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The Willamette River flows north between the Cascade Mountains and Coast Range of 

western Oregon within a 29,728-km2 basin.  The fish community in the geologically young basin 

consists of 36 native species, but introductions of non-native fishes have added 33 additional 

species for a total of 69 fish species.  During the summers of 2011-2013, fish distributions were 

sampled from the confluence of the McKenzie River downstream to the confluence of the 

Columbia River to assess: (1) fish community composition, (2) differences in community 

composition between mainstem river and slough habitats, and (3) relationships between native 

and non-native fish species and physical habitat characteristics.  In addition, a 182-ha seasonally 

inundated floodplain habitat along the middle Willamette River was sampled during winter 2011 

through spring 2012 to assess: (1) fish community composition, (2) spawning and rearing, and 

(3) timing of use and movement by fish species. 

Throughout the three years of longitudinal sampling, 36,586 fish were collected 

comprising 41 species, 22 native and 19 non-native.  Overall, native fish represented 93% of the 

total fish sampled.  Higher numbers of fish were collected in the upper river, and higher 

proportions of those fish were native species.  Though non-native fish were more common in 

slough habitats than mainstem sties, the majority of fish collected in both habitat types were 

native.  The strongest environmental predictors of fish community were quantitative measures of 

longitudinal distance, velocity, depth, percent macrophyte cover and percent embeddedness.  

Habitat type (slough versus mainstem) was also a significant predictor.  Native fish species 



 

 

exhibited greater variability in habitat relationships than non-native fishes, though several native 

species were strongly associated with specific environmental attributes.  Non-native species were 

more associated with slough habitats and sites with high amount of macrophyte growth and 

embedded substrates.  Overall, 25 species had a high fidelity to mainstem or slough habitats.  

Equal numbers of native species showed a fidelity to either mainstem or slough sites, but non-

native species were significantly related only to slough habitats.    

In the seasonally inundated floodplain habitat, an estimated 43,000 fish were collected 

comprising 23 species; 12 native and 11 non-native.  Of these 98.1% were native.  The most 

common native species were threespine stickleback Gasterosteus aculeatus and peamouth 

Mylocheilus caurinus while the most common non-native species were bluegill Lepomis 

macrochirus and western mosquitofish Gambusia affinus. Several species used the inundated 

floodplain for spawning and rearing, particularly threespine stickleback, peamouth and western 

mosquitofish.  With the exception of young-of-year threespine stickleback, native species were 

collected mostly in the beginning and middle of the sampling period while non-native species 

were collected in the latter portion of the sampling.   

 The Willamette River Basin has a long history of environmental modification.  

Understanding relationships of a broad range of species to their environment and to each other 

provides a technical foundation for ecosystem based management by state and federal agencies, 

local municipalities, and private landowners.  The need for ecosystem based management is vital 

for future conservation and recovery of large river floodplain ecosystems.   
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Chapter 1: General Introduction 

 

North America has the richest temperate freshwater biodiversity of any continent (Abell 

et al., 2000).  However, as human populations expand so does our thirst for natural resources, 

which can have negative impacts on the land and native organisms.  By 2008, 700 fish species in 

North America were considered to be at risk (Jelks et al., 2008).  Leading causes for the decline 

of these imperiled fish species include habitat degradation and adverse impacts from non-native 

fish species (Hughes et al., 2005a; Jelks et al., 2008; Liermann et al., 2012; Mims and Olden 

2013).  One of the results of habitat degradation and alteration is the reduced interaction and 

connectance of the main river channel to its floodplain, which is vital for the ecological integrity 

of large river ecosystems (Junk et al., 1989; Sedell et al., 1989; Thorp and Delong 2002; Tockner 

et al., 2000) and function of the mainstem river channel (Galat and Zweimuller 2001; Hughes et 

al., 2005a).  Large to medium sized dams are estimated to impact fish diversity in half of the 397 

ecoregions around the world (Liermann et al., 2012) by creating conditions favorable to the 

establishment and expansion of non-native species by modifying habitat and altering the natural 

flow regime (Poff et al., 2007). 

Interactions between native and non-native species can be directly and indirectly 

deleterious to native species.  Direct impacts potentially result from piscivory of native species 

by non-native species, such as smallmouth bass Micropterus dolomieui (Tabor et al., 1993) and 

largemouth bass M. salmoides (Bettoli et al., 1992), while indirect impacts may result from 

habitat alteration caused by species like common carp Cyprinus carpio (Laird and Page 1996) 

and goldfish Carassius auratus (Richardson et al., 1995).  These interactions may result in the 

loss or replacement of native species with non-natives species leading to biotic homogenization 

of a system (McKinney and Lockwood 1999; Rahel 2000; Olden et al., 2004), which impacts 

food web dynamics, ecological diversity and function along with increasing future susceptibility 

to invasion by non-native species (Olden et al., 2004).   

The Platte River in Nebraska has been altered through water impoundments, and 

pollution from mining, industrial, municipal and agricultural sources.  Currently the Platte River 

is home to 24 non-native and 76 native species.  Of these native species, 26 are listed as a species 

of concern by one or more of the basins states (Peters and Schainost 2005).  The Missouri River, 
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through a host of human and natural actions, now has 136 species, of which 30 are exotic (Galat 

et al. 2005).  The Colorado River has been so impaired by human influence that it no longer 

reaches the Gulf of California.  In addition, 80 non-native fishes have been introduced.  These 

alterations have led to the extirpation of five of the nine native species and forced all but one of 

the remaining four to be protected under the federal Endangered Species Act (ESA) (Mueller et 

al. 2005).  

Similar trends are seen around the world.  In Europe, the fish community of the Rhine 

River historically supported 44 species.  Now the river is considered a “ship-channel” and has 

lost much of its floodplain habitat.  Over half of the native fishes have been extirpated and 17 

non-native species now occur in the Rhine River (Lelek 1989).  Increased pollution, interactions 

of non-native species, and altering land use have also lead to a decline in native fish communities 

in the Rio Das Velhas of Brazil (Alves and Pompeu 2005), the Rio Nazas in central Mexico 

(Contreras-Balderas et al. 2005), and the Shoalhaven River in Australia (Gehrke et al. 2002). 

The Willamette River has also been changed over the years.  The middle and upper 

Willamette River historically contained a dynamic mixture of side channels, sloughs, islands and 

regularly inundated floodplains.  Surrounding the river was a dense floodplain forest neighbored 

by prairies and oak savanna that transitioned into mountainous environments of the Cascades and 

Coast Range (Gregory et al., 2002a; Hughes et al., 2005b; Wallick et al. 2013).  By the mid-

1800s European settlement caused extensive modifications in fish communities and landscape of 

the valley.  By the late 1890s extensive fur trapping in the region decimated local beaver Castor 

canadensis populations, which are known for their ability to create and manage ecosystems that 

are beneficial to many aquatic and terrestrial species (White and Baker 2002). Agriculture, 

industry and urbanization also expanded along the river floodplain further altering the 

Willamette Valley and its river network through flood control, navigation improvement, 

agricultural land conversion, and urban development (Gregory et al., 2002b; Hulse and Gregory 

2004; Hughes et al., 2005b).  Channel straightening, large wood removal, bank hardening, filling 

of wetlands, draining land with ditches and tile drains, and closure of side channels caused 

additional habitat alteration (Gregory et al., 2002b; Benner and Sedell 1997).  By the early 1900s 

several species of non-native fish had been introduced (Lampman 1946).  Since their 

introduction, ranges of many of these non-native species have expanded (Hughes et al., 2005).  
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Additional impacts on the ecosystem occurred in the 1940s through 1960s when eleven major 

flood control dams were constructed on major tributaries (Gregory et al., 2002c; Hughes et al., 

2005b).  The result was a significant alteration in flow regime.  A flood event with a recurrence 

interval of 10 years in 1850 is now estimated to be a 100-year flood (Gregory et al. 2007; 

Wallick et al. 2013).   

Fish communities of the Willamette River have been investigated since the early 1900s, 

with most studies conducted over the last 40 years (Snyder 1908, Dimick and Merryfield 1945, 

Hughes and Gammon 1987, Gregory et al., 2002; Hughes et al. 2005).  Based on our studies of 

the Willamette River and the Oregon State University Ichthyology Collection, at least 36 native 

and 33 non-native fish species have been collected in the Willamette Basin, with 26 native and 

19 non-native species currently considered occasional or common in the mainstem (Appendix 

A).  Four of the 36 native species, coho salmon Oncorhynchus kisutch, upper Willamette spring 

Chinook salmon O. tshawytscha, upper Willamette steelhead O. mykiss and Oregon chub 

Oregonichthys crameri are currently protected under the Endangered Species Act (Hughes et al., 

2005b), though Oregon chub is petitioned to be delisted in 2014.   

Management of fish and their habitats has historically focused on game fish (Howell 

1986; Ward et al., 1994) even though the majority of species making up the Willamette River 

fish community have little to no direct economic benefit to current human population.  This has 

led them to be often overlooked, forgotten, or intentionally ignored.  Nevertheless, non-game 

fish are essential to food web dynamics and integral to the ecological function of the ecosystem 

(Polis and Strong 1996; Nakano and Murakami 2001).  Compounding the danger of disregarding 

non-game fish is the understanding that species influence more than their own ecosystem.  

Reciprocal transfers of food resources between adjacent food webs potentially impact both 

aquatic and terrestrial ecosystems, and introductions of non-native fish species can substantially 

alter these reciprocal subsidies (Nakano and Murakami 2001; Sabo and Power 2002; Baxter et al. 

2005).  Knowledge of all species, not just the species of economic or recreational interest, better 

informs managers and landowners when making management decisions and contributes to more 

effective conservation of large river ecosystems (Pikitch et al. 2004).   

The long history of environmental modification throughout the Willamette River network 

has influenced both the terrestrial and aquatic ecosystems, leading to distinct patterns of richness 
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and habitat relationships in the fish communities of the Willamette River.  With projected human 

population growth and climate uncertainty, our reliance and influence on the Willamette River is 

likely to increase.  The river and our communities face increased water demand, changing 

reservoir operations, pressure from resource extraction, commercial and recreational fishing, 

logging, urban sprawl and increased exposure to environmental toxins.  Understanding 

relationships between species, their environment and each other strengthens management of the 

ecosystem while also focusing attention on particularly vulnerable species.  Combined with 

projection of change in the environment (Hulse et al. 2002), this information can be used to 

anticipate and plan for the future.   

The Willamette River fish community is in the unique situation of only losing one species 

to extinction, the chum salmon Oncorhynchus keta (Myers et al. 2003).  However, several native 

species in the Willamette River are in severe decline (e.g., coho and Chinook salmon) some are 

at risk (e.g., cutthroat trout O. clarkii and Oregon chub), and many others (e.g., threespine 

stickleback, peamouth, chiselmouth Acrocheilus alutaceus and largescale sucker Catostomus 

macrocheilus) are receiving little to no attention despite their likely importance to food webs and 

ecosystem function.  Despite these challenges, the Willamette River ecosystem is still relatively 

healthy and serves as a foundation for future conservation and restoration.  However, thresholds 

can be quickly reached and passed (Dodds et al. 2010) and the need for ecosystem-based 

management is paramount for the continual conservation and recovery of the ecosystem.   
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Study Site  

The Willamette River is a ninth-order river that drains a 29,728-km2 basin and has the 

13th largest discharge of any river in the conterminous United States (Stanford et al. 2005).  The 

mainstem river starts at the confluence of the Middle Fork and Coast Fork Willamette in the 

south end of the Willamette Valley and flows north approximately 300 km within the 227 km-

long floodplain axis before entering the Columbia River at Portland, Oregon.  Elevation of the 

Willamette Valley ranges from 140 m at the southern end in Eugene to 4 m at Portland (Payne 

and Baker 2002).  The Willamette Valley is characterized by a Mediterranean climate with cool, 

wet winters and warm, dry summers.  Average precipitation in the valley floor is approximately 

153 cm per year, which occurs mostly as rainfall during the winter months (Stanford et al. 2005). 

The Willamette River Basin is shaped by its geologic past when ancient volcanos 

produced numerous eruptions along with lava and debris flows that covered much of the Pacific 

Northwest (Wallick et al. 2013).  In conjunction with its volcanic history, glacial outbursts 

flowed westward down the Columbian plateau from Montana towards the Pacific Ocean.  These 

massive torrents eroded vast swaths of land and transported large amounts of sediment.  In the 

Willamette River, lower sections of the river were eroded to the historic basaltic layers while the 

upper Willamette River acted as a deposition zone and received large contributions of relatively 

small substrates (Bretz 1969).  Based on slope and channel morphology, the Willamette River 

can be divided into three sections (Gregory et al., 2002b, Wallick et al., 2013).  The lower 

section extends from the mouth of Willamette River upstream to Newberg, Oregon (RKM 0-

81.6).  The middle section is located between Newberg and Albany, Oregon (RKM 81.6-193), 

while the upper section runs from Albany to the confluence of the Coast and Middle Fork 

Willamette (RKM 193-301).  Habitat and channel complexity decrease longitudinally 

downstream.  Mean depths range from 2 to 12 m and substrate transitions from cobble and gravel 

in the upper and middle sections to claypan, mud, and bedrock in the lower river (LaVigne et al., 

2008).  Mean annual discharge is 917 m3/s (Stanford et al., 2005) 
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SUMMARY 

 

1. During the summers of 2011-2013 fish distribution and physical habitat characteristics 

within the Willamette River were assessed longitudinally with a boat and backpack 

electrofisher.  We systematically sampled sites in the mainstem river and sloughs from the 

confluence of the Columbia River (RKM 0) upstream to the McKenzie River confluence 

(RKM 280).  A total of 167 sites were sampled (96 mainstem and 71 sloughs) and a total of 

36,586 fish were collected, comprising 41 fish species, 22 native and 19 non-native.  Species 

richness and relative abundance exhibited significant longitudinal pattern.  Higher numbers 

of fish were collected in the upper river, and higher proportions of those fish were native 

species.  Salmonids were collected mostly in the upper river, particularly cutthroat trout 

Oncorhynchus clarkii and rainbow trout O. mykiss.   

2. The best predictors of fishes collected with boat electrofisher were percent 

embeddedness, macrophytes, longitudinal river distance, average depth and velocity.  Habitat 

type (slough or mainstem) also was a significant predictor.  The majority of non-native 

species were associated with slough habitats having abundant macrophyte growth and 

embedded substrate or with sites in the downstream reaches of the river.  Native fish species 

exhibited greater variability in habitat relationships than non-native fishes.  Some native 

species, such as largescale sucker Catostomus macrocheilus and northern pikeminnow 

Ptychocheilus oregonensis were ubiquitous and found in almost every site regardless of 

habitat characteristics.  Others, such as cutthroat trout and Paiute sculpin Cottus beldingii, 

were strongly associated with sites having low amounts of fine sediments and macrophytes, 

which were more prevalent in the upper river.   

