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 The local substrate composition of large rivers varies with local current velocity 

and high flow events. We evaluated effects of hydrology on local substrate variation for 

28 Wabash River sites from 2005-08, and subsequent variation in fish assemblages using 

multivariate analyses. Sites were 500-m in length and fish were collected by boat 

electrofisher. Substrate collection methods were compared by way of habitat pole, 

developed by Ohio River Valley Sanitation Commission (ORSANCO), and substrate 

grabs. We characterized hydrologic variation with the Indicators of Hydrologic Alteration 

(IHA) software. We determined important driving variables of fish assemblages, 

substrates, and hydrology with Principle Components Analysis. Temporal effects of 

hydrology and substrate variation on taxonomic and functional fish assemblages were 

determined by repeated measures ANOVA. The analyses resulted in annual variation in 

fish assemblage structure, substrates and hydrologic variation. Significant relationships 

were found for fish assemblage structure, substrate variation, and hydrologic variation. . 

Our Mantel tests resulted in significant concordance among hydrology, local substrate 

variation, and fish assemblage structure variables in years 2005, 2006, and 2008, but not 
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in 2007. These results demonstrated that Wabash River fish assemblages respond to 

substrate variation and substrate variation is controlled largely by hydrology. A 

comparison of substrate quantification approaches demonstrated that the habitat pole and 

substrate grabs are both effective ways to describe fish assemblages but the costs of grabs 

outweigh the cost of the pole method.  
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Abstract 

The local substrate composition of large rivers varies with local current velocity and high 

flow events. Effects of hydrology on local substrate were evaluated for 28 Wabash River 

sites from 2005-08, and subsequent fish assemblages using multivariate analyses. 

Sampled reaches at each site were 500-m in length and fish were collected by boat 

electrofisher. We calculated hydrologic variation with the Indicators of Hydrologic 

Alteration (IHA) software and tested for temporal hydrologic effects on substrate 

variation. We then tested for effects of substrate variation on taxonomic and functional 

fish assemblages. These analyses showed significant relationships for hydrologic 

variation with annual variation in substrates and for hydrologic variation with fish 

assemblage structure. Our Mantel tests resulted in significant concordance among 

hydrology, local substrate variation, and fish assemblage structure variables in years 

2005, 2006, and 2008, but not in 2007. These results demonstrated that Wabash River 

fish assemblages respond to substrate variation and substrate variation is controlled 

largely by hydrology. 
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INTRODUCTION 

The abundance and distribution of riverine biota are controlled largely by 

variation in physical habitat characteristics (Meffe and Sheldon, 1988; Poff and Ward, 

1990; Poff and Allan, 1995; Hitt and Angermeier, 2008; Neebling and Quist, 2010). 

Characteristics can include substrate types, woody debris, riparian vegetation, local 

current velocity, and watershed hydrology (Bilby, 1984; Resh et al., 1988; Allan, 1995).  

Substrate distribution is an important driving factor in species distribution 

patterns. At a local scale the hydrologic regime results in scouring and deposition 

patterns, creating a variety of available substrates (Kennard et al., 2007) to which fish 

assemblages respond. For example, Hitt and Angermeier (2008) demonstrated that fish 

assemblages were correlated with substrate size. Decreased flow in a local reach results 

in deposition of smaller sediment particles, while local reaches with increased flow have 

larger sediments (Wetzel, 2001). Larger, more stable substrates provide cover for fish as 

well as habitat for aquatic insects, while deposition of fine sediments have been found to 

decrease species abundance (Gurtz and Wallace, 1984; Allan, 1995; Wood and Armitage, 

1997; Matthews, 1998,). 

The local hydrologic regime of a river creates habitats for organisms by 

transporting and distributing substrata (Leopold et al., 1995). The resulting habitat 

structure and particle size influence the distribution of aquatic organisms. Poff and Allan 

(1995) found that variation in hydrologic parameters impacted the tolerance of fish 

species; more variable sites were associated with generalist species while specialists were 

found in more stable environments. Ecological patterns and lotic processes are in part 

structured by hydrologic regime which has potential to be altered from the natural flow 
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regime (Poff and Ward 1989; Poff et al., 1997). Biologically relevant parameters of 

hydrologic regime can be used to determine how riverine biota will be influenced by 

specific hydrology patterns (Richter et al., 1996). 

Multiple studies have found that fish assemblages vary with substrates and 

hydrology (Poff and Allan 1995; Smith and Kraft, 2005; Mueller and Pyron, 2010; 

Neebling and Quist, 2010). Streams have been examined for these variables (Gorman and 

Karr, 1978; Berkman and Rabeni, 1987; Meffe and Sheldon, 1988; Poff and Allan, 1995) 

but few studies tested for effects of hydrology and substrates on fish assemblages of large 

rivers.  We hypothesized that hydrology and its impact on the distribution of substrate 

would explain local fish assemblages in the Wabash River. The first objective of this 

study was to identify hydrologic variables with the potential to influence local substrate 

(frequencies of size classes). The second objective was to test for covariation of 

hydrology and substrates, substrates and fish assemblages, and for hydrology and fish 

assemblages. 

 

MATERIALS AND METHODS 

Site description 

The Wabash River is the longest free-flowing North American river east of the 

Mississippi River (Figure 1). One mainstem reservoir is located at river km 662 and 

creates J. Edward Roush Reservoir. The upper river above Lafayette, IN has a mean 

gradient of 0.45 m/km and narrow banks and the downstream portion becomes a slower 

moving river near river km 325 with a mean gradient of 0.12 m/km (Gammon, 1998). 

The geology of the sampled area is glacial deposits with limestone outcrops (Thompson, 
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1998). Landuse in the watershed is approximately two-thirds agriculture and one-third 

forest, pasture, and other landuse types (Gammon, 1998). 

Collection methods 

The fish community was sampled annually during 2005-08 at 28 sites using boat 

electrofisher (Smith-Root 5.0 GPP) with DC voltage and two netters. Each site was a 

500-m long baseline located on outer river bends (Figure 1). The 500-m site length was 

based on an earlier analysis by Gammon (1998) that showed species richness reached an 

asymptote at this distance. Fish were identified to species and released at the site. 

