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 To begin to understand freshwater seasonal floodplain fish communities in 

the context of human alteration of the physical system, species introductions and 

wetland restoration efforts, I studied fish assemblages in fifteen seasonal 

floodplain wetlands within four geographic regions (coastal, upper Columbia 

River estuary, Puget Sound and eastern Oregon/Washington) in the Pacific 

Northwest from November through June, 2001 to 2006.  Temporal patterns of 

species richness and diversity in fish assemblages were examined within a 

hierarchical framework of spatial and temporal factors in the context of the 

dynamic and variable nature of floodplains.  At broad regional scales, fish 

assemblages diverged along a regional climactic gradient from wet, cool coastal 

sites to drier sites further inland with greater seasonal temperature fluctuations.  

Even though wetlands provide a dynamic environment for fish, species richness 

and diversity at most sites were relatively stable over the winter and spring.  

Community stability may have been due, in part, to the predictable duration of 

wetland inundation during winter and spring, but also to the presence of species 



 

 

 

that fulfill life history requirements (spawning, rearing) in wetlands, and the 

presence of juvenile salmon throughout the winter and spring.  Once fish entered 

wetlands, wholesale movement of species into and out of wetlands did not occur 

until summer desiccation.  Comparison of fish species richness between each 

wetland and adjacent rivers revealed that only about 60% of species present in 

the rivers were found in wetlands, indicating floodplain wetlands were not 

compatible with the biological traits of almost half of the fish species present in 

adjacent rivers.  Functional groups of species utilized wetlands at different times 

of year, during different developmental stages, for different durations, and 

movements into and out of wetlands were triggered mostly by changing water 

levels.  Juvenile salmon movements were triggered by water level, temperature, 

barometric pressure and lunar phase.  Juvenile salmon were present at every 

wetland site.  No evidence was found to support that floodplain wetlands are a 

‘predator trap’ for juvenile salmon.  Further understanding of the ecological value 

of floodplain systems may be useful to guide efforts to restore these systems to 

dynamic, self-sustaining levels of ecosystem function.
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Chapter 1: Understanding freshwater seasonal floodplain fish communities in the 

context of human alteration of the physical system, species introductions and 

wetland restoration efforts
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Though overlooked for decades, the importance of wetlands and the need 

for their restoration has only become widely recognized in recent years.  Natural 

floodplains, known for their high biodiversity and productivity, as well as great 

economic importance, are among the most altered landscapes worldwide and 

are considered among the most threatened ecosystems (Tockner and Standford 

2002).  In the Pacific Northwest, there has been considerable loss in wetland 

habitat.  Between the early 1800's and 1980's, wetlands in Oregon were 

estimated to have declined by 38 percent and in Washington by 31 percent (Dahl 

2006; Noss and Cooperrider 1994).  Freshwater tidal marshes in the floodplain of 

the Lower Columbia River (from river-kilometer 78 to 228) have declined by an 

estimated 64.3% since 1870 (Johnson et al. 2003). 

Due to the extent that freshwater seasonal floodplain wetlands have been 

altered and because these impacts began occurring at the onset of European 

settlement and have continued to present times, baseline data on fish 

assemblages in these habitats and use by juvenile salmon that precedes human 

impacts is non-existent.  Therefore, we do not have the advantage of a historical 

habitat template for reference when designing restoration projects.  Recent 

studies on fish use of seasonal floodplain wetlands in the Pacific Northwest are 

sparse (Henning et al. 2006) and our understanding of fish use of these habitats 

is very limited.  Yet, awareness of the importance of freshwater, seasonal 

floodplain habitats for native fish, particularly salmon, is increasing (Henning et 

al. 2006; Sommer et al. 2001a; Sommer et al. 2005; Sommer et al. 2001b). 
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Wetland and Floodplain Functions in the River Ecosystem 

Diverse functions of wetlands in the aquatic ecosystem include the 

regulation of river flow, prevention of erosion, purification of water by removing 

sediments and nutrients, recharging groundwater for supply of hyporheic flow 

during low-flow periods, providing refugia for aquatic organisms from floods, 

supplying organic matter to the food web, providing habitat for terrestrial and 

aquatic flora and fauna, and providing spawning and rearing habitat for fish 

(Stanford et al. 1996).  The decline of floodplain wetlands likely has long-term, 

negative implications for native flora and fauna, including Pacific Northwest 

salmon listed as threatened or endangered under the Endangered Species Act. 

Restoring ecological function of floodplain wetlands must involve restoring 

at least some aspects of the hydrologic regime to mimic the conditions before 

impairment by human alteration.  Hydrology is the main controlling force of 

wetland function (Bunn and Arthington 2002; Heiler et al. 1995; Middleton 1999).  

Hydrologic connectivity determines whether colonization of species from the river 

can occur and for how long (Bayley 1991; Heiler et al. 1995).  The period of 

inundation and rate and timing of drawdown determine which species of 

vegetation will be favored or suppressed, which determines availability of food 

resources (Fredrickson 1991; Meeks 1969), in turn influencing faunal habitat use 

patterns (Reid et al. 1989; Robinson and Wilson 1996).  The amplitude of high 

water events influences disturbance regimes increasing habitat complexity, which 

is associated with increased species diversity (Connell 1978; Huston 1979; 

MacArthur 1965; Shiel et al. 1998). 
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The flow regime is a main controlling factor of the 'riverine landscape,' 

which includes the channel and active floodplain (Church 2002).  The natural flow 

regime, which includes the magnitude, frequency, duration, timing, and rate of 

change of hydrologic conditions regulates ecological processes in river 

ecosystems (Poff et al. 1997) and is critical for sustaining native biodiversity and 

ecosystem integrity in rivers (Reeves et al. 1995; Resh et al. 1988; Stanford and 

Ward 1992; Ward et al. 1999). 

Floodplains naturally occur in patchwork patterns along river corridors "like 

beads on a string" (Stanford et al. 1996). The function of floodplains, in which 

wetlands play a role, is to regulate flow, prevent erosion, filter water, recharge 

groundwater, recycle nutrients, supply organic matter to the riverine food web, 

and provide habitat for aquatic species. Floodplains support diverse habitats 

including wetlands, riparian forests, wall-based channels, and ponds or lakes. 

Heterogeneity of floodplain habitats is maintained by frequent disturbance, such 

as flooding, which can reset plant succession to an earlier successional stage 

(Hughes 1997; Sparks et al. 1990).  Bed load that is deposited near the river may 

create a new surface for plants to colonize and increase variation in local 

topography (Mallard et al. 2002; Montgomery et al. 1999).  Water remaining in a 

depression after a flood can suppress vegetation propagation (Baldasarre and 

Bolen 1994; Kilbride and Paveglio 1999 ).  Seasonal drying of a pond or moist-

soil management of a wetland may increase habitat diversity, which influences 

plant seed production (Haukos and Smith 1993) and invertebrate species 

abundance (Anderson and Smith 2000). 
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Because of the low velocity, shallow water with limited shading, wetlands 

are areas of high primary productivity.  Macrophytes and emergent vegetation 

change the character of the wetland habitat throughout the year.  Emergent 

vegetation may be dormant in the winter but can grow up to two meters by spring 

or summer (Naglich 1994).  Aquatic plants may be indirectly important to the 

production of fish, waterfowl, and other fauna because hydrophytes harbor large 

quantities of macroinvertebrates (Krull 1970).  Shallow littoral habitats of the 

floodplain also provide a refuge from predation, allowing larval fishes to survive in 

these habitats (King 2004).  Sommer et al. (2001b) reasoned that juvenile 

Chinook inhabiting floodplains of the Sacramento River would be subject to lower 

rates of predation than conspecifics in the main stem river because the increased 

wetted area due to inundation reduces the probability for encounter with a 

predator, whether piscivorous or avian (Sommer et al. 2005). 

Invertebrate productivity can be higher in floodplain wetlands than 

adjacent rivers making it attractive habitat for fish (Gladden and Smock 1990; 

Murkin and Ross 2000; Neckles et al. 1990).  Up to ten times the density of 

benthic invertebrates were found in floodplain habitats than in riverine habitats of 

the Atchaflaya distributary of the Mississippi River (Bryan et al. 1976).  Smock et 

al. (1992) investigated macroinvertebrate productivity of the channel surface, 

hyporheic and lateral floodplain dimensions in two low-gradient streams on the 

coastal plain in Virginia. They found that the hyporheic zone and floodplains can 

contribute a significant portion of invertebrate productivity in low-gradient 
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streams, 21% and 67% of the production compared with 12% on the channel 

surface.   

Periodic flooding is one of the central processes comprising the natural 

flow regime. The episodic fluctuation of river discharge, called the "flood pulse." 

is a dominant controlling factor of biota in riverine floodplains (Junk et al. 1989).  

The flood pulse results in lateral transfer of organic material and nutrients 

between the river and floodplain and nutrient recycling within the floodplain, 

which drives biological productivity.  Flood pulses in large floodplains provide a 

bonus in production above the level expected from increasing surface area of the 

floodplain alone.  Bayley (1995) demonstrated that multi-species fisheries yields 

per mean unit area were higher in river floodplains and floodplain lakes 

connected to the river than in equivalent bodies of unconnected water. 

Native biota are adapted to the predictability of high-flow events (Moyle 

and Vondracek 1985) and utilize floodplain habitats according to the flood pulse 

in terms of its annual timing, duration and rate of rise and fall of the flood pulse 

(Junk et al. 1989).  Community structure can be strongly influenced by the 

availability of refuge that floodplains offer from high flows (Schlosser 1990).  

Many fish species are known to use floodplains to rear (Sommer et al. 2001a; 

Turner et al. 1994), spawn (Copp 1989), feed (Bayley 1988) and seek refuge 

from high flow events (Kwak 1988).  For example, juvenile salmon using 

floodplain wetlands had higher growth rates than those that remained in the main 

stem Sacramento River in California (Sommer et al. 2001a; Sommer et al. 

2001b).  Not only do floodplains provide productive habitat for fishes, but a 
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variety of wetland dependent birds (Reid et al. 1989), mammals (Novak et al. 

1987), and native amphibians (Richter 1997) also benefit from floodplain 

wetlands.  

The distribution of food resources and environmental characteristics 

(water temperature, hydrologic connectivity) in a wetland change seasonally and 

vary annually (Lancaster 2000).  Annual hydrological variations (flood pulses) 

coupled with decadal variations (El Niňo) and recent departures from the historic 

hydrologic regime (from human development in the river and floodplain) 

contribute to the quality and quantity of floodplain habitats and their distribution 

longitudinally and laterally.  Hydrologic changes from human activities (such as 

alteration of flood flows by dikes) threaten the ecological integrity of floodplain 

wetlands potentially compromising native  and favoring non-native species (Li et 

al. 1987; Stanford et al. 1996).  Native species, adapted to the historic hydrologic 

regime, are disadvantaged when they must compete or co-exist with exotic 

species in altered conditions.  Species introductions can shift community 

composition, which may cause alterations in the food web, and possibly cascade 

through all trophic levels and even involve terrestrial fauna that feed on aquatic 

organisms (Stanford et al. 1996). 

Alterations to the Ecosystem 

 Altered flow regimes pose the greatest threat to the ecological 

sustainability of rivers and associated floodplain wetlands (Bunn and Arthington 

2002).  As in most large basins throughout the world, the Columbia River has 

been altered by flood control and hydroelectric dams, channelization for river 
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navigation, bank armoring, levee construction, water withdrawal for irrigation, and 

wetland drainage for agriculture and urbanization (National Research Council 

2004).  Regionally and locally, these factors have radically altered the hydrologic 

regime of the river.  Main stem dams in the Columbia River have dampened the 

seasonal maximum and minimum discharge regimes (Dauble et al. 2003), which 

have likely shortened the duration that water remains on floodplains and altered 

flow timing.  Bank armoring and channelization have simplified river systems 

making less off-channel habitat available to fishes.  Channel deepening, often 

done in conjunction with improving navigation channels, also reduces or prevents 

water from reaching the floodplain, while levee construction disconnects the river 

from the floodplain. Water withdrawals for irrigation reduce flow that would 

otherwise fill a wetland, while drainage ditches and tiles on floodplains used for 

agricultural purposes reduce the duration of water inundation.  Tidal reaches 

have also been affected by the use of tide-gates to drain agricultural land that 

was once part of the floodplain (Giannico and Souder 2004; Giannico and 

Souder 2005).  Although the Columbia Basin may be a special case, given its 

size, economic importance and alterations to the system, other basins in the 

Pacific Northwest that discharge directly into the Pacific Ocean or Puget Sound 

have also been altered. 

Recovering Ecosystem Function in Floodplain Wetlands 

Floodplain wetland restoration approaches that maintain the spatial 

distribution and connectivity of habitat patches in floodplains conserve important 

ecological processes, such as the exchange and cycling of nutrients, dispersal of 
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organisms, and plant community succession.  When ecological processes are 

conserved on a large scale, the need for single-species management is negated 

and the whole ecosystem is served (Schiemer et al. 1999).  Because of the 

constriction of floodplain habitats by human enterprises, the extent to which 

these processes can be conserved is unknown.  Opportunity for conservation, 

restoration, or rehabilitation is often on an ad hoc basis (Hobbs and Norton 1996) 

and may involve small-scale restoration projects (Naveh 1994; Soule and 

Terborgh 1999). A large-scale, coherent, guiding vision is important for 

restoration of ecological processes but small-scale efforts that fit into the broader 

plan are vital (Soule and Terborgh 1999).  Restoration to a pre-European 

settlement condition or some other past condition is often not possible because 

the economic and social costs of removing the anthropogenic disruptions are 

prohibitive.  This does not preclude the establishment or recovery of functioning 

ecosystems able to persist in present or future environments because they 

cannot be restored to a prior condition (Choi 2007). 