3. The best predictor of fishes collected in microhabitat samples were longitudinal river 

distance, velocity and percent embeddedness.  Habitat type (slough or mainstem) also was a 

significant predictor.  The majority of non-native species were associated with slough habitat 

and locations lower in the river that had higher values for embeddedness and lower values of 

velocity.  Several species such as prickly sculpin C. asper, reticulate sculpin C. perplexus, 

largescale sucker, and lamprey ammocoetes (Entosphenus tridentatus and Lampetra pacifica) 

showed little correlation to a single variable and were relatively common at every site.   
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4. Fish communities differed significantly between mainstem and slough habitat.  Overall 

we were able to classify 25 of 40 species as having high fidelities to mainstem or slough 

habitats.  Native species showed a high fidelity to both mainstem and slough habitats while 

non-native fishes were significantly related only to slough habitats. 

5. Results of this study indicate that environmental characteristics strongly influence fish 

distributions in the Willamette River and provide context for landowners and state and 

federal agencies to effectively conserve and manage fish species.   

 

Keywords: fish community, habitat, native species, non-native species, Willamette River 

 

Introduction  

North America has the richest temperate freshwater biodiversity of any continent (Abell et al., 

2000); yet, many of these species are in jeopardy.  In 1989, 364 freshwater fishes in North 

America were considered vulnerable (Williams et al., 1989), and by 2008, over 700 species were 

at risk (Jelks et al., 2008), reflecting increasing recognition of species at risk, increased 

regulatory listing decisions, and minor differences in classification methods.  Habitat degradation 

and non-native fishes are listed as primary reasons for the decline of imperiled fishes (Hughes, 

Rinne & Calamusso, 2005a; Jelks et al., 2008; Liermann et al., 2012; Mims & Olden, 2013).  

Connection of the main river channel to the floodplain is vital for the proper function of large 

river ecosystems (Junk, Bayley & Sparks, 1989; Sedell, Richey & Swanson, 1989; Thorp & 

Delong, 2002; Tockner, Malard & Ward 2000) and the function of the mainstem river (Galat & 

Zweimuller, 2001; Hughes et al., 2005a).   

Interactions between native and non-native species can be directly and indirectly 

deleterious to native species.  Several non-native fishes in the Willamette River are piscivorous, 

such as smallmouth bass Micropterus dolomieui (Tabor, Shively & Poe, 1993) and largemouth 

bass M. salmoides (Bettoli et al., 1992), while others, like common carp Cyprinus carpio, (Laird 

& Page, 1996) and goldfish Carassius auratus (Richardson, Whoriskey & Roy, 1995) increase 

turbidity and alter aquatic vegetation.  Replacement of natives with non-natives species 

contributes to regional and global biotic homogenization (McKinney & Lockwood, 1999; Rahel, 

2000; Olden et al., 2004), which impacts ecological function and evolutionary traits causing a 
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loss of functional diversity, simplification of food webs, increased susceptibility to further 

invasions, and reduced speciation rates (Olden et al., 2004).  Habitat alteration has been well 

documented as a cause of adverse changes in fish communities of large rivers (Hughes et al., 

2005a; Mueller, Marsh & Minckley, 2005).  Dams alter habitat by modifying natural flow 

regimes, which often favors establishment and spread of non-native species at the expense of 

locally adapted native organisms (Poff et al., 2007).  Large to medium sized dams were 

estimated to impact fish diversity in half of the 397 ecoregions around the world (Liermann et 

al., 2012).  Poff & Zimmerman (2010) reviewed 165 studies and found 92% reported decreased 

ecological responses of aquatic communities to altered flow regimes. 

Historically, the middle and upper Willamette River was an anastomosing channel that 

meandered through floodplain forests ranging in width from 2 to 9 km.  Prairies and oak savanna 

surrounded the floodplain forest, transitioning into mountainous environments of the Cascades 

and Coast Range (Gregory et al., 2002a; Hughes, Wildman & Gregory, 2005b; Wallick et al., 

2013).  The river was complex with numerous side channels, sloughs, islands, log jams, and a 

regularly inundated floodplain (Sedell & Froggatt, 1984; Landers, Fernald & Andrus, 2002; 

Gregory, 2008).  The Willamette River has seen great changes in land use and fish community 

since European settlement in the mid-1800s.  After Euro-American settlement, agriculture, 

industry and urbanization expanded along the river floodplain and altered the Willamette Valley 

and its river network through flood control, navigation improvement, agricultural land 

conversion, and urban development (Gregory et al., 2002b; Hulse & Gregory, 2004; Hughes et 

al., 2005b).  Channel straightening, large wood removal, bank hardening, filling of wetlands, 

land drainage by ditches and tile drains, and closure of side channels further compounded these 

alterations (Benner & Sedell, 1997; Gregory et al., 2002b). 

In the 1940s through 1960s eleven major flood control dams were constructed on major 

tributaries changing the hydrologic regime (Gregory et al., 2002c; Hughes et al., 2005b).  What 

was once a 10-yr flood event is now considered to be a 100-yr flood (Gregory, Ashkenas & 

Nygaard 2007; Wallick et al. 2013).  From the mid-1800s to the late-1990s, more than one-third 

of the alcoves and sloughs were eliminated along with roughly two-thirds the area of all islands 

(Gregory, 2008).  Small floodplain tributaries were reduced by more than one-half of the area 

and wetlands in the valley had been reduced drastically (Gregory et al., 2002b).  In addition to 
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changing the landscape, humans have introduced numerous non-native plants and animals to the 

Willamette Valley.   

Based on our studies of the Willamette River and the Oregon State University 

Ichthyology Collection, at least 36 native and 33 non-native fish species have been collected in 

the Willamette Basin, with 26 native and 19 non-native species currently considered occasional 

or common in the mainstem.  Four of the 36 native species, coho salmon O. kisutch, upper 

Willamette spring Chinook salmon O. tshawytscha, upper Willamette steelhead, and Oregon 

chub Oregonichthys crameri are protected under the Endangered Species Act (Hughes et al., 

2005b), although Oregon chub is petitioned to be delisted in 2014.  Most non-native fishes were 

introduced at the end of the 1800s and early 1900s as gamefish (Lampman, 1946).   

Quality and quantity of habitat play a major role for fish use in rivers around the world.  

Habitat influences important life-history traits such as feeding, reproduction, rearing and 

migration.  Basin size (Angermeier & Winston, 1998), along with land use and climate (Pease et 

al., 2011) shape fish communities on a broad geographic scale, while fish communities within a 

river network are influenced by distance to large order streams and number of streams in the 

basin (Angermeier & Winston, 1998).  On a finer reach scale, width, depth, large wood and 

substrate type influence fish communities (Beechie & Sibley, 1997; Pease et al., 2011).  

Investigation of fish habitat relationships in large floodplain rivers is important not only to 

understand existing fish communities and distributions but also to anticipate future changes in 

fish communities as a result of anthropogenic changes in flow, habitat, water quality, and 

climate.   

In this study we examined the composition and distribution of fish communities along the 

Willamette River during the summer (late May through September) to determine if community 

composition differs by habitat type (mainstem versus slough) and to explore relationships 

between native and non-native fish species and physical habitat.  Due to historical anthropogenic 

pollution in the lower Willamette River and alteration in the river channel and floodplain by land 

use we developed two hypotheses: 

Ha1: Native species richness and relative abundance decreases downstream.   

Ha2: Non-native species richness and relative abundance increase downstream.   
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Current thermal patterns in the Willamette River exhibit maximum summer temperatures ranging 

from 20°C to 24°C along the mainstem river.  Based on the thermal tolerances of salmonids, we 

also hypothesized: 

Ha3: Relative abundance of salmonid species will decrease downstream.    

Lastly, because most of the non-native species originate from lacustrine habitats we predicted: 

Ha4:Non-native richness and relative abundance will be higher in lacustrine habitat than lotic 

habitat. 

 

Methods 

Study site 

The Willamette River is a ninth-order river that drains a 29,728-km2 basin and has the 13th 

largest discharge of any river in the conterminous United States (Stanford et al., 2005).  The 

mainstem river starts at the confluence of the Middle Fork and Coast Fork Willamette in the 

south end of the Willamette Valley and flows north approximately 300 km within the 227 km-

long floodplain axis before entering the Columbia River at Portland, Oregon.  Elevation of the 

Willamette Valley ranges from 140 m at the southern end in Eugene to 4 m at Portland (Payne & 

Baker, 2002).  The Willamette Valley is characterized by a Mediterranean climate with cool, wet 

winters and warm, dry summers.  Average precipitation in the valley floor is approximately 153 

cm per year, which occurs mostly as rainfall during the winter months (Stanford et al., 2005). 

Based on river geomorphology, we divided the mainstem Willamette River into three 

sections (Gregory et al., 2002b; Wallick et al., 2013).  The lower section extends from the mouth 

of Willamette River upstream to Newberg, Oregon (RKM 0-81.6).  The middle section is located 

between Newberg and Albany, Oregon (RKM 81.6-193), while the upper section runs from 

Albany to the confluence of the Coast and Middle Fork Willamette (RKM 193-301).  Habitat and 

channel complexity decrease longitudinally downstream.  Mean depths range from 2 to 12 m and 

substrate transitions from cobble and gravel in the upper and middle sections to claypan, mud, 

and bedrock in the lower river (LaVigne et al., 2008).  Mean annual discharge is 917 m3/s 

(Stanford et al., 2005) 
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Sampling design 

We developed the SLICES framework as a spatial context for fish community monitoring and 

site selection in the mainstem Willamette River (Hulse and Gregory 2004; 

http://ise.uoregon.edu/slices/Main.html).  This provided a consistent spatial framework to track 

ecological conditions along the river and its floodplain while allowing the river channel to shift 

through time without altering the spatial context.  In the SLICES framework, the mainstem 

Willamette River was divided into 300 1-km sections (SLICES) that are perpendicular to the axis 

of the floodplain and extending to the outer boundaries of the historical floodplain (Fig. 1).  In 

our study of fish communities in the river and floodplain, each 1-km slice of the mainstem river 

or floodplain slough within a river slice represented a single sampling location.  Collection 

permit restrictions in 2011 and 2012 limited our sampling to the reaches between Willamette 

Falls (RKM 43.5) and the McKenzie River confluence (RKM 280); however fish sampling was 

extended below Willamette Falls to the mouth of the Willamette River in 2013.  Three reaches of 

the river were designated in our rotating panel design.  The lower reach was RKM 0-81.6, the 

middle reach was RKM 81.6-193, and the upper reach was RKM 193-280.  Sites were randomly 

chosen within each reach for a minimum of 10 sites per reach.  We sampled equal numbers of 

mainstem and sloughs per reach when possible; however this was not feasible in the lower reach 

due to a lack of sloughs.  Additionally, a pair of reference mainstem and slough sites was 

selected in each of the three reaches for temporal comparison between years.  In 2011, 33 sites 

were sampled (18 mainstem and 15 sloughs), in 2012 a total of 58 sites were sampled (36 

mainstem and 22 sloughs), and in 2013 a total of 76 sites were sampled (42 mainstem and 34 

sloughs).   
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Fig. 1 Diagram of the Willamette River with delineations of the three major river reaches and 1-
km bands of the floodplain from the SLICES framework (Hulse and Gregory 2004; 

http://ise.uoregon.edu/slices/Main.html). 
 

Fish sampling 

Fish within each sample location were captured with a boat and backpack electrofisher by two 

netters.  Each boat electrofishing run was 200-m in length and sampled in a downstream 

direction approximately 4 to 10 m from shore and in depths of 1 to 4 m when possible.  We 

sampled shallow microhabitats along the shore in each sampling site with a Smith-Root Model 

12 backpack electrofisher.  The microhabitats represented the variety of nearshore habitats at 

each site.  Mainstem sites were sampled with four boat electrofishing runs and four microhabitats 

runs.  Due to their small size, it was not possible to include four 200-m boat shocking runs in 

many of the sloughs, therefore sloughs were sampled by three boat runs and four microhabitat 
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runs.  Because of gear biases, boat and backpack electrofishing samples were analyzed 

separately.  These three or four boat runs and four microhabitat runs were then aggregated into a 

single cumulative boat or microhabitat sample for each site, hereinafter referred to as BOAT or 

MICRO samples.  At the end of each sampling effort, fish ≥ 30 mm were identified to species 

and fork length measured.  If species could not be identified with certainty, a voucher sample 

was taken, preserved in 10% formalin and transferred to 50% isopropyl alcohol for identification 

and storage.   

 

Summary information analysis 

To adjust for the unequal sample effort between BOAT samples in mainstem and sloughs, a 

single boat run was randomly removed from each mainstem sites producing a dataset adjusted to 

equalize effort for mainstem and slough sites for statistical analyses.  However, the data of the 

removed boat run contain important records of species occurrence and contribute to the 

understanding of the Willamette River fish community.  Therefore, all summary tabular 

information on the overall fish communities will include all four boat samples in mainstem sites, 

three samples in slough habitats, and four microhabitat samples in both mainstem and slough 

habitats.   

 

Data handling for multivariate analysis 

The adjusted dataset (with the removed boat run) was used to compare mainstem and slough 

sites with multivariate analyses, including Nonmetric Multidimensional Scaling (NMS), 

Indicator Species Analysis (ISA) and Multi-response Permutation Procedure (MRPP).   

 

Environmental data collection 

Similar environmental characteristics were measured for BOAT and MICRO samples.  

Environmental characteristics measured at each individual BOAT sample included depth, 

longitudinal distance, percent embeddness, percent underwater structure, total wood over 0.2 m 

in diameter, total wood, percent macrophytes, percent riprap on bank, temperature at water 

surface, temperature at river bottom, velocity, width, and percent riparian cover.  We also 

categorized each site as mainstem or slough, reach location, dominate riparian cover type and 
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dominant underwater structure type (Table 1).  A matrix of cross-product correlations among 

environmental variables was also created, see Appendix C.  Dominant substrate was classified as 

mud, sand, gravel, cobble/boulder, riprap or bedrock based on the Wentworth scale of particle 

size (Wentworth, 1922).  Each boat run was divided into four subsections and substrate 

embeddedness was recorded as either 0-24, 25-49, 50-74, or 75-100%.  Underwater structure 

was recorded as percent small wood (branches, sticks, roots), rootwad, large wood, medium 

substrate (cobble, boulders, blocks of consolidated bank material), macrophytes, emergent 

vegetation, filamentous algae, riprap, docks or pilings, bulkheads and no structure present.  

Depths were measured with a sonar depth recorder or stadia rod with approximately 50 depth 

measurements per 200-m run. 
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Table 1 Nonmetric multidimensional scaling variables for BOAT samples.  Variables are 

quantitative estimates or averages for the three 200-m samples unless marked as categorical.  

Minimum temperature was the lowest bottom temperature at the site. 

