RCS X X X X
River Shiner Gambusia affinis RIS X X X
Sand Shiner Notropis stramineus SSH X X X
Stonecat Noturus flavus STC X X X
Western Mosquitofish ~ Gambusia affinis WMF X X X X
White Bass Morone chrysops WHB X
White Crappie Pomoxis annularis WHC X
White Sucker Catostomus commersonii WHS X X X X




Table 5. Mean Shannon diversity scores (/) by month (June — August 2020) in each of
the four habitats sampled in the North Platte River from Oshkosh, Nebraska, to Lake
McConaughy. Diversity scores were calculated for each location sampled and then

averaged for each habitat by month. Numbers in parentheses represent one standard error.

Habitat
Month Back eddy Backwater Main channel Side channel
June 0.00 (NA) 1.65 (0.00) 0.31 (0.00) 0.52 (0.00)
July 1.31(0.01) 1.78 (0.00) 1.17 (0.01) 0.67 (0.00)
August 1.39 (0.02) 0.33 (0.00) 1.42 (0.01) 1.28 (0.01)
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Table 6. Jaccard’s scores (J) between the four habitats (back eddy, backwater, main
channel, and side channel) in the North Platte River from Oshkosh, Nebraska, to Lake

McConaughy. Species presence data was combined for all sampling dates.

Habitat comparison J

Back eddy-Backwater 26.92
Back eddy-Main channel 50.00
Back eddy-Side channel 53.33
Backwater-Main channel 46.43
Backwater-Side channel 46.15
Main channel-Side channel 82.35
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Figure 1. Map of the North Platte River from Oshkosh, NE to Lake McConaughy and the six designated sampling sections,
alternating between braided and non-braided river segments (Photo Credit: Google Earth Pro 2022). The orange lines indicate

beginning and end points of sampling sections.
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Figure 2. An example of habitat locations within a designated sampling section (Section 1) of the North Platte River from
Oshkosh, Nebraska to Lake McConaughy (Photo Credit: Google Earth Pro 2022). The orange lines indicate the beginning and
end of Section 1. Green points indicate three habitat locations (backwater, main channel, and side channel) sampled within this

section.
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Figure 3. Plot of non-metric multidimensional scaling (NMDS) of fish species within the
four habitats of the North Platte River between Oshkosh, Nebraska and Lake
McConaughy during June-August 2020. Polygons represent convex hulls around each

habitat in ordinal space. Acronyms of species denoted in Table 1.
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Figure 4. Plot of canonical correspondence analysis (CCA) relating to fish species

distribution and discharge (DI1S) and water temperature (TEMP) in the North Platte River

from Oshkosh, Nebraska, to Lake McConaughy from June — August 2020. Acronyms of

species denoted in Table 1.
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SAMPLING YOUNG FISH IN UPPER LAKE MCCONAUGHY DURING EARLY
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Introduction

The river-reservoir interface (RRI) is an ecotone that encompasses a gradual
transition from lotic to lentic conditions (Kimmel et al. 1990). The RRI is not a definitive
point but rather shifts as river hydrology and reservoir operation varies within and
between years (Buckmeier et al. 2014; Guedes et al. 2020). The lower end of the RRI is
the upper reservoir, an area that reflects more lentic conditions and where flow is usually
undetectable or nearly so. This section of the RRI provides unique physical and chemical
features compared to the river above (Kimmel et al. 1990) which, in turn, influences the
fish found therein (Kimmel and Groeger 1984).

The upper reservoir can be more productive than the river (Acre 2015). As the
water from the river enters the reservoir, water velocity slows and the sediment that was
suspended and transported in the water column is deposited (Gore 1977; Schleiss et al.
2016). Such changes may lead to higher concentrations of total suspended solids, nitrates,
and phosphates (Kennedy and Walker 1990). Nogueira et al. (2002) found that the upper
part of the Jurumirim Reservoir, Brazil, was the most nutrient rich area of the reservoir
due to the nutrients entering from the main tributary river and settling in the upper
reservoir. Allochthonous inputs in the upper reservoir have been found to contribute to
higher abundance and biomass of young-of-the-year fish (Gonzalez et al. 2010) and
overall higher species richness and diversity (Gido et al. 2002; Britto and Carvalho 2006;

Santos et al 2010).