Collections were made in summer months of years 2005-08 when discharge was less than 

143 m3/s at the Montezuma, IN United States Geological Survey (USGS) gaging station 

(http://waterdata.usgs.gov/in/nwis/rt)

Substrates were quantified and depths were recorded at each site following a 

method developed by Ohio River Valley Water Sanitation Commission (ORSANCO, 

2004) and used by Mueller and Pyron (2010). The 500-m baseline was divided into five 

100-m transects perpendicular to the shoreline (Figure 2). The dominant sediment size 

was estimated with a 6-m long copper pole that was plunged to the bottom at 3-m 

increments from the shore, including a shoreline observation. Substrate size was 

estimated from the texture of the substrate the pole contacted. Substrate size categories of 

boulder (> 256 mm), cobble (255 mm – 64 mm), gravel (63 mm – 2 mm), sand (1 mm – 

0.25 mm), fines (< 0.24 mm), and hardpan (mixture of fines and clay) were from 

Wentworth (1922).  

. 

 

Data Analysis  



9 
 

Fish assemblage data were tested for temporal variation using taxonomic 

identities (species) and functional groups. Functional groups were assigned using Poff 

and Allan’s (1995) trophic, habitat, and tolerance categories. Abundances of species that 

were equal to or less than 1% of the total catch of all years combined were considered 

rare and were deleted (Mueller and Pyron, 2010). Taxonomic data were transformed (log 

+ 1) for normalization (Ter Braak and Smilauer, 1998) and functional group abundances 

were converted into percentages and transformed (arcsine square root).  

Data were examined by year using correlation matrices in Principal Components 

Analysis (PCA) in PC-ORD (McCune and Mefford, 1999) with significant PCA axes 

identified by the broken-stick model (Frontier, 1976; Legendre and Legendre 1983; 

Jackson, 1993). A PCA is a method to reduce possibly correlated values into separate 

uncorrelated variables (Manly, 1944). The broken-stick model ((Frontier, 1976; Legendre 

and Legendre 1983; Jackson, 1993) was applied because this method allows important 

variables to be identified. 

 A PCA was applied to transformed taxonomic fish assemblage data and to 

functional groups to identify driving variables. Substrate frequency values were 

converted into percentages and transformed (arcsine square root) for normalization. 

Transformed substrate frequency values were used in a PCA to reduce substrate data into 

fewer uncorrelated variables for further analyses by year. 

Hydrologic data were obtained from five USGS gaging stations that were 

assigned to collection locations based on proximity (Figure 1). Mean daily discharge data 

were downloaded from the USGS website (http://waterdata.usgs.gov/in/nwis/rt accessed 

Nov 2009). The Indicators of Hydrologic Alteration (IHA) flow-based software was used 

http://waterdata.usgs.gov/in/nwis/rt�
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to calculate biologically relevant hydrologic variables for each year 2005-08 (The Nature 

Conservancy, 2009). This approach uses 33 hydrologic parameters to assess magnitude of 

monthly water conditions, magnitude and duration of annual extreme water conditions, 

timing of annual extreme water conditions, frequency and duration of high and low 

pulses, and rate and frequency of water condition changes (The Nature Conservancy, 

2009). The 33 parameters were reduced by a PCA analysis to determine driving variables 

and used in a regression analysis to test for covariation with fish assemblage and 

substrates. Driving variables of the fish assemblage, substrate, and hydrology PCA axes 

were determined by identifying the most extreme positive and negative Eigenvectors.  

The resulting scores from PCAs of taxonomic and functional fish data, substrate 

PCAs, and hydrology PCAs were compared by separate repeated measures ANOVA to 

test for differences in each set of parameters among years. To test for significant 

relationships of PCA loadings among fish, substrates, and hydrology Mantel tests of 

concordance with 999 iterations was used (Douglas and Endler, 1982). 

 

RESULTS 

A total of 5,918 fish were collected and the five most common species were freshwater 

drum Aplodinotus grunniens, spotfin shiner Cyprinella spiloptera, emerald shiner 

Notropis atherinoides, gizzard shad Dorosoma cepedianum, and river carpsucker 

Carpiodes carpio (Table 1). The most common species are generally associated with 

large streams and small to medium sized rivers (Trautman, 1981; Becker, 1983).  

Fish taxonomic PC axes 1-3 were significantly different from random based on 

the broken stick model (. Fish taxonomy PC1 axis explained 19.2% of total variance. 
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Increased abundances of flathead catfish Pylodictis olivaris, blue sucker Cycleptus 

elongatus, and common carp Cyprinus carpio were negatively association with PC1, and 

bullhead minnow Pimephales vigilax, longear sunfish Lepomis megalotis, and river 

shiner Notropis blennius were positively associated with PC1. Fish taxonomy PC2 axis 

explained 10.1% of variance with freshwater drum, shorthead redhorse Moxostoma 

macrolepidotum, and blue sucker in increased abundance in the negative direction. 

Flathead catfish, smallmouth bass Micropterus dolomieu, and bluegill Lepomis 

macrochirus had higher abundances and were positively associated with PC2.  

Fish functional group PCA axes 1-6 were significantly different than random 

(Table 3). Fish functional groups PC1 axis explained 21.6% of the variance and was 

negatively associated with categories of silt substrate preference, benthic invertivore 

trophic guild, and general current velocity preference, and in the positive direction with 

surface/water column invertivore trophic guild, a high tolerance to silt, and slow to no 

current velocity preference. Fish functional groups PC2 axis explained 17.0% of the 

variance and was associated with categories of silt substrate preference, planktivore 

trophic guild, and small to large stream size preference in the negative direction and 

moderate current velocity preference, medium tolerance to silt, and rocky to gravel 

substrate preference in the positive direction.  

The PCA for substrate frequency resulted in two axes that were significantly 

different from random (Table 4). The first substrate PC axis explained 35.9% of the 

variance and was associated with hardpan and fines in the negative direction and cobble 

and gravel in the positive direction. Substrate PC2 axis explained 22.3% of the variance 
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and was associated with sand and boulder in the negative direction and hardpan and 

gravel in the positive direction.  

The IHA analysis resulted in hydrology PC axes 1-4 that were significantly 

different from random (Table 5). Indicators of Hydrologic Alteration PC1 axis explained 

34.9% of the variance and important variables in the negative direction were 90-day 

maximum, 30-day maximum, and 7-day maximum discharge in the negative direction 

and base flow, fall rate and low pulse number in the positive direction. IHA PC2 axis 

explained 33.9% of the variance and was associated with date of minimum discharge, 

low pulse number, and date of maximum discharge in the negative direction and 90-day 

maximum discharge, high pulse length, and rise rate in the positive direction.  

The first PCA axis was used to compare important relationships among the fish 

assemblage, substrate types, and hydrology parameters (Figure 3). In the negative 

direction flathead catfish, blue sucker and common carp were in increased abundances 

and were associated with silt substrate preference, benthic invertivore trophic guild, 

general current velocity preference functional group, hardpan and fine substrate sizes, 

and 90-day maximum, 30-day maximum, and 7-day maximum hydrology parameters. In 

the positive direction the fish assemblage was dominated by bullhead minnow, longear 

sunfish, and river shiner and the functional characteristics surface/water column 

invertivore trophic guild, high tolerance to silt, and slow to no water velocity preference. 