 

 

For backpack electrofisher (MICRO) samples, we measured depth, longitudinal distance, 

average percent embeddness, average percent underwater structure, percent macrophytes, 

temperature at surface and velocity.  We also categorized each site as mainstem or slough, reach 

location, dominant underwater structure type and year of sample (Table 2).  Dominant substrate 

was classified as mud, sand, gravel, cobble or boulder, riprap or bedrock based on the 

Wentworth scale of particle size (Wentworth, 1922).  Dominant underwater structure type was 

recorded as small wood (branches, sticks, roots), rootwad, large wood, medium substrate 

(cobble, boulders, mud chunks), macrophytes, emergent vegetation, filamentous algae, riprap, 

Variable Description Units Categorical

DEPTH Depth Meters

DIST Distance from mouth River kilometer

EMBED Embeddedness Average percent

HIDCO Underwater structure Average percent

LW Wood >0.2 meters diameter Number of pieces

WOOD Total wood Number of pieces

MACRO Macrophytes Average percent

RIPRAP Bank riprap Average percent

STDEV Standard deviation in depth Meters

TEMPS Temperature at surface Degrees Celsius

TEMPB Temperature at bottom Degrees Celsius

VELOC Velocity Cubic meters per second

WIDTH Width Meters

GRASS Riparian cover in grass Average percent

GRAVEL Riparian cover in gravel Average percent

SHRUB Riparian cover in shrub Average percent

TREE Riparian cover in tree Average percent

DOMSUB Type of substrate X

HABTYP Mainstem or slough X

REACH Lower, middle or upper river X

RIPCTY Dominant riparian cover type X

STRTYP Underwater structure type X

YEAR Year of sample X
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docks or pilings, bulkheads or nothing.  Embeddedness was recorded at each site as either 0-24, 

25-49, 50-74, or 75-100%.  Depths were measured along three transects in three locations for a 

total of nine measurements per site.  

 

Table 2 Nonmetric multidimensional scaling variables for MICRO samples.  Variables are 
quantitative unless marked as categorical. 

 

    

 

Data analysis 

We also examined longitudinal, habitat type, reach and annual differences in total species 

captured for native and non-native species using Analysis of Variance (ANOVA).  However, the 

number of individuals in each sample influences the potential number of species that could be 

observed; therefore, we determined standardized species richness by species rarefaction.  

Standardized species richness was estimated for a standard sample of 40 individual fish.  The 

probability of interspecies encounters (PIE) attained asymptotic values near 30 individuals, 

therefore rarefied estimates of 40 individuals provide a valid representations of community 

structure (Hurlbert 1971).  ANOVA tests were run for the total species captured and standardized 

species richness datasets to assess longitudinal, habitat type, reach, and annual differences in 

species richness.   

We related BOAT and MICRO fish community patterns to environmental variables with 

Nonmetric Multidimensional Scaling (NMS) (McCune & Grace, 2002) using PC-ORD software 

Variable Description Units Categorical

DEPTH Depth Meters

DIST Distance from mouth River kilometer

EMBED Embeddedness Average percent

HIDCO Underwater structure Average percent

MACRO Macrophytes Average percent

TEMPS Temperature at surface Degrees Celsius

VELOC Velocity Cubic meters per second

DOMSUB Type of substrate X

HABTYP Mainstem or slough X

REACH Lower, middle or upper river X

STRTYP Underwater structure type X

YEAR Year of sample X
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(McCune & Mefford, 2011).  An environmental matrix and a species matrix were developed.  

The BOAT and MICRO environmental matrices consisted of 167 collection sites, or sample 

units, and 23 and 12 environmental variables, respectively.  The species matrix consisted of the 

same 167 collection sites, and the actual number of each of the species collected during the three 

years of sampling for either BOAT or MICRO.  Species relative abundance data was 

transformed using log (x+1) to improve normality.  Sorensen’s distance measure was used for all 

analysis.  An outlier analysis identified possible sites and species that fell outside of two standard 

deviations of the grand means.  No fish species fell outside of two standard deviations of the 

grand means, but seven sites from the BOAT and 13 sites from the MIRCO dataset were 

indicated as possible outliers.  Datasets were then reviewed to determine if the outliers could be 

explained.  All outliers were from the lower river.  NMS ordinations were then preformed with 

and without the outliers.  Minimal benefits (i.e., reduced stress, improved interpretability, etc.) 

were attained by removing outliers and the original data files yielded no valid reason for their 

removal; thus, the outliers were retained in the dataset.  We determined the appropriate number 

of dimensions to interpret when the plot of final stress versus number of dimensions showed 

minimal reductions in stress with the addition of successive axes.  Ordination using Sorensen’s 

distance measure tested 250 runs with real data versus 250 runs with randomized data.  

Instability was calculated and the solution was considered stable when a change of less than 

0.00001 was recorded over ten consecutive runs.  In the final solution plot, the ordination was 

rotated to align the variable longitudinal distance (DIST) with the horizontal axis (axis 1).  For 

BOAT samples, the gradient along axis 2 was related to embedded sediments, percent 

macrophytes, and velocity (variables EMSED, MACRO and VELOC respectively).   The 

MICRO ordination was similar to the BOAT ordination.  When DIST was aligned with axis 1, 

axis 2 was associated with a gradient of velocity and embeddedness.  Pearson and Kendall 

correlations to each axis were calculated for all environmental variables (Table 3) and each 

species (Table 4).  Environmental variables were then plotted in sample unit space and a cut off 

correlation of 20% was used.  NMS ordinations display sample sites in species space.  The 

BOAT ordination was best represented with a two-dimensional solution.  The final two 

dimensional stress was 18.22 and final instability was <0.00001.  The “real” dataset had a lower 

stress than the randomized data (p-value = 0.004).  Following Clarke’s rule of thumb (McCune 
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& Grace, 2002), a stress of 18 should be interpreted with some caution.  However, due to a low 

p-value in the randomization test and the dataset being community based, these NMS scores are 

considered valid, significant and interpretable.   

 

Table 3  Pearson and Kendall correlations of environmental variables to ordination axes for 

BOAT and MICRO samples.  Variables have been sorted to maximize loading along axis 1.  For 
abbreviated variable descriptions see Tables 1 and 2. 

 

 

  

Axis 1 Axis 2 Axis 1 Axis 2 Axis 3

DIST 0.768 0.025 DIST 0.691 -0.020 0.010

VELOC 0.357 0.518 VELOC 0.508 0.151 0.497

TEMPS 0.242 -0.355 TEMPB 0.162 -0.159 0.164

MACRO 0.240 -0.512 HIDCO 0.117 -0.074 -0.236

GRASS 0.220 0.003 TEMPS 0.022 -0.308 -0.117

TEMPB 0.165 -0.028 MACRO -0.060 -0.228 -0.427

HIDCO 0.164 -0.053 DEPTH -0.094 0.005 -0.239

RIPRAP 0.129 0.055 EMBED -0.366 -0.172 -0.466

SHRUB 0.103 -0.076

GRAVEL 0.060 0.084

TREE -0.217 0.038

LW -0.286 0.079

WOOD -0.306 0.050

STDEV -0.367 0.108

EMBED -0.421 -0.376

DEPTH -0.548 0.239

BOAT samples MICRO samples
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Table 4 Pearson and Kendall correlations with nonmetric multidimensional scaling ordination 

axes for BOAT and MICRO samples.  Variables have been sorted to maximize loading along 
axis 1.  For full names of abbreviated species codes see Table 6. 
 

 

 

The best NMS solution for MICRO samples was a three-dimensional representation.  The 

final three dimensional stress was 14.9 and final instability was <0.00001.  The “real” dataset 

had a lower stress than the randomized data (p-value = 0.004).  Following Clarke’s rule of thumb 

(McCune & Grace, 2002), a stress of 14.9 should be interpreted with some caution.  However, 

due to a low p-value in the randomization test and the dataset being community based, these 

NMS scores are considered valid, significant and interpretable.  The majority of correlations 

were along axis 1 and axis 3 (Table 3), therefore all graphical displays depict relationships 

between axis 1 and 3.  

Multi-response Permutation Procedure (MRPP) tested the difference between fish 

communities of mainstem and slough habitats for both BOAT and MICRO samples.  Sorenson 

Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 Axis 3 Axis 1 Axis 2 Axis 3

RSS 0.762 -0.320 BBH 0.145 -0.287 RES 0.753 -0.112 0.439 LMB 0.275 -0.288 -0.323

NPM 0.745 -0.358 LMB 0.104 -0.632 SPD 0.713 0.263 0.378 BKF 0.059 0.065 -0.078

PRS 0.541 -0.403 YLP 0.101 -0.579 LMP 0.616 -0.354 0.007 GSF 0.034 -0.034 -0.048

SPD 0.502 0.042 YBH 0.087 -0.114 TOS 0.533 0.118 0.466 BBH 0.012 -0.082 -0.034

RES 0.496 -0.155 GSF 0.064 -0.127 LND 0.518 0.201 0.421 CRP -0.014 -0.071 -0.057

CHM 0.480 -0.373 WRM 0.062 -0.227 NPM 0.512 0.204 -0.307 BLG -0.054 -0.211 -0.376

TOS 0.390 0.267 BLG 0.048 -0.581 RSS 0.498 0.275 0.054 GLD -0.061 0.087 -0.166

CTT 0.347 0.167 BKF 0.047 -0.115 LSS 0.444 0.268 -0.265 YBH -0.099 -0.067 -0.051

LND 0.302 0.163 GAM 0.008 -0.179 PAS 0.438 0.137 0.412 WRM -0.110 -0.325 -0.206

MWF 0.265 0.512 GDS 0.004 -0.264 CHM 0.421 0.324 -0.186 YLP -0.116 -0.175 -0.075

PAS 0.261 0.221 GLD -0.019 -0.113 TSB 0.306 0.203 -0.264 BCP -0.156 -0.066 -0.207

LED 0.253 0.092 BCP -0.048 -0.415 SDR 0.274 0.088 0.079 GAM -0.160 -0.211 -0.485

MTS 0.252 0.337 PMK -0.061 -0.467 PMC 0.220 0.205 -0.019 PMK -0.217 -0.211 -0.364

PMC 0.246 -0.458 CRP -0.088 -0.518 LED 0.218 0.146 0.016 OWF -0.262 0.078 0.035

SDR 0.197 -0.077 ASH -0.177 0.102 CTT 0.204 0.007 0.009 SMB -0.273 0.188 0.175

TSB 0.192 -0.239 SMB -0.428 -0.182 MTS 0.184 0.129 0.020 AMG -0.327 0.289 0.035

LSS 0.190 -0.327 MWF 0.106 0.068 -0.015

RBT 0.128 0.242 RBT 0.071 0.000 0.067

LMP 0.101 0.036 CHN -0.042 0.091 0.096

COS -0.174 0.051 PRS -0.415 0.011 0.192

SFL -0.204 0.009

CHN -0.296 0.443

Native species Non-native species Native species Non-native species

BOAT samples MICRO samples
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distance was used to test H0: no difference in species community between sloughs and mainstem 

sites.  A weighting option of n/sum(n) was chosen.  For both BOAT and MICRO samples 

Indicator Species Analysis (ISA) assessed fidelity of each species to specific habitat types 

(mainstem versus slough).   

 

Results 

Summary of fish collections 

In summers 2011-2013 a total of 167 sites were sampled, 96 mainstem and 71 slough sites.  

Overall 41 species were collected, 22 native and 19 non-native.  However, the site containing the 

single walleye Sander vitreus was randomly selected from the mainstem sites for removal to 

create equal numbers of boat samples for mainstem and slough habitats for the NMS, ISA, 

MRPP and ANOVA analyses.  The total number of species captured for mainstem sites was 39, 

of which 22 were native and 17 non-native.  In slough habitats, 37 species were collected, of 

which 19 were native and 18 non-native (Table 5).  In BOAT samples 39 species were collected, 

22 native and 17 non-native.  In MICRO samples, 36 species were collected, 20 native and 16 

non-native species (Table 5).  A total of 36,586 individual fish were collected, 93% native and 

7% non-native.  In mainstem habitat, 97% of the individual fish captured were native and 3% 

were non-native.  A greater proportion of catch in slough habitats was non-native (13% versus 

3% for sloughs and mainstem, respectively), however the catch was dominated by native fish in 

both habitat types (87% and 97%, respectively) (Table 5).   

 

Table 5 Results summary for number of sites sampled, number of fish collected and number of 
species collected, displayed by gear type, habitat type and river reach.  4th BOAT shows data 
that was removed to normalized effort between mainstem and slough habitats.  

 

 

Sites Total fish Percent native Percent non-native Total richness Native richness Non-native richness

BOAT 167 21,738 92 8 39 22 17

MICRO 167 14,848 94 6 36 20 16

Mainstem 96 20,521 97 3 39 22 17

Slough 71 16,065 87 13 37 19 18

4th BOAT 96 2,880 98 2 NA NA NA

Lower 33 2,057 81 19 30 14 16

Middle 52 11,930 89 11 34 19 15

Upper 82 22,599 96 4 33 20 13

Overall 167 36,586 93 7 41 22 19
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From the upper river to lower river reaches, relative abundance of non-native fishes 

increased longitudinally, 4%, 11% and 19%, respectively.  Numbers of non-native species 

captured also increased from the upper river to the lower river at 13, 15 and 16, respectively. 

From the upper reach to the lower reach, native species dominated in terms of relative abundance 

(96%, 89%, 81%) and richness (20, 19, 14) (Table 5).  In the upper, middle and lower reaches we 

collected 424, 23, and 156 salmonid species.  Cutthroat and rainbow trout collection showed a 

stronger pattern.  We collected 320, 1, and 1 respectively in the upper through lower river.  

Regardless of gear type, the majority of fish collected were native, 92% for BOAT and 94% for 

MICRO (Table 5).  The only species not collected in BOAT samples were Amur goby 

Rhinogobius brunneus and oriental weatherfish Misgurnus anguillicaudatus, while in MICRO 

samples American shad Alosa sapidissima, golden shiner Notemigonus crysoleucas, walleye, 

coho salmon, and starry flounder Platichthys stellatus were not collected.   

Over the three years, the five most abundant species comprised 65% of all fish collected.  

Redside shiner Richardsonius balteatus hydrophlox (subspecies determined by Dr. Doug 

Markle) was most abundant in the catch, followed in rank order of numerical abundance by 

largescale sucker, reticulate sculpin, northern pikeminnow and speckled dace Rhinichthys 

osculus.  The only non-native in the ten most abundant fish species was largemouth bass.  The 

five most common non-native species (6% of all fish collected) were largemouth bass, yellow 

perch Perca flavescens, bluegill Lepomis macrochirus, smallmouth bass, and common carp 

(Table 6).  Only largescale sucker was collected at every site.  Other common species, such as 

prickly sculpin, reticulate sculpin, northern pikeminnow, redside shiner, lamprey and 

chiselmouth Acrocheilus alutaceus, were collected at more than 75% of the sites.   