In addition to nutrient enrichment, sediment dynamics may also contribute to the

creation of physical fish habitat, including those necessary for spawning, rearing, feeding,
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and cover (Williams 1991; Slipke and Maceina 2005; Patton and Lyday 2008; Hladik et
al. 2008; Graeb et al. 2009; Buckmeier et al. 2014) that are often lost from rivers when
reservoirs are created (Buckmeier et al. 2014). Kaemingk et al. (2007) found that a
sediment delta in the Missouri River provided nursery and refuge habitat for some
juvenile and small-bodied fishes. Richardson et al. (2021) found that young age classes
are likely to use sediment deltas as refuge from predators and adverse conditions.
Overall, fish species richness and diversity are supported by sediment dynamics when a

reservoir is created (Carvalho et al. 1998; Oliveira et al. 2004; Kaemingk et al. 2007).

While sedimentation may be important to supporting RRI fish communities in
some ways, it may be a hindrance to accessing and sampling fish within this zone,
particularly during warmer, drier months when reservoir water levels recede. The choice
of gears used in standardized sampling depends on habitat and the fish themselves.
Factors such as water depth and the presence of submergent and emergent vegetation
may make some habitat inaccessible and limit the efficiency of many gears such as
seines, boat-mounted electrofishing, gill nets, and trawling (Winfield 2004; Patton and
Lyday 2008). In addition, body size, behavior, and swimming capabilities of each fish
species and life stage are important considerations when selecting a gear (Boyer et al.
2017). Previous studies of adult fish communities in the RRI have used multiple gears.
Buckmeier et al. (2014) and Smith et al. (2023) used seines, gill nets, and boat
electrofishing. In addition, Smith et al. (2023) used experimental gill nets, mini-fyke nets,
and minnow traps and collected more species overall than Buckmeier et al. (2014). To

sample larval fish in a Texas reservoir, Acre (2015) used both a modified push net and

39



quatrefoil light traps and found that species richness and abundance as indexed from push
nets was lower than light traps, likely due to the lack of areas available for push-net
sampling. However, light traps may be selective for species that are positively phototaxic
(Floyd et al. 1984). Overall, the choice of using a single gear or multiple gears may

influence fish community assessments.

To my knowledge, only a few studies have focused on the identification of
appropriate gears for targeting young fish in RRIs, particularly in the upper reservoir
(Acre 2015; Carvalho et al. 1998; Kaemingk et al. 2017; Gilbert and Pease 2019).
Indexing larval and juvenile fish abundance in the upper reservoir can aid in
understanding habitat use by different species, taxa, or guilds (Gilbert and Pease 2019)
and be used to quantify year-class strength (Stige et al. 2013). Thus, the objective of my
study was to compare larval and juvenile fish communities collected with different gears

in the upper part of Lake McConaughy, Nebraska.

Methods

Lake McConaughy was created when the Central Nebraska Public Power and
Irrigation District impounded the North Platte River via the construction of Kingsley
Dam in 1941. The reservoir is located approximately 8 km north of Ogallala, Nebraska,
in Keith County and provides irrigation for over 45,000 ha of agricultural land and
hydroelectric power across the entire state. Lake McConaughy is the largest reservoir in
Nebraska and is approximately 35.2 km long and 6.4 km wide, with a surface area of

14,164 ha at conservation pool. The reservoir has become a popular fishery in the state,
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and the species of highest management priority are Walleye (Sander vitreus) and White
Bass (Morone chrysops; McCarraher et al. 1971).