The word restoration has a range of definitions.  The Society of Ecological 

Restoration defines restoration as “the process of assisting the recovery of an 

ecosystem that has been degraded, damaged, or destroyed (Society for 

Ecological Restoration International Science and Policy Working Group 2004).”  

This definition emphasizes the concept of rehabilitation and that restoration is a 

process rather than one predictable outcome.  Strictly speaking, nearly all 

restoration actions may fall into the category of “rehabilitation” (Choi 2007) 

because of the pervasive human alteration of aquatic ecosystems, particularly 
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affecting floodplains of lower rivers close to large centers of population (Tockner 

and Standford 2002).  In these areas, political, economic and societal values 

conflict with efforts to remove anthropogenic disruptions from the ecosystem 

(Choi 2004; Hilderbrand et al. 2005).  Rehabilitation is a process, often described 

as having one or more trajectories (Hobbs and Norton 1996; Hughes et al. 2005; 

Simenstad and Thom 1996) and endpoints (Ebersole et al. 1997), involving the 

repair of human-caused damage to the diversity and dynamics of indigenous 

ecosystems (Jackson et al. 1995; Kauffman 1997).   

“Past-oriented” restoration focuses on the re-establishment of ecological 

function on the ecosystem scale based on some pre-disturbance condition 

(Simenstad 2006).  Though pre-disturbance conditions are useful templates to 

use for restoration planning and design (Leitbild concept; (Muhar 1995) there are 

practical limits to their application.  ‘Pre-disturbance conditions are arbitrary (how 

far into the past, baseline information is often limited or lacking) and ‘pre-

disturbance conditions’ often cannot be attained because of (human or other) 

constraints on the system (Ebersole et al. 1997).  “Ecological restoration” is a 

concept that symbolizes a range of landscape management activities (Halverson 

2004) and should result in the re-establishment of linkages between organisms 

and their environment (Kauffman 1997) for recovery of ecosystem function.  The 

endpoint(s) of restoration activities depend on the capacity of the habitat for the 

re-expression of historic performances (Ebersole et al. 1997).  If a desired past 

condition cannot be attained because anthropogenic disruption cannot be 

removed, then limitations of reconstituting prior habitat conditions should be 
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acknowledged.  In this case, consideration should be given to “future-oriented” 

restoration goals (Choi 2004; Choi 2007; Davis and Slobodkin 2004), which 

accepts that ecosystems are dynamic and focuses on repairing damaged 

systems to the extent possible to restore function. 

The role of the hydrologic regime in floodplain wetland restoration 

The main factor controlling the approach to restoring ecological function to 

seasonal floodplain wetlands is the degree to which the hydrology has been 

modified (Middleton 1999).  Ecological processes on seasonal floodplain 

wetlands are driven by the period of inundation, and other aspects of the natural 

flow regime (Poff et al. 1997).  When land-use activities that caused floodplain 

degradation can be remedied, then restoration efforts can lead to recovery and 

the system can become self-sustaining (passive restoration; (Middleton 1999).  

For example, in coastal areas where dikes and tide-gates have been constructed 

to prevent tidal inundation of floodplains, the most simple restoration approach is 

to breach dikes and remove tide-gates.  These simple acts can restore 

hydrologic connectivity, allowing aquatic biota free exchange between the river 

and floodplain.  When it is possible to remove much of the anthropogenic 

disruption and the degraded wetland can resume ecosystem processes, the site 

will likely come to resemble a habitat state prior to disruption.     

If human-imposed constraints on the ecosystem are not or cannot be 

removed and an altered hydrologic regime persists, recovery cannot be achieved 

by conventional passive approaches.  The alternative approach, active 

restoration, can create or partially restore habitat, but does not result in the total 
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resumption of ecological processes of the original community but is often not 

self-sustaining (Middleton 1999).  In upstream reaches of Columbia River, the 

primary hydrologic forces are periodic flooding events.  Dams have dampened 

the flow amplitude (Dauble et al. 2003; Ebbesmeyer 1992) and dredging lowered 

the river bed, which has resulted in reduced hydrologic connectivity between the 

river and floodplain and reduced the duration of floodplain inundation.  Where 

hydrology has been severely altered active restoration approaches must be 

employed.  These include physical manipulation of the topography (excavation of 

swales, de-leveling, and creation of berms) to increase hydrologic connectivity 

and duration of inundation to mimic the historic timing and rate of floodwater 

inundation/recession of the floodplain and wetland.  In active restoration, wetland 

restoration structures hold water on the floodplain at low to moderate water levels 

for longer and more predictable periods of inundation (Figure 1 and Figure 2).  

This can result in aquatic species having greater access to floodplain habitats 

from adjacent rivers, the suppression of invasive plants (reed canarygrass) and 

promotion of native plant species (wapato, smartweed), ultimately rehabilitating 

wetland and floodplain habitats. The more that the hydrology is intact, the less 

the complexity of the design is required.  “Restoration” spans a continuum of 

options (from passive to active) depending on unique conditions at each site. 
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Figure 1. Pool-weir-chute wetland restoration structure. 
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Figure 2. Flashboard riser wetland restoration structures: half-round and full-
round risers. 

 
In some ways, wetland restoration structures (Figure 1 and Figure 2) used 

to hold water on floodplains mimic beaver dams.  The near extermination of 
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beaver in the Northwest, whose populations have never recovered (Lichatowich 

1999), has reduced habitat complexity within floodplains and associated 

salmonid habitat (Brown 2002; Bryant 1984; Grieve 2000; Polluck et al. 2004).  

Beaver dams are low head structures (1-2m high) that can be overtopped by high 

water (Grieve 2000), they stabilize flow and increase area or volume and 

optimize water temperatures in ways that can benefit fish (Grieve 2000; Murphy 

et al. 1989; Snodgrass and Meffe 1998) but they can also temporarily restrict 

movement of fishes (Collen and Gibson 2000; Grieve 2000).  Wetland restoration 

structures differ from beaver dams because they have water-management 

capability designed to permit fish passage without interruption and facilitate draw 

down in a controlled manner in the summer to enhance early successional native 

vegetation.   

In addition to the physical and legal constraints of design and 

management, there is the consideration of the cost of operation and maintenance 

of the structures, not to mention the initial cost of construction.  Complex 

restoration solutions are seldom self-sustaining, as they only mimic hydrological 

and ecological function of a site and require maintenance.  Long-term budgeting 

must be considered for management and maintenance of projects that involve 

active restoration.  Management includes when to begin holding water, what 

depth/volume will the water be held, when and what rate to begin draw down, 

what circumstances warrant manual succession (disking with a tractor to reduce 

invasive plant species).  Maintenance is required to keep debris out of the 

wetland restoration structures and adjust riser boards so that water continues to 
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flow and allow fish ingress/egress.  A realistic assessment of many factors is 

necessary to determine whether the active restoration approach is feasible. 

 Design and management elements affect wetland habitat characteristics, 

hydrologic connectivity and thus potential colonization of the wetland from 

aquatic species in the river at the site-level.  At the landscape scale, size of 

restoration project and proximity to one another affect larger-scale processes, 

such as landscape connectivity, that can facilitate movement of organisms 

among resource patches (Taylor et al. 1993).  When adjacent or nearby parcels 

of land, often with different landowners, are brought together for the common 

purpose of restoring or enhancing aspects of the hydrologic regime, large areas 

of floodplain (ca. 100 to 1000 acres) can be colonized by riverine fishes that 

utilize floodplain resources to meet their needs (Dunning et al. 1992; McIvor and 

Odum 1988). 

 Fish community structure and function of individual fish species in 

freshwater seasonal floodplain wetlands in the Pacific Northwest has not been 

described and relationships among fish species in floodplain wetlands are not 

fully understood.  I began this study out of the need to know if and to what extent 

juvenile salmon use “actively restored” seasonal floodplain wetlands in Oregon 

and Washington, but I soon realized the opportunity to describe patterns of fish 

community structure across the region and to model fish response to 

environmental variables and species traits.  Juvenile salmonids have been the 

focus of fisheries interest and management in the Pacific Northwest and there 

was little concern for, or knowledge of, other native species.  I also found that 
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there were many preconceived notions about fish assemblages in seasonal 

floodplain wetlands (mostly regarding juvenile salmon) but these notions were 

based on little, if any, data collected from regional wetlands or similar habitats.  

Among these assumptions were: 

1) It is questionable whether juvenile salmon use seasonal floodplain 

wetlands. 

2) Seasonal floodplain wetlands are havens for introduced fish, and are 

therefore predatory trap for juvenile salmon. 

 To understand the persistence of native species (juvenile Chinook and 

coho salmon) with complex and varied life history traits, in floodplain habitats is 

challenging.  These seasonal floodplain wetlands are characterized by dynamic 

environmental conditions, exotic species, and long histories of human impacts.  

This required a large study including many sites under various conditions to 

determine patterns of fish use with respect to the physical and biological 

conditions as well as the anthropogenic history of the site.  Unfortunately, there 

are few wetlands that exist under “natural” conditions in which the natural 

hydrologic regime occurs and/or manipulation of the topography (drainage 

ditches, dikes) of the wetland has not altered its ability to function normally.  

Human alteration is inextricably linked to most wetlands and must be recognized.  

Wetlands used in this study have all been affected by human alteration of 

the environment in some way during the past.  Many have undergone recent 

restoration efforts.  The value of ecological restoration as both experiments to 

further basic ecological theory and as a mechanism for explaining ecological 
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patterns and processes have been discussed (Michener 1997).  Understanding 

how particular species or functional groups of fish respond to environmental 

variables can be used to guide efforts to restore a system to a more self-

sustaining level of function (Palmer et al. 1997).  Within the context of human 

alteration of the physical system, the goal of this study is to further understand 

freshwater seasonal floodplain fish communities and examine environmental 

parameters (extrinsic) and biology of fish species (intrinsic) verses community 

dynamics on different spatial and temporal scales.  The following chapters will 1) 

describe regional patterns of fish community structure in seasonal floodplain 

wetlands; 2) develop predictive models to relate relative abundance of fish 

species, functional groups and species traits of fishes to environmental variables 

that influence their expression in freshwater, seasonal floodplain wetlands; and 

3) correlate fish movement into and out of seasonal floodplain wetlands with 

differences in environmental variables between riverine and floodplain habitats.
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Chapter 2: Regional patterns of fish community structure in seasonal floodplain 

wetlands in the Pacific Northwest, USA 
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Abstract 

To begin to understand freshwater seasonal floodplain fish communities in 

the context of human alteration of the physical system, species introductions and 

wetland restoration efforts, I studied fish in fifteen seasonal floodplain wetlands 

within four regions (coastal, upper Columbia River estuary, Puget Sound and 

eastern Oregon and Washington) from November 2001 through June 2006.  

Juvenile salmon were present in all sites in this study.  Species richness, 

diversity, relative abundance of fishes and patterns in fish assemblages among 

regions are described.  Fish species richness was lower at coastal wetland sites 

compared to other regions sampled, likely due to watershed isolation (the ocean 

as a barrier to dispersal) and fewer introduced species.  Fish assemblages were 

ordered by a regional climactic gradient from wet, cool coastal sites to drier 

inland sites characterized by greater seasonal (and diel) temperature 

fluctuations.  Catch of individual fish species in select sites was driven primarily 

by temperature.  While introduced piscivorous fishes are abundant in permanent 

low elevation lotic water bodies in the Pacific Northwest, it appears that 

seasonally inundated wetlands differ in this respect since large-bodied piscivores 

were rare (99.9% of the catch in wetland sites were small-bodied, <200mm fork 

length, mostly planktivorous or insectivorous fishes).  The stochastic nature of 

floodplains leads to communities dominated by small-bodied fish that colonize 

habitats that are seasonally available.  I found no evidence to support the widely-

held belief that seasonal floodplain wetlands are “piscivore traps” for juvenile 

salmonids that enter the floodplain to rear in the winter or spring. 
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Introduction 

A growing interest in the conservation and restoration of seasonally 

inundated floodplains has prompted an effort to document the extent to which 

salmonids and other native and introduced fishes use these habitats, to describe 

regional patterns of use, and to investigate biotic, abiotic and spatial factors 

controlling community structure (Baker and Miranda 2003).  In the Pacific 

Northwest, particularly west of the Cascade Range, seasonal floodplain wetlands 

typically become inundated with fall rains and hold water into the summer.  On 

the eastside of the Cascade Range, floodplain wetlands can be dry during winter 

because water is held in snow pack, especially at sites located at higher 

elevations, and they become flooded during spring run-off.  Seasonal wetlands in 

the Pacific Northwest may completely dry in the summer, while others contract to 

remnant pools, often disconnected from adjacent rivers.  This seasonal 

expansion in the fall and contraction in the summer is the hallmark of seasonal 

wetlands in the Northwest.  Along with fluctuations in water-surface area, the 

degree of hydrologic connectivity to adjacent rivers, water temperature, water 

chemistry and fish assemblages simultaneously change with inundation. 

Fish assemblages in wetland habitats have been well described in the 

mid-west and southeastern United States (Baber and Childers 2002; Brazner 

1997; Johnson 1997; Kwak 1988; Miranda 2005; Petering 1991; Raibley et al. 

1997; Snodgrass et al. 1996; Trexler 1995) eastern Canada (Halyk 1983), 

Austrialia (King 2003; King 2004; Stoffels 2003), Europe (Amoros 1988; 

Hohausova 2003; Persat 1994; Wien 1991) Asia (Biswas 2000; Lim 1999; Sinha 
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1997), and the Amazon (Bayley 1988; Bayley 1989; Granado-Lorencio 2005).  