 

Table 6 Results summary of fish sampled in the Willamette River, 2011-2013.  Sorted by 
number of individual fish collected.  Code indicates species code used in this study.  Frequency 

indicates number of sites (out of 167 total sites) species was collected from.  Note: “*” indicates 
non-native species and “**” indicates a combination of all lamprey species collected. 
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Common name Genus Species Code Total Collected Frequency Rank

Redside shiner Richardsonius balteatus RSS 7,124 133 1

Largescale sucker Catostomus macrocheilus LSS 6,069 167 2

Reticulate sculpin Cottus perplexus RES 4,382 154 3

Northern pikeminnow Ptychocheilus oregonensis NPM 4,038 149 4

Speckled dace Rhinichthys osculus SPD 2,316 101 5

Prickly sculpin Cottus asper PRS 2,144 158 6

Chiselmouth Acrocheilus alutaceus CHM 1,588 125 7

Lamprey ** ―――――― ―――――― LMP 1,479 129 8

Largemouth bass* Micropterus salmoides LMB 932 100 9

Longnose dace Rhinichthys cataractae LND 803 56 10

Peamouth chub Mylocheilus caurinus PMC 689 94 11

Torrent sculpin Cottus rhotheus TOS 582 67 12

Threespine stickleback Gasterosteus aculeatus TSB 542 81 13

Mountain whitefish Prosopium williamsoni MWF 463 53 14

Paiute sculpin Cottus beldingi PAS 433 45 15

Cutthroat trout Oncorhynchus clarkii CTT 361 45 16

Yellow perch* Perca flavescens YLP 358 58 17

Chinook salmon Oncorhynchus tshawytscha CHN 345 79 18

Bluegill* Lepomis macrochirus BLG 334 64 19

Mountain sucker Catostomus bondi MTS 320 42 20

Smallmouth bass* Micropterus dolomieui SMB 296 71 21

Common carp* Cyprinus carpio CRP 227 64 22

Pumpkinseed* Lepomis gibbosus PMK 199 36 23

Western mosquitofish* Gambusia affinis GAM 112 27 24

Leopard dace Rhinichthys falcatus LED 80 23 25

Sand roller Percopsis transmontana SDR 75 31 26

Black crappie* Pomoxis nigromaculatus BCP 49 23 27

Banded killifish* Fundulus diaphanus BKF 49 11 28

Warmouth* Lepomis gulosus WRM 42 19 29

Amur goby* Rhinogobius brunneus AMG 34 5 30

Rainbow trout Oncorhynchus mykiss RBT 30 13 31

Brown bullhead* Ameiurus nebulosus BBH 23 17 32

Yellow bullhead* Ameiurus natalis YBH 23 11 33

Golden shiner* Notemigonus crysoleucas GDS 12 5 34

Goldfish* Carassius auratus GLD 11 5 35

American shad* Alosa sapidissima ASH 8 2 36

Green sunfish* Lepomis cyanellus GSF 5 4 37

Coho salmon Oncorhynchus kisutch COS 3 3 38

Oriental weatherfish* Misgurnus anguillicaudatus OWF 3 2 39

Starry flounder Platichthys stellatus SFL 2 2 40

Walleye* Sander vitreus WAL 1 1 41
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Longitudinal relationships of total species captured 

The number of species captured decreased longitudinally from upper river to lower river sites.  

For total species captured, mainstem sites in the upper reach were estimated to have 2.4 

additional native species than mainstem sites in the middle reach (ANOVA; 95% CI 1.43-3.28) 

and 8.9 additional native species than mainstem sites in the lower reach (ANOVA; 95% CI 7.98-

9.84).  Slough sites in the upper reach were estimated to have 2.2 additional native species than 

slough sites in the middle reach (ANOVA; 95% CI 1.27-3.21) and 5.0 additional native species 

than sloughs in the lower reach (ANOVA; 95% CI 3.30-6.60) (Table 7).  Estimates for mainstem 

sites in the upper reach had 1.6 fewer non-native species than mainstem sites in the middle reach 

(ANOVA; 95% CI -2.40 to -0.83) and 1.4 fewer non-native species than mainstem sites in the 

lower reach (ANOVA; 95% CI -2.16 to -0.57).  Slough sites in the upper reach were estimated to 

have 2.6 fewer non-native species than slough sites in the middle reach (ANOVA; 95% CI -3.37 

to -1.73) and 2.2 fewer non-native species than sloughs in the lower reach (ANOVA; 95% CI -

3.62 to -0.82) (Table 7).  There was a significant difference in species richness between habitat 

types for both native and non-native species (ANOVA p-values <0.005) however no difference 

was found between years (ANOVA p-value = 0.19 and 0.29 respectively).   

 

Table 7 Comparison of longitudinal distribution for species richness.  Displayed as groups of 

total species captured (non-rarefied) and standardized species richness (rarefied data), origin 
(native versus non-native), site type and river reach.  Values displayed are estimated richness as 

they relate to the upper reach and sign indicates if that reach is estimated to have more or less 
species then the upper reach.  Small sample size limited rarefied species analysis for non-native 
species.   

   

 

 

Longitudinal relationships of standardized species richness 

Forty or more individual native fish were collected from 153 sites (92% of the 167 sites).  

Species richness was compared for these sites for a standardized sample of 40 individual fish 

based on rarefaction with 1000 randomized simulations (Gotelli & Entsminger, 2001).  For 

Mainstem Slough Mainstem Slough Mainstem Slough Mainstem Slough

Lower -8.9 -5.0 +1.6 +2.2 -4.8 -2.7 NA NA

Middle -2.4 -2.2 +1.4 +2.6 -1.5 -1.5 NA NA

Native Non-native Native Non-native 

Total species captured Standardized species richness
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standardized species richness, mainstem sites in the upper reach had an estimated 1.5 additional 

native species than mainstem sites in the middle reach (ANOVA; 95% CI 0.80-2.16) and 4.8 

additional native species than mainstem sites in the lower reach (ANOVA; 95% CI 4.00-5.64).  

For total species captured, slough sites in the upper reach had an estimated 1.5 additional native 

species than slough sites in the middle reach (ANOVA; 95% CI 0.72-2.17) and an additional 2.7 

native species than sloughs in the lower reach (ANOVA; 95% CI 1.38-4.02) (Table 7).  Of the 

167 total sites, only 22 sites had 40 or more individual non-native fish (13% of the 167 sites).  

Samples from these sites were standardized to a sample of 40 individuals by rarefaction, and no 

significant difference between reaches was detected (ANOVA p-value = 0.44).   

This data allows us to accept our first three alternative hypotheses and conclude native 

species richness and relative abundance decreases downstream, non-native species richness and 

relative abundance increases downstream and relative abundance of salmonids species, 

particularly cutthroat and rainbow trout, decrease downstream.     

 

Habitat relationships for BOAT samples 

Multivariate analysis revealed relationships between physical environmental variables and fish 

community composition for both BOAT and MICRO samples.  NMS ordination for BOAT 

samples illustrates species in sample unit space (Fig. 2).  Longitudinal distance (DIST) was 

aligned with axis 1, and axis 2 reflected a gradient of silt, macrophyte cover and velocity (Fig. 

3).  The environmental variables DIST, MACRO, EMSED, depth (DEPTH) and VELOC were 

strongly correlated with fish community composition (R2 >0.20).  Axis 1 and 2 accounted for 

49% and 34% of the variation in fish community composition, with a cumulative R2 of 83%.  

Mainstem and slough sites were separated along axis 2 (Fig. 3).  Several natives species, such as 

redside shiner and speckled dace, showed strong positive correlations with axis 1 (r = 0.762 and 

0.502, respectively) (Table 4, Fig. 4).  Other native species, such as mountain whitefish 

Prosopium williamsoni and torrent sculpin C. rhotheus, were strongly correlated with both axis 1 

and 2, (Table 4).   Juvenile Chinook salmon were mostly collected in the upper and lower river 

mainstem sites with less macrophyte cover.  Cutthroat trout were associated with both mainstem 

and slough sites in the upper river that were shallower and had low values of embeddedness (Fig. 

5).   
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Fig. 2 Nonmetric multidimensional scaling ordination of fish species collected in BOAT 

samples.  Species codes are shown in sample unit space.  Physical habitat variables correlated 
with the fish assemblage are plotted as vectors indicating direction of strength.  Longitudinal 

distance (DIST) variable has been rotated to maximize loading along horizontal axis. 
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Fig. 3 Nonmetric multidimensional scaling ordination of sites sampled under BOAT samples.  
Physical habitat variables are plotted as vectors indicating direction of strength.  Open triangles 

represent mainstem sites and closed triangles represent slough sties.  
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Fig. 4 Nonmetric multidimensional scaling ordinations for BOAT samples showing two native 
species, redside shiner (A) and speckled dace (B), along with two non-native species, largemouth 

bass (C) and bluegill (D). Each plot has been rotated such that axis 1 has strongest correlations 
with longitudinal distance.  Open triangles represent mainstem sites and solid triangles represent 
slough sites.  Sites with no individuals collected are shown as very small triangles and increased 

triangle size is scaled to relative abundance of each species collections at a given site.  
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Fig. 5 Nonmetric multidimensional scaling ordinations for BOAT samples showing two native 
species, Chinook salmon (A) and cutthroat trout (B), along with two non-native species, common 
carp (C) and yellow perch (D). Each plot has been rotated such that axis 1 has strongest 

correlations with longitudinal distance.  Open triangles represent mainstem sites and solid 
triangles represent slough sites.  Sites with no individuals collected are shown as very small 

triangles and increased triangle size is scaled to relative abundance of each species collections at 
a given site. 

 

The majority of the non-native species, such as largemouth bass and bluegill, were 

significantly negatively correlated to axis 2, (r = -0.632 and -0.581, respectively) (Table 4, Fig. 

4).  Common carp were sampled in predominately slough sites throughout the river, but were 

strongly tied to high values of macrophyte cover and embedded substrates.  Yellow perch were 

almost entirely found in slough habitats with high values of macrophyte cover (Fig. 5).   

Overall, native species displayed a wider range of habitat association and longitudinal 

distribution.  Some species, such as largescale sucker and northern pikeminnow, did not show 
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strong association with specific environmental characteristics. Others, such as Paiute sculpin C. 

beldingii, leopard dace R. falcatus, mountain sucker C. (Pantosteus) bondi (Smith, Stewart & 

Carpenter, 2013), torrent sculpin and salmonid species, were strongly associated with less 

macrophyte cover and embeddedness.  Habitats with coarser substrates and low amounts of silt 

were more common in the upper river reach where velocities were relatively high (Fig. 2).  

Most non-native species, with the exception of smallmouth bass and American shad 

exhibited strong associations with habitats and sites with lower velocity and greater macrophytes 

cover, which were more common in slough habitats closer to the river mouth (Fig. 2).   

 

Habitat relationships for MICRO samples 

NMS ordinations for the MICRO samples revealed strong relationships (R2 >0.20) with velocity, 

longitudinal distance, and embeddedness (Fig. 6).  Axis 1 accounted for the majority (57%) of 

the variation while axis 2 and 3 accounted for 11% and 20% of variation in the fish community 

sampled in microhabitats.  Overall, 88% of the variation in fish community was explained by the 

three axes.  Mainstem sites were skewed towards the upper right of the ordination space (Fig. 7).  

Several native species, such as redside shiner and speckled dace, were positively correlated to 

axis 1 (r = 0.498 and 0.713 respectively) (Table 4, Fig. 8).  Other native species, such as torrent 

sculpin, longnose dace R. cataractae and reticulate sculpin, were strongly correlated to both axes 

(Table 4) while juvenile Chinook salmon and cutthroat trout were correlated to mainstem sites 

with low values for embedded substrate and high velocities (Fig. 9).  Species with strong 

negative relationships to axis 3 predominately were non-native fishes, such as largemouth bass 

and bluegill (r = -0.323 and -0.376, respectively) (Table 4, Fig. 8).  The only non-native species 

positively related to axis 3 were oriental weatherfish, smallmouth bass and Amur goby (Table 4).  

Western mosquitofish were highly correlated to sites with high values of embedded substrate and 

low velocities (Fig. 9). 
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Fig. 6 Nonmetric multidimensional scaling ordination of fish species collected in MICRO 

samples.  Horizontal axis represents axis 1 and vertical axis represents axis 3.  Species codes are 
shown in sample unit space.  Physical habitat variables correlated with the fish assemblage are 
plotted as vectors indication the direction of strength.  Longitudinal distance (DIST) variable was 

rotated to maximize loading along horizontal axis. 
 

 

 

Fig. 7 Nonmetric multidimensional scaling ordination of sites sampled under MICRO samples.  
Horizontal axis represents axis 1 and vertical axis represents axis 3.  Physical habitat variables 
plotted as vectors indicating direction of strength.  Open triangles represent mainstem sites and 

closed triangles represent slough sties.  
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Fig. 8 Nonmetric multidimensional scaling ordinations for MICRO samples showing two native 
species, redside shiner (A) and speckled dace (B), along with two non-native species, largemouth 
bass (C) and bluegill (D). Each plot has been rotated such that axis 1 has strongest correlations 

with longitudinal distance.  Open triangles represent mainstem sites and solid triangles represent 
slough sites.  Sites with no individuals collected are shown as very small triangles and increased 

triangle size is scaled to relative abundance of each species collections at a given site.  
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Fig. 9 Nonmetric multidimensional scaling ordinations for MICRO samples showing two native 
species, Chinook salmon (A) and cutthroat trout (B), along with two non-native species, western 

mosquitofish (C) and yellow perch (D). Each plot has been rotated such that axis 1 has strongest 
correlations with longitudinal distance.  Open triangles represent mainstem sites and solid 
triangles represent slough sites.  Sites with no individuals collected are shown as very small 

triangles and increased triangle size is scaled to relative abundance of each species collections at 
a given site. 

 

Fish community composition differed significantly between mainstem and slough 

habitats for BOAT (MRPP; A=0.0713, p= <0.0001) and MICRO (A=0.0379, p=<0.0001) 

samples.  BOAT samples had an average within group distances of 0.49 for mainstem and 0.57 

for sloughs sites.  Average within group distances for mainstem and slough sites of MICRO 

samples were 0.55 and 0.56, respectively.  These values indicate mainstem and slough habitat 

had similar fish community heterogeneity.  Indicator Species Analysis (ISA) illustrated 

differences in habitat occurrence for each species and determined if a species showed significant 

fidelity towards mainstem or slough habitats (Table 8).  Species with a p-value <0.05 indicate a 

strong fidelity towards a specific habitat type.  For BOAT samples, 36% (8 of 22 total species) of 

the native species were significantly associated to mainstem sites and an additional 36% (8 of 
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22) were associated to slough sites.  In contrast, no non-native species showed fidelity for 

mainstem sites; however 56% (9 of 16 total species) were significantly associated with slough 

habitats (Table 8).  Similar patterns were shown with MICRO samples where 35% (7 of 20) of 

the native species were related with mainstem sites and 10% (2 of 20) were related with sloughs.  