A total of six sampling events were conducted semiweekly in 2021 within upper
Lake McConaughy. The initial sampling event was on the fourth week of May and
sampling concluded in August. The vulnerability of larval and juvenile fish to different
sampling gears changes as they grow (Beamesderfer and Rieman 1988). Consequently,
two sampling periods (categorized as “early” or “late”) were established for this project.
The early period was between May 13 and June 29 (n = 4 samples) and the late period
was between July 14 and August 5 (n = 2 samples). The two gears used to collect fish in
the early period included a plankton tow net and quadrafoil larval light traps, and the two
gears used in the late period included boat-mounted electrofishing and a seine. The upper
reservoir was divided longitudinally into 15 equidistant (200 m long) zones along the
north and south shorelines (Figure 1). Six zones were randomly selected on both the
north and south shoreline during each period. A plankton tow net (1 x 3 m circular frame;
1000-pum bar mesh; 3 m long) was towed at one location in each of the 6 zones in a
circular motion behind a boat perpendicular to the shoreline for 5 min at a speed of < 0.67
m/s, targeting a minimum water depth of 2 m once. A flow meter (General Oceanics
model R2030) was mounted in the mouth of the tow net to quantify the volume of water
filtered. A Watermark® Quadrafoil larval light trap (Forestry Suppliers, Jackson, MS)
with chemical light sticks was set in each zone in approximately 1 m of depth 1 hr prior
to sunset and retrieved the following morning. Soak time was recorded from set to pull in

order to ensure that sampling efforts were relatively equal. A Smith-Root electrofishing
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boat (7.5 generator-powered pulsator control box; 5-8 A pulsed DC at 100-200 V) was
run along a transect parallel to the shoreline in each zone for 5 min, starting 1 hr before
sunset and ending before sunrise. Additionally, three quarter-arc seine hauls (7.62 x 1.22
m; 0.32-cm bar mesh) were conducted from morning to mid-day within each zone.
Locations were adjusted so suitable seine hauls could be made without major obstructions
and were moved each sampling period within the zone.

Collected fish were identified to the lowest possible taxonomic level, and the first
20 individuals of each identified taxa were measured for total length (TL; mm). Fish not
identified in the field were vouchered and preserved in ethanol and identified and
measured later in the laboratory. Identification of larval and juvenile fish was determined
using Auer (1982) and Hrabik et al. (2015). Relative abundance was indexed either as
density (tow net = number of individuals/L) or catch per unit effort (light traps = number
of individuals/trap set; electrofishing = number of individuals/transect; and seines =
number of individuals/total number of seine hauls). Several metrics were used to
compare fish communities between the four gears and between early and late periods.
Species richness, Shannon-Weiner diversity (H’; Shannon 1948), and the coefficient of
variation (CV) of the abundance index (catch per unit effort or density) were calculated
for each gear by combining data for all zones across all sampling periods.

To visualize whether fish communities were similar or different between the early
and late periods, | used a non-metric multidimensional scaling (NMDS) ordination using
Bray-Curtis distance metrics (Kruskal and Wish 1978; Gido et al. 2009). The NMDS was

only performed for species that occurred in > 5% of samples for both periods to reduce
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the influence of rare species on the final ordination (Legendre and Gallagher 2001; Poos
and Jackson 2012). All abundance data were combined between the two gears used
within each period (Perkin and Bonner 2014; Senecal et al. 2015). A one-way analysis of
similarity (ANOSIM; 999 permutations) was used to determine if overlap of fish
communities were significant (oo = 0.10; Liu et al. 2021). A stress value was calculated to
determine the goodness-of-fit. Stress values of < 0.20 are considered reliable for analysis
and indicate that species distribution in space is not similar (Kruskal and Wallis 1952).
Plots and computations were produced using the Vegan and MASS packages in R version

4.0.0.