Relatively little work has been done to describe fish communities in freshwater 

floodplain wetlands in the Pacific Northwestern United States, (Henning et al. 

2007; Sommer et al. 2001a).  Studies east of the Continental Divide and outside 

the United States document many fish species using floodplain habitats but 

salmonids were not present in these systems.  Members of the salmonid family 

are a focus of research, conservation and restoration in the Pacific Northwest 

and floodplain wetlands are a habitat feature with which they have evolved but 

studies outside the region cannot provide guidance on salmonid use of floodplain 

habitats.  Consequently, there remain considerable gaps in basic information 

about fish use and community structure of seasonal floodplain wetlands in the 

Pacific Northwest. 

The decline of Pacific salmon populations in the Northwest (Nehlsen et al. 

1991) prompted fisheries managers to re-assess human impacts to salmon 

populations, re-consider past assumptions, and focus efforts on habitat 

restoration. Estuarine studies indicated that wetland restoration could offer a 

cost-effective method to improve salmonid rearing conditions (Bottom et al. 

2005).  Though the importance of off-channel habitat in streams  for juvenile 

coho salmon has become well accepted (Bustard and Narver 1975a; Nickleson 

et al. 1992; Peterson 1982a; Peterson 1982b; Swales 1986; Swales and Levings 

1989), seasonal, freshwater, floodplain wetlands have received limited 

recognition as potentially important salmon habitat until recently (Henning et al. 

2006; Sommer et al. 2001a; Sommer et al. 2005; Sommer et al. 2001b).  Studies 
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documenting coho use of off-channel habitat typically included more permanent 

habitats such as off-channel ponds (Bustard and Narver 1975b; Peterson 1982a; 

Peterson 1982b), side channels (Swales 1986; Swales and Levings 1989), 

alcoves and beaver ponds (Nickleson et al. 1992).   

In the Pacific Northwest, investigations of fish use of wetlands have been 

largely restricted to studies of juvenile salmon use of saline estuaries (Bottom et 

al. 2005; Gray 2002; Levings 1986; Levy and Northcote 1982; Miller 2003; 

Simenstad et al. 1990).  However, two studies in the 1980’s documented coho 

use of freshwater wetlands.  Coho used “ephemeral swamps” during a 25-year 

flood event on Carnation Creek, British Columbia (Brown and Hartman 1988) and 

over-wintered in an enhanced sedge marsh on the Olympic Peninsula in 

Washington (Cederholm et al. 1988).  More recently, Henning et al. (2006) 

studied juvenile coho use of enhanced and unenhanced freshwater, emergent 

floodplain wetlands on the Chehalis River, Washington and found that greater 

growth rates, survival and emigration of juvenile coho can result from enhancing 

freshwater wetlands via wetland restoration structures to increase the 

predictability and duration of floodplain inundation during the winter and spring.  

 Little is known of the use of off-channel habitat by juvenile Chinook 

salmon, although they were documented using off-channel mining dredge ponds 

on the Yankee Fork of the Salmon River (Richards 1992).  Recent work by 

Sommer et al. (2001a; 2005; 2001b) demonstrated higher growth and survival 

rates of juvenile Chinook salmon rearing and migrating in the primary floodplain 

of California’s lower Sacramento River (the Yolo Bypass) than juvenile Chinook 
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that used the main stem Sacramento River.  They also found that Chinook that 

reared in seasonal floodplains as juveniles had adult returns rates comparable 

with those of adjacent perennial river channels (Sommer et al. 2005).   

Fish community structure in wetlands in the Northwest is poorly 

understood.  Except for a single study of fish use of seasonal floodplain wetlands 

on the Chehalis River in Washington (Henning et al. 2007) and a brief reference 

to other fishes in the catch besides juvenile Chinook on the Yolo Bypass 

(Sommer et al. 2001a), studies published in the scientific literature that have 

documented juvenile salmon use of wetlands typically do not mention the 

presence of other fish species (Cederholm 1991; Gray 2002; Shreffler 1990; 

Sommer et al. 2001b).  Limited regional examples of fish assemblages in 

floodplain habitats that include both juvenile salmonids and other native and 

introduced non-salmonids are found mostly in unpublished reports (Bayley 2001; 

Bayley 2002a; Bayley 2002b; Bayley 2003; Bayley 2004; California Department 

of Water Resources 1998; Fishman 1986; Henning 2004; Parente 1981; 

Zimmerman 1981).  The lack of understanding of fish assemblages in seasonal 

floodplain wetlands has left a void in understanding potential species interactions 

between juvenile salmon and other species that utilize these habitats and fish 

biodiversity in wetlands. 

The goal of restoration and management of seasonal floodplain wetlands 

should be to provide habitat where juvenile salmonids and other native fishes 

may benefit from the high invertebrate productivity and velocity refuge that 

wetlands offer, provided that passage opportunity for egress is maintained.  
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Further, restoration and management options should be identified that encourage 

the success of native fish species but reduce potential losses to native species 

from the activities of exotic species.  Unfortunately, achieving this goal is difficult; 

habitat requirements and behavior vary greatly among species of fish, and local 

environments created within each wetland are the result of a complex suite of 

abiotic and biotic characters unique to each site.   

In order to better understand the combination of factors likely to contribute 

to a wetland that favors use by native salmon, I will describe fish use and 

community composition in seasonal floodplain wetlands from late-fall through 

early summer in 2001 through 2006 on the Oregon and Washington coast, Puget 

Sound, eastern Oregon and Washington and the upper Columbia River estuary, 

and environmental factors associated with community structure.  Specific 

questions that I addressed in this chapter were:  

(1) Are there general characteristics or patterns of fish community structure in 

hydrologically dynamic wetlands in diverse regions of Oregon and Washington?  

(2) What environmental factors are associated with fish community structure in 

wetlands in Oregon and Washington?   

 (3) Are juvenile salmon present in seasonal floodplain wetlands across Oregon 

and Washington?  

(4) What is the extent to which piscivory in wetlands is a threat for juvenile 

salmon rearing in these habitats in the winter and spring?   

 Describing patterns of fish use and environmental conditions in seasonal 

floodplain wetlands across Oregon and Washington is the first step in developing 
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a greater understanding of how these habitats are used by various life-history 

types of coho and Chinook salmon and other fish species.  This is also a first 

step towards advancing understanding of the potential restoration opportunities 

of floodplain habitats in the Pacific Northwest. 

Study Area 

I sampled fish in fifteen seasonal floodplain wetlands across Oregon and 

Washington (Appendix 1, Table 1, Figure 3), comprising past wetland restoration 

projects or future project sites with varying histories of land use.  Wetland sites 

ranged from 3 to 400 hectares (Table 1).  Ownership included tribal, federal, 

state, county, city, and private lands.   Site boundaries for each wetland were 

based on the maximum area inundated during any sampling event.  Vegetation 

types, classified by the USFWS National Wetland Inventory (NWI, 

http://www.fws.gov/nwi/), ranged broadly among study sites and included 

paulustrine emergent, scrub shrub, aquatic bed, unconsolidated bottom or 

shoreline, lacustrine littoral, riverine, and non-delineated.  Study sites were 

chosen using four criteria:  1) access to juvenile salmon occurred at least 

periodically during the winter and spring; 2) no salmon spawning occurred in 

streams flowing into wetland sites so that juvenile salmon entered the floodplain 

from the river; 3) sites represented various types of wetland restoration structures 

(Chapter 1), including sites before structures were installed; 4) sites were 

dispersed throughout the Northwest where active wetland restoration involved 

structures and mechanical topographic manipulation.  
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Table 1. Site description and years sampled. 

Region Wetland site Site 
area 
(ha) 

Distance 
(km) from 
salmon 
migration 
route  

WCS3 
(year 
installed) 

WY5 within 
wetland 
sampling 

Coast  
(n=6) 

Lewis 52 0 PWC 
(02) 

02, 03, 04, 
05 

 Porter Point 60 0 PWC 
(02) 

02, 03, 04, 
05 

 Greenhead 32 5.1 Riser 
(99) 

02, 03 

 Hoxit 7 0.8 Riser 
(97) 

02, 03 

 Larson Slough 32 0 PWC 
(02) 

04, 05, 06 

 Arago 83 1.0 Riser 
(05) 

04, 05, 06 

Puget 
Sound*(n=1) 

Cripple Creek 41 1.0 -- 04 

UCRE1  
(n=6) 

Ruby Lake 10 2.1 Riser 
(01) 

02, 03, 04 

 Wigeon Lake 5 1.2 Riser 
(01)4 

02, 03, 04 

 Mulnomah 
North2 

17 0 Riser 
(01)4 

02, 03, 04, 
05, 06 

 McCarthy Creek 3 0 -- 03, 04, 05, 
06 

 Smith-Bybee2 400 4.4 PWC (fall 
04) 

03, 04, 05, 
06 

 LaCenter 
Bottoms2 

54 0 PWC (fall 
04) 

03, 04, 05, 
06 

Eastern 
OR/WA 

Satus2 (eastern 
WA) 

98 0 Risers 
(98) 

02 

(n=2) Ladd Marsh2 
(eastern OR) 

72 2.1 PWC 
(02) 

03, 04 

1Upper Columbia River Estuary 
2Sites with two sample days per trip 
3Water-control structure (WCS); pool-weir-chute (PWC) and Riser structure types 
4WCS installed in 2001 but riser boards were not installed until 2003 (operated 
as control for WY02) 
5WY is water-year, which begins October 1 and ends September 30 
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Figure 3. Study sites in Oregon and Washington 
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Methods 

Within-wetland sampling 

 I sampled fish assemblages in wetlands periodically (approximately every 

4-6 weeks) during winter and spring from 2001 to 2006.  Sampling within 

wetlands took place when they were inundated, from November to July, but not 

all sites were sampled every year (Table 1).  Typically, water levels recede in the 

summer, drying wetlands, and only limited surface water remains on the 

floodplain in deeper channels or pools, making sampling difficult.   

Trap nets typically used for sampling fishes in wetlands included:  one 

Oneida Lake trap (1.2m at mouth, 7.6m wings, 38m lead), two box traps (0.6m 

high, 0.9m wide, and 1.5m long with a 7.6m lead) and two fyke nets (0.9m high 

by 1.2m wide with a square aluminum frame at the mouth, five 0.8m rings, 7.6m 

wings, (Figure 4).  All nets had 4.8mm mesh.  Traps were set in a variety of 

habitat types within the floodplains including pond, channel, and shallow areas 

with emergent vegetation.  Trap locations were chosen with the criteria that they 

were spatially distributed in a variety of habitat types and water depth had to be 

equal or less than the trap height.  They were set mid- to late-afternoon and 

retrieved the following morning.  Nets were set two consecutive days to increase 

the chance of catching rare species.  Type of trap, location within the wetland, 

species captured, and fork length (± 1mm) and wet weight (± 0.1g; salmonids 

only) of fish were recorded during wetland sampling.   
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Figure 4. Trap nets used for within-wetland sampling. 

 
When there were more than 30 fish of the same species caught in the 

same sample and fork lengths were within a narrow size range, as would be the 

case for fish in the same cohort (threespine stickleback, yellow perch, young-of-
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the-year carp, crappie, etc.), the first 30 fish removed from the traps were 

measured.  Subsequent fish in that size class were counted.  If a fish outside that 

size class was encountered, the fish would be measured and recorded. 

When catch was very large such that it was impractical to count all the fish 

and/or attempting to count all the fish would likely lead to excessive mortality 

from holding, then numbers were estimated based on volume of fish.  This 

typically occurred with small fish, most often with one species (threespine 

stickleback) in a volume.  Fish were held in five-gallon buckets and a grab 

sample was taken from each bucket using an aquarium net.  The grab sample 

was then put into a clear plastic cup and a mark indicating the volume of fish in 

the cup was made.  Fish from that cup were counted and measured.  Counting 

and measuring was done three times for a given group and the numbers of fish in 

the three cups were averaged.  The average number and size of fish in the cup 

was applied to the remainder of the catch.  All of the catch was measured by the 

volume of the cup (number of cups x number of average fish in that volume).  If 

larger fish were present outside the species and size range of fish typical in the 

grab sample, they were removed and measured individually. 

Environmental variables 

 Quantitative environmental variables included water temperature, climactic 

variables such as air temperature and precipitation, and physical variables 

describing the wetlands such as area and average depth.  Categorical variables 

included location, season, presence of a stream, tidal influence, phase of lunar 

cycle, and presence and type of wetland restoration structure (Table 2).  
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Variables describing the physical characteristics of the wetland sites at each 

sampling date were measured by GIS and included: distance from the wetlands 

to the nearest salmon migration route, wetland surface area, wetland volume and 

average depth at the time of sampling (Appendix 2).  Salmon migration routes 

were defined as rivers or streams used for seaward migration between spawning 

grounds and the ocean. 
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Table 2. Variables (quantitative and categorical) used in the environmental 
matrix. 