Again, no non-native fishes were significantly associated with mainstem sites while 44% (7 of 

16) showed strong fidelity to slough habitat (Table 9).  Juvenile Chinook salmon, leopard dace, 

longnose dace, Paiute sculpin, speckled dace and torrent sculpin showed significant fidelity to 

mainstem sites for both BOAT and MICRO samples.  Threespine stickleback and largescale 

sucker were the only natives significantly associated with slough habitat for both BOAT and 

MICRO samples.  Of the non-native species, bluegill, common carp, largemouth bass, 

pumpkinseed and warmouth were significantly associated with slough habitat for both BOAT 

and MICRO samples (Table 7).  This information allowed us to accept our alternative hypothesis 

and conclude non-native species are more common in lacustrine habitats of the Willamette River.   
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Table 8 Indicator Species Analysis results for all fish collected via BOAT and MICRO samples 

during 2011-2013. Information is ranked by habitat type, p-value significance and then species 
code. Note: “*” denotes statically significant p-value. 
 

 

 
Table 9 Summary of indicator species analysis separated by BOAT and MICRO samples and 

native versus non-native origin.  Proportion represents the number of native or non-native 
species showing a significant fidelity towards mainstem or slough habitats. 

 

  
 

 

  

Species Habitat p-value Species Habitat p-value Species Habitat p-value Species Habitat p-value

CHN Mainstem *0.0002 ASH Mainstem 1.0000 CHN Mainstem *0.0052 BKF Mainstem 0.1238

LED Mainstem *0.0022 BBH Slough *0.0002 LED Mainstem *0.0100 SMB Mainstem 0.2811

LND Mainstem *0.0008 BCP Slough *0.0002 LND Mainstem *0.0002 BLG Slough *0.0002

MTS Mainstem *0.0002 BLG Slough *0.0002 PAS Mainstem *0.0002 CRP Slough *0.0306

MWF Mainstem *0.0002 CRP Slough *0.0002 RES Mainstem *0.0046 GAM Slough *0.0002

PAS Mainstem *0.0006 GDS Slough *0.0112 SPD Mainstem *0.0002 LMB Slough *0.0056

SPD Mainstem *0.0240 LMB Slough *0.0002 TOS Mainstem *0.0002 PMK Slough *0.0028

TOS Mainstem *0.0002 PMK Slough *0.0002 CTT Mainstem 0.1828 WRM Slough *0.0010

COS Mainstem 0.5029 WRM Slough *0.0050 MTS Mainstem 0.1328 YBH Slough *0.0256

RBT Mainstem 0.1422 YLP Slough *0.0002 MWF Mainstem 1.0000 AMG Slough 0.9674

SFL Mainstem 0.5139 BKF Slough 0.3605 PMC Mainstem 0.3891 BBH Slough 0.4231

CHM Slough *0.0010 GAM Slough 0.1732 RBT Mainstem 1.0000 BCP Slough 0.1392

LSS Slough *0.0008 GLD Slough 0.7499 RSS Mainstem 0.5735 GLD Slough 0.7385

NPM Slough *0.0008 GSF Slough 0.1804 SDR Mainstem 0.3805 GSF Slough 0.5729

PMC Slough *0.0002 SMB Slough 0.4445 LSS Slough *0.0080 OWF Slough 0.7514

PRS Slough *0.0002 YBH Slough 0.1126 TSB Slough *0.0028 YLP Slough 0.1382

RES Slough *0.0542 CHM Slough 0.9698

RSS Slough *0.0038 LMP Slough 0.2969

TSB Slough *0.0002 NPM Slough 0.8666

CTT Slough 0.2042 PRS Slough 0.5433

LMP Slough 0.6267

SDR Slough 0.4507

Native species Non-native species

BOAT samples MICRO samples

Native species Non-native species

Proportion Percent Proportion Percent Proportion Percent Proportion Percent

Mainstem 8/22 36 0/16 0 7/20 35 0/16 0

Slough 8/22 36 9/16 56 2/20 10 7/16 44

Native Non-native Native Non-native

BOAT samples MICRO samples
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Discussion 

Geomorphic complexity varies greatly along the mainstem of the Willamette River from its 

upper reaches to its mouth at the Columbia River.  The upper river is sinuous and contains a 

complex mosaic of islands, sloughs and side channels, but the lower river is more confined due 

to its natural geology and human activity (Gregory et al., 2002b; Gregory, 2008).  Longitudinal 

geomorphic changes in the Willamette River are consistent with theoretical decreases in gradient 

and particle size and increases in depth and width (Leopold, Wolman & Miller, 1964; Vannote et 

al., 1980; Wallick et al., 2013).  Sites upstream from the mouth increased in gradient and became 

relatively shallow and narrow with coarser and less embedded substrates.   

Neebling & Quist (2010) observed strong associations in the fishes of the Mississippi 

River with geomorphic characteristics such as width, depth, amount of fine sediments, and 

velocity.  In Amazonian streams, fish communities were strongly linked to environmental 

characteristics, such as depth, width, substrate type and cover significantly explained 

composition of fish communities (Mendonca, Magnusson & Zuanon, 2005).  We observed 

similar strong associations of species to specific habitat types and characteristics in the 

Willamette River.  Several native species exhibited strong affinities to habitat types with low 

values for macrophyte cover and embedded sediments, which were more abundant in the upper 

river where sites are steeper, narrower and contain relatively coarse sediment.  Most non-native 

species were strongly associated with more lacustrine habitats with high values for macrophytes 

cover and embedded substrates.    

Our results corroborate other studies of habitat associations of fish communities in large 

floodplain rivers.  The best predictors of fish communities in the Willamette River were habitat 

type, longitudinal distance, velocity, percent macrophyte cover, percent embeddedness and 

depth.  Based on habitat type alone, we were able to classify 25 of 40 species as having a strong 

fidelity to either slough or mainstem habitat.  Along the Brazos River in Texas, the majority of 

fish collected were restricted to either mainstem habitat or oxbow lakes, and water depth and 

dissolved nutrient concentrations were the best predictor of species diversity and fish abundance 

(Winemiller et al., 2000).  Similarly, water depth was a significant environmental variable in our 

study and captured the longitudinal relationship seen between habitats along the Willamette 

River.  The strong association of non-native species to slough habitat is not surprising given the 
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original geographic range and habitats of these non-native species in the Willamette River.  Most 

non-native species are originally from regions with warmer lacustrine habitats (Lampman, 1946; 

Wydoski & Whitney, 2003).  Though some lateral floodplain habitats are warmer and provide 

suitable habitat for non-native species, many sloughs (including sites with warm water on the 

surface) have cooler water on the bottom.  This cooler water can result from hyporheic flow or 

thermal stratification and can be extremely valuable to species seeking thermal refuge during the 

high water temperatures of summer.     

Several studies have documented relationships between local geomorphology and fish 

community structure and life-history traits (Angermeier & Winston, 1998; Lamouroux et al., 

1999; Lamouroux, Poff & Angermeier, 2002; Pease et al., 2011; Pierce et al., 2013).  In a 

comparison of lotic fish communities on two continents, traits of the fish communities were 

relatively similar and strongly related to stream geomorphology and hydraulics even though only 

one species was shared between locations (Lamouroux et al., 2002).  This intercontinental 

comparison demonstrates that habitat characteristics are major determinants of fish community 

composition and life history traits.  Fishes that were large bodied, non-benthic and weak 

swimmers were more associated with lentic environments, and lotic environments had greater 

abundances of smaller, more hydrodynamic fishes that were stronger swimmers.  Similarly in 

our study, fish in the upper river, where velocities were relatively high, tended to be those 

adapted to moving water, such as mountain whitefish, torrent sculpin and longnose dace.  

Species with large, deep bodies, such as common carp, western mosquitofish and threespine 

stickleback were more commonly captured in locations with low velocity.   

Local habitat characteristics within riverine environments also influence fish community 

structure.   Fish community characteristics of central Texas rivers were correlated with site 

location, depth, substrate composition, percent embeddedness, along with amount and type of 

cover (Pease et al., 2011).  Fish communities in Texas also displayed a wide range of habitat use.  

While some species were collected from several different types of habitat over a range of 

locations, others had high site type and location fidelity (Pease et al., 2011).  Though our study 

indicates several species had strong associations to specific habitat characteristics, other species, 

such as largescale sucker and northern pikeminnow, exhibited little or weak relationships overall 

and were habitat generalists.  A constantly changing environment tends to favor habitat 



38 

 

 

generalist (Dennis et al., 2011).  The Willamette River is a dynamic system and the native 

species have evolved under this fluctuating environment.  Native species with narrow habitat 

requirements, such as cutthroat trout, Oregon chub, Chinook and coho salmon have experienced 

greater population declines and more fragmented distributions (Gregory et al., 2002d).  These 

species with stronger fidelities to specific habitat characteristics and habitat types are more likely 

to be impacted by alterations in habitat, making them more susceptible to habitat change caused 

by land management, hydrologic alteration, or climate change.  Information from this 

investigation provides a template for designing restoration actions to recover local populations of 

fish species at risk.  Environmental characteristics of large floodplain rivers can become either 

more or less favorable to species of concern as a result of floodplain and river management, 

conservation of functional reaches, and restoration of degraded habitats.  

Historical practices of fish habitat management focused primarily on game fish (Howell, 

1986; Ward et al., 1994).  However, the majority of species in the Willamette River have little to 

no direct economic benefit and are thus often overlooked, forgotten, or intentionally ignored.  

Nevertheless, non-game fish represent an important component of the food web and are integral 

in the ecological function of the system.  In 1993, a study in the Willamette River estimated 

largescale sucker and northern pikeminnow, both abundant non-gamefish, provide 90% of the 

diet for osprey nesting along the Willamette River (Henny et al., 2003).  Complex links between 

organisms and trophic levels strongly influence ecosystem structure and function (Polis & 

Strong, 1996; Nakano & Murakami, 2001).  Reciprocal transfer of resources between aquatic and 

terrestrial food webs has been well documented (Nakano & Murakami, 2001; Sabo & Power, 

2002; Baxter, Fausch & Saunders, 2005).  Knowledge of distributions and habitat relationships 

for all fish species, not just those of economic or recreational interest, better informs managers 

and landowners when making management decisions and contributes to more effective 

conservation of large river ecosystem (Pikitch et al., 2004).   

The long history of environmental modification throughout the Willamette River network 

has influenced and shaped both the terrestrial and aquatic ecosystems, leading to distinct patterns 

of richness and habitat relationships in the fish communities.  With projected population growth 

and climate uncertainty, our reliance and anthropogenic influence on the Willamette River is 

likely to increase.   The river and our communities face increased water demand, changing 
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reservoir operations, pressure from resource extraction, commercial and recreational fishing, 

logging, urban sprawl and increased exposure to environmental toxins.   Knowledge of 

relationships between species and their environment provides a foundation for more effective 

management of the floodplain river and identifies species that may be more vulnerable.  

Combined with projections of change in the environment (Hulse, Gregory & Baker, 2002), 

patterns of fish distributions, abundance, community composition, and habitat relationships 

inform landscape scenarios to anticipate and plan for the future.  While the Willamette River fish 

community has only lost one species, several native species are in severe decline (e.g., Chinook 

and coho salmon), some are at risk (e.g., cutthroat trout and Oregon chub), and others (e.g., 

threespine stickleback, peamouth, chiselmouth and largescale sucker) receive little to no 

attention despite their likely importance to food web dynamics and ecosystem processes as a 

whole.  Though the list of fish species that occur in the Willamette River Basin is divided almost 

equally between native and non-native species, we predominately collected native fish.  This 

greater abundance of native fish species relative to non-native fishes indicates that the 

Willamette River ecosystem is still relatively healthy and can serve as a foundation for future 

conservation and restoration.  However, thresholds can be quickly reached and passed (Dodds et 

al., 2010) and the need for ecosystem based management is paramount for the conservation and 

recovery of the ecosystem into the future.   
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 Abstract.―The dynamic nature of large rivers is often controlled by humans to allow for 

agriculture, urban development, industry, commercial forestry, navigation, and recreational use.  

These actions can simplify and reduce stream networks resulting in decreased floodplain 

connectivity and ecological function that adversely impacts native organisms.  However little is 

known about the importance of large river floodplains to entire communities of native and non-

native fishes in the Pacific Northwest, especially during winter high flows.  This study 

documents seasonal use of a Willamette River floodplain for native and non-native fish by 

measuring (1) fish community characteristics (species richness, native versus non-native status, 

relative abundance), (2) spawning and rearing, (3) timing of use and movement by fish species, 

and (4) use of floodplain habitat by federally protected juvenile Chinook salmon Oncorhynchus 

tshawytscha.  During winter 2011 through spring 2012 floodplain habitat was sampled with a 

backpack electrofisher and one-way trap.  Over the sampling period, 23 fish species were 

collected, 12 of which were native and 11 were non-native.  During nine electrofishing samples, 

691 fish were collected, of which 95% were native.  An estimated 42,000 fish were captured in a 

one-way out-migrant trap; 98% of which were native and most were young-of-year threespine 

stickleback Gasterosteus aculeatus.  Native species were first to be detected on the floodplain 

while non-native species remained on the floodplain longer, indicating non-native species may 

be less adapted to the flow regime and run a higher risk of becoming stranded as waters recede.  

This study documents use of lateral floodplains by many fish species for seasonal flood refuge, 

rearing and spawning.  These results demonstrate that native fish communities in the Willamette 

River potentially would benefit from conservation of existing floodplains and their connection to 

adjacent waterways and restoration of floodplains that have been altered by land use practices. 

 

Riverine environments are constantly altered by floods and droughts (Junk et al. 1989), 

human development (Sparks 1995), and introduced species (Moyle 1986).  The Willamette River 

in western Oregon experiences winter high flows followed by summer low flow events (Hamlet 

and Lettenmaier 1999).   High flow events can inundate floodplains, producing habitat that 

enhances the diversity and productivity of riverine systems (Tockner et al. 2000; Tockner and 

Stanford 2002).  Floodplains provide critical refuges for fish during high flows, while also 
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providing new food resources, along with habitat for spawning and rearing (Welcomme 1979; 

Junk et al. 1989; Bayley 1991; Sparks 1995).   

 Since the mid-1800s humans have extensively altered the Willamette Valley through 

flood control dams, navigation improvement, agricultural conversion, and urban development 

(Hulse and Gregory 2004; Hughes et al. 2005).  This has led to channel straightening, revetment 

construction, filling of wetlands, draining land by ditches and tile drains, and removal of large 

wood from the river (Sedell and Froggatt 1984; Benner and Sedell 1997; Gregory et al. 2002a).  