The important driving variables of substrate and hydrology in the positive direction were 

cobble and gravel and base flow, fall rate, and the number of low pulses. The variables 

that differed in among years comparisons by repeated measures ANOVA were taxonomic 

PC axes 1, 2, and 3, functional group PC axes 1 and 3, substrate PC axis 2, and hydrology 
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PC axes 1, 2 and 3 (Table 6). The Mantel tests were positive and significant for four 

comparisons in 2005, two in 2006, none in 2007, and three in 2008 (Table 7). This 

implies that variation in taxonomy and substrate, functional groups and substrate, 

taxonomy and IHA variables, and functional groups and IHA variables occurred similarly 

during 2006, for example. In 2008, variation in taxonomy and substrate, functional 

groups and substrate, and functional groups and IHA variables was concordant. 

DISCUSSION 

The Wabash River fish assemblage can be explained by substrate and hydrology 

variation. Our analyses resulted in significant relationships for annual hydrologic 

variation with substrates and fish assemblage structure. Fish assemblages responded to 

variation in substrate type, depth, indicating that the presence of appropriate benthic 

habitat and hydrology are significant predictors of fish assemblage structure.  

Others have identified that fish assemblage structure is related to physical habitat 

at microhabitat scales (Fischer et al., 2009). Influences of hydrology on substrate 

variation and fish assemblages in riverine ecosystems have been demonstrated in small 

streams (Poff and Allan, 1995; Allan, 1995; Murchie et al., 2008). Poff and Ward (1990) 

showed that physical microhabitat composition controlled the abundance and distribution 

of riverine biota. This study demonstrates that similar patterns occur in a large river. 

Fishes that are generally associated with large rivers such as freshwater drum, shorthead 

redhorse, and blue sucker that have medium tolerance to silt, varied with substrate sizes 

and flashy hydrology parameters. We suggest that fish species are strongly associated 

with habitat characteristics and altered hydrology variables such as number of low pulses 

and the magnitude and duration of annual extreme water conditions. 
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We found significant differences among years for substrates, hydrology, and fish 

assemblages, except in 2007. No identifiable cause was found for the exception in 2007 

likely due to the highly variable dataset in that year. 

 A natural flow regime produces habitat variation that native organisms respond to 

through life history strategies and morphologic adaptations (Richter et al., 1996; Poff et 

al., 1997). A natural flow regime as describe by Poff et al. (1997) is the unaltered, 

historic behavior of the flow. These riverine habitats are a product of complex 

geomorphological interactions of flow and existing sediments. For example, substrate 

particle distribution is dependent on local hydrology. Higher current velocities result in 

larger particle size in local patches, such as gravel and cobble. Sand and silt are deposited 

in locations such as inner bends, with slower current velocities.  

Hydrologic alterations negatively influence fish assemblages (Poff and Allan, 

1995). Hydrologic events with the potential to disturb and rearrange local substrates 

include large hydrologic pulse events (Leopold et al., 1964). Substrate distribution from 

local hydrology influences fish assemblages because of the intimate relationship between 

substrate and life history strategies of fish and (Hoeinghaus et al., 2007; Hitt and 

Angermeier, 2008). The results from this study and a previous study (Mueller and Pyron, 

2010) indicate that the Wabash River fish assemblages are influenced by substrate and 

hydrology variation because of the microhabitats created by the local hydrology.  

Hydrology variables that were correlated with substrate and fish assemblage 

variation were discharge magnitude and length of extreme water conditions, and the 

frequency and duration of high and low pulses. These extreme hydrologic events have 

strong effects at local scales and produce substrate variability from the redistribution of 
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particles (Allan, 1995) as well as impact the river channel morphology and the 

distribution of substrate particles. In the Wabash River, a portion of environmental 

quality appears to be driven by hydrologic alterations, including increased mean base 

flow and fewer, less intense flood events and altered sediment patterns (Pyron and Lauer, 

2004). Hydrologic alterations have negative effects on native organisms (Poff et al., 

1997), which have adaptations for survival in a natural flow regime (Lytle and Poff, 

2004). Our study provides additional evidence of a mechanistic link for hydrologic 

alterations to fish assemblages and impact on substrate distribution.  

Further details of Wabash River fish assemblage variation with local habitat were 

obtained from functional analyses. When we categorized Wabash River fish assemblages 

by Poff and Allan’s (1995) functional groups, functional groups of substrate preferences, 

current velocity preference, and trophic guild categorization varied significantly with 

local habitat variation. Fischer and others (2009) also found that taxonomic and 

functional fish assemblages could be explained from local habitat characteristics. 

Because functional groups are indirect indicators of ecosystem properties they are used in 

comparative community ecology (Poff and Allan, 1995). Adaptations to specific 

substrates are common for riverine biota (Cushing and Allan, 2001). Mantel tests of 

concordance using functional groups resulted in stronger relationships with hydrology 

and substrate composition than analyses using taxonomy (Table 6). Different results for 

the taxonomic and functional group analyses were not surprising due to life history 

strategy adaptations with substrate (Hoeinghaus et al., 2007).  

The hydrology of the Wabash River mainstem is altered from a natural flow 

regime (Pyron and Neumann, 2008). Additional products of these hydrologic alterations 
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are altered benthic habitats (substrate variation) and fish assemblage structure. There is 

potential for restoration of a component of the natural flow regime for the Wabash River 

from modifying upstream dam releases (Richter and Thomas, 2007), extending buffer 

zones, and reducing sediment runoff. Longterm monitoring is necessary to detect further 

modifications to the hydrology, substrates, and fish assemblages of the Wabash River 

watershed. 
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Table 1. Rank abundances of 21 common fish species in the Wabash River, from 

collection years 2005-08. 

Species Latin name Abundance 

Freshwater Drum Aplodinotus grunniens 929 

Spotfin Shiner Cyprinella spiloptera 815 

Emerald Shiner Notropis atherinoides 761 

Gizzard Shad Dorosoma cepedianum 416 

River Carpsucker Carpiodes carpio 345 

River Shiner Notropis blennius 337 

Longear Sunfish Lepomis megalotis 303 

Bullhead Minnow Pimephales vigilax 263 

Bluegill Lepomis macrochirus 218 

Shorthead Redhorse Moxostoma macrolepidotum 204 

Common Carp Cyprinus carpio 168 

Steelcolor Shiner Cyprinella whipplei 162 

Flathead Catfish Pylodictis olivaris 146 

Silver Redhorse Moxostoma anisurum 124 

Smallmouth Buffalo Ictiobus bubalus 124 

Sand Shiner Notropis stramineus 120 

Channel Catfish Ictalurus punctatus 115 

Blue Sucker Cycleptus elongatus 111 

Smallmouth Bass Micropterus dolomieu 99 

Spotted Bass Micropterus punctulatus 89 

Golden Redhorse Moxostoma erythrurum 69 
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Table 2. Fish taxonomy PCA loadings from the Wabash River collections during 2005-

08. 