Quantitative Variables: 
Water Temperature 

• Daily average water temperature 
• Seven-day average of the average daily water temperature 
• Fourteen-day average of the average daily water temperature 

Air Temperature 
• Average maximum air temperatures from the previous 7 days before 

sampling (data from Western Climate Service) 
• Average minimum air temperatures from the previous 7 days before 

sampling 
Precipitation 

• 3d, 7d, and 14d average precipitation from the nearest station before 
sampling (data from Western Climate Service) 

Physical 
• Distance to nearest salmon migration route (km) 
• Wetland area (hectares) 
• Wetland volume (m3/1000) 
• Average depth (m) 
• Lunar day1 (new moon=1; full moon day 14-16; 29-30 d cycle; 

complete phase of moon is 29.5d average duration) 
• Lunar day2 (new moon=0; full moon=16; values evenly distributed 

between new and full moon depending on # of days [14-17]) 
 
Categorical Variables: 

• Region (Oregon/Washington coast, Lower Willamette/Upper Columbia 
River, eastern Oregon/Washington, Puget Sound) 

• Geological province (Pacific, Columbia Plateau) 
• Physio-geographic province (Willapa Hills, Coast Range, Puget 

Lowland, Willamette Valley, Portland Basin, Columbia Basin, Blue 
Mountains) 

• Tidal influence (yes/no) 
• Intermittent stream flowing into wetland (yes/no) 
• Water management (0= no structure; 1=ladder (pool-weir-chute); 

2=half or full-round riser, 3=tidegate only) 
• WY month of wetland sampling 
• Month of wetland sampling 
• Season of wetland sampling  
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  The distance between wetland sites and salmon migration routes indicates 

how far from the migration route that juvenile salmon had to move to inhabit 

some wetland sites and was calculated using Arc GIS 9.2.  Wetland bathymetry 

was modeled using ground surface elevations from survey data (total stations, 

0.01m accuracy, by Ducks Unlimited surveyor during restoration planning) 

imported into Arc GIS 9.2.   Wetland surface area, volume and average depth 

were estimated by creating GIS surface models (triangulated irregular networks, 

TIN) of each wetland based on ground elevations (Beyer and Smith 2007).  From 

the fitted model, surface area and volume were calculated for the water-surface 

elevation at each sampling event.  Average depth for each sampling event was 

calculated by dividing the wetland volume (m3) by surface area (m2). 

Supplemental ground-surface elevation data were collected from those 

sites with sparse survey data using a Trimble GPS (sub-meter accuracy but less 

than total stations) in which water depths or ground elevations were attached to 

points recorded by GPS and then imported into Arc GIS 9.2 and modeled using 

the TIN procedure.  Ground elevations were recorded using a laser level and rod 

and related to a nearby benchmark with known elevation.  When water depths 

were recorded, water surface elevation was measured with a laser level and 

related to a nearby benchmark with known elevation so that those depths could 

be transformed to ground surface elevations (water depth was subtracted from 

water-surface elevation for ground-surface elevation).  Wetland surface area, 

volume and average depths that corresponded to the water surface elevation of 
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the wetland sites when sampling occurred were entered into the environmental 

matrix. 

Water temperatures were recorded hourly with Hobo® loggers from Onset 

Computer Corporation.  One logger per site was deployed, usually near the 

egress channel of the wetland.  The temperature loggers were encased in a 

water-proof container and positioned approximately 0.5 m below the water 

surface by a buoy and cord, anchored to the substrate.  Temperature loggers 

were placed near the wetland restoration structures or in locations within the 

wetland study site where there was flowing water for mixing to integrate 

temperature variations within wetlands.  While water temperature is likely more 

heterogeneous than that characterized by temperature loggers, the degree of 

thermal structure (horizontal patchiness and vertical stratification) during the 

winter and spring is expected to be less than in the summertime because of 

mixing from wind and high-water events (Coutant 1987).   

Daily average water temperature is the metric most appropriate to the time 

scale that data were collected in this study because nets were set over a period 

approaching 24 hours.  Other studies employing ordination to decipher patterns 

in fish use have used maximum daily temperatures (Ebersole et al. 2003; Waite 

and Carpenter 2000).  Daily average water temperature integrates thermal 

conditions that fish experienced during an entire sampling event.  High water 

temperatures that potentially produce stress in fishes was not encountered 

because sampling occurred in the winter and spring when water temperatures 

were still cool compared to that in the summer. 
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Inevitably, a proportion of the temperature loggers that were used 

malfunctioned, washed away with high water, or went missing from interference 

by animals or people, resulting in missing data.  Missing water temperature data 

were modeled using two general approaches:  1) relating daily average water 

temperatures from wetlands where data were missing with daily average water 

temperature data from a nearby wetland or 2) using climate data from a nearby 

weather station (Nunn et al. 2003, Appendix 3).  Relating daily average water 

temperature from a nearby wetland was preferred because there was likely less 

variability between daily average water temperatures between adjacent wetlands 

than between climatic variables and wetland water temperature.  To calculate the 

relationship between daily average water temperatures between two sites 

temperature data were chosen from a period of time similar to both sites.  Data 

were modeled using linear regression (variables for models described in 

Appendix 3, NCSS 2000; (Hintze 1998).  The relationship was then used in 

conjunction with daily average water temperature from the adjacent site or from 

air temperature and precipitation data from the nearest weather station to fill in 

the missing data. 

Statistical comparison between regions 

 To test for regional differences in species richness and diversity, I used 

the multiple sample comparisons procedure (ANOVA) in Statgraphics, version 

15.0, in which I reported the F statistic.  If the standardized skewness and/or 

kurtosis were outside the range of -2 to +2, indicating significant nonnormality in 

the data, then I used the Kruskal-Wallis test to compare the medians.  When the 
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P-value of the F-test was less than 0.05, indicating a statistically significant 

difference between the means at the 95.0% confidence level, then I inspected 

the results of the Multiple Range Tests to determine which means were 

significantly different.  In a two-sample comparison, if the standardized skewness 

and/or kurtosis were within the range of -2 to +2 then I used two-sample t-test to 

compare means.  If the standardized skewness and/or kurtosis for a two-sample 

comparison was outside the range of -2 to +2, then I used a Mann-Whitney W 

test to compare the medians of the two samples. 

Species matrix 

Data were organized into species and environmental matrices for 

analyses by ordination (McCune and Mefford 2006) to examine patterns of 

species presence and abundance across different sites.  The environmental 

matrix was used to associate species patterns in the ordinations with 

environmental gradients.  Data from the environmental matrix also was used to 

determine relationships between abundance of individual species and 

environmental variables by employing nonparametric multiplicative regression. 

The species matrix contains relative abundance of fish, (fish/net-day/trip) 

for each sample unit (each date a particular site was sampled).  The columns of 

the matrix were species or taxonomic groups.  The rows were sample units.  

Each cell then was the abundance (fish/net day) of a particular species on a 

particular sample date.  The full species matrix was composed of 176 sample 

units and 29 individual fish species groups (Table 3). 
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Table 3. Individual species, consolidated species groups and species sub-divided 
into life-history stages/size classes in the species matrices. 

Common name Scientific name or taxa 
Occurrence in 
sample units* 

Fish:   
Carp and goldfish  
< =100mm 

Cyprinus carpio/Carassius auratus  

Carp and goldfish 
 >100mm 

Cyprinus carpio/Carassius auratus  

Banded killifish Fundulus diaphanus  
Brown bullhead Ameiurus nebulosus  
Chinook salmon Oncorhynchus tschawytscha  
Chiselmouth Acrocheilus alutaceus rare 
Coho salmon Oncorhynchus kisutch  
Chum salmon Oncorhynchus keta rare 
Sculpin spp. Cottidae (all but a few were Cottus 

asper)  

Crappie spp. Pomoxis spp.  
Coastal cutthroat trout Oncorhynchus clarki rare 
Fathead minnow Pimephales promelas rare 
Amur goby Rhinogobius brunneus    rare 
Golden shiner Notemigonus crysoleucas  
Lamprey Petromyzontidae spp.  
Largescale sucker Catostomus macrocheilus  
Largemouth bass Micropterus salmoides  
Mosquitofish Gambusia affinis  
Northern pikeminnow Ptychocheilus oregonensis  
Olympic mudminnow Novumbra hubbsi  
Oriental weatherfish Misgurnus anguillicaudatus  
Peamouth Mylocheilus caurinus  
Redside shiner Richardsonius balteatus  
Speckled dace Rhinichthys osculus rare 
Smallmouth bass Micropterus dolomieu  
Steelhead/rainbow trout Oncorhynchus mykiss rare 
Sunfish spp. Lepomis spp.  
Threespined stickleback Gasterosteus aculeatus  
Yellow perch Perca flavescens  
*Rare is defined as occurring in less than five percent of the sample units, 
pertinent to data preparation for ordination. 
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 Net-days/trip refers to the total number of nets set times the total number 

of days that the nets were set for a particular site and sampling period.  Data 

were standardized on the basis of fish/net-day because the number of nets set 

varied (four to ten) depending on wetland size and number of days sampled in a 

trip (one or two), depth (may have been too shallow for the Oneida Lake trap), or 

a net malfunctioned (collapsed, washed out by current).  Catch for each sample 

unit reflects the combined net sets across the various habitat types in a wetland 

site at a point in time.   The catch includes those fishes in the assemblage that 

were active making them vulnerable to capture by passive trap nets.  It may not 

reflect those fishes that may be present but are inactive at cold temperatures and 

therefore have a low probability of capture.  Some species were consolidated into 

species groups (the group ‘sunfish’ includes bluegill, pumpkinseed, warmouth, 

and green sunfish), or species were sub-divided into life-history stages/size 

classes (separate groups for carp >100mm and carp <100mm, Table 3). 

Environmental matrix 

The environmental matrix was used to associate species patterns in the 

ordinations with environmental gradients.  Data from the environmental matrix 

also was used to determine relationships between abundance of individual 

species and environmental variables by employing nonparamtric multiplicative 

regression.  Pearson’s correlation coefficients were calculated to determine 

associations between quantitative environmental variables and each axis of the 

ordination.  The correlation coefficient expresses whether a variable has a linear 

relationship with an ordination axis.  It provides a way of comparing positions of 
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the sample units on the ordination axes with the abundance of species or 

environmental variables (McCune and Mefford 2006) thereby indicating what 

species or environmental variables are represented by each axis of the 

ordination.  Categorical environmental variables were used as graphic overlays 

onto ordination results.  Overlays are used to visualize whether a variable is 

patterned on an ordination (McCune and Mefford 2006).  

Ordination 

To enhance the detection of relationships between community 

composition and environmental factors, rare species, those occurring in less than 

five percent of the sample units, were deleted from the dataset prior to ordination.  

Due to the high degree of variation in species abundances (fish/net-day/trip) 

among sample units, data were log transformed.  Because of the presence of 

zero’s in the matrix, the number one was first added to all cells before taking the 

log, returning the cells with zero catch to zero while compressing high values and 

spreading low values.  Because differences among sample units in total fish 

abundance were of interest, the data were not relativized by sample unit totals.  

The final data matrix was 176 sample units by 21 fish species (Table 3).   

Species matrices for each of the ordination were screened for both row 

(sample unit) and column (species) outliers.  Outliers were sought by examining 

a frequency distribution of average Sørensen distance between each sample unit 

(or species) and all other sample units (or species) in species space (or sample 

unit space (McCune and Mefford 2006).  Sørensen distances were used because 

this measure retains sensitivity in more heterogeneous communities and gives 
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less weight to outliers (McCune and Mefford 2006).  The medium setting for 

thoroughness in autopilot mode of NMS in PC-ORD, version 5.06 (McCune and 

Mefford 2006) with random starting configurations used the best of 50 runs with 

real data along with 50 runs of randomized data for a test of significance.  The 

resulting ordination was rotated to load the strongest environmental factor on a 

single axis.  The graph was interpreted by examining overlays, joint plots, and 

Pearson’s correlation coefficients between environmental variables and each 

axis. 

Nonparametric multiplicative regression 

Nonparametric multiplicative regression (NPMR in HyperNiche version 

1.12, (McCune and Mefford 2004) was used to examine the relationship between 

the abundance of individual fish species (fish/net day) and environmental factors.  

Traditional parametric models treat complex, non-linear species responses 

poorly (McCune 2006).  The problem is compounded when multiple habitat 

factors are used in the analysis.  Nonparametric regression is able to combine 

ecological factors multiplicatively.  A Gaussian weighting function with a local 

mean estimator was used in a forward stepwise regression of catch (fish/net-day) 

against the predictor, then expressed fit as a cross-validated R2, or xR2 

(Berryman and McCune 2006). 

 Both relative abundance (fish/net-day) and total catch of individual 

species, with and without log transformation, were response variables used to fit 

the best model.  Environmental or predictor variables included 3-day, 7-day and 

14-day average precipitation prior to sampling, daily average and seven-day 
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average water temperature, 7-day average minimum and maximum air 

temperatures prior to sampling, wetland volume and surface area, and lunar 

phase (Table 2). 

Results 

Species richness among regions 

 Numbers of fish species in wetlands differed considerably among regions 

(Appendix 4).  Wetlands in the upper Columbia River estuary (UCRE) had the 

greatest number of fish species (25 species) and the Puget Sound had the least 

(9 species; Table 4).  Puget Sound and coastal wetland sites had the greatest 

proportion of native fish species (78% and 72%, respectively) while wetlands in 

the UCRE and eastern Oregon and Washington had the greatest proportion of 

introduced species (52% and 44%, respectively). 
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Table 4. Native and introduced fish species presence and richness by region, 
2002-2006. 