In addition, American beaver Castor canadensis, which are known to create and maintain habitat 

that is beneficial for numerous aquatic and terrestrial species, were heavily hunter for their fur in 

the valley (White and Baker 2002).  From the mid-1800s to the late-1990s, more than one-third 

of the alcoves and sloughs were eliminated along with roughly two-thirds the area of all islands 

(Gregory 2008).  Small floodplain tributaries were reduced by more than one-half of the area and 

wetlands in the valley had been reduced drastically (Gregory et al. 2002b).  In addition to 

changing the landscape, humans have introduced numerous non-native species to the Willamette 

Valley.  Based on our studies of the Willamette River and the Oregon State University 

Ichthyology Collection, at least 36 native and 33 non-native fish species have been collected in 

the Willamette Basin, with 26 native and 19 non-native species currently considered occasional 

or common in the mainstem.  In many locations non-native fish cause adverse impact on native 

species through direct predation, competition for resources, habitat modification, and 

degradation of water quality (Moyle 1986; Moyle and Light 1996).  Some of these interactions 

might be ameliorated by the natural flow regime of the river.  Fishes native to the Willamette 

River have evolved with its flood-pulse driven environment (Colvin et al. 2009), whereas most 

of the non-native fishes evolved in more lentic environments (Lampman 1946; Wydoski and 

Whitney 2003).     

 In 2008, the Willamette Biological Opinion called for Action Agencies to implement 

restoration actions and establish a comprehensive habitat protection and restoration program to 

address effects of the federal Willamette River Basin Flood Control Project (Willamette Project).  

While restoration projects are becoming increasingly common in the Pacific Northwest, literature 

pertaining to river restoration and fish communities, especially those associated with large river 

floodplains is limited (Buijse et al. 2002; Henning et al. 2007).  This study documents (1) fish 
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community characteristics (species richness, native and non-native status, relative abundance), 

(2) spawning and rearing, (3) timing of use and movement by fish species, and (4) occurrence of 

endangered juvenile Chinook salmon in a floodplain slough of the Willamette River during 

winter and spring.   

 

Methods 

 

Study site.―The Willamette River is located in western Oregon and drains a 29,728 km2 

basin (Baker et al. 2004).  It is a ninth-order river and has the 13th largest discharge of any river 

in the conterminous United States (Stanford et al. 2005).  The mainstem starts at the confluence 

of the Middle Fork and Coast Fork Willamette in the south end of the Willamette Valley and 

flows approximately 300 km north, within a 227 km-long floodplain before entering the 

Columbia River at Portland, Oregon.   

A seasonally inundated 182-ha tract of agriculture land along the Willamette River (river 

km 188) near Albany, Oregon was sampled during winter 2011 - 2012.  The sample site is 

located on an outside meander of the Willamette River and becomes connected with the 

mainstem when the stage at USGS gauge #14174000 in Albany reads greater than 2.2 m.  At this 

flow the mainstem begins to backfill a series of sloughs from the downstream end of the 

property.  During flow events greater than 7 m, the river flows over the bank at the upstream end.  

The floodplain slough flows into the mainstem at the downstream end of the property through a 

steep-sided 3-m wide channel.  The channel runs 98 m from the river to our trap site, where the 

channel widens and flows across the floodplain.  A pond forms upstream of the trap site, then 

extends upstream 110 m to a fork in the slough (Reach 1).  The east fork runs 600 m before 

terminating in cultivated farm land (Reach 2), and the west channel continues upstream 340 m 

(Reach 3) before it splits into two channels.  The east fork runs 720 m through a wooded thicket 

(Reach 4), and the west fork continues 630 m (Reach 5) and passes through a mixture of young 

and old timber (Figure 1).   
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Figure 1.―Site map and location of sampling reaches in the Willamette River, Benton County, 

Oregon.  

 

Water depth depended on location and stage of the Willamette River but channels ranged 

from dry to 5.5 m deep.  Substrates of all waterways were a mixture of sand, mud and grass.  The 

farmer maintained a riparian corridor roughly 50 m to 150 m wide for all of the reaches except 

Reach 3, which has grass and shrubs lining the banks.  As water receded after inundation, an 

isolated residual pool formed between Reaches 2 and 4.  The isolated pool was 50 m from the 

slough, rectangular in shape, 17,500 m2 in area, and gently sloping to a maximum depth of 1 m.  

Riparian vegetation consisted largely of mid to late-successional cottonwood Populus 

trichocarpa, bigleaf maple Acer macrophyllum, willow Salix sp., Oregon ash Fraxinus latifolia, 
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along with red-osier dogwood Cornus sericea, Himalayan blackberry Rubus armeniacus and 

various shrubs and grasses.   

Fish sampling.―Fish communities at each location were sampled with a Smith-Root 

Model 12 backpack electrofishing unit and one netter.  The slough was sampled after a peak in 

flow and when the hydrograph was showing a decrease in stage level.  Nine sampling events 

took place between 30 November 2011 and 31 May 2012 and once during the summer on 10 

August 2012 (Figure 2).  The August 2012 sample assessed the numbers and species of fish that 

remained and had been stranded during summer.  Data do not include the mid-summer sample on 

10 August 2012 unless stated.  Each of the five reaches was sampled near the beginning, middle 

and end of that reach for a total of three samples per reach (15 sites total, 16 with the isolated 

pool).  The isolated pool was sampled for 30 min and all other sites were sampled for 10 min.  

Fish were captured, identified to species, and a subset was measured for length and weight.  

Sizes of fish, and relationship of collection periods to high flow events permitted the authors to 

identify fish with a high certainty as young-of-year and as hatching within the inundated 

floodplain.   

We sampled fish with a 7.6-m beach seine during the second sampling effort but the seine 

was not used in subsequent sampling due to habitat conditions that limited its effectiveness.  

When flows permitted, all sampling occurred at the same location and for the same duration.  

When seasonal differences in water level prevented sampling because of water depth, similar 

adjacent habitat was sampled.  Dissolved oxygen and temperature were measured with a YSI 

MultiPro meter.   
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Figure 2.―Sampling dates and stage of the Willamette River at USGS gauge #14174000 during 

the study period.  Black “X” mark backpack electrofishing samples.  The two vertical black lines 
mark the start and stop of sampling the one-way trap.  The dotted horizontal line denotes the 

level at which the floodplain is connected to the mainstem.   
 

Between 14 May and 8 July (56 days), a one-way downstream trap captured fish as they 

were leaving the floodplain area at the lower end of Reach 1.  The slough flowed through the 

trap site without overtopping the trap when the stage of the Willamette River was less than 3 m.  

Under these flow conditions, fish leaving the slough passed through the trap site.  The trap was 

checked 99 times over the study period, either in the morning or evening.   All fish were 

identified to species when possible and enumerated.  The landowner assisted in checking the trap 

and to limit identification error, we trained the landowner for fish identification and fish were 

separated into similar groupings of species when he checked the trap (Table 1).  When more than 

50 individuals of sunfish Centrarchidae, threespine stickleback and young-of-year (YOY) 

peamouth Mylocheilus caurinus were encountered, total numbers of fish were estimated.  Large 

numbers of small fish were estimated by enumerating individuals in a proportional subsample 

and extrapolating to the total catch.  The 99 samples were divided into 41 paired 12-hr samples 

to compare between morning and evening movements patterns.  These daily samples were 

distributed regularly throughout the 56 days and each pair occurred on the morning and evening 

of the same day.   
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Table 1.―Groups used during the trap collections.  

 
 

 

Results  

 

Fish Occurrence and Distribution 

During winter and spring electrofishing, we collected a total of 691 fish.  Of these, 657 

fish were native (95%) and 34 were non-native (5%) (Table 2).  The most common native 

species was redside shiner Richardsonius balteatus hydrophlox (subspecies determined by Dr. 

Doug Markle) (23%), followed by threespine stickleback (17%).  The most common non-native 

species was bluegill Lepomis macrochirus (2%) followed by goldfish (1%) (Table 2).  Seventeen 

species were collected by electrofishing, 10 native and 7 non-native (Table 2).  A total of 58 

juvenile spring Chinook salmon and one juvenile trout O. mykiss or O. clarkii were collected.  

Change in average size of juvenile Chinook salmon over the interval of 5 January through 31 

May was 0.5 mm/day (1.3% per day) (Figure 3), and change in average weight from 5 January 

through 12 May was 0.033 g/day (12.4%/day) (Figure 4).   

 

  

Minnow Sunfish Sculpin Bullhead

Chiselmouth Black crappie Prickly sculpin Brown bullhead

Largescale sucker Bluegill Reticulate sculpin Yellow bullhead

Northern pikeminnow Pumpkinseed

Peamouth Warmouth

Redside shiner White crappie

Speckled dace
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Table 2.―Summary of electrofishing and seine collections from 30th November 2011 through 

10th August 2012. 
 

 
 

 

 
 

Figure 3.―Maximum, average and minimum fork lengths of juvenile Chinook salmon with 
sample size shown above sample from the 5th of January through the 31th of May 2012. 

30-Nov 5-Jan 7-Feb 6-Mar 27-Mar 11-Apr 26-Apr 12-May 31-May 10-Aug Total

Native:

Chinook salmon 4 4 22 2 10 5 8 3 58 Percent native 89

Chiselmouth 26 1 1 1 6 35 Percent non-native 11

Largescale sucker 5 6 8 36 3 58 Percent chinook 7

Northern pikeminnow 14 7 4 1 65 1 92

Peamouth 1 1 Total native 694

Redside shiner 97 4 1 8 11 35 156 Total non-native 85

Reticulate sculpin 2 1 2 2 6 1 14 Total all 779

Speckled dace 1 1 1 3

Threespine stickleback 3 3 2 5 2 3 8 89 37 152 Native species 10

Trout juvenile 1 1 Non-native species 7

Unknown minnow <25mm 124 124 Total species 17

Non-native:

Black crappie 1 1

Bluegill 1 4 2 1 3 2 3 17 33

Brown bullhead 1 1

Common carp 1 1 2

Goldfish 2 7 1 10

Western mosquitofish 1 3 1 32 37

Yellow perch 1 1

Total 270 29 27 77 5 39 14 131 99 88 779
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Figure 4.―Maximum, average and minimum weights of juvenile Chinook salmon with sample 
size shown above sample from 5th of January through the 12th of May 2012. 

 

During the summer sample on 10 August, 37 threespine stickleback, 32 western 

mosquitofish Gambusia affinus, 17 bluegill, one common carp Cyprinus carpio, and one goldfish 

were collected.  All threespine stickleback and goldfish in the summer sample were young-of-

year.  This sample comprised mostly of non-native fish (58%) and only contained one native fish 

species in contrast to four non-native species. 

Most fish collected with the backpack electrofishing unit were in Reaches 1 and 3 (59% 

and 28%, respectively) while only 1% (eight fish) were collected in Reaches 4 and 5 combined.  

Water chemistry of all reaches was measured mid-day on the 4th and 31st of May.  On the 4th of 

May temperature for Reaches 1-5 ranged from 11.8 to 13.6 C with a temperature of 17.5 C in 

the isolated pool.  Dissolved oxygen in Reaches 1-5 ranged from 7.6 to 11.3 mg/L with 10 mg/L 

in the isolated pool.  On the 31st of May temperatures in Reaches 1-5 ranged from 14 to 15.8 C 

with a high of 25.5 C in the isolated pool.  Dissolved oxygen in Reaches 1-5 ranged from 4.65 

to 6.4 mg/L and 5.2 mg/L in the isolated pool.  Water temperature of the mainstem Willamette 

River at USGS gauge #14174000 on the 4th of May ranged from 10.3 to 10.5 °C and ranged from 

13.2 to 13.9 °C on the 31st of May.   

We estimated the collection of over 42,000 fish in the 56-day period the trap was run 

(Table 3).  Threespine stickleback made up 78% of the fish captured (256 adults and almost 
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33,000 young-of-year), and 19% of the fish collected were young-of-year peamouth.  These two 

species made up 97% of the sampled fish.  Overall, 98% of the fish collected in the downstream 

trap were native.  The most common non-native fish was bluegill (~500 individuals) followed by 

yellow bullhead Ameiurus natalis (25 individuals).  A total of nine juvenile Chinook salmon 

were collected with the trap.  A total of 16 species were collected in the trap; nine native and 

seven non-native.  

 

Table 3.―Summary of trap collections from 14th of May through 8th of July 2012. 

 

 
 

Total capture rates increased as the season progressed (Figure 5).  However, if threespine 

stickleback (which dominated the catch) and young-of-year peamouth (second highest) are 

removed from the analysis, number of fish captured for all other species decreased from winter 

through late spring (Figure 6).  Number of fish captured decreased until the first flood event, at 

which time a new pulse of fish moved out of the system until a week after the last flood in May.  

At the initiation of trap sampling in early May, most of the collected fish were native minnows.  

Subsequent pulses of sunfish (mainly bluegill), sculpin Cottus sp. and young-of-year peamouth 

were captured in the trap.  By late June, bullhead catfish moved through the trap.  By the end of 

the sampling period, young-of-year threespine stickleback comprised almost all of the total fish 

captured (Figure 7). 

 

Stickleback 33,136 Percent native 98

YOY peamouth 7,850 Percent non-native 2

Sunfish 712

Minnow 423 Total native 41,554

Sculpin 122 Total non-native 743

Bullhead 29 Total overall 42,297

Lamprey 14

Chinook 9 Native species 9

Mosquitofish 2 Non-native species 7

Total species 16
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Figure 5.―Total number of individual fish collected in the trap from 14th of May through 8th of 

July 2012.  
 
 

 
 

Figure 6.―Number of native (black line with square) fish (excluding threespine stickleback and 
YOY peamouth) and non-native (grey line with triangle) fish collected in the trap from 14th of 

May through 8th of July 2012.  
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Figure 7.―Number of individuals collected from the trap for each main group from 14th of May 

through 8th of July 2012. 
 

When the trap data was divided into 41 paired diel samples, bullhead catfish A. sp. and 

lamprey ammocoete Entosphenus sp. or Lampetra sp. were collected in higher numbers during the 

morning (21 and 10, respectively) then the evening (four and two, respectively).  Sunfish, 

minnows and juvenile spring Chinook salmon were equally abundant in the morning (268, 138, 

4, respectively) and evening (276, 163, 3 respectively).  Threespine stickleback, young-of-year-

peamouth and sculpin were collected more during the evening checks (18,726, 7,600, 71, 

respectively) than the morning (9,177, 250, 38, respectively) (Table 4).  Small sample sizes 

prevented testing for statistical difference in timing of collection of lamprey ammocoetes or 

spring Chinook salmon; however, bullhead catfish occurred in the trap more at night then day 

(Wilcox test, p-value = 0.093).  Captures of sunfish, minnows, young-of-year peamouth and 

sculpin did not differ significantly (Wilcox test, p-value = 0.689, 0.531, 0.200 and 0.146, 
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respectively).   Threespine stickleback were the only species captured more during the day than 

during night (Wilcox test, p-value 0.011).   

 

Table 4.―Trap collection by time of day from 14th May through 8th July, 2012. 
 

  
 

From November 2011 through July 2012, a total of 23 species were observed; 12 were 

native and 11 were non-native (Table 5).  During this time a total of 42,988 fish were collected.  