Species PC 1 PC 2 

Blue Sucker -0.004 -0.710 

Bluegill 0.293 0.486 

Bullhead Minnow 0.659 0.092 

Channel Catfish 0.021 -0.120 

Common Carp 0.445 -0.142 

Emerald Shiner 0.483 0.282 

Flathead Catfish -0.314 0.365 

Freshwater Drum 0.515 -0.378 

Gizzard Shad 0.151 0.350 

Golden Redhorse 0.484 -0.246 

Longear Sunfish 0.665 -0.006 

River Carpsucker 0.493 0.016 

River Shiner 0.740 0.177 

Sand Shiner 0.497 0.330 

Shorthead Redhorse 0.459 -0.500 

Silver Redhorse 0.483 -0.212 

Smallmouth Bass 0.287 0.407 

Smallmouth Buffalo 0.337 -0.348 

Spotfin Shiner 0.511 0.149 

Spotted Bass 0.111 0.154 

Steelcolor Shiner 0.245 0.162 
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Table 3. Fish functional groups PCA loadings from Wabash River collections during 

2005-08. 

 

Functional Group PC 1 PC 2 

Trophic Guild   

Herbivore-detritivore -0.128 -0.158 

Omnivore 0.210 0.358 

General invertivore 0.359 0.410 

Surface/water column invertivore 0.580 -0.157 

Benthic invertivore -0.627 0.313 

Piscivore -0.421 -0.272 

Planktivore -0.047 -0.604 

Current velocity preference   

Moderate  -0.437 0.490 

Slow-none  0.727 -0.208 

General  -0.587 -0.156 

Substrate preference   

Rubble (rocky, gravel) -0.256 0.669 

Sand  0.487 0.330 

Silt -0.669 -0.459 

General  0.558 -0.142 

Tolerance   

High 0.723 -0.270 

Medium  0.095 0.493 

Low  -0.089 0.461 
 
Stream size preference   

Small stream  -0.464 0.489 

Medium-large stream  -0.207 -0.683 

Small-large stream  0.542 0.430 
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Table 4. Substrate frequency PCA loadings for 28 sites on the Wabash River in 2005-08.  

 

Substrate type PC 1 PC 2 

Fines -0.646 0.046 

Sand -0.296 -0.852 

Gravel 0.738 0.519 

Cobble 0.618 -0.284 

Hardpan -0.698 0.395 

Boulder 0.483 -0.319 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 
 

Table 5. Hydrology PCA loadings from Indicators of Hydrologic Alteration analyses of 

years 2005-08.  

 

Hydrologic Variable PC 1 PC 2 

October mean -0.212 -0.041 

November mean -0.720 -0.194 

December mean -0.858 -0.174 

January mean -0.827 -0.331 

February mean -0.753 0.095 

March mean -0.518 0.271 

April mean -0.451 0.644 

May mean 0.104 0.962 

June mean -0.389 0.651 

July mean -0.355 0.813 

August mean -0.294 0.892 

September mean -0.162 0.940 

1-day minimum -0.194 0.902 

3-day minimum -0.158 0.918 

7-day minimum -0.179 0.923 

30-day minimum -0.147 0.969 

90-day minimum -0.361 0.902 

1-day maximum -0.917 -0.193 

3-day maximum -0.925 -0.167 

7-day maximum -0.941 -0.120 

30-day maximum -0.956 -0.167 

90-day maximum -0.993 -0.002 

Base flow index 0.629 0.616 

Julian date of 1-day minimum 0.152 0.620 

Julian date of 1-day maximum 0.431 0.666 
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Number of low pulses 0.723 0.247 

Mean duration of low pulses -0.606 -0.614 

Number of high pulses 0.140 -0.211 

Mean duration of high pulses -0.785 -0.373 

Rise rate -0.535 0.190 

Fall rate 0.693 -0.300 

Number of reversals 0.327 -0.419 
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Table 6. Results of repeated measures ANOVAs for PCAs of fish assemblages, 

substrates, and hydrology. 

 

Variable SS DF MS F P 
Fish Taxonomy PC1      

Year  22.3 3.0 7.4 4.7 < 0.01 

Error 127.0 81.0 1.6     

Fish Taxonomy PC 2      

Year 15.0 3.0 5.0 4.1 < 0.05 

Error 98.3 81.0 1.2     

Fish Taxonomy PC 3      

Year 43.2 3.0 14.4 13.3 < 0.01 

Error 87.4 81.0 1.1     

Fish Functional 
Groups PC 1 

     

Year 27.8 3.0 9.3 3.0 < 0.05 

Error 254.2 81.0 3.1     

Fish Functional 
Groups PC 2 

     

Year 10.0 3.0 3.3 1.4 0.2 

Error 189.2 81.0 2.3     

Fish Functional 
Groups PC 3 

     

Year 23.6 30 7.9 3.8 < 0.05 

Error 169.5 81.0 2.1     

Substrate PC 1      

Year 3.4 3.0 1.1 2.2 0.1 

Error 40.6 81.0 0.5     

Substrate PC 2      

Year 9.2 3.0 3.1 9.1 < 0.01 

Error 27.5 81.0 0.3     
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Hydrology PCA 1      

Year 344.6 3.0 114.9 85.5 < 0.01 

Error 108.8 81.0 1.3     

Hydrology PCA 2      

Year 908.5 3.0 302.8 297.5 < 0.01 

Error 82.5 81.0 1.0     

Hydrology PCA 3      

Year 421.6 3.0 140.5 1787.7 < 0.01 

Error 6.4 81.0 0.1     
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Table 7. Mantel r and probability values for tests of concordance of Wabash River fish 

assemblages (using taxonomy and functional categorizations) with substrate variation and 

altered hydrology variables for years 2005-08. Significant relationships are in bold. 