Results

Overall, | collected 2,319 fish (731 with tow nets, 260 with light traps, 51 with
electrofishing, and 1,277 with seines) across all sampling sites and periods, representing
21 taxa. Gizzard Shad (Dorosoma cepedianum) was the only species sampled with all
four gears (Table 1). Seven species were considered rare as their abundance was < 5% of
samples for both periods. Additionally, 6 of the 7 rare species were collected in only one
gear (Table 1). Black Bullhead (Ameiurus melas; n = 1), Channel Catfish (Ictalurus
punctatus; n =1), Freshwater Drum (Aplodinotus grunniens; n = 1), Green Sunfish
(Lepomis cyanellus; n = 1) and Smallmouth Bass (Micropterus dolomieu s; n = 1) were
only collected with seines; and River Shiner (Notropis blennius; n = 1) were only
collected with light traps. Largemouth Bass (Micropterus salmoides) were collected with
both light traps (n = 1) and seines (n = 2). Species richness, Shannon-Weiner diversity,

and relative abundance were highest for seines and lowest for tow nets (Table 2). The
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coefficient of variation was highest for plankton tow nets and lowest for boat-mounted
electrofishing (Table 2).

The NMDS plot showed that fish communities overlapped somewhat between
sampling periods (Figure 2), but the ANOSIM indicated that the communities between
these two sampling periods were different (stress = 0.07; ANOSIM R = 0.40; p = 0.001).
Seven species were only captured in the late period, and 7 species were captured with at
least one gear during both periods (Table 1; Figure 2). Abundance of species captured
during both periods may have differed, depending on the species, thus influencing the
shape and overlap of the NMDS polygons. The axes on the NMDS plot indicated that
Alewife (Alosa pseudoharengus) abundance was greater during the early period, whereas
Walleye (Sander vitreus) and White Bass (Morone chrysops) were more abundant during

the later period (Figure 2).

Discussion

Overall, | found the upper reservoir to have relatively high species richness. A
total of 21 taxa were sampled, including many native, nonnative, and recreationally
important species. My findings are consistent with the results of previous studies
examining fish community composition in the RRI (Kaemingk et al. 2007; Acre 2015;
Gilbert and Pease 2019). For example, Schreck (2010) found similar richness numbers in
the Niobrara River delta and determined that both the Niobrara and White River deltas in
South Dakota supported a diversity of small-bodied native, sportfish, and introduced
species. Interestingly, many of the species | sampled in this study (n = 14) were similar to

what | sampled in the North Platte River above Lake McConaughy the year before (see
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Chapter 1 of this thesis). The remaining taxa were only found in the upper reservoir and
included Alewife, Freshwater Drum, Quillback (Carpiodes cyprinus), Shorthead
Redhorse (Moxostoma macrolepidotum), Smallmouth Bass, Walleye, and Hybrid Striped
Bass (Morone chrysops x M. saxatilis). The combination of similar and different species
sampled in the upper reservoir indicates upper Lake McConaughy may be an important
spawning and rearing area for riverine- and reservoir-obligate species in the RRI.
Additionally, connectivity between ecosystems and the ease at which fish, nutrients,
organic matter, and other substances can move between them is important in structuring
communities (Ward et al. 1999). The upper reservoir serves as a part an ecotone that
connects river and reservoir ecosystems, where both lentic and lotic species may co-exist,
using habitat temporally (Oliveira et al.2004). Thus, the upper reservoir may play an
important role in fish diversity, community structure, and overall ecosystem integrity.
Substantial differences in species richness and diversity, abundance, and gear
efficiency were observed between the four gears used in my study. To my knowledge,
this is the first study that has used this complement of gears to sample fish communities
in an upper reservoir, and the results of my study can be used to inform similar sampling
in other systems. Seines appeared to capture the most species at the highest abundance
and be one of the most efficient gears of the four selected. However, seines surprisingly
failed to capture River Shiner (Notropis blennius), which are frequently captured in lotic
systems with this gear (Neebling and Quist 2011). Seines also failed to capture Walleye
but have been used to capture this species in other reservoir systems (Uphoff et al. 2013;