Family Common name Coast Puget UCRE East 
Native fish species 

Catostomidae Largescale sucker X X X X 
Cottidae Sculpin sp. X X X X 
Cyprinidae Chiselmouth X X 

Northern pikeminnow X X X 
Peamouth X X 
Redside shiner X X X 
Speckled dace X X X 

Gasterosteidae Threespined stickleback X X X 
Petromyzontidae Lamprey sp. X X X 
Salmonidae Bull trout X 

Chinook salmon X X X 
Chum salmon X 
Coho salmon X X X 
Cutthroat trout X X X 
Rainbow/steelhead trout X X 

Umbridae Olympic mudminnow X 
Native fish species richness 13 7 12 9 

  Proportion native species 72% 78% 48% 56% 
Introduced fish species 

Centrarchidae Crappie sp. X X X 
Largemouth bass X X 
Smallmouth bass X 
Sunfish sp. X X X X 

Cobitidae Oriental weatherfish X 
Cyprinidae Golden shiner X 

Fathead minnow X 
Common carp X X 

Cyprinodontidae Banded killifish X 
Gobiidae Amur goby X 
Ictaluridae Brown bullhead X X X X 
Percidae Yellow perch X X X 
Poeciliidae Mosquitofish X X 

Introduced fish species richness 5 2 13 6 
Proportion introduced species 28% 22% 52% 44% 
Total fish species 18 9 25 15 
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 Average richness, referring to the average of the number of fish species 

(native plus introduced) caught in a given region differed among regions (Figure 

5, F=99.3, 172 df, p<0.001).  Average richness was highest in upper Columbia 

River estuary (UCRE) sites (10.8 species, 2.8 s.d.) and lowest at coastal sites 

(3.8 species, 2.2 s.d., Figure 5). 

 
Figure 5. Average native and introduced fish species richness by region (2002-
2006) with 95% confidence intervals (SU=sample units). 

  
Average native fish species richness and average introduced fish species 

richness also varied among regions.  Average richness for the coastal region was 

significantly lower than native species richness for all other regions (W= 42.7, p 
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<0.001, Figure 5).  Average richness was not significantly different between 

Puget, UCRE and eastern Oregon/ Washington (F=0.22, 104 df, p=0.81).  

 Average introduced fish species richness at coastal and Puget Sound 

sites were lower than at UCRE and eastern Oregon/ Washington sites (W=121.2, 

p=01). Average richness was not significantly different between coastal and 

Puget Sound sites (W=41.0, p =0.29) or between UCRE and eastern 

Oregon/Washington sites (t=1.56, p=0.12).   

Relative fish abundance among regions 

Fish species found in the wetlands were separated into two size classes 

(> 200 mm fork length, ≤ 200 mm fork length) to denote the potential threat of 

predation on juvenile salmonid.  A fork length of 200 mm was commonly 

described among many piscivorous fish species  as marking the point at which 

the gape of predatory fishes became large enough to ingest other fishes or their 

behavior developed such that the majority of their diet became fish rather than 

zooplankton or macroinvertebrates (Wydowski and Whitney 2003).   

In all regions, by far the most abundant species were ≤ 200 mm fork 

length.  At coastal sites, threespine stickleback was the most abundant species, 

composing over 97% of the total catch (Table 5).  Almost all (99.9%) fish caught 

in coastal wetland sites were small-bodied (≤200mm fork length) due largely to 

the high abundance of stickleback. The most abundant fish in the large size 

group (>200mm fork length) was brown bullhead. 
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Table 5. Relative abundance of fish species, by size class (FL=Fork Length), in 
coastal wetlands. 

Species (>200mmFL) 
Min. FL 
(mm) 

Max. FL 
(mm) 

Av. FL 
(mm) 

fish/net‐
day 

% of total 
catch 

Brown bullhead  124  290  223  0.21  0.1 
Largescale sucker  210  320  246  0.10  0.0 
Yellow perch  205  282  237  0.01  0.0 
Coho  218  470  344  0.01  0.0 
Cutthroat trout  253  253  253  0.00  0.0 

total=  0.1% 

Species (≤200mmFL) 
Min. FL 
(mm) 

Max. FL 
(mm) 

Av. FL 
(mm) 

fish/net‐
day 

% of total 
catch 

Threespine stickleback  15  80  44  397.49  97.2 
Olympic mudminnow  30  79  50  3.62  0.9 
Coho  37  191  109  2.11  0.5 
Brown bullhead  35  255  109  1.80  0.4 
Redside shiner  30  124  68  1.21  0.3 
Northern pikeminnow  29  155  68  0.72  0.2 
Largescale sucker  37  220  102  0.64  0.2 
Sculpin sp.  44  132  82  0.43  0.1 
Sunfish sp.  20  176  74  0.27  0.1 
Mosquitofish  24  55  34  0.24  0.1 
Lamprey sp.  80  170  121  0.08  0.0 
Crappie sp.  30  78  54  0.04  0.0 
Yellow perch  55  124  86  0.03  0.0 
Chinook  48  60  56  0.01  0.0 
Speckled dace  38  45  40  0.01  0.0 
Chum  71  76  74  0.01  0.0 
Cutthroat trout  168  188  178  0.01  0.0 
Peamouth  66  66  66  0.00  0.0 

total=  99.9% 
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 Juvenile coho had the greatest relative abundance in the Puget Sound 

wetland, followed by lamprey and threespine stickleback (Table 6). These three 

species composed 70% of the total catch.  Most of the catch (98.6%) was small-

bodied fishes (≤200mm fork length). 

Table 6. Relative abundance of fish species, by size class (FL=Fork Length), in 
the Puget Sound wetland. 

Species (>200mmFL)  Min. FL (mm)  Max. FL (mm)  Av. FL (mm) 
fish/net‐
day 

% of total 
catch 

Cutthroat trout  215  254  233  0.13  0.9 
Largescale sucker  210  210  210  0.06  0.5 

total=  1.4% 

Species (≤200mmFL)  Min. FL (mm)  Max. FL (mm)  Av. FL (mm) 
fish/net‐
day 

% of total 
catch 

Coho  31  122  47  3.19  23.9 
Lamprey sp.  100  155  125  3.13  23.5 
Threespine stickleback  25  62  45  3.00  22.5 
Sunfish sp.  25  87  50  1.44  10.8 
Speckled dace  45  71  58  1.00  7.5 
Cutthroat trout  91  182  138  0.63  4.7 
Sculpin sp.  41  99  71  0.56  4.2 
Largescale sucker  96  122  109  0.13  0.9 
Brown bullhead  63  63  63  0.06  0.5 

total=  98.6% 
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 In UCRE wetland sites, threespine stickleback was the most abundant 

species (Table 7 and Table 8) comprising nearly 70% of the total catch.   Over 

99% of the catch was small-bodied fish, although there were more larger-bodied 

species of fishes in the UCRE than in the other regions.  The most abundant fish 

in the larger size class (>200mm fork length) were peamouth, carp/goldfish, 

brown bullhead and largescale sucker. 

Table 7. Relative abundance of fish species by size class (FL=Fork Length, 
greater than 200mm FL) in UCRE wetlands. 

Species (>200mmFL)  Min. FL (mm)  Max. FL (mm)  Av. FL (mm)
fish/net‐
day 

% of total 
catch 

Peamouth  201 294 229 0.50  0.1
Carp/goldfish (>100mmFL)  201  680  378  0.41  0.1 
Brown bullhead  201 462 230 0.28  0.0
Largescale sucker  205 550 387 0.23  0.0
Rainbow trout (steelhead)  201 780 241 0.03  0.0
Yellow perch  202  290  220  0.03  0.0 
Crappie sp.  202 301 235 0.02  0.0
Northern pikeminnow  219 405 286 0.01  0.0
Cutthroat trout  209  252  228  0.01  0.0 
Chinook  236  236  236  0.00  0.0 
Largemouth bass  226 226 226 0.00  0.0
Smallmouth bass  250 250 250 0.00  0.0

total=  0.3%
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Table 8. Relative abundance of fish species by size class (FL=Fork Length, 
≤200mm FL) in UCRE wetlands. 

Species (≤200mmFL)  Min. FL (mm)  Max. FL (mm)  Av. FL (mm) 
fish/net‐
day 

% of total 
catch 

Threespine stickleback  10  86  47  420.92  74.5 
Carp/goldfish (<100mmFL)  18  128  63  48.30  8.6 
Yellow perch  20  245  102  18.39  3.3 
Northern pikeminnow  15  198  66  18.04  3.2 
Crappie sp.  13  195  81  13.53  2.4 
Brown bullhead  19  275  108  9.71  1.7 
Sunfish sp.  22  184  78  9.41  1.7 
Chinook  31  195  68  6.34  1.1 
Redside shiner  25  180  62  6.26  1.1 
Peamouth  27  251  117  5.46  1.0 
Coho  34  191  100  1.79  0.3 
Carp (>100mmFL)  50  221  127  1.33  0.2 
Oriental weatherfish  52  196  132  0.87  0.2 
Sculpin sp.  25  194  106  0.83  0.1 
Largescale sucker  24  163  73  0.64  0.1 
Banded killifish  12  110  66  0.57  0.1 
Golden shiner  53  192  91  0.39  0.1 
Largemouth bass  32  189  62  0.26  0.0 
Lamprey sp.  90  180  130  0.08  0.0 
Amur goby  26  161  58  0.07  0.0 
Mosquitofish  19  55  35  0.07  0.0 
Rainbow trout (steelhead)  59  200  148  0.02  0.0 
Cutthroat trout  160  200  184  0.01  0.0 
Smallmouth bass  41  140  96  0.01  0.0 
Fathead minnow  53  61  56  0.00  0.0 
Chiselmouth  120  120  120  0.00  0.0 

total=  99.7% 
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 Juvenile carp (size class <100mm fork length) was the most abundant 

species in eastern Oregon and Washington, followed by yellow perch, crappie 

sp. and brown bullhead (Table 9).  These four species comprised nearly 70% of 

the catch. As in the other regions, most (96.4%) of the fish caught in eastern 

sites were small-bodied (≤200mm fork length).  Largescale sucker, brown 

bullhead, carp and crappie sp were the most abundant taxa in the larger size 

class (>200mm fork length). 
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Table 9. Relative abundance of fish species, by size class (FL=Fork Length), in 
eastern Oregon and Washington wetlands. 

Species (>200mmFL)  Min. FL (mm)  Max. FL (mm)  Av. FL (mm) 
fish/net‐
day 

% of total 
catch 

Largescale sucker  228  470  396  1.20  1.7
Brown bullhead  204  359  244  0.54  0.8
Carp (<100mmFL)  208  584  419  0.37  0.5
Crappie sp.  203  330  228  0.27  0.4
Rainbow trout  201  300  231  0.06  0.1
Largemouth bass  206  432  279  0.05  0.1
Northern Pikeminnow  214  296  244  0.04  0.1 
Yellow perch  203  227  215  0.03  <0.1
Bull trout  280  280  280  0.01  <0.1

total=  3.6%

Species (≤200mmFL)  Min. FL (mm)  Max. FL (mm)  Av. FL (mm) 
fish/net‐
day 

% of total 
catch 

Carp (<100mmFL)  20  100  60  18.55  25.7
Yellow perch  24  200  107  11.44  15.9
Crappie sp.  30  200  97  10.94  15.2
Brown bullhead  23  200  110  8.72  12.1
Northern pikeminnow  25  200  103  5.68  7.9
Carp (>100mmFL)  80  191  135  4.36  6.0
Redside shiner  30  105  73  4.11  5.7
Sunfish sp.  33  176  91  2.60  3.6
Largemouth bass  17  171  82  1.25  1.7
Largescale sucker  45  194  91  0.69  1.0
speckled dace  28  68  36  0.60  0.8
Rainbow trout  73  193  147  0.26  0.4
Chiselmouth  56  150  95  0.20  0.3
Sculpin sp.  34  116  83  0.07  0.1
Chinook  61  128  85  0.05  0.1

total=  96.4%
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Salmonid Use of Freshwater Seasonal Floodplain Wetlands 

Salmonids, primarily juvenile coho and/or Chinook, were present in every 

wetland study site, although relative abundance varied greatly (Table 10). In 

addition to coho and Chinook, juvenile chum salmon, rainbow trout, cutthroat 

trout and bull trout were also caught.  The greatest total within-wetland catch 

(Table 10) and catch rates (Figure 6) of both coho and Chinook salmon were in 

LaCenter wetland followed by McCarthy Creek, both in the UCRE.  Juvenile coho 

was the most common salmon in the catch at Puget Sound and coastal sites. 

Only five juvenile salmon were caught within wetlands at eastern Oregon and 

Washington sites. 

Table 10. Total within-wetland catch of salmonids, 2002-2006. 

site (# traps set) coho Chinook chum rainbow/
steelhead cutthroat bull trout

coast: 
Lewis (100) 142 0 3 0 0 0 
Porter Point (89) 153 0 0 0 0 0 
Greenhead (27) 86 1 0 0 0 0 
Hoxit (26) 35 4 0 0 2 0 
Larson Sl. (67) 175 0 0 0 0 0 
Arago (50) 138 0 0 0 0 0 
Puget Sound: 
Cripple Ck. (20) 51 0 0 0 12 0 
UCRE: 
Ruby Lake (87) 8 3 0 0 0 0 
Wigeon Lk. (48) 0 39 0 0 0 0 
Multnomah N. (213) 33 143 0 0 0 0 
McCarthy Ck. (83) 211 1,286 0 1 7 0 
Smith-Bybee (132) 0 188 0 2 0 0 
LaCenter (141) 964 2,654 0 34 4 0 
eastern OR/WA: 
Satus (29)  0 2 0 0 0 0 
Ladd Marsh (66) 0 3 0 31 0 1 
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Figure 6. Average catch rates of coho and Chinook salmon within wetlands, 
2002-2006. 
 
Ordination of fish assemblages 

The ordination of 21 fish species at 176 sample units resulted in two 

dimensions in the final solution, for a statistically significant reduction in stress 

(final stress=19.9, 102 iterations) compared with randomized data (Figure 7). 
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Figure 7. Ordination displaying the association between fish abundance for 
sample units within each region. 
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 Both axes of the ordination represent regional climactic gradients and 

represented 80.7% of the variation in species in the communities (Figure 7).  The 

first axis represented 58.4% of the variation in community structure after rotating 

the ordination by the 14-day average precipitation, which was the environmental 

variable most highly correlated with the first axis (r=0.322).  The second axis 

represented 22.3% of the variation in the community structure after rotation.  