 

Year Taxonomy-
Substrate 

Functional-
Substrate 

Taxonomy-
IHA 

Functional-
IHA 

2005 0.28 (< 0.01) 0.32 (< 0.01) 0.12 (< 0.05) 0.09 (< 0.05) 

2006 0.15 (> 0.05) 0.33 (< 0.01) 0.07 (> 0.05) 0.19 (> 0.05) 

2007 0.01 (> 0.05) 0.02 (> 0.05) 0.01 (> 0.05) 0.09 (> 0.05) 

2008 0.22 (< 0.05) 0.17 (< 0.05) 0.17 (> 0.05) 0.19 (< 0.05) 
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Figure legends 

 

Figure 1. Sample sites and USGS gaging station assignments on the Wabash River. 

 

Figure 2. Habitat pole collection methods along the 500-m sampling site. The distance is 

broken into 100-m segments. Substrate size readings begin at the shoreline and are taken 

every 3-m with a 3-m copper pole that is protruded into the river bottom.  

 

Figure 3. PCA axis 1 of all variables, years 2005-08. Fish assemblage data (taxonomy 

and functional groups) are on the x-axis and the environmental variables (substrate 

frequency and hydrology parameters) are on the y-axis. 
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Abstract 

 

Benthic habitat is a major component of habitat to aquatic organisms, which utilize the 

recourse for food, shelter, and spawning areas. Quantifying substrate is necessary for an 

understanding of fish assemblages of river ecosystems. Multiple approaches exist to 

sample and describe substrate variation in streams. We tested two methods in the Wabash 

River in 2008 at 28 500-m sites. A pole method was compared to substrate grab samples 

to evaluate the ability to predict local fish assemblage variation. Fish collections were by 

boat electrofishing. Our approach was to use regressions of the alternate substrate 

quantification methods to predict axes from fish assemblage ordinations. Both substrate 

quantification approaches provided significant prediction of fish assemblage variation. 

We discuss the effectiveness and costs of each approach. 
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Benthic habitat is a major resource for many aquatic organisms. Algae, invertebrate and 

fish assemblages in stream ecosystems utilize benthic habitats for particular life history 

stages.  Cover for fishes as well as habitat for aquatic insects is provided by benthic 

habitat (Gurtz and Wallace, 1984; Matthews, 1998;). Quantifying substrates is frequently 

required to understand fish assemblage structure of river ecosystems. Substrate 

preferences by fish taxa provide a robust predictor of assemblage-level information. For 

example fish assemblages are frequently categorized into functional groups based on 

substrate preferences, a common practice due to particle size associations (; Poff and 

Allan, 1995; Matthews, 1998;  Hoeinghaus et al., 2007). 

A variety of approaches have been used to sample and describe substrate variation 

in streams (Gorman and Karr, 1978; Bain et al., 1985; Gibson et al., 1998). Sampling 

methods range from visual descriptions of size categories (Simonson et al., 1993), 

construction of devices to describe variation in height of substrates (Gibson et al., 1998), 

freeze core and McNeil samplers (Young et al., 1991), pole methods (Neebling and 

Quist, 2010; Mueller and Pyron, 2010), and grab samples that are separated by size 

categories (Wentworth, 1922). Although other studies do not typically include 

explanations for their choice of substrate quantification approach, methods are typically 

selected based on site characteristics. For example substrates in shallow, clear streams 

can be visually categorized while substrates in turbid, deep rivers are not amenable to 

these methods, and require grabs, cores, or a pole probe method. Samples at sites that 

consist of large particles may use a pole probe method or shovel because some samplers 

do not representatively collect large particles (Young et al., 1991). 
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We compared a pole method developed by Ohio River Valley Sanitation 

Commission (ORSANCO, 2004) for quantifying substrates in large rivers to substrate 

grab method for sites in the Wabash River, Indiana. Our first hypothesis was that the two 

methods would describe the substrate differently because habitat pole is objective and the 

substrate grabs are subjective. The second hypothesis was that the ORSANCO pole 

substrate method would be more strongly associated with the local fish assemblages at 

Wabash River sites than the substrate grab method. This hypothesis was developed based 

on the number of readings the pole data provides per site. 

 

MATERIALS AND METHODS 
Site description 

The Wabash River is a 764-km long tributary of the Ohio River (Figure 1). One 

mainstem dam, located at river km 662, creates J. Edward Roush Reservoir resulting in 

the Wabash River as the longest free-flowing river east of the Mississippi River 

(Gammon, 1998). Landuse in the watershed is approximately two-thirds agriculture and 

one-third forest, pasture, and other landuse types (Gammon, 1998). 

 

Collection Methods 

Fish collections were by boat electrofisher (Smith-Root 5.0 GPP) with DC voltage. 

Fishes were sampled at 28 sites located on outer river bends, for distances of 500-m 

(Figure 1). The 500-m site length was based on an earlier analysis by Gammon (1998) 

that resulted in an asymptote for species richness at this distance. Following collection at 

each site, fishes were identified, measured, and released. Collections were during the 
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summer months of 2008 when discharge was less than 143 m3/s at the Montezuma, IN 

United States Geological Survey (USGS) gaging station (http://waterdata.usgs. 

gov/in/nwis/rt)

We quantified substrates and water depth in 2008 following a method developed 

by ORSANCO (2004) that was used and described by Mueller and Pyron (2010). The 

500-m site distance was divided into five 100-m transects perpendicular to the shoreline. 

Sediment was classified by probing a 6-m long copper pole into the river bottom at 3-m 

increments from the shore, including a shoreline observation (Figure 2). The pole was 

protruded into the sediment to determine the particle size of substrate which was based on 

texture. Classifications were six size categories based on a modified Wentworth (1922) 

scale. Size categories included boulder (> 256 mm), cobble (255 mm – 64 mm), gravel 

(63 mm – 2 mm), sand (1 mm – 0.25 mm), fines (< 0.24 mm), and hardpan (mixture of 

fines and clay).  The estimated average time to complete substrate data preparation for 

each site is 10 minutes. 

. 

Grab samples of substrates at the 28 sites were collected in 2008 for comparison 

to the pole approach. At each site three substrate grabs were made at regular distances 

along the site, using a shovel to a depth in the substrate of approximately 20-cm. In 

addition the pole approach as described above was used to categorize the substrate for 

each grab sample location. Substrate samples were dried, sieved using modified 

Wentworth size categories (Wentworth, 1922), weighed to 0.1 g and converted into 

percent frequency by size categories. Size classes were silt, fine sand, medium sand, 

coarse sand, very coarse sand, granule, pebble, and cobble. The estimated average time to 

complete substrate data preparation per site (excluding drying time) is 170 minutes. 
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Data Analyses  

Grab samples versus substrate pole observations simultaneous to grab samples 

Seven of the substrate grab sample labels were not legible following drying. The 

transformed frequency data for missing samples were randomly assigned to sites in three 

trials to test if inclusion of these data would change the results. We calculated three PCAs 

in PC-ORD (McCune and Mefford, 1999) using different sample randomizations and 

compared the resulting ordinations visually to test for differences from including the 

three unknown values at randomized sites. Inclusion of the missing sites in randomized 

locations did not change the locations of sites in PCA ordinations. 