DeBoer and Pope 2015), although electrofishing has been suggested as a preferred
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sampling gear elsewhere (Miller et al. 2018). Tow nets appeared to have the lowest
sampling efficiency between all the gears, only capturing Alewife and Gizzard Shad.
Some studies have demonstrated that tow nets can be effective at sampling young fish in
both pelagic and littoral reservoir habitat (Sammons and Bettoli 1998; Claramunt et al.
2005). However, sediment berms, aquatic vegetation, downed trees, and lodged tree
trunks found in the upper reservoir of Lake McConaughy and similar areas, can create
obstructions when using tow nets, even in shallow waters (Conrow et al. 1990; Claramunt
et al. 2005). Compared to tow nets, light traps are less limited by obstructions due to their
passive nature (Zigler and Dewey 1995). However, the effectiveness of light traps
depends on fish possessing positive phototaxic behaviors, which has been shown to differ
between species (Mueller et al. 1993) and life stages (Bulkowski and Meade 1983). In
addition, other aquatic organisms were captured by light traps during my study including
a zooplankton species not documented before in Lake McConaughy (Keith Koupal,
personal communication). Although there were inherent limitations of the gears used in
my study, it is important to recognize that each gear will have associated costs and
benefits. Further, depending on the given project objective or sampling protocol, certain

gears may be more suitable under certain circumstances.

Community composition in the upper reservoir may have been influenced by the
selection of gears used in the early and late periods. To accommodate for growth of fish
over time, gears were changed mid-season and compared within and between periods.
Results from the ANOSIM indicated a significant difference in communities between the

early and late periods, though the NMDS indicated some similarities. Several reasons
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may explain this somewhat conflicting finding. The first reason is related to the
difference in proportional abundance of those species captured in both time periods. For
example, a high abundance of Alewife and a low abundance of River Carpsucker
(Carpiodes carpio) sampled in the early period, appeared to influence the shape of the
NMDS polygons. In addition, because Walleye comprised the majority of fish sampled
with electrofishing, the shape of the NMDS polygons were also influenced. Second, the
use of some gears may result in difficulties in species identification. Sampling early in
the season targeted larval fish, which are difficult to identify to species (Kalous et al.
2010). Ko et al. (2013) found that identification accuracy at the family and species level
was 80.1 and 13.5%, respectively, when testing larval fish identification among five
laboratories. In addition, the impingement of larval fish in some gears (e.g., tow nets) and
their preservation in media such as ethanol may result in body distortions that further
complicate species identification (Puncher et al. 2015). Thus, species richness and
diversity in the early period of my study may be underrepresented. Third, the exclusion of
several species from the NMDS due to low abundances may have influenced final
community analysis (Cao et al. 2001; Poos and Jackson 2012). Although it is common
practice to remove rare species for NMDS analysis (Walters et al. 2003; Pyron and Lauer
2004; Poos and Jackson 2012), more overlap in the NMDS plot likely occurred between
the periods as a result. Rare species may only be perceived as rare because of sampling
methods (Arscott et al. 2006); thus, the removal of rare species may have

underrepresented the overall assessment of the community.
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The use of standardized gears over time is important to assess the structure and
dynamics of fish communities in upper reservoirs. The best gear or gears will capture all
or nearly all fish species present in proportion to their abundance in an efficient way.
Considerations for selecting a gear include characteristics of the fish (e.qg., life stage,
body size, behaviors), the habitat, and the objectives of the assessment. Using multiple
gears is common when assessing community composition (Weaver et al. 1993; Knight
and Bain 1996; Shoup et al. 2003). Ideally, multiple gears should be used so that few to
no species are missed in sampling efforts. However, time and financial resources may
require that sampling be limited to one gear. Based on the results of this study, |
recommend that seines be used to assess fish communities in upper reservoirs, at
minimum. Light traps and boat-mounted electrofishing may be helpful to add if possible.
Tow nets might be useful if the objective is to index the availability of prey species such
as Gizzard Shad and Alewife (Madenjian and Jude 1985; Michaletz, et al. 1995) but
provide very limited added information into assessment of the fish community. Overall,
this study provides some guidance for fisheries managers to consider when sampling fish

communities in upper reservoirs.
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Tables and Figures