Daily average water temperature was the environmental variable most highly 

correlated with the second axis (r=-0.180). 

 The fish assemblages in the regions were separated in ordination space 

indicating differences in assemblage structure, as expected.  Coastal wetland 

sample units are positioned toward the bottom right of the ordination, which 

correspond to high precipitation and cool water temperatures, as would occur on 

the Washington and Oregon coast during the winter and spring.  The most 

abundant fish caught in coastal wetlands included native Olympic muddminnow, 

threespine stickleback and coho (Table 5).   

 The Puget Sound sample units are grouped on the ordination plot on the 

wet end of the first axes, 14-day average precipitation, similar to coastal sites but 

they are positioned closer to the cold end of the second axis, representing higher 

daily average water temperature than coastal sites.  Fish most associated with 

Puget Sound samples are coho and lamprey (Table 6).   

 Sample units for UCRE wetlands are in the center of the plot and occupy a 

broader space on each axis than other sites.  Nearly all of the species in this 

study were present in the UCRE (Table 7 and Table 8). 



56 

 

 

 Eastern Oregon/Washington sites are located on the left of the plot on the 

dry end of the 14-day average precipitation axis but they are spread out on the 

second axis, daily average water temperature, because sites were sampled in 

the winter and spring in which there is a broad seasonal range in water 

temperatures.  Young-of-the-year carp, yellow perch and crappie sp. had the 

greatest relative abundance in eastern Oregon/Washington sites (Table 9). 

Nonparametric multiplicative regression (NPMR) for habitat modeling 

HyperNiche was used to identify relationships between individual fish 

species and variables from the environmental matrix.  There were only five 

species modeled with cross-validated r2 (xR2) values greater than 0.25.  These 

models include juvenile coho (from Greenhead, Larson Slough and Arago sites), 

threespine stickleback (all six coastal sites); juvenile Chinook (LaCenter and 

McCarthy Creek), peamouth (LaCenter, McCarthy Creek, Multnomah North and 

Smith-Bybee), and young-of-the-year carp/goldfish (all six UCRE sites).  If catch 

of the fish species to be modeled was present in at least half of the sample units 

at a site, then that site was included in the model.  Some sites had few or no 

sample units with species to be modeled and therefore were excluded from the 

model (eastern Oregon/Washington was not in the range of the threespine 

stickleback and therefore those sample units were excluded from the stickleback 

model).  Models included data in the form of either total catch or relative catch in 

each sample unit and were either log transformed or not, depending on what 

produced a higher xR2 value. 



57 

 

 

Seven day average maximum air temperature, 7- day average minimum 

air temperature, and lunar day were included in the best model for predicting the 

relationship between juvenile coho catch rates (log coho/net day) from three 

coastal wetland sites and environmental factors (xR2=0.3874, 29 sample units, 

Table 11).   

Table 11. Model predictors with sensitivity and tolerance values for coho from 
three coastal sites 

Predictor Sensitivity Tolerance 
7-d av. max. air temp 0.9801 1.56 
7-d av. min. air temp 0.3190 2.70 
Lunar day 0.0785 8.80 
 

 
Predictors (environmental variables, Table 11) are evaluated according to 

their sensitivity.  The greater the sensitivity to changes in the variables, the more 

influence that variable has in the model.  Sensitivity is calculated from the 

average absolute values of the differences induced by nudging the predictors.  

McCune and Meffford (2004) explain that HyperNiche nudges the predictors one 

at a time by + or -5% of the range of the predictor, and accumulates statistics on 

the difference this makes in the response variables.  A value of 1.0 means that 

on average, nudging a predictor results in a change in response of equal 

magnitude.  Sensitivity = 0.0 means that nudging a predictor has no detectable 

effect on the response. 

Tolerance is the standard deviations used in Gaussian smoothers, so the 

greater the tolerance, the poorer the predictor.  Therefore, in Table 11, the 7-day 

average maximum air temperature is the best predictor because it has the 
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highest sensitivity (0.98) and the lowest tolerance (1.56).  Sensitivity and 

tolerance are relative terms pertaining to the model at hand.  There are no set 

values to indicate “good” or “bad” models. 

Catch rates of coho were greatest when 7-day average maximum air 

temperature was between 8ºC and 14ºC and 7-day average minimum air 

temperature was between 0ºC and 2ºC (Figure 8).  Since air temperature was the 

best predictor, I had to relate air temperature to water temperature, more readily 

interpretable to evaluate fish response.  Air temperatures were related to time of 

year by location and, secondarily, to water temperature of the site.  The daily 

maximum air temperature range for the greatest coho catch corresponds with 

monthly average air temperatures for North Bend (near Larson Slough wetland) 

and Aberdeen (near Greenhead and Hoxit wetlands; NOAA Western Regional 

Climate Center 1931-2005, both sites) for November through April.  Water 

temperatures in the three coastal wetlands during November through April 

ranged from 4ºC to 15.6ºC, well within the temperature tolerance of coho, and 

averaged 8.8ºC (Figure 9).  The maximum temperatures recorded in Greenhead, 

Hoxit and Larson Slough wetlands in May and June were 16ºC, 24ºC, and 18.2ºC, 

respectively.   
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Figure 8. Two views of the response surface for coho from three coastal sites. 
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Figure 9. Daily average water temperatures in Greenhead and Hoxit wetlands 
2003 and Larson Slough wetland 2004-2006. 
 

Total catch of threespine stickleback at all six coastal wetland sites were 

best predicted by 7-day average water temperature, and 14-day average water 

temperature (72 sample units, xR2=0.2508, Table 12), with air temperature the 

best predictor.  Catch was greatest when 7-day average minimum air 

temperature was between 10ºC and 12ºC and 14-day average water temperature 

was between 16ºC and 18ºC (Figure 10).  

Table 12. Model predictors with sensitivity and tolerance values for threespine 
stickleback from six coastal sites. 

Predictor Sensitivity Tolerance 
7-d av. min. air temp 0.8456 0.675 
14-d av. water temp 0.2269 1.53 
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Figure 10. Two views of the response surface for threespine stickleback from six 
coastal sites. 
 

NMPR analysis of total catch of juvenile Chinook in two UCRE sites, 

McCarthy Creek and LaCenter (32 sample units) resulted in a final model with 

three predictors (xR2=0.3101).  Seven-day maximum air temperature 

represented the greatest variability in juvenile Chinook response, followed by 7-

day and 3-day average precipitation (Table 13). 
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Table 13. Model predictors with sensitivity and tolerance values for Chinook from 
McCarthy Creek and LaCenter. 

Predictor Sensitivity Tolerance 
7-d av max air temp 2.1555 1.20 
7-day av precipitation 0.1568 18.59 
3-day av precipitation 0.0284 47.81 
 

 
 Catch of juvenile Chinook at LaCenter and McCarthy Creek was greatest 

when 7-day average maximum daily air temperature was between 10ºC and 

13ºC and 7-day average precipitation was zero (Figure 11).  There was another 

increase in catch between 18ºC and 20ºC.
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Figure 11. Two views of the response surface for Chinook salmon at two UCRE 
sites.  
 

Temperature and precipitation were the best predictors of peamouth in the 

catch at LaCenter, McCarthy Creek, Multnomah North and Smith-Bybee 

(xR2=0.6528).  The model included catch data from 70 sample units.  The most 

sensitive predictor, out of the five in the final model, was daily average water 

temperature (Table 14). 
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Table 14. Model predictors with sensitivity and tolerance values for peamouth 
from four UCRE sites. 
Predictor Sensitivity Tolerance 
Daily av. water temp 0.1751 1.4
14-d av. precipitation 0.0980 12.34 
14-d av. water temp 0.0646 1.78 
7-d av. water temp 0.0340 3.135 
7-d av max air temp 0.0012 16.185 
 

 
 

Catch of peamouth in LaCenter, McCarthy Creek, Multnomah North and 

Smith-Bybee was greatest when daily average water temperature was between 

5ºC and 10ºC and when 14-day average precipitation was between 10 to 15 mm 

(Figure 12). 
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Figure 12. Two views of response surfaces of peamouth from four UCRE sites. 

 
Daily average water temperature was the principle driver in the model for 

the response of young-of-the-year carp/goldfish (log fish/net-day followed by 7-

day min air temp (91 sample units, xR2=0.2724; Figure 13).  There were four 

predictors in the final model (Table 15).  Maximum relative abundance of young-

of-the-year carp/goldfish was observed when the daily average water 

temperature was warm (~20ºC) and when 7-d minimum air temperature was 
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between 10ºC and 15ºC, which corresponds with late-spring environmental 

conditions and hatch timing of the carp/goldfish. 

Table 15. Model predictors with sensitivity and tolerance values for young-of-the-
year carp/goldfish from eight sites in UCRE and eastern Oregon and 
Washington. 

Predictor Sensitivity Tolerance 
7-d av. min air temp 0.3215 1.03 
7-d av. max air temp 0.0956 4.11 
Wetland volume 0.0419 1843 
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Figure 13. Two views of the response surfaces of young-of-the-year carp/goldfish 
(fish/net-day) from eight UCRE and eastern Oregon and Washington sites. 
 

Discussion 

Regional patterns in fish assemblages 

The strongest variation in fish assemblage structure among regions was 

associated with a regional climatic gradient from the drier interior with more 

variable seasonal temperatures to wet, cool coastal sites (Figure 7). Some of this 
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variation can be attributed to the time of year when the sites were sampled.  Fish 

assemblages in the coastal region were in the area of the ordination plot with 

high precipitation (up to 1.8cm/day over 14 days, average 0.6cm/day) and 

relatively warm daily average water temperature (average 10.8ºC).  When we 

sampled the coastal sites (winter and spring) the weather was usually cool and 

rainy, and the daily average water temperatures when samples were collected 

were cooler on average than at UCRE (11.6ºC) or eastern Oregon/Washington 

sites (12.7ºC). 

Puget Sound sample units were grouped in the region of high precipitation 

(up to 0.4cm/day over 14 days, average 0.3cm/day) but cooler water temperature 

(7.9ºC daily average water temperature).  This site was sampled from January 

2004 through June 2004, which is characteristically wet and cool during these 

months.  Coldwater fish, including coho and lamprey, had the greatest relative 

abundance in the Puget Sound site.   

Sample units of UCRE sites were spread throughout the center of the 

ordination space because wetlands were sampled over a range of precipitation 

(up to 1.6 cm/day over 14 days, average 0.4cm/day) and water temperatures 

(1.4ºC to 22.9ºC), and the large number of fish species present in these 

assemblages represented broad ranges in temperature preferences and life-

history characteristics that influenced the ordination scores (position of the 

sample unit on the ordination plot).   

Sample units from eastern Oregon/Washington sites were positioned in 

the in the area of ordination space associated with low precipitation (up to 
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0.3cm/day over 14 days, average 0.1cm/day) but were more broadly distributed 

along the water temperature gradient.  Precipitation is far lower on the east side 

of the Cascade Range due to the rain-shadow effect of the Cascade Mountains 

so these sites are dry relative to those on the west side.  Daily average water 

temperatures varied widely, ranging from 6.4ºC to 22.9ºC.     

While most (81%) of the variation in fish communities were represented by 

the two ordination axes, individual environmental variables did not account for a 

great deal of the variation in fish assemblages among regions (14-day average 

precipitation represented 16% out of the 58% of the total variation for axis 1 and 

daily average water temperature represented 9% out of 22% of the total variation 

for axis 2).  This is not surprising given the spatial and temporal range of the 

sample units, the diversity of species, and the variation in relative species 

abundances within assemblages. 

At the regional scale, community structure may be ordered less by 

environmental variables than by the presence of species that are: 1) adapted to 

persist in the floodplain despite annual fluctuations in water level, periodic 

hydrologic connectivity, high summer water temperature, low dissolved oxygen 

and other physiologically challenging environmental conditions not characterized 

in the environmental matrix, and 2) available for colonization of the floodplain 

from adjacent rivers.  While precipitation is fundamental to hydrologic 

connectivity between a wetland and the adjacent river, once fish have access 

and move onto the wetlands, fish response to subsequent precipitation events, or 

other local-scale physical variables, may not result in large differences in the 
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structure of the fish assemblages.  Baber and Childers (2002) found that the 

number of fish species sampled monthly in seasonal wetlands inundated from 

June to October in south central Florida rapidly increased shortly after first 

becoming inundated, but then stabilized.  This pattern could not be confirmed in 

seasonal floodplain wetlands in Oregon and Washington because sampling did 

not begin until the wetlands were fully inundated due to limitations of the 

sampling gear in shallow water.  However, once they were inundated, species 

richness remained relatively constant.  This suggests that fish dispersal into 

floodplain habitats occurred soon after access was permitted.  While individuals 

within species may have ingressed or egressed, wholesale movement of species 

into or out of floodplain wetlands did not occur within the period of seasonal 

inundation.   

 Except for the coast, all regions had many non-native fishes which 

contributed significantly to the species richness within each region. Wetland sites 

in the UCRE had the highest richness of exotic fishes when compared with other 

regions.   The relatively large numbers of non-native fish species in UCRE and 

also in eastern Oregon/Washington regions is due in part to the long history of 

accidental and intentional introductions of species in the Willamette and 

Columbia Rivers and other large basins in the Pacific Northwest (Fuller 2003; 

Fuller et al. 1999). 

