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ABSTRACT 

We investigated stream fish assemblages in Nebraska and Kansas to determine 

the effects of habitat and sampling met
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Chapter 1 

Spatial scale of stream fish assemblage and abundance estimates: effects of sampling 

effort, community structure, and habitat heterogeneity 

 

Abstract:  The objective of this study was to determine the sampling effort required to 

detect changes in species richness and relative abundance within four Great Plains USA 

streams.  The number of reaches (<1 km) required to estimate segment (20-30 km) 

species richness decreased with increased reach length (10, 20, 40, or 60 mean stream 
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assess ecosystem health (i.e. 
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Many studies have attempted to determine the sampling effort (stream length; 

based on mean stream width [MSW]) required in wadable streams reaches to collect ai 
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habitat availability.  For rare fishes high variability in catch rates leads to low precision 
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basis of access so that intensive longitudinal sampling (i.e. 20-30 km) could be conducted 

in a localized area to determine species pres
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Physical habitat was surveyed at six reaches on each stream using procedures 

adapted from the Environmental Protection Agency’s (EPA) protocol for sampling 

wadable streams (Lazorchak et al. 1998).  Th
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detect 25, 50 and 75% changes in CPUE at four levels of statistical power (i.e., 0.60, 

0.70, 0.80, and 0.90) for each species that accounted for greater than 1% of the 

cumulative catch for each stream.  The mean 
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Habitat associations 

 A stepwise discriminant analysis was used to reduce the number of habitat 

variables and determine the subset of uncorrelated variables that best discriminated 

among streams from the set of nine habitat variable means CVs (see Data Collection 



 10

variability in depth while the North Loup and West Branch Mill Creek were similar in 

mean width (11.0 m and 11.4 m).  The West Branch Mill Creek exhibited the most 

variability in mean width and mean depth (Table 1).  Mean percent cover of instream 

habitat variables and CVs varied considerably among streams (Table 1).  For example, 

the Niobrara River and West Branch Mill Creek had greater CVs fo
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lowest in 10 MSW reaches (which required 6-8 sampled reaches) and ranged from 60 to 

80 total MSW sampled (Fig. 2A).  However, 75% of all species were only obtained 
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minimized with shorter sampling lengths (i.e. 10 MSWs).  Overall less effort was 

required to obtain common species than all species within all streams.  

 

Sample size estimation 

 The mean number of reaches needed to detect a 25, 50 and 75% changes in CPUE 

of common species ranged from 63 to 994, 17 to 249, and 8 to 111 reaches, respectively 

across all levels of power for all streams (Fig. 3).  The number of reaches needed varied 

among streams (F=5.20; DF=3, 144; P=0.0019) and MSW lengths (F=4.10; DF=3, 144; 

P=0.0079) for 25% changes in CPUE, among streams (F=5.07; DF=3, 144; P=0.0023) 

and MSW lengths (F=4.10; DF=3, 144; P=0.0079) for 50% changes in CPUE, and among 

streams (F=4.74; DF=3, 144; P=0.0035) and MSW lengths (F=3.50; DF=3, 144; 

P=0.0171) for 75% changes in CPUE.  The number of reaches at 0.8 statistical power 

needed to detect 25, 50, and 75% changes in CPUE for the North Loup River, West 

Branch Mill Creek, and Blue Creek did not differ (Ps > 0.008) and were greater than that 

required to detect changes for the Niobrara River (Fig. 3).  The number reaches needed to 
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54.4% of total variability and was a gradient of percent cover of filamentous algae, CV of 
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Discussion 

 The species-area relationship has been well established over the last century 
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Branch Mill Creek.  This result was consistent with the effort required to obtain various 

levels of segment richness among streams.  The Niobrara River and Blue Creek required 

consistently less effort than the North Loup River and West Branch Mill Creek.      

Our results suggest that moderate levels (i.e. 75%) of segment species richness are 

only obtainable after sampling three to five reaches at the widely accepted protocol of 40 

MSW sample lengths and more accurate levels (i.e. 90%) of segment species richness 

were only obtained after an extensive number of reaches (i.e. six to ten reaches at 40 

MSW reach lengths) in relatively small stream segments of 20-28 km.  However, the total 

effort required (cumulative MSWs) was consistently greater for longer reach lengths, 

suggesting an increased number of shorter reaches would characterize stream segments 

with less total effort.  The effort required to obtain segment species richness was 

consistently higher in the Niobrara River and Blue Creek and consistently lower in the 

West Branch Mill Creek and the North Loup River, suggesting characteristics of stream 

(e.g. habitat complexity) affected sampling va
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After removal of rare species, the numbers of reaches required to obtain precise 

estimates of common species richness for the entire segment were consistently lower for 

the Niobrara River and Blue Creek and higher for the North Loup River and West Branch 
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segments which have less similar communities among all reaches (i.e. North Loup River 
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streams with greater habitat heterogeneity and less temporal variation typically have 

stable fish communities (Schlosser 1987).  The four mid-sized Great Plains streams 

sampled may be better suited for evaluating assemblage variability as related to habitat 
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abundance (40% greater of species represented less than 4% of the total number of 

individuals collected in each stream).  However, 75% of all fish species were obtained 

with the least amount of total effort with five to ten 20 MSW reaches within all four 

streams.  Monitoring changes in common species relative abundance in Great Plains 

streams may require an increase in sampling effort.  Most importantly, the number of 

reaches needed to detect presences and mon 2 0
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Table 1.  Species richness collected, total st
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2001), while broader scales influences (e.g. geology and climate) can be important 

determinants of species distributions (Mathews and Robison 1988; Marsh-Matthews and 



 36

(Hughes et al. 1986) and validating metrics of fish communities (index of biotic integrity 

IBI, Smogor and Angermeier 2001).     