Table 1. Fish taxa presence (denoted by an “X”) across gears (light trap, tow net, electrofishing, and seine) in upper Lake

McConaughy, Nebraska, May—August 2021. The species abbreviations here are the same as those used in Figure 2.

Gear

Common name Scientific name Ta>.<a_ Lighttrap  Tow net Electrofishing Seine

abbreviation
Alewife Alosa pseudoharengus ALE X X X
Black Bullhead Ameiurus melas BBH X
Channel Catfish Ictalurus punctatus CCF X
Common Carp Cyprinus carpio cocC X X X
Emerald Shiner Notropis atherinoides EMS X X
Freshwater Drum Aplodinotus grunniens FWD X
Gizzard Shad Dorosoma cepedianum GzZD X X X X
Green Sunfish Lepomis cyanellus GSF X
Largemouth Bass Micropterus salmoides LMB X X
Plains Killifish Fundulus zebrinus PFK X
Quillback Carpiodes cyprinus QBK X
Red Shiner Cyprinella lutrensis RES X
River Carpsucker Carpiodes carpio RCS X X
River Shiner Notropis blennius RIS X
Sand Shiner Notropis stramineus SSH X X
Shorthead Redhorse ~ Moxostoma macrolepidotum SHR X
Smallmouth Bass Micropterus dolomieu SMB X
Walleye Sander vitreus WAE X
White Bass Morone chrysops WHB X X X
White Sucker Catostomus commersonii WHS X X
Hybrid Striped Bass  Morone chrysops x M. saxatilis WXB X X
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Table 2. Species richness, mean Shannon-Weiner diversity index (H) and abundance (catch per unit effort or density), and the

coefficient of variation (CV) for each gear calculated across all locations and sampling periods in upper Lake McConaughy

from May to August 2021. Numbers in parentheses represent one standard error. Units of effort for each sampling gear are in

parentheses behind the type of gear.

Gear (Effort unit) Richness H Abundance cv
Plankton tow nets (#/L) 2 0.41 (0.00) 0.04 (0.02) 116
Watermark® Quadrafoil larval light traps (#/trap) 9 0.67 (0.01) 5.42 (2.23) 82
Boat-mounted electrofishing (#/transect) 6 1.37 (0.02) 0.43 (0.03) 8

Shoreline seine (#/total number of hauls) 19 1.57 (0.00) 17.74 (1.46) 12




Figure 1: Sampling zones for the north and south shore in the upper reservoir of Lake
McConaughy, Nebraska, from May to August 2021 for all gears. Orange X’s represent

light trap, electrofishing, and seining locations. Green circles represent tow net locations.
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Figure 2. Plot of non-metric multidimensional scaling (NMDS) of the abundances of fish
species sampled between early and late periods in upper Lake McConaughy, Nebraska,
from May to August 2021. Note that gears differed for each period as described in the
methods. Polygons represent convex hulls around periods in ordinal space. Acronyms of

species are denoted in Table 1.
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Introduction

High species richness, diversity, and abundance and the presence of various life
stages in the North Platte River-Lake McConaughy interface suggests that this area may
be important in supporting young-of-the-year, native, small-bodied, and sportfish species.
Because the RRI represents physical, chemical, ecological, and biological connections
between river and reservoir environments, better understanding of habitat availability
dynamics and how fish communities within this area change in response can be
informative for management of these systems. To my knowledge, this study is the first to
conduct sampling on fish communities in the North Platte River-Lake McConaughy

interface with a focus on young and small-bodied species.