 Species introductions in the Pacific Northwest occurred mostly from fish 

stocking, escape of fish used for bait, and aquarium and ship ballast release. The 

earliest fish transfers were made in the 1870’s to provide settlers with a source of 
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food (Fuller et al. 1999) but anglers illegally stocking desirable species or illegally 

using live fish as bait have also contributed (Rahel 2000).  The predominant 

pattern has been the introduction of species native to the eastern United States 

(Ictalurids, Centrarcids, and Percids) into western states (Rahel 2000) but fish 

from foreign countries have also become established (Cobitidae and Gobiidae) in 

UCRE wetland study sites.  The expansive drainage of the Columbia River 

provides the opportunity for non-native species to disperse widely throughout the 

Basin.  

A possible factor responsible for lower average richness of both native 

and introduced species in coastal sites is that the Pacific Ocean is a barrier to 

dispersal for freshwater fish between coastal basins.  Fishes with anadromous 

life histories, such as salmon, sculpin, stickleback, and lamprey are capable of 

dispersing among coastal rivers. Non-native, primary-freshwater species (‘strictly 

freshwater species’ sensu (Myers 1938) present in coastal basins (bullhead sp., 

yellow perch) do not have the physiological capability of moving through the 

saline environment of the ocean and so are not found at coastal sites unless 

introduced via overland transport (Bringolf et al. 2005; Nordlie and Mirandi 1996; 

Schofield et al. 2006; Victoria et al. 1992).  The explanation for the 

zoogeographic distribution of non-anadromous freshwater native fishes among 

coastal basins is unknown but may be related to fluctuating sea levels 

(inundation of coastal basins by seawater may have reduced distribution) and 

glacial outburst floods (connecting basins not usually hydrologically connected 

may have increased distribution) during the Pleistocene epoch. 
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Many factors may affect the occupancy of wetlands by fishes (Schlosser 

1990).  Some fish species require seasonal floodplain wetlands for spawning and 

rearing habitat (threespine stickleback, carp) and others are more temporary 

users that hatch in streams and enter floodplain wetlands for rearing during 

downstream juvenile migrations (coho, Chinook) or seek velocity refuge during 

high-flow events (Kwak 1988) and/or over-winter habitat (Sommer et al. 2001a; 

Turner et al. 1994).  Migratory species present in wetland study sites included 

lamprey sp. and salmon.  Although some trout have anadromous forms, the 

majority caught in the wetlands were identified as residents from their body 

shape and color.  The proportion of migratory species declined the further the 

site was from the ocean.  Twenty-two percent of fish species present in coastal 

and Puget Sound sites were migratory, while 12% of UCRE and 6% of eastern 

Oregon/Washington were migratory.  Resident species are efficient at exploiting 

local environments while migratory species capitalize on large-scale 

environmental heterogeneity (Morinville and Rasmussen 2003).  For some 

species, water temperatures of floodplain habitats may be closer to the optima 

for growth than the river environment.  Floodplain wetlands, known for their high 

invertebrate production (Gladden and Smock 1990; Murkin and Ross 2000; 

Neckles et al. 1990), also may attract fish.  High abundance of food resources 

promotes growth and reduces the chance of competition between fish species.  

Perhaps the advantage of resources for fish species that promote greater growth 

and survival outweighs potential risks of predation from exotic piscivores (Bonar 

et al. 2005; Tabor et al. 2007). 
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Predation potential in wetlands 

A common concern in lotic and lentic habitats in the Pacific Northwest 

where non-native species and juvenile salmonids co-occur is predation (Tabor et 

al. 2007).  The most common fishes introduced to freshwaters in the Pacific 

Northwest evolved in shallow waters of the eastern United States and prefer 

littoral areas of lakes and ponds (Bonar et al. 2005), similar to the habitat found 

in seasonal floodplain wetlands. Bonar et al. (2005) investigated effects of 

introduced fish on juvenile coho in three shallow (<8m deep), lowland (elevation 

<125m above mean sea level) lakes in western Washington and found that 

largemouth bass was the most important predator of juvenile coho salmon. 

The value 200mm fork length was chosen to describe the potential threat 

of predation on juvenile salmonids in the floodplain wetlands I investigated.  

Several studies suggest that this approximate length was the size at which 

predatory fishes begin to ingest other fishes.  Wydowski and Whitney (2003) 

summarize food habits of fish species caught in the present study and describe 

lengths at which fish become chiefly piscivorous, including:  black crappie 

(203mm), brown bullhead (190mm), northern pikeminnow (254mm), largemouth 

bass (101mm), yellow perch (190mm), and cutthroat trout (300mm).  

Huskey and Turingan (2001) and Wydowski and Whitney (2003) report 

that largemouth bass become piscivorous before they reach 200mm fork length 

but Christensen and Moore (2007) found that largemouth bass in Twin Lakes, 

Washington did not feed on golden shiners until their fork length exceeded 

200mm. 
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The majority (99.9%) of the catch in wetland sites were small-bodied 

fishes.  In seasonally inundated habitats, fishes with small body size are most 

abundant due in part to their high growth rates and production (Bayley and Li 

1992).  This finding suggests that predation on smaller fishes in seasonal 

floodplain wetlands may be low based on low relative abundance of large 

piscivorous fishes in the catch.  Out of the fish greater than 200mm fork length 

(less than one percent of the total catch) in the wetlands I sampled, only 30% (of 

that one percent) were likely piscivorous.  Possible piscivorous species included 

(in order of abundance): brown bullhead, crappie sp., yellow perch, northern 

pikeminnow, cutthroat trout, bull trout and smallmouth bass.  The majority of the 

larger fish species, such as peamouth, carp, and largescale suckers, have a diet 

that consists primarily of zooplankton and aquatic insects (Wydowski and 

Whitney 2003).  Although some predation is inevitable in floodplain wetlands 

given the diversity of fishes found there, the abundance of fish of a size (>200mm 

fork length) likely to pose a predatory threat for juvenile salmon and other small-

bodied fishes was low due to their low abundance.   

Introduced piscivorous fishes, like bass, may be in low relative abundance 

in seasonal floodplain wetlands because habitat geomorphology and emergent 

vegetation does not promote efficient foraging.   McIvor and Odum (1988) found 

that large piscivourous fishes (largemouth bass) in tidally influenced fringing 

marshes along a second-order creek on the Chickahominy River, Virginia were 

detracted from feeding actively on depositional banks due to shallowness and 

vegetation cover.  They concluded that encounter rates with predators were 
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greater over the deeper erosional banks and that submersed vegetation on 

shallower depositional banks likely reduced foraging efficiency by predators by 

providing refuge to prey fishes.   

Most predatory fish in the wetlands I sampled were non-native species.  

The only native piscivorous fish species common in the catch were northern 

pikeminnow.  Northern pikeminnow are considered the dominant predator of 

juvenile salmonids in the Columbia River system (Friesen and Ward 1999).  

Juvenile salmon predation by pikeminnow is a major threat to migrating juvenile 

salmon in mainstem Columbia river reservoirs, especially below mainstem dams 

(Vigg 1991) where juvenile salmon may be disoriented in the tailrace of the dams 

after passing through the spillway or juvenile bypass facility (Reiman 1991).  

Juvenile salmon, however, do not become a major part of the diet of northern 

pikeminnow until the pikeminnow reach 250mm fork length (Vigg 1991).  

Pikeminnow found in the wetlands were small, falling below the minimum size of 

250 mm at which they become piscivorous. Out of 13,071 northern pikeminnow 

caught in seasonal floodplain wetlands, only 8 were 250mm fork length or 

greater. 

 Introduced piscivorous fishes also common in the catch were brown 

bullhead black crappie and yellow perch.  Adult bullheads feed on a variety of 

invertebrates as well as fish eggs and fishes (pumpkinseed and golden shiner) 

(Wydowski and Whitney 2003).  The greatest proportion of the diet of adult brown 

bullhead in New York consisted of the amphipods (Kline and Wood 1996; Ringler 

and Johnson 1982).  Since they are not exclusively, nor predominantly, 
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piscivores their potential impacts on juvenile salmonids may be negligible.  

Crappie sp. undergo a typical ontogenetic shift in their diet from small 

larval aquatic insects as juveniles and become more dependent on fish as they 

mature (Wydowski and Whitney 2003).  While they have been reported to prey 

on juvenile Chinook salmon, their prey also includes goldfish and bluegill 

(Wydowski and Whitney 2003), which were plentiful in the wetlands during the 

spring spawning season when adult crappie activity levels increased with 

warming water temperatures.   

Yellow perch less than 190mm were limited to small prey items by the 

gape of the mouth but those greater than 190mm could prey on all sizes of 

fathead minnow (Wydowski and Whitney 2003).  Stomach contents of yellow 

perch in Lake Sammamish, Washington contained Chinook smolts (Footen and 

Tabor 2003).  While yellow perch are known to be piscivores (Wydowski and 

Whitney 2003), Parker (2005) found that yellow perch in Saginaw Bay wetlands 

were primarily invertivores and those from the outer bay consumed more fish.  

The yellow perch in Saginaw Bay wetlands averaged 9.21cm and began an 

ontogenetic niche shift from invertivory to piscivory at ca. 6-7cm. 

Perhaps the most voracious predator caught in the wetlands was 

largemouth bass but there were very few captured, especially in the larger size 

classes that may prey on other fishes.   The low numbers of juvenile bass in the 

catch suggests that they are reproducing in the wetlands but not in great 

numbers (there are few adult bass) or the juveniles do not remain in the wetlands 

for extended periods of time.  In the wetlands I sampled, there were few 
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largemouth bass less than 200mm fork length caught and fewer yet greater than 

200mm fork length.  A total of 303 largemouth bass from 17 to 432mm fork 

length were caught (average=74mm) in all wetlands.  Of these, 29 were 100mm 

or larger and six were 200mm or larger. 

In summary, the unstable nature of floodplain habitats means that fish 

communities tend towards abiotic (disturbance and environmental variability) 

rather than biotic (competition, extermination, prediation) control, which leads to 

small-bodied, colonizer-type fishes (Jackson et al. 2001).  Biotic control is not 

likely driving community composition of fishes in seasonal floodplain wetlands 

because the fluctuation in water stage, temperature and other physical 

characteristics does not allow conditions to stabilize in a predictable way allowing 

time for strong biotic interactions (competition, predation) to develop (Zalewski 

1985).  Top-down control from predation is also unlikely in the wetlands I 

sampled because of the low relative abundance of predatory species large 

enough to ingest othe fishes. 

Influence of environmental variables on individual species within wetlands 

 Nonparametric regression (NPMR) was used to analyze the response of 

individual fish species to multiple environmental variables in the wetlands.  

Relative abundance of all species in the wetlands was most strongly related to 

water temperature but precipitation resulting in higher water events may have 

also played a role. 

 Catch of juvenile coho in floodplain wetlands was greatest when 7-day 

maximum air temperatures ranged from 8ºC to 14ºC at Greenhead, Hoxit and 
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Larson Slough wetlands.  Corresponding water temperatures are consistent with 

the optimal temperatures for juvenile salmonid growth (Armour 1991; Brett 1971; 

McCullough 1999).  The highest water temperatures at Greenhead and Larson 

Slough did not exceed the preferred temperature range for juvenile coho (13ºC 

and 17.3ºC, respectively). 

Abundance of threespine stickleback in the catch of six coastal sites was 

greatest when the 7-day average minimum air temperature was between 10ºC 

and 12ºC and the 14-day average water temperature was 16ºC to 18ºC.  These 

temperatures correspond with late spring conditions in the wetlands (NOAA 

Western Regional Climate Center, North Bend, Oregon, Aberdeen and Long 

Beach, Washington) when stickleback are spawning in the wetlands.   

Threespine stickleback spawn from May through July and eggs hatch in about 7 

days at 17.8ºC (Wydowski and Whitney 2003).  Adults in breeding colors (males) 

and young-of-the-year threespine stickleback were observed and recorded in the 

catch consistent with breeding and hatching seasons (Wydowski and Whitney 

2003).   

Catch of juvenile Chinook in two UCRE wetlands was greatest when 7-day 

maximum air temperatures ranged from 10ºC to 13ºC.   February and March 

monthly average maximum air temperatures for Portland (NOAA Western 

Regional Climate Center, 1941-2005), near both LaCenter and McCarthy Creek 

wetlands, corresponds with the temperature range in which the greatest catch of 

Chinook occurred.  The optimal temperature range for growth of juvenile Chinook 
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is between 10-15.6ºC, with 4.5ºC and 19.1ºC the lower and upper limits for 

positive growth (Armour 1991). 

Catch of young-of-the-year carp/goldfish in UCRE sites was greatest when 

seven-day minimum air temperatures were between 12ºC and 14ºC and seven-

day maximum air temperatures were between 25ºC and 30ºC.  Adult carp spawn 

in the wetlands when water temperatures reach 18.3ºC to 20ºC (Wydowski and 

Whitney 2003).  Water temperatures in UCRE wetlands reach this temperature 

range by late May.  Carp eggs take four days to hatch at 21.7ºC and after larvae 

absorb their egg sacs juveniles move into shallow water and form large schools 

(Wydowski and Whitney 2003).   