Scores were assigned to substrate grab results based on the maximum frequency 

of the size categories for comparisons of grab and pole substrate frequencies. Hardpan 

was assigned 0, fines 1, sand 2, gravel 3, cobble 4, and boulder was categorized as 5. For 

example, if the total weight of medium sand, fine sand, and silt summed up to be 80%, 

the total weight the sample was categorized as hardpan. No grab samples resulted in the 

boulder size category. Scores were also assigned to habitat pole observations at grab 

sample locations. Mean scores for substrate grab categories and pole samples were 

compared using a paired t-test. 

Grab samples versus substrate pole observations for 500-m sites 

Fish abundance data were transformed (log + 1) to normalize distributions. Species 

abundances equal to or less than 1% of the total catch were considered rare and were 

deleted (Mueller and Pyron, 2010). Fish abundance data were reduced by a Principal 

Components Analysis (PCA) in PC-ORD (McCune and Mefford, 1999). Significant PCA 

axes were identified using the broken-stick model (Jackson, 1993).  
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Pole substrate frequency values were transformed (arcsine square root) to 

normalize distributions. Substrate data were reduced using PCA into fewer uncorrelated 

variables. Significant PCA axes were identified using the broken-stick model (Jackson, 

1993). Pole substrate data were analyzed by determining the median and interquartile 

range for each site and then reduced using PCA into fewer uncorrelated variables. This 

analysis resulted in no significant relationships with the fish assemblage and was not 

used.  

We calculated mean and standard deviation statistics by site of the substrate grabs 

for transformed (arcsine square root) frequencies of the eight size classes of substrate 

categories. The matrix of mean and standard deviation substrate frequencies was reduced 

by PCA into fewer uncorrelated axes for further analyses.  

Data were examined using a correlation matrix in Principal Components Analyses 

(PCA) in PC-ORD (McCune and Mefford, 1999) with significant PCA axes identified by 

the broken-stick model (Frontier, 1976; Legendre and Legendre 1983; Jackson, 1993). A 

PCA is used to reduce potential correlated values into uncorrelated variables (Manly, 

1944). The broken-stick model (Frontier, 1976; Legendre and Legendre 1983; Jackson, 

1993) was applied because this method allows important variables to be identified. 

Resulting PCA axes of fish abundances, PCA axes of pole substrate frequencies, 

and PCA axes of substrate grab frequencies were examined by separate regressions. The 

independent variables are habitat pole substrate data and substrate grab data and the 

dependent variable is the fish assemblage data. We examined the percent variation 

explained from regressions to determine if substrate was described differently by the two 

methods and if the pole or grab method more effectively explained fish assemblages. 
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RESULTS 

The total abundance of fish collected was 1,409. After rare species were eliminated 21 

species remained. The five highest abundance species were freshwater drum Aplodinotus 

grunniens, emerald shiner Notropis atherinoides, river carpsucker Carpiodes carpio, 

longear sunfish Lepomis megalotis, and spotfin shiner Cyprinella spiloptera (Table 1).  

Grab samples versus substrate pole observations simultaneous to grab samples 

Comparisons of grab substrate type classifications and substrate pole observations 

at each grab location resulted in 49 samples that were identical and 35 that differed. A 

paired t-test of mean scores for the grab samples and substrate pole observations did not 

result in a significant difference (t82 = 1.02, p > 0.05). Hardpan and fines observations (n 

= 13) contributed the most frequent disagreement for substrate grabs and substrate pole 

approaches. Eight of the hardpan and fines samples were identified as fines by the grab 

and hardpan by the pole. 

Grab samples versus substrate pole observations for 500-m sites 

The PCA of fish collections resulted in a single significant axis (Table 2). Fish 

PC1 explained 25.3% of variation and was found to have increased abundances of 

flathead catfish Pylodictis olivaris, bluegill Lepomis macrochirus, and spotted bass 

Micropterus punctulatus in the negative direction and channel catfish Ictalurus 

punctatus, bullhead minnow Pimephales vigilax, and freshwater drum in the positive 

direction.  

The PCA of pole frequency data resulted in two significant axes, PC1 and PC3 

(Table 3). Pole PC1 explained 38.0% of the available variation and was associated with 

cobble and gravel in the negative direction, and hardpan and fines in the positive 
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direction (Figure 3). Pole PC3 explained 20.5% of available variation and was associated 

with gravel and sand in the negative direction, and cobble and boulder in the positive 

direction. 

The PCA of substrate grab frequency data resulted in PC axes 1 - 3 that were 

significantly different than random (Table 4). Grab PC1 explained 32.4% of the available 

variation and was associated with mean granule, standard deviation of granule, and mean 

pebble size class in the negative direction, and mean medium sand, mean silt, and mean 

fine sand in the positive direction (Figure 4). Grab PC2 explained 22.5% of the variation 

and was associated with mean frequency of medium sand, standard deviation of coarse 

sand frequency and standard deviation of very coarse sand frequency in the negative 

direction and standard deviation and mean of cobble frequency and mean of pebble 

frequency substrate size classes in the positive direction. Grab PC3 explained 13.9% of 

the variation and was associated with standard deviation and mean of cobble and standard 

deviation of medium sand in the negative direction and mean and standard deviation of 

pebble and standard deviation of silt in the positive direction. 

 Significant regressions were obtained with Pole PC1 and Grab PC1 on Fish PC1 

(Table 5). Pole PC1 was positively related to Fish PC1 (R2= 0.15, p < 0.05) (Figure 5). 

Fish species flathead catfish, bluegill, and spotted bass were associated with cobble and 

gravel in the negative direction, and hardpan and fines in the positive direction. Grab PC1 

was negatively related to Fish PC1 (R2= 0.39, p < 0.01) (Figure 5). Fish species flathead 

catfish, bluegill, and spotted bass were closely related with mean granule, standard 

deviation of granule, and mean pebble size class in the negative direction and channel 
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catfish, bullhead minnow, and freshwater drum were associated with mean medium sand, 

mean silt, and mean fine sand in the positive direction in the positive direction.  