With losses of native terrestrial vegetation of up to 98.0% in area, the Great Plains 

are one of the most endangered terrestrial ecosystems in the North America (Samson and 

Knopf 1994) and prairie streams are even more endangered due to watershed 

fragmenred t 6.7na Doddes et al. 2041). n
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for each transect and the mean of all transe



 40

 

Statistical analyses.—Principal component analyses (PCA) were performed on the 

22 environmental variables to reduce dimensionality of the data and identify patterns of 

sites structuring within the Red Hills and Sand Hills (Johnson 1998).  All variables were 

log10 (x + 1) transformed before analysis to better meet the assumptions of normality.  

Only principal components with eigenvalues greater than two were interpreted from PCA 

on the correlation matrix of the environmenta
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introduced individuals, proportion intolerant individuals) and CPUE of two introduced 

species (common carp and largemouth bass) to determine the effects of introduced 
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adjacent rangeland landuse.  The second axis produced high loadings for dissolved 

oxygen and substrate composition (sand and course gravel).  The third axis had high 

loadings for mean depth and presence of rip-rap. 
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(11.0% of variance explained by all variables) while mean width explained 9.8% and 

macrophytes cover explained 8.4% (Table 4).    

 Eight environmental variables significantly explained variation of the Sand Hills 

fish assemblage characteristics data (Table 4).  Axis 1 (50.2% of total variance) was 
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conductivs8c mean depth, undercut banks, and percent fine substrate where include in 8
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and 76.4%) (Table 4).  Eleven variables contributied significantly to the variance 

explained, but only mean stream depth explained greater than 5% of the variance.  

Overhanging vegetation (4.2%) and canopy cover (4.2%) (Table 4), which differed 

between regions (Table 2) had the next highest variances explained.  Despite differing 

environmental variables and assemblage characteristics (Table 2) a greater overlap in site 

scores than the combine fish abundance CCA ordination (Figure 4) was observed.  

Native cyprinid richness was negatively rela
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the Great Plains, despite large differences in the habitat and fish communities.  For 
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For example, in narrower streams canopy cover was often higher, therefore increasing 

percent cover of woody debris relative to that of larger streams. 

Prairie streams of the Great Plains are unique systems that support unique fishes.  

We found several species of regional conservation concern in high abundance in both 

regions.  Many of these species were strongly associated with the environmental factors 

of our study.  For example, the presence and abundance of the Arkansas darter (Kansas 

state threatened; Haslouer et al. 2005), which was collected at greater than 60% of the 

sites in the Red Hills, was strongly associated with narrower streams containing greater 
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more influenced by local factors in largely undisturbed catchments (Wang et al. 2006) or 

highly disturbed regions (Stauffer et al. 2000, Heikte et al. 2006).  The strong local 

environmental influence of fish assemblage structure may be the result of similar 

homogenous landscapes of the Sand Hills and Red Hills regions. 

Conservation of stream fishes is dependent on understanding influences at 

multiple scales and reference conditions (e.g. fish habitat relationships at least disturbed 

sites) are essential to assessing restoration efforts (Roni et al. 2005).  Our results provide 

a framework of the how local habitat factors structure diffe
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Table 3. Summary of fish assemblage characteristics and environmental variable means 

(standard deviations in parenthesizes) and ranges from 67 Sand Hills and 92 Red Hills 

sites collected from 1996-2005.  Fish assemblage characteristics (multiple analysis of 
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Table 4.  Instream physical habitat structure, physiochemical, and adjacent land use 

environmental variables used in fish abundance, fish assemblage characteristic and 
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Figure 1. Locations of 67 Nebraska Sand Hills and 92 Kansas Red Hills sites (triangles) 

sampled from 1996-2005.  Inset represents entire Great Plains region (Omernik 1987).   
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Appendix B.  Continued (see pag-73
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Appendix B.  Continued (see page 76 for heading) 
 Species 
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Appendix D.  Mean physical habitat and cover characteristics for streams within Turner Properties sampled during May 
through October 2005.  Number in parenthesis represents standard 
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Appendix D.  Continued (see page 85 for heading) 
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Appendix D.  Continued (see page 85 for heading)               

 Physiochemical variables 

Ranch-Stream 
Alkalinity 
(mg/l CaCO3) 

Chloride 
(mg/L) 

Nitrate 
(mg/L) 

Ammonia 
(mg/L) 

Phosphate 
(mg/L) 
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Appendix E.  Sampling locations within Turner Properties sampled during summers 
2005-2006. 
 

Ranch-Stream 
Site 
# 

Latitude 
(decimal degrees) 

Longitude 
(decimal degrees) 
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Appendix E. Continued (see page 85 for heading). 

Ranch-Stream 
Site 
# 

Latitude 
(decimal degrees) 

Longitude 
(decimal degrees) 

Spikebox Ranch    
   North Loup River 1 42.41029 -101.07202 
   North Loup River 2 42.41167 -101.10199 