Daily average water temperature was the most influential variable for 

peamouth.  The model indicates that their abundance coincided with daily 

average water temperatures between 5ºC and 7ºC.  Peamouth responded 

strongly to heavy precipitation followed by a high-flow event that resulted in high 

catch rates in three UCRE sites.  Cold water temperatures and plentiful rainfall 

are characteristic of the Willamette Basin in the winter often resulting in high-flow 

events.  The largest catch of peamouth (2,476) was at Multnomah North January 

12, 2006 just after high water from Multnomah Channel overtopped the dike 

between the wetland and river allowing greater passage opportunity.  This 

pattern also was observed at nearby McCarthy Creek and Smith-Bybee 

wetlands.  Large catches of peamouth had not been observed during previous 

years of sampling. 
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Summary of findings 

1. Fish community structure in seasonal freshwater wetlands depends on the 

presence of favorable environmental characteristic that may attract fish, life-

history requirement of fish species, and whether hydrologic connectivity permits 

fish access. Community structure in the wetlands that I studied varied between 

geographic regions.  Richness was greatest in upper Columbia River estuary 

(25) and least in Puget Sound wetlands (9).  With the exception of coastal and 

Puget Sound sites, introduced fish species comprised a large component of the 

fish community.  In the eastern Oregon/Washington sites, introduced carp, yellow 

perch, crappie and brown bullhead were the most abundant species in the 

assemblages.  The upper Columbia River estuary sites had the greatest number 

of introduced species (thirteen), including introduced game fishes, but also 

species that may have been introduced through the aquarium or ballast release 

(fathead minnow, Amur goby, Oriental weatherfish).    

2. Fish assemblage structure in seasonal floodplain wetlands across Oregon 

and Washington was associated with a regional, west-to east climactic gradient 

typified by variation in water temperature and precipitation. The western regions 

(Coastal and Puget Sound) were characterized by a cooler, wetter climate. The 

predominant fish species found in these regions were coho and threespine 

stickleback.  The most eastern region, eastern Oregon/Washington was 

characterized by a drier climate with more variable seasonal temperatures. 

Communities in this region were composed primarily of introduced juvenile carp, 

yellow perch, crappie, bullhead and native northern pikeminnow. 
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3. Salmonids, primarily juvenile coho and/or Chinook salmon, were present 

in every wetland study site, although relative abundance varied greatly.  Coho 

was the most abundant juvenile salmonid present in the coastal and Puget 

Sound sites.  The greatest total within-wetland catch and catch rates of both 

coho and Chinook salmon were in LaCenter wetland followed by McCarthy 

Creek, both in the UCRE.  Juvenile coho was the most common salmon in the 

catch at Puget Sound and coastal sites. Few (five) Chinook and no coho were 

caught at the eastern Oregon/Washington sites.  Fish assemblages in freshwater 

seasonal floodplain wetland sites were dominated by small-bodied fishes.  The 

most abundant species in western Oregon and Washington was threespine 

stickleback.  In eastern Oregon/Washington, sites juvenile carp were the most 

abundant fish species.    The highly variable or unpredictable flow regimes in 

wetlands produce ephemeral conditions best exploited by small-bodied, r-

selected, colonizing species (Bayley and Li 1992). 

4. Risk of piscivory on juvenile salmon in the wetlands appears to be low 

because large piscivores were not abundant.  In particular, relative abundance of 

largemouth and smallmouth bass (>200mmfork length) was very low and few 

juvenile bass were caught, suggesting they were not present in great abundance 

in wetlands.
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Chapter 3: Temporal variation in species richness and diversity in wetland fish 

assemblages within geographic regions in the Pacific Northwest 
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Abstract 

The proportion of riverine fish that colonize seasonal floodplain wetlands, 

differences in species presence in rivers and wetlands, and seasonal differences 

in richness and diversity in wetland fish assemblages were examined.  Fourteen 

seasonal floodplain wetlands in coastal, upper Columbia River estuary, and 

eastern Oregon and Washington regions were sampled in winter and spring from 

2002 to 2006.  On average, 60% of fish from adjacent rivers were found in 

floodplain wetlands in the Pacific Northwest.   Fish species associated with 

current (sturgeon, shad) or salinity (starry flounder, surf perch) were absent from 

floodplain wetlands.  Cryptic, mud burrowing (oriental weatherfish) or introduced 

fish that may be in low abundance (Amur goby, fathead minnow) were present in 

wetlands but not documented in adjacent rivers.  Despite the range in size of fish 

able to colonize wetlands, 99% of the fish caught in the wetlands were less than 

200mm fork length and were predominantly native threespine stickleback.  Fish 

which colonize wetlands from the adjacent river encounter a highly variable 

environment where factors such as later level and temperature fluctuate 

seasonally.  Despite this variability, fish species richness and diversity were 

relatively stable between winter and spring in most wetlands.  Increased 

predictability of the period of wetland inundation and hydrologic connectivity 

between rivers and floodplains by maintaining minimum water levels may 

contribute to community stability.  Furthermore, some species may never need to 

leave the wetlands to fulfill their life history requirements (spawning, rearing), 

thus helping to maintain community stability.  Finally, some species such as 
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juvenile salmon may be present throughout the winter and spring due to 

seasonal patterns of migration. 

Introduction 

 Fish communities are structured by a combination of abiotic and biotic 

factors that change temporally and spatially (Horwitz 1978; Jackson 2001; 

Zalewski 1985).  Temporal variability in fish communities can be affected by 

abiotic factors such as disturbance (Resh et al. 1988) and environmental 

variability (Landres 1999).  Flooding affects the temporal variability of 

communities by allowing access to newly flooded habitats annually and 

entraining and transporting fish downstream and laterally during high-flow events 

(Ross and Baker 1983; Ward et al. 1999).  Environmental factors that also can 

bring about changes in fish community structure include water temperature 

(Regier et al. 1990), dissolved oxygen, turbidity and water chemistry (Waite and 

Carpenter 2000).  Biotic factors associated with temporal variation in fish 

communities include competition, extermination, colonization (Horwitz 1978) 

predation, and individual species’ adaptations to particular habitats to fulfill life-

history requirements, such as spawning (Copp 1989) and rearing (Copp and 

Penaz 1988; Turner et al. 1994).   

Abiotic factors may ultimately determine composition of fish communities 

but, under optimal environmental conditions with maximal stability and 

predictability, biotic factors can become important in determining community 

structure.   



85 

 

 

The relative importance of small-scale physical and biotic factors in 

regulating community patterns in seasonal floodplain wetlands may depend on 

the stability or predictability of environmental conditions.  Predictability of the flow 

regime is a major factor that regulates riverine fish communities (Bayley 1995; 

Poff and Ward 1989).  Mild or predictable flow regimes provides the template that 

allows evolution to forge characteristic species traits adaptive to these stable 

conditions (Townsend 1994), and at smaller temporal scales allows the 

development of stronger biotic interactions, such as competition and predation 

(Poff and Ward 1989).  Highly variable or unpredictable flow regimes create a 

template incompatible with adaptive selection, so community members may 

derive no long-term adaptive benefit from flooding events (Junk et al. 1989).  In 

the short term, communities may be structured by fluctuating chemical and 

physical variables, which produce ephemeral conditions exploited by r-selected 

colonizing species (Bayley and Li 1992).   

Adding to the complexity of dynamics in fish community structure in 

seasonal floodplain wetlands in the Pacific Northwest is the presence of 

introduced fish species that may pose a threat to native fish assemblages (Gido 

et al. 2004; Moyle and Light 1996).  Their effect on native fishes and the 

community assemblage may be benign (Moyle and Light 1996) or their presence 

may result in significant community changes by affecting the presence and 

relative abundance of native fishes (Witte et al. 2007).  

Within wetlands, biotic (predation, competition), abiotic (hydrologic 

variation, floodplain geomorphology, connectivity, water temperature, dissolved 
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oxygen) and spatial factors (patch composition and configuration) contribute to 

the temporal and spatial regulation of community structure (Amoros and Bornette 

2002; Baber and Childers 2002; Hughes 1997; Jackson 2001; Poff and Allen 

1995).  Based on these concepts, fish community structure in accessible 

seasonal floodplain wetlands is determined primarily by the following five factors: 

1) resident ‘seed’ populations that survive in quasi-permanent water bodies on 

the floodplain; 2) the species ‘pool’ (assemblage of fish species in adjacent 

riverine habitat) from which individual species colonize floodplain wetlands; 3) 

hydrologic connectivity allowing colonization; 4) life-history characteristics of 

individual fish species allowing them to colonize and persist in wetlands; and 5) 

wetland habitat characteristics.   

In this chapter, I examine contributions of native and introduced fishes to 

temporal patterns of species richness and diversity within geographic regions of 

the Pacific Northwest, and compare fish presence in floodplain wetland sites with 

species presence in adjacent main stem rivers to identify those species that use 

both habitats and those that do not.  Specific questions that I addressed in this 

chapter were:  

(1) What is the proportion of riverine fish that colonize seasonal floodplain 

wetlands?   

(2) Are there fish present in the wetlands not documented in the adjacent river? 

(3) Within geographic regions in the Pacific Northwest, how do fish assemblages 

vary seasonally? 
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Methods 

 Six seasonal floodplain wetlands studied in the coastal region of Oregon 

and Washington included Greenhead and Hoxit wetlands on the lower Chehalis 

River (which empties into the Pacific Ocean on the central Washington coast), 

Lewis and Porter Point wetlands in southwest Washington, Larson Slough and 

Arago wetlands near Coos Bay, and Coquille on the southern Oregon coast (see 

Chapter 2 and Appendix 1 for a detailed description of each of these wetlands).  

Six seasonal wetlands in the upper Columbia River estuary (UCRE) included 

Multnomah North and McCarthy Creek on the west bank of Multnomah Channel, 

Ruby and Wigeon Lakes on the north end of Sauvie Island, near the confluence 

of the Willamette and Columbia Rivers, Smith-Bybee wetland on the North 

Columbia Slough near the mouth of the Willamette River, and LaCenter wetland 

on the East Fork Lewis River.  Two wetlands in this study were located east of 

the Cascade Range: Satus wetland on the Yakima River and Ladd Marsh on 

Ladd Creek, near LaGrande, Oregon. 

 Detailed methods are given in Chapter 2 and only a brief summary will be 

provided in this chapter.  After we captured fish in the wetlands using passive 

trap nets, we identified them to species and measured fork lengths (Methods, 

Chapter 2).  We sampled fish assemblages from the late fall through the spring, 

from November 2001 (since each water year begins October 1 and ends 

September 30, this would be water-year 2002) to June 2006.  Winter samples in 

this study are defined as those collected at the beginning of the sampling season 

in November up to the spring equinox in late March.  Spring samples are 
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considered those collected from the spring equinox through the end of the 

sampling season in June or July.  Sampling ended in early summer when water 

levels in the wetlands receded and were too low to set sampling nets.  Not all 

wetlands were sampled all years (Chapter 2).  

Data analyses 

 To test for regional differences in species richness and diversity between 

seasons, I used the multiple sample comparisons procedure (ANOVA) in 

Statgraphics, version 15.0, in which I reported the F statistic.  If the standardized 

skewness and/or kurtosis were outside the range of -2 to +2, indicating significant 

nonnormality in the data, then I used the Kruskal-Wallis test to compare the 

medians.  When the P-value of the F-test was less than 0.05, indicating a 

statistically significant difference between the means at the 95.0% confidence 

level, then I inspected the results of the Multiple Range Tests to determine which 

means were significantly different.  In a two-sample comparison, if the 

standardized skewness and/or kurtosis were within the range of -2 to +2, then I 

used two-sample t-test to compare means.  If the standardized skewness and/or 

kurtosis for a two-sample comparison were outside the range of -2 to +2, then I 

used a Mann-Whitney W test to compare the medians of the two samples. 

 Shannon-Wiener Diversity Index (H’) was calculated for each wetland 

sample in PC-ORD, version 5.06 (McCune and Mefford 2006).  H’ is a 

mathematical measure of species diversity in a community that takes the relative 

abundances of different species into account.  The minimum value is zero (no 

diversity – a single species) and higher values reflect larger numbers of species 
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present in equal abundance (evenness) in the sample units.  Diversity indices 

provide important information about rarity and commonness of species in a 

community. 

Fish species presence in wetlands vs. rivers  

I compared presence of fish species in seasonal floodplain wetlands with 

those in the fish community ‘pool’ from the adjacent river to identify which 

species use one or both habitats.  The composition of the ‘pool’ of fish species in 

rivers adjacent to wetland study sites was compiled from Friessen (2005) and 

personal communications from fish biologists in Appendix 5. 

Results 

Species richness in wetlands and adjacent rivers 

 Fewer species were present in floodplain wetlands than were available in 

adjacent rivers (Figure 14a, Appendix 5).  Slightly more than half (60%) of the 

species found in rivers were documented in the adjacent wetlands.  Almost all of 

the fish species in a given wetland were present in the adjacent river (94%), 

although some species (average of 1.4 species, including oriental weatherfish, 

fathead minnow, and Amur goby) present in wetlands were not reported in 

adjacent rivers and may be permanent wetland residents (Figure 14b).  Twelve 

species, reported as present in rivers adjacent to wetland sites, were not found in 

any of the wetlands (Table 16).  Though fewer fish species were present in 

wetland sites than adjacent rivers, riverine and wetland species richness were 

positively related (Figure 15, r2=0.66).  That is, the more species present in a 

given river, the more species that were documented in adjacent wetland sites. 
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Table 16. Fish species found in riverine habitat adjacent to wetland sites but not 
in wetlands.  
 

Family Common name 
Acipenseridae sturgeon 
Clupeidae American shad 
Embiotocidae surf perch 
Engraulidae anchovy 
Ictaluridae channel catfish 
Osmeridae smelt (eulachon and long-fin) 
Percidae walleye 
Percopsidae sandroller 
Pleuronectidae starry flounder 
Salmonidae mountain whitefish 
Salmonidae pink salmon 
Salmonidae sockeye salmon 
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Figure 14. Number of fish species present in a) wetlands and adjacent rivers, and 
b) exclusively wetlands, exclusively rivers, and total species in both habitats. 
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Figure 15. Positive relationship between total fish species richness in seasonal 
floodplain wetland study sites (2002-2006) and adjacent rivers. 
  

 Despite the range in size of species available to colonize floodplain 

wetland sites, 