Of the total number of fish captured, 42,211 (98.2%) were native and 777 (1.8%) were non-

native.  Additional episodic samples were collected in fall 2012 through spring 2013, and fall 

2013 through spring 2014 to investigate annual differences and complement seasonal sampling.  

Species composition in these additional sampling events was similar to that observed in winter 

2011 and spring 2012, but with the addition of two non-native species and one native species.  A 

single green sunfish L. cyanellus, and six largemouth bass Micropterus salmonids were collected 

in spring 2013.  In addition, a single native leopard dace R. falcatus was collected.  With the 

addition of these three species the total number of fish species observed at this site increased to 

26, 13 native and 13 non-native species.  Almost all of the fish collected on the floodplain were 

juvenile and reproductively immature, but after the first high flow in fall 2013 we collected 

seven adult largescale sucker Catostomus macrocheilus ranging in length from 470 to 495 mm 

and one adult northern pikeminnow Ptychocheilus oregonensis 380 mm in length.  These larger 

fish were collected after the first large event of the year in 2013 during the period in which these 

species spawn, but we have no direct observations of spawning on the floodplain. 

  

Total % AM %PM p-value

Stickleback 27,903 33 67 0.011

Sunfish 544 49 51 0.689

YOY peamouth 7,850 3 97 0.200

Minnow 301 46 54 0.531

Sculpin 109 35 65 0.146

Bullhead 25 84 16 0.093

Lamprey 12 83 17 ------

Chinook 7 57 43 ------

Total 36,751 27 73



60 

 

 

Table 5.―Total species richness and collection method for November 2011 through July 2012. 

 

 
 

 

Discussion 

 

Inundation of floodplain habitat during winter is seasonally variable, creating complex 

conditions that can hinder sampling efforts (Moyle et al. 2007; Jeffres et al. 2008).  This 

complexity and seasonal uncertainty have limited studies of fish communities in large floodplain 

rivers.  In addition to variable and rapidly changing water levels, flood events deposit both 

organic and inorganic material, further confounding sampling efforts.  In winter 2011, the second 

major flow event deposited decomposing corn stalks over half of the study reaches.  These 

deposits made seining impractical, and we discontinued this gear in subsequent efforts.  High 

water also limited areas were electrofishing was possible and increased turbidity, which reduces 

visibility for netters.  Differences in water levels also led to uneven sampling effort across 

reaches for each date.  The sample in November immediately followed the first flood of the year 

and water levels inundated only Reach 1.  By early August only remnant pools remained.   

Similar patterns of fish use of inundated floodplains have been observed in the 

Willamette Valley and the western United States.  A study of intermittent waterways of 

agricultural lands in the upper Willamette River Valley observed fish communities dominated by 

Trap Electrofishing Trap Electrofishing

Chinook salmon X X Black crappie X

Chiselmouth X X Bluegill X X

Lamprey ammocoete X Brown bullhead X X

Largescale sucker X X Common carp X

Northern pikeminnow X X Goldfish X

Peamouth X Pumpkinseed X

Prickly sculpin X Warmouth X

Redside shiner X X Western mosquitofish X X

Reticulate sculpin X X White crappie X

Speckled dace X X Yellow bullhead X

Threespine stickleback X X Yellow perch X

Trout juvenile X

Native Non-native



61 

 

 

native species in terms of both relative abundance (99%) and species richness (10 natives versus 

3 non-natives) (Colvin et al. 2009).  While we also observed similarly high relative abundances 

of native fish (95-98%), however we collected more fish species and roughly even number of 

native and non-native species (12 natives versus 11 non-natives).  The closer proximity of the 

floodplain channels to the mainstem river in our study may be responsible for the greater number 

of native and non-native species captured.  We sampled from the confluence with the mainstem 

to the upper portion of the slough about one kilometer from the mainstem river.  Seasonal 

channels in the study of Colvin et al. (2009) averaged 3 km from the mainstem and were as far as 

12 km lateral to the mainstem.  Similar to Colvin’s study, we found locations closer to the 

mainstem contained higher abundances of fish.  Reach 5 was the farthest from the mainstem 

(~550 m to 1180 m) and had the fewest number of fish collected.  Reach 4 was the second 

farthest and contained the second fewest fish.  Water quality may have influenced these 

distributional patterns, however measurements of water chemistry showed adequate temperature 

and dissolved oxygen in all reaches.   

Floods provide signals that trigger various aspects of riverine fish life cycles, such as 

spawning (Montgomery et al. 1983; Nesler et al. 1988), rearing (Seegrist and Gard 1972) and 

movement onto the floodplain for feeding and reproduction (Junk et al. 1989; Sparks 1995).  

Seasonal floodplain habitat provides fish refuge from high flows and access to new food 

resources.  In our study, several species used the inundated floodplain for spawning, most 

notably threespine stickleback, peamouth and western mosquitofish.  Over 32,000 young-of-year 

threespine stickleback and almost 8,000 young-of-year peamouth were collected.  Additionally, 

young western mosquitofish were seen throughout the floodplain but were seldom collected.  

Other studies of floodplain fish use documented active spawning as well as extensive use by 

juvenile fish (Kwak 1988; Crain et al. 2004; Moyle et al. 2007; Colvin et al. 2009; Limm and 

Marchetti 2009).  Ecological importance of floodplain-associated recruitment is potentially 

greater because of the role of young fish in food webs dynamics.  Floodplains subsidize riverine 

food networks when juvenile fish consume floodplain resources and are consumed, die, or 

decompose at other locations in the river network.  The importance in reciprocal subsidies 

between terrestrial and aquatic habitat has been well documented (Nakano and Murakami 2001; 

Sabo and Power 2002; Baxter et al. 2005) but the timing and relative magnitude of these 
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reciprocal subsidies between large mainstem rivers and their floodplains have not been well 

quantified.  This nutrient flux may have major implications for other organisms, such as birds, 

mammals and other fish that prey upon fish moving between the floodplains and mainstem 

channel of the Willamette River.  

The study site on the Willamette River floodplain also provided habitat for federally 

threatened spring Chinook salmon.  Survival of juvenile Chinook salmon is related to body size 

(Henderson and Cass 1991; Beamish et al. 2004), and our study documented that this floodplain 

provided suitable habitat for juvenile Chinook to rear and grow.  A possible mechanism for this 

growth could be the new supply of food and timing in which water on the floodplain warmed.  

Shallower water on the floodplain warms sooner than the deeper and moving waters of the 

mainstem.  Abundance of food resources on the floodplain could enhance juvenile salmon 

growth.  Similar mechanisms were shown to beneficially influence growth for juvenile Chinook 

salmon along the Sacramento River (Limm and Marchetti 2009) and the Cosumnes River in 

California (Jeffres et al. 2008).  In both studies growth of juvenile Chinook salmon were 

significantly higher in seasonal floodplain habitat than the main river.  Availability of terrestrial 

resources and increased water temperatures created favorable growing condition for food sources 

such as phytoplankton and zooplankton (Jeffres et al. 2008; Limm and Marchetti 2009).  

Sommer et al. (2001) also noted higher growth rates for juvenile Chinook salmon in floodplain 

habitat as compared to mainstem habitat due to higher water temperatures leading to higher 

productivity on the floodplain.  However, these warmer water temperatures can be deleterious 

when temperatures become too warm and movement between the floodplain and the river is 

restricted.  On 31 May, three juvenile Chinook salmon were collected in the isolated pool.  These 

were the largest collected, ranging in size from 104 to 117 mm.  At midday the water 

temperature of the isolated pool was 25.5C, dissolved oxygen was 5.2 mg/L, and the water was 

supersaturated at 115%.  The published thermal limit based on maximum weekly average 

temperature for Chinook salmon is 24C (Eaton et al. 1995).  While this location provided 

juvenile Chinook salmon with warmer water and faster growing conditions, warmer water 

temperatures may have negative physiological impacts.  If the juvenile salmon were not trapped 

in the isolated pool, they might have sought cooler water elsewhere.   
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Floodplain habitats provide refuge from high velocity, potentially warmer water, and 

food resources during high flows, but use of this seasonally variable habitat also creates risks of 

stranding and mortality (Nagrodoski et al. 2012).  The occurrence of juvenile Chinook salmon in 

an isolated floodplain pool disconnected from the mainstem in this study also demonstrates 

stranding of wild juvenile Chinook salmon in floodplain habitats.  Stranding potential for 

juvenile salmonids increased with longer duration of floodplain inundation in the Columbia and 

Kootenay Rivers in Canada (Irvine et al. 2009).  In general, we saw limited stranding or evidence 

of dead fish, and most fish, particularly native species, moved off the floodplain prior to 

stranding becoming a major risk.  Several studies also noted stranding of juvenile Chinook 

salmon (Sommer et al. 2001; Jeffres et al. 2008; Limm and Marchetti 2009) but also concluded 

that the majority of juvenile Chinook salmon moved back to permanent water when floodplain 

water began to recede.  

 Fish react to environmental cues to avoid or reduce the risk of stranding or dislocation 

into unfavorable habitats (Meffe 1984; Closs and Lake 1996).  In our study, native fish where 

among the first to leave the floodplain habitat and most had migrated out of the inundated 

floodplain before the bulk of the non-native fish started to leave.  This difference in timing of 

fish movement could reduce stranding risk for natives and result in higher stranding risk for non-

native species.   

Additional evidence of differential stranding rate was found in the disproportionate 

relative abundance and species richness of non-native fishes in the isolated pools throughout the 

study reaches in August.  Differential stranding rates between native and non-native species in 

floodplain habitats was also observed by Moyle et al (2007).  As water receded native fish 

species tended to move to deeper and more permanent water while several non-native species, 

such as common carp, western mosquitofish and golden shiner Notemigonus crysoleucas, were 

stranded in large numbers (Moyle et al. 2007).  

In our study, the greater abundance of non-native fish could be an artifact of differential 

survival rates, (i.e., native fish dying under poor water conditions while non-natives were able to 

survive), but several native species tolerate poor water quality (high temperature and low 

dissolved oxygen), such as redside shiner, northern pikeminnow and largescale sucker (Hughes 
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and Gammon 1987).  Piscivory also might affect native fish survival on the floodplain, but the 

lack of large fish would limit predation.   

Results from this study provide evidence that seasonal movement to and from the 

floodplains for native species, which have evolved with the river’s flow regime, result in lower 

standing risks than for non-native species that did not evolve under these flow conditions.  

Native fishes may be better suited to use these temporary habitats while having a lower risk of 

becoming stranded, a concept of the natural flow regime in rivers (Poff et al. 1997; Minckley and 

Deacon 1991).  However, if the floodplain habitat is permanent, non-native species likely will 

have greater potential reproduction, growth and survival when water temperature warm 

throughout summer (Moyle et al. 2007).  In California, a study of fish use of floodplain habitat 

along the Cosumnes River documented native fish species entering floodplain habitat first, 

followed by non-native species (Moyle et al. 2007).  In our study fish started to enter the 

floodplain shortly after inundation and native fish generally started leaving the floodplain as 

water receded and the risk of stranding increased.  

Movement of fish collected via the trap was also related with precipitation and flow.  

There were two small flood events during the time we ran the trap.  Most juvenile Chinook 

salmon and native cyprinids migrated out of the floodplain prior to the first flood, and the few 

that remained in the slough migrated to the deeper water of the mainstem during these events.  

Subsequently, few individuals of these species were captured.  Bluegill, young-of-year 

peamouth, and sculpin also were collected in greater abundance during and shortly after these 

late spring floods.  Bullheads showed a small increase in the trap after the second high flow 

event, but abundance of threespine stickleback in the trap remained constant until a week after 

the second late season flood, at which time their capture rates also increased. 

Several studies have examined fish communities in permanent floodplain features such as 

oxbow lakes and secondary channels (Winemiller et al. 2000; Sommer et al. 2001; Zeug et al. 

2005; Moyle et al. 2007) however seasonally inundated habitats have received less research 

(Henning et al. 2007).  Studies that have looked at seasonal habitats have mostly focused on 

salmonids.  Very few studies have looked at this relationship as it pertains to large rivers and its 

entire fish community.   
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This study provides evidence that stranding rates might be higher for non-native species 

and thus floodplains may be disproportionately beneficial for native species while acting as a 

source of mortality for non-natives if the habitat dries up at some point during the year.  The 

floodplain habitat provided a location for growth and refuge from the high flows for several 

species, including juvenile Chinook salmon.  Further, the floodplain habitat seemed particularly 

important for the spawning and rearing of threespine stickleback and peamouth.  Movement of 

fish between the mainstem and floodplain coincided with high flow events.  In Norwegian rivers, 

juvenile Atlantic salmon Salmo solar and brown trout S. trutta were more likely to be stranded 

than older fish (Saltveit et al. 2001).  If the mid-June pulses of high water had not occurred, it is 

possible thousands of young threespine stickleback might not have been able to migrate back to 

the mainstem.  Timing and conditions of high flows are particularly vital to the survival of some 

juvenile fish species (Irvine et al. 2009), illustrating the importance of maintaining a natural 

hydrograph and potential consequences of an alteration in the magnitude, duration, or timing of 

flows caused by climate change or human activity.   

The high native species richness and extremely high proportion of native fish 

demonstrates the significance of floodplain habitat at this site in the Willamette River.  While 

this study is limited by a single sample season and is a case study of a single slough system, it 

illustrates the potential importance of floodplain habitats in winter along the Willamette River.  

Further studies should incorporate additional floodplain sites and be conducted over multiple 

years to account for a broader range of weather and flow regimes.   

Historically the Willamette Valley was a complex series of extensive floodplain habitat 

that flooded at much higher frequencies and for longer durations (Sedell and Froggatt 1984; 

Boag 1992; Benner and Sedell 1997; Gregory et al. 2002c).  However, the flow regime has been 

altered and connectivity of the river with its floodplain has been reduced.  Improved 

understanding of the intricacies and roles these habitats play on the ecological function and 

health of the riverine system is pivotal in maintaining a healthy and functioning ecosystem 

(VanSickle et al. 2004; Hulse and Gregory 2004).  Each year floodplain habitats are cleared and 

developed for agriculture, residential lands, and urban growth.  Some floodplain land is very 

valuable for agriculture while others are less productive as a result of extended periods of 

inundation, saturated soils, frequent deposition of flood debris, or extensive and frequent erosion 



66 

 

 

or deposition of soil and alluvial sediment.  As a consequence, these seasonally inundated 

floodplains may be poorly suited for agricultural production (Steiner et al. 2000) and provide 

greater value for production of ecosystem services such as floodplain management, or the 

production and management of native fish, waterfowl, terrestrial wildlife and riparian vegetation.  