The regression of Pole PC1 and Grab PC1 was significant and in the positive 

direction (R2 = 0.25, p < 0.01) (Figure 5). Substrate size classes that were closely related 

in the negative direction were median of hardpan, interquartile range of fines and median 

of fines of the substrate pole, and mean granule, standard deviation of granule, and mean 

pebble size class of substrate grabs. In the positive direction for the substrate pole 

interquartile range of cobble and median of cobble and gravel were associated with mean 

medium sand, mean silt, and mean fine sand of substrate grabs. An upstream, 

downstream trend resulted from both the habitat pole and the substrate grabs. Upstream 

sites were found in the positive direction and downstream sites were found in the 

negative direction (Figure 6). 

 

DISCUSSION 

Substrate grabs and substrate pole are effective methods at explaining riverine fish 

assemblages. Although others have compared substrate collection methods (Gibson et al., 

1998; Grost et al., 1991; Young et al., 1991), they did not include comparisons of grab 

samples and the substrate pole approach. Neebling and Quist (2010) effectively sampled 

substrate using a similar pipe probe method to describe two Iowa fish assemblages but no 

substrate grabs were sampled. In the Wabash River, fishes are associated with the 

substrate described by substrate pole and by substrate grab approaches. The grab samples 

and substrate pole observations at grab sample locations resulted in similar mean 

substrate scoring categories indicating that the two methods described the substrate 
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similarly. Categorization of particle size of the two methods differed but substrate 

variation was similar. Also, the similar upstream/downstream trend demonstrates that the 

two methods provide a comparable description of the benthic environment. 

The two methods for describing particle size frequencies for benthic habitat 

resulted in similar patterns with fish assemblages, but the approaches have different costs. 

Substrate grabs and substrate pole observations require field time to collect data. The 

person collecting the grab samples occasionally needed to step out of the boat to shovel 

substrates. Use of the habitat pole never required leaving the boat, but additional time 

was necessary to maneuver the boat into appropriate locations. The substrate grab 

approach did not require practice time, as required by the habitat pole method. All data 

required for the habitat pole method were collected in the field. The substrate grabs 

however required additional laboratory processing to dry, grind, sieve, and weigh 

samples in size categories. The time and effort to process substrate grabs is high, but the 

habitat pole data requires no processing time. Three grab samples were collected at each 

site with the substrate grab method compared to 35 observations using the habitat pole. 

This resulted in increased information of the spatial variation of substrate sizes and 

distributions at sites when using the habitat pole method. 

There are trade-offs and inherent biases for substrate grab and substrate pole 

approaches. Substrate grabs allow precise categorization of substrate sizes based on 

defined sieve size. Grab samples with a shovel resulted in low variation in substrate 

composition with repeated sampling of the same location (Grost et al., 1991). Young et 

al. (1991) found that grab samples with a shovel were as effective, or better than two 

alternative approaches of freeze-core samplers or a McNeil sampler. Thus, there is a 
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trade-off of high time costs with resulting detailed information with substrate grabs. 

However, hardpan was difficult or impossible to identify in substrate grabs because 

hardpan is typically a mixture of size particles. In addition, larger particles and shoreline 

substrates are undersampled with grab sampling. Shovel grab samples obtain particles 

from the substrate surface and below the substrate surface. Grost et al. (1991) found that 

a shovel collection approach was not consistent in collecting particle sizes larger than 50-

mm, but was successful in collecting sizes in a 25-mm range. Young et al. (1991) found 

that particles in a size range of 6.3 to 9.5-mm and less than 0.21 mm were undersampled 

with a shovel.  

The substrate pole approach requires experience compared to grab samples, but 

from our experience the time cost is low. In our study we collected an increased number 

of samples at each site in less time using the pole approach than with the grab approach. 

Shoreline substrates and boulders can be included with the pole method, and a larger 

variety of substrate types at the substrate surface can be differentiated. Fishes are 

expected to utilize only the top surface portion of substrates. The pole approach is able to 

sample at the substrate surface, while the grab sample approach requires a shovel to be 

protruded into the substrate, collecting below the substrate surface. Thus, grab samples 

may skew the substrate categorizations because the conclusions may not interpret the 

same view that fish “see” as potential substrate habitat. Both methods have biases but are 

effective in sampling substrate. 

Physical microhabitat composition, such as substrate variation, influences the 

distribution of organisms in lotic environments (Poff and Ward, 1990; Hitt and 
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Angermeier, 2008). Quantifying substrates is useful to identify the spatial distribution of 

fishes. Comparisons of substrate collection methods can ensure valid and cost-effective 

characterization of habitat variation. In our samples from 2008 the substrate grab samples 

provided was more strongly correlated with fishes but Pritchett (Chapter 1) found that 

substrates characterized by the pole approach in previous years was significantly 

correlated with fish assemblages. Median and interquartile range values were not 

successful in analyzing the substrate pole data likely due to the high amount of variation 

in the data. Although substrate grabs better explained variation in fish assemblages in our 

study, the cost of substrate grab processing and analyses are higher, resulting in the 

interpretation that the habitat pole approach is the appropriate method to quantify 

substrate data in a large river. 
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Table 1. Rank abundances of 21 common fish species from the 2008 Wabash River 

collections. 

 
Species Latin Name Abundance 

Freshwater Drum Aplodinotus grunniens 315 

Emerald Shiner Notropis atherinoides 123 

River Carpsucker Carpiodes carpio 109 

Longear Sunfish Lepomis megalotis 107 

Spotfin Shiner Cyprinella spiloptera 101 

Gizzard Shad Dorosoma cepedianum 80 

River Shiner Notropis blennius 74 

Bullhead Minnow Pimephales vigilax 63 

Flathead Catfish Pylodictis olivaris 54 

Shorthead Redhorse Moxostoma macrolepidotum 47 

Smallmouth Buffalo Ictiobus bubalus 39 

Spotted Bass Micropterus punctulatus 38 

Bluegill Lepomis macrochirus 37 

Blue Sucker Cycleptus elongatus 36 

Common Carp Cyprinus carpio 36 

Silver Redhorse Moxostoma anisurum 36 

Channel Catfish Ictalurus punctatus 32 

Sand Shiner Notropis stramineus 28 

Steelcolor Shiner Cyprinella whipplei 21 

Golden Redhorse Moxostoma erythrurum 18 

Smallmouth Bass Micropterus dolomieu 15 
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Table 2. Loadings for fish species from Principal Components (PC) axes of Wabash 

River collections in 2008. 