Habitat and Fish Dynamics in Rivers

Previous sampling of fish communities in the North Platte River above Lake
McConaughy is sparse. Interestingly, when comparing the fish species collected in those
minimal studies (i.e., Johnson 1942; Lynch and Roh 1996) to what | found, few species
appear to have been lost in the last 80 years. This result is somewhat surprising given that
other studies have found that fish diversity has declined over decades in other regulated
rivers (Taylor et al. 2001; Kominoski et al. 2017). Two reasons may explain higher
diversity in impounded systems. First, impoundment can result in continuous changes in
flow and habitat availability (Ward and Stanford 1979; Quist et al. 2005). Second, new
species are often intentionally or accidentally introduced into reservoirs after they are

created (Franssen and Tobler 2013). Future research should continue to sample the North
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Platte River-Lake McConaughy RRI to monitor fish communities but more frequently in

order to detect any potential changes in native and introduced species in this area.

Sampling Fish Communities in Upper Reservoirs

Areas in the upper reservoir may be difficult to access for both the fish themselves
and for sampling fish communities under low-flow conditions. The use of traditional
sampling gears such as trawls, electrofishing, and seines have inherent limitations in
dynamic, transitional areas (Acre 2015). The gears selected for my study were chosen for
the original purpose of collecting age-0 White Bass, but bycatch of other species in these
gears is common (Sammons and Bettoli 1998; Miller et al. 2018; Boehm et al. 2020). The
lack of White Bass captured throughout this study may be related to the declining
presence of this species within the reservoir (Darrol Eichner, personal communication) or
perhaps related unknown gear collection bias. The efficiency of each gear used in my
study was variable, but certain gears appeared to be better for capturing more of the fish
community. Based on my results, | recommend using seines to sample young fish in the
upper reservoir as this gear captured the most species and the highest abundance and
diversity. Each gear that | used had inherent benefits and limitations. For example,
although boat-mounted electrofishing appeared to have the highest sampling precision,
size selectivity may be an associated bias when using this gear (Dolan and Miranda
2011). In addition, some species may only be sampled with one or two different gears
and not others (e.g., Walleye were only captured with boat electrofishing). Thus, it may
be advantageous to use multiple gears in some cases. However, using multiple gears

requires more time and effort than single gears and may not be required to meet particular
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objectives. Future research should focus on developing efficient ways to sample the

upper reservoir that meets the objective of a given study.

The exclusion of rare species in the multivariate analyses may have influenced the
overall community composition in my study. Although studies using multivariate
analyses to compare fish communities suggest the exclusion of rare species to reduce
noise and redundant information (Marchant 1999; Cao et al. 2001; Poos and Jackson
2012), it may be beneficial to include these species in the analysis to fully represent the
fish community and identify whether there are important indicator species of ecosystem
health (Faith and Norris 1989; Cao et al. 2001). Most analyses need a minimum number
of fish and the exclusion of rare taxa can result in unequal community representations
(Barbour and Gerritsen 1996; Miranda et al. 2014). However, studies have found that the
inclusion of rare species regardless of abundance was beneficial for representing the
overall community. Cao et al. (1998) found that the deletion of rare species resulted in an
underestimation of species richness between sampling sites. Ruetz, 11l et al. (2007) found
that the inclusion of rare species in an NMDS ordination did not change the conclusion
that species composition differed between different gears used to sample fish. Overall,
defining if and how to exclude taxa from an analysis depends on the assessment objective
(Lavoi et al. 2009; Li et al. 2012). However, fisheries managers should consider the
inclusion of rare species in multivariate analyses when comparing fish communities

between habitats or collected with different sampling gears.
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Study Limitations