In the Willamette Valley most of the seasonally inundated land is owned and maintained by 

private landowners (Rickey 2002).  Establishing a working relationship with these individuals is 

vital to ensure the continual conservation of our low agricultural lands for the mutual benefit of 

human and aquatic life.  This study documents the potential importance of floodplain inundation 

for fish communities of the Willamette River.  With the majority of floodplain forest lost and 

significantly reduced connection between rivers and their floodplains over the past century, it is 

essential to conserve and restore the remaining floodplain habitats to the degree possible to 

maintain ecosystem function and protect native aquatic biodiversity.  
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CHAPTER 4: SYNTHESIS  

 

Understanding dynamic floodplain rivers is extremely difficult and no single analysis or 

study will provide managers all the essential information.  However contemporary management 

that accounts for interaction within the biotic community will provide a more comprehensive 

understanding and lead to informed decisions that contribute to the effective conservation of the 

ecosystem as a whole. 

 In chapter 2, I establish that fish of the Willamette River show strong patterns of 

longitudinal distribution and habitat association.  While the Willamette River is home to about 

equal numbers of native and non-native species, native fish dominate in terms of relative 

abundance.  Native richness was highest in the upper river and decreased downstream while non-

native richness showed an opposite pattern and was lowest in the upper river and increased 

downstream.  Native species displayed a wider range of habitat preferences.  Some were 

generalist, such as largescale sucker and northern pikeminnow and found in a variety of habitats 

regardless of specific environmental characteristic. Others like mountain whitefish and Paiute 

sculpin were strongly linked with sites having higher velocities and low amounts of fine 

sediments and macrophytes.  Non-native species were strongly correlated to slough habitats with 

abundant macrophyte growth and embedded substrates.    

 In chapter 3, I explore the use of an inundated off-channel floodplain habitat by the 

Willamette River fish community during winter and spring.  During this time I documented 

extensive use by both native and non-native species and collected an estimated 43,000 fish.  

While species richness of native and non-native species was similar (12 and 11 respectively), 

relative abundance was heavily weighted towards native fish.  This floodplain was also found to 

be heavily used by juvenile and newly emerged fish.  Almost 90% of the fish collected were 

young-of-year threespine stickleback and peamouth believed to have hatched on the floodplain. 

Differential timing of use by native and non-native species was also detected.  Native species 

entered the floodplain first and left prior to stranding becoming a great risk.  Non-native species 

entered the floodplain later and continued to inhabit the floodplain after most native species 

returned to the mainstem indicting a possible increased likelihood of stranding.   
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Together these studies shed light on the intricacies and relationships of the Willamette 

River’s habitat and fish community.  State, Federal and private landowners often struggle with 

managing complex ecosystems like the Willamette River.  Do we continue to manage for the 

select economically important species?  Should we wait for the management of the “other” 

species to be mandated through regulatory measures like the Endangered Species Act?  If we 

take an ecosystem based approach to management decisions and focus on restoring ecosystem 

function, like floodplain connectivity and maintaining a natural hydrograph, the conservation of 

an ecosystem and the species living there can be maintained.  This begins by understanding how 

species interact with their environment and each other.  In a time of considerable uncertainty, we 

owe it to ourselves and future generations to conserve and restore the natural world.  While the 

conservation of an individual piece of farmland or stretch of river may not seem like a huge 

accomplishment or pressing need, I believe the multitude of plants and animals relying on that 

area to feed, rear and reproduce would tend to think otherwise.  The natural world is amazingly 

resilient.  If we restore sites that need our assistance and allow nature to repair itself, past 

damage can be undone and the continual benefit of these remarkable places can be passed to 

future generations to enjoy.      

 

“The last word in ignorance is the man who says of an animal or plant, "What 

good is it?" If the land mechanism as a whole is good, then every part is good, 
whether we understand it or not. If the biota, in the course of aeons, has built 

something we like but do not understand, then who but a fool would discard 
seemingly useless parts? To keep every cog and wheel is the first precaution of 
intelligent tinkering.” ― Aldo Leopold  

https://www.goodreads.com/author/show/43828.Aldo_Leopold
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Appendix A  

Fish species found in the Willamette Basin. 

  

Family Common name Scientific name Mainstem abundance Origin

Acipenseridae Green sturgeon Acipenser medirostris Rare Native

Acipenseridae White sturgeon Acipenser transmontanus Common Native

Catostomidae Bridgelip sucker Catostomus columbianus Rare Native

Catostomidae Largescale sucker Catostomus macrocheilus Common Native

Catostomidae Mountain sucker Catostomus bondi Common Native

Centrarchidae Black crappie Pomoxis nigromaculatus Occasional Non-native

Centrarchidae Bluegill Lepomis macrochirus Common Non-native

Centrarchidae Green sunfish Lepomis cyanellus Occasional Non-native

Centrarchidae Largemouth bass Micropterus salmoides Common Non-native

Centrarchidae Pumpkinseed Lepomis gibbosus Common Non-native

Centrarchidae Redear sunfish Lepomis microlophus Absent Non-native

Centrarchidae Smallmouth bass Micropterus dolomieui Common Non-native

Centrarchidae Spotted bass Micropterus punctulatus Absent Non-native

Centrarchidae Warmouth Lepomis gulosus Occasional Non-native

Centrarchidae White crappie Pomoxis annularis Rare Non-native

Clupeidae American shad Alosa sapidissima Common Non-native

Cobitidae Oriental weatherfish Misgurnus anguillicaudatus Occasional Non-native

Cottidae Mottled sculpin Cottus bairdii Occasional Native

Cottidae Paiute sculpin Cottus beldingi Common Native

Cottidae Prickly sculpin Cottus asper Common Native

Cottidae Reticulate sculpin Cottus perplexus Common Native

Cottidae Riffle sculpin Cottus gulosus Rare Native

Cottidae Shorthead sculpin Cottus confusus Absent Native

Cottidae Torrent sculpin Cottus rhotheus Common Native

Cyprinidae Common carp Cyprinus carpio Common Non-native

Cyprinidae Fathead minnow Pimephales promelas Absent Non-native

Cyprinidae Golden shiner Notemigonus crysoleucas Occasional Non-native

Cyprinidae Goldfish Carassius auratus Occasional Non-native

Cyprinidae Grass carp Ctenopharyngodon idella Rare Non-native

Cyprinidae Tench Tinca tinca Rare Non-native

Cyprinidae Chiselmouth Acrocheilus alutaceus Common Native

Cyprinidae Leopard dace Rhinichthys falcatus Common Native

Cyprinidae Longnose dace Rhinichthys cataractae Common Native

Cyprinidae Northern pikeminnow Ptychocheilus oregonensis Common Native

Cyprinidae Oregon chub Oregonichthys crameri Rare Native

Cyprinidae Peamouth chub Mylocheilus caurinus Common Native

Cyprinidae Redside shiner Richardsonius balteatus hydrophlox   Common Native

Cyprinidae Speckled dace Rhinichthys osculus Common Native

Fundulidae Eastern banded killifish Fundulus diaphanus Common Non-native

Gasterosteidae Threespine stickleback Gasterosteus aculeatus Common Native

Gobiidae Amur goby Rhinogobius brunneus Occasional Non-native

Ictaluridae Black bullhead Ameiurus melas Rare Non-native
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Appendix A continued 

 

 

  

Family Common name Scientific name Mainstem abundance Origin

Ictaluridae Brown bullhead Ameiurus nebulosus Common Non-native

Ictaluridae Channel catfish Ictalurus punctatus Rare Non-native

Ictaluridae White catfish Ameiurus catus Rare Non-native

Ictaluridae Yellow bullhead Ameiurus natalis Common Non-native

Moronidae Striped bass Morone saxatilis Rare Non-native

Osmeridae Eulachon Thaleichthys pacificus Occasional Native

Percidae Walleye Sander vitreus Occasional Non-native

Percidae Yellow perch Perca flavescens Common Non-native

Percopsidae Sand roller Percopsis transmontana Common Native

Petromyzontidae Pacific brook lamprey Lampetra pacifica Occasional Native

Petromyzontidae Pacific lamprey Entosphenus tridentatus Common Native

Petromyzontidae River lamprey Lampetra ayresi Rare Native

Petromyzontidae Western brook lamprey Lampetra richardsoni Rare Native

Pleuronectidae Starry flounder Platichthys stellatus Occasional Native

Poeciliidae Western mosquitofish Gambusia affinis Common Non-native

Salmonidae Brook trout Salvelinus fontinalis Absent Non-native

Salmonidae Brown trout Salmo trutta Absent Non-native

Salmonidae Lake Trout Salvelinus namaycush Absent Non-native

Salmonidae Bull trout Salvelinus confluentus Rare Native

Salmonidae Chinook salmon Oncorhynchus tshawytscha Common Native

Salmonidae Chum salmon Oncorhynchus keta Rare Native

Salmonidae Coho salmon Oncorhynchus kisutch Common Native

Salmonidae Cutthroat trout Oncorhynchus clarkii Common Native

Salmonidae Mountain whitefish Prosopium williamsoni Common Native

Salmonidae Rainbow trout Oncorhynchus mykiss Common Native

Salmonidae Sockeye salmon Oncorhynchus nerka Rare Native

Serrasalmidae Pirapatinga Piaractus brachypomus Rare Non-native
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Appendix B 

 
Nonmetric multidimensional scaling analysis with species overlays 

 
Species overlays for BOAT samples. 
 



88 

 

 



89 

 

 



90 

 

 



91 

 

 



92 

 

 



93 

 

 



94 

 

 



95 

 

 



96 

 

 



97 

 

 



98 

 

 



99 

 

 



100 

 

 



101 

 

 



102 

 

 



103 

 

 



104 

 

 



105 

 

 

  



106 

 

 

Species overlays for MICRO samples. 
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Appendix C 

Cross-product matrix of correlation coefficient among environmental variables. 

Matrix of correlation coefficient among environmental variables for BOAT samples.  See Table 1, in Chapter 1, for description of 

variables.  

  

 

  

HABTYP REACH YEAR DOMSUB STRTYP RIPCTY DIST EMBED DEPTH STDEV TEMPS TEMPB VELOC HIDCO MACRO RIPRAP WOOD LW GRAVEL GRASS SHRUB TREE

HABTYP 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

REACH 0.221 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

YEAR 0.011 -0.117 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

DOMSUB -0.312 0.190 0.100 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

STRTYP -0.011 -0.046 0.298 0.270 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

RIPCTY 0.170 0.126 0.146 -0.065 0.083 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

DIST 0.169 0.941 -0.165 0.192 -0.074 0.137 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

EMBED 0.419 -0.468 0.001 -0.478 -0.081 0.109 -0.491 1 -- -- -- -- -- -- -- -- -- -- -- -- -- --

DEPTH -0.183 -0.497 -0.085 -0.178 -0.130 -0.092 -0.415 0.247 1 -- -- -- -- -- -- -- -- -- -- -- -- --

STDEV -0.163 -0.401 0.178 0.036 0.047 -0.071 -0.359 0.154 0.710 1 -- -- -- -- -- -- -- -- -- -- -- --

TEMPS 0.452 0.243 0.066 -0.095 -0.127 -0.115 0.181 0.078 -0.159 -0.234 1 -- -- -- -- -- -- -- -- -- -- --

TEMPB -0.194 0.100 -0.001 0.083 -0.105 -0.178 0.073 -0.197 -0.187 -0.209 0.497 1 -- -- -- -- -- -- -- -- -- --

VELOC -0.640 0.372 -0.055 0.374 0.000 -0.121 0.390 -0.717 -0.282 -0.178 -0.222 0.190 1 -- -- -- -- -- -- -- -- --

HIDCO 0.120 0.183 -0.445 -0.063 -0.043 -0.003 0.216 0.002 0.099 -0.084 0.004 -0.156 -0.104 1 -- -- -- -- -- -- -- --

MACRO 0.573 0.253 -0.130 -0.332 -0.043 0.116 0.201 0.350 -0.232 -0.255 0.282 -0.078 -0.372 0.254 1 -- -- -- -- -- -- --

RIPRAP -0.109 0.076 0.130 0.457 0.426 0.093 0.101 -0.291 0.088 0.195 -0.168 -0.127 0.014 0.245 -0.215 1 -- -- -- -- -- --

WOOD -0.070 -0.297 0.107 -0.248 0.067 0.152 -0.310 0.228 0.209 0.149 -0.176 -0.207 -0.210 0.016 -0.073 0.100 1 -- -- -- -- --

LW -0.107 -0.286 0.060 -0.194 0.095 0.132 -0.327 0.194 0.185 0.151 -0.169 -0.127 -0.163 -0.018 -0.084 0.152 0.900 1 -- -- -- --

GRAVEL -0.065 0.091 0.122 0.055 -0.101 0.286 0.104 -0.196 -0.052 -0.044 -0.003 0.097 0.136 -0.079 -0.127 -0.035 -0.054 -0.036 1 -- -- --

GRASS 0.000 0.282 0.020 0.147 0.014 0.387 0.279 -0.055 -0.223 -0.160 -0.137 -0.117 0.128 -0.022 0.015 0.022 0.007 -0.063 0.026 1 -- --

SHRUB 0.205 0.171 0.033 0.030 0.150 0.482 0.178 0.010 -0.152 -0.067 0.027 -0.027 -0.114 0.151 0.029 0.267 -0.006 0.090 0.024 -0.098 1 --

TREE -0.155 -0.316 -0.074 -0.117 -0.102 -0.691 -0.324 0.078 0.258 0.152 0.048 0.054 -0.010 -0.092 0.005 -0.225 0.018 -0.032 -0.336 -0.438 -0.800 1
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Matrix of correlation coefficient among environmental variables for MICRO samples.  See Table 2, in Chapter 1, for description of 
variables.  

 

 

HABTYP REACH YEAR DOMSUB STRTYP DIST EMBED DEPTH TEMPS TEMPB VELOC HIDCO MACRO

HABTYP 1 -- -- -- -- -- -- -- -- -- -- -- --

REACH 0.221 1 -- -- -- -- -- -- -- -- -- -- --

YEAR 0.011 -0.117 1 -- -- -- -- -- -- -- -- -- --

DOMSUB -0.324 -0.074 0.218 1 -- -- -- -- -- -- -- -- --

STRTYP -0.078 -0.108 0.220 0.201 1 -- -- -- -- -- -- -- --

DIST 0.169 0.941 -0.165 -0.070 -0.136 1 -- -- -- -- -- -- --

EMBED 0.360 -0.173 0.065 -0.505 -0.120 -0.222 1 -- -- -- -- -- --

DEPTH 0.330 0.059 0.007 -0.180 -0.072 0.023 0.262 1 -- -- -- -- --

TEMPS 0.452 0.243 0.066 -0.196 -0.089 0.181 0.107 0.103 1 -- -- -- --

TEMPB -0.177 0.104 -0.017 -0.046 -0.042 0.069 -0.064 -0.019 0.486 1 -- -- --

VELOC -0.573 0.290 -0.076 0.329 0.035 0.287 -0.547 -0.293 -0.129 0.218 1 -- --

HIDCO 0.228 0.367 0.092 -0.111 -0.078 0.314 0.069 0.235 0.172 -0.095 -0.092 1 --

MACRO 0.588 0.363 -0.029 -0.335 -0.011 0.275 0.283 0.174 0.354 -0.112 -0.290 0.594 1