 
Species PC 1 

Blue Sucker 0.580 

Bluegill -0.420 

Bullhead Minnow 0.687 

Channel Catfish -0.166 

Common Carp 0.675 

Emerald Shiner 0.281 

Flathead Catfish -0.602 

Freshwater Drum 0.834 

Gizzard Shad -0.012 

Golden Redhorse 0.587 

Longear Sunfish 0.565 

River Carpsucker 0.013 

River Shiner 0.660 

Sand Shiner 0.366 

Shorthead Redhorse 0.658 

Silver Redhorse 0.617 

Smallmouth Bass -0.044 

Smallmouth Buffalo 0.634 

Spotfin Shiner 0.438 

Spotted Bass -0.226 

Steelcolor Shiner 0.106 
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Table 3. Loadings for significant Principal Component (PC) axes of substrate pole 

frequencies for 28 sites on the Wabash River from 2008.  

Substrate Type PC 1 PC 3 

Fines 0.830 0.027 

Sand 0.014 -0.047 

Gravel -0.605 -0.631 

Cobble -0.659 0.561 

Hardpan 0.799 0.283 

Boulder -0.394 0.661 
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Table 4. Loadings from significant Principal Components (PC) axes of substrate grabs for 

28 sites on the Wabash River in 2008. 

Substrate Type PC 1 PC 2 

Mean Silt Frequency 0.650 -0.470 

Mean Fine Sand Frequency  0.742 -0.584 

Mean Medium Sand Frequency 0.191 -0.871 

Mean Coarse Sand Frequency -0.385 -0.577 

Mean Very Coarse Sand Frequency -0.732 -0.317 

Mean Granule Frequency -0.874 -0.070 

Mean Pebble Frequency -0.546 0.747 

Mean Cobble Frequency -0.385 0.281 

Silt Standard Deviation -0.436 -0.171 

Fine Sand Standard Deviation -0.507 -0.231 

Medium Sand Standard Deviation -0.145 -0.396 

Coarse Sand Standard Deviation -0.301 -0.636 

Very Coarse Sand Standard Deviation -0.588 -0.595 

Granule Standard Deviation -0.797 -0.372 

Pebble Standard Deviation -0.740 0.103 

Cobble Standard Deviation -0.443 0.241 
 

 

 



53 
 

Table 5. R2 values (P-values below) from regressions of Principal Component (PC) axes 

for fish assemblages, pole categories, and grab samples from sites on the Wabash River 

in 2008. Significant regressions are indicated by bold type. 

 
Fish PC 1 

Pole PC 1 0.151 

0.041 
  

 
Pole PC 3 0.039 

0.313 
  

 
Grab PC 1 0.394 

<0.001 
  

 
Grab PC 2 0.024 

0.432 
  

 
Grab PC 3 <0.001 

0.981 
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Figure legends 

 

Figure 1. Site locations on the Wabash River. 

 

Figure 2. Habitat pole collection methods along the 500-m sampling site. The distance is 

broken into 100-m segments. Substrate size readings begin at the shoreline and are taken 

every 3-m with a 3-m copper pole that is protruded into the river bottom.  

 

Figure 3. Axes 1 and 3 from Principal Component (PC) analysis of substrate 

categorizations by the pole approach at 28 sites on the Wabash River in 2008. 

 

Figure 4. Axes 1 and 2 from Principal Component (PC) analysis of substrate 

categorizations by the grab approach at 28 sites on the Wabash River in 2008. 

 

Figure 5. Wabash River fish assemblage data (PC1) on the x-axis and on the y-axis is the 

substrate analysis including habitat pole and substrate grabs (PC1).. 

 

Figure 6. Wabash River fish assemblage data (PC1) on the x-axis and on the y-axis is the 

substrate analysis including habitat pole and substrate grabs (PC1). Bold lines indicate 

upstream sites and regular lines indicate downstream sites. 
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APPENDIX 

Table 1. Rank abundances of 21 common fish species in the Wabash River, from  

Chapter 1 

collection years 2005-08. 

Table 2. Fish taxonomy PCA loadings from Wabash River collections during 2005-08. 

Table 3. Fish functional groups PCA loadings from Wabash River collections during  

2005-08. 

Table 4. Substrate frequency PCA loadings for 28 sites on the Wabash River in 2005-08.  

Table 5. Hydrology PCA loadings from Indicators of Hydrologic Alteration analyses of  

years 2005-08.  

Table 6. Results of repeated measures ANOVAs for PCAs of fish assemblages,  

substrates, and hydrology. 

Table 7. Mantel r and probability values for tests of concordance of Wabash River fish  

assemblages (using taxonomy and functional categorizations) with substrate  

variation and altered hydrology variables for years 2005-08. Significant 

relationships are in bold. 

Figure 1. Sample sites and USGS gaging station assignments on the Wabash River. 

Figure 2. Habitat pole collection methods along the 500-m sampling site. The distance is  

broken into 100-m segments. Substrate size readings begin at the shoreline and 

are taken every 3-m with a 3-m copper pole that is protruded into the river 

bottom.  

Figure 3. PCA axis 1 of all variables, years 2005-08. Fish assemblage data (taxonomy  
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and functional groups) are on the x-axis and the environmental variables 

(substrate frequency and hydrology parameters) are on the y-axis. 

 

Table 1. Rank abundances of 21 common fish species from the 2008 Wabash River  

Chapter 2 

collections. 

Table 2. Loadings for fish species from Principal Components (PC) axes of Wabash  

River collections in 2008. 

Table 3. Loadings for significant Principal Component (PC) axes of substrate pole  

frequencies for 28 sites on the Wabash River from 2008.  

Table 4. Loadings from significant Principal Components (PC) axes of substrate grabs for  

28 sites on the Wabash River in 2008. 

Table 5. R2 values (P-values below) from regressions of Principal Component (PC) axes  

for fish assemblages, pole categories, and grab samples from sites on the Wabash  

River in 2008. Significant regressions are indicated by bold type. 

Figure 1. Site locations on the Wabash River. 

Figure 2. Habitat pole collection methods along the 500-m sampling site. The distance is  

broken into 100-m segments. Substrate size readings begin at the shoreline and  

are taken every 3-m with a 3-m copper pole that is protruded into the river  

bottom.  

Figure 3. Axes 1 and 3 from Principal Component (PC) analysis of substrate  

categorizations by the pole approach at 28 sites on the Wabash River in 2008. 

Figure 4. Axes 1 and 2 from Principal Component (PC) analysis of substrate  
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categorizations by the grab approach at 28 sites on the Wabash River in 2008. 

Figure 5. Wabash River fish assemblage data (PC1) on the x-axis and on the y-axis is the  

substrate analysis including habitat pole and substrate grabs (PC1).. 

Figure 6. Wabash River fish assemblage data (PC1) on the x-axis and on the y-axis is the  

substrate analysis including habitat pole and substrate grabs (PC1). Bold lines  

indicate upstream sites and regular lines indicate downstream sites. 

 