The transitional nature of the RRI has been a challenge for sampling in other
studies as this dynamic area can shift and change size over time (Volke et al. 2015;
Pennock et al. 2020). Thus, defining the boundaries of the RRI and comparing these areas
over time or to each other can be difficult. Within the timeframe of my study, | was only
able to sample for one summer each in the North Platte River and upper Lake
McConaughy. More sampling within both areas within and between years would allow
for observing how changes in dynamics of the RRI influence community composition.
The timeframe chosen for sampling in both areas (May through August) was originally
chosen for the purpose of targeting White Bass. White Bass have been found to spawn as
late as May or June in some areas, depending on reservoir inflows, water levels, and
water temperature (Riggs 1953; Quist et al. 2002). Once hatched, White Bass may exhibit
rapid growth and begin schooling before migrating back to the reservoir or being carried
downstream (Walden 1964; Quist 2002). Other species within the fish community spawn
or hatch at other times or grow at different rates, making them more or less vulnerable to
the gears used in my study (Whiteside et al. 1985; Tischler et al. 2000; Fulford et al.
2006). In addition, other gears not tested in my study could have been used (e.g.,
backpack or tote barge electrofishing) but would likely have biases and limitations of
their own (Jackson and Noble 1995; Onorato et al. 2011). Thus, it may be possible that
my study missed some species that were present in the upper reservoir as a result of the
gears or the timeframe chosen for this study. However, based on historical comparisons, |

believe that | captured most, if not all, the species that were present.
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Future Directions and Research

The mosaic of habitats within the river above the reservoir is important in
supporting high species richness, including native, small-bodied native, and sportfish
species. However, the dynamic nature of the river can alter the availability and access to
these habitats and for fish to move into the upper reservoir, particularly during low flow
conditions. River discharge may naturally increase or decrease within and between
seasons or years due to patterns in precipitation, and riverine fishes are adapted to
hydrological cycles as well as floods and drought (Lytle and Poff 2004). However, in
managed systems such as those regulated by dams and diversions, altered hydrology may
exacerbate flow dynamics (Galat and Lipkin 2000). In such affected systems, species
richness and diversity can be supported by maintaining habitat diversity and access
(Gorman and Karr 1978; Scheidegger and Bain 1995; Carvalho et al. 1998; Gratwicke
and Speight 2005; Santos et al. 2010). However, in the North Platte River-Lake
McConaughy RRI, little is known about the availability of habitats at different flow
regimes and reservoir water elevations. Greater effort should be put towards habitat
monitoring in this highly dynamic system. Understanding how a river system will
respond to flow pulses is challenging (Richter et al. 2006; Caruso et al. 2013) however,
newer technologies offer promise for assessing dynamic systems. For example, Harrison
et al. (2017) used high-resolution imaging from remote sensing as a tool to quantify
geomorphic and habitat response to controlled flow pulses in a regulated semiarid river
and found that this process generated complex and interconnected habitats across various

spatial scales. Information on habitat availability can be used in conjunction with historic
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and predicted water management for this system to anticipate where and when habitat
improvement efforts may be most effective. In an ideal world, controlled flow releases
could be used by managers to offset negative impacts of dams on regulated river systems
by rebuilding and maintaining diverse habitats that fish can access during critical times
(Opperman et al. 2010; Grams et al. 2013), but those options may not be feasible for this

system.

Habitat modeling can identify specific flows and reservoir elevations that would
have limited availability of specific habitats; however, such projects and associated costs
can be difficult to justify (Erwin et al. 2017). Thus, improving fish monitoring and
sampling design is advised in addition to habitat modeling. My study provided
information on habitat dynamics and community composition in relation to flow using
some, but not all, possible gears. Future research should test other gears such as backpack
electrofishing (Vaux et al. 2011), push nets (Acre and Grabowski 2015), and pop nets
(Paradis et al. 2011) for assessing fish communities in the North Platte River-Lake
McConaughy RRI. In addition, studying the movement of fishes between these two areas
of the RRI can provide important information on the spatial and temporal use of habitats

by fish, which can also inform the management of water in this system.
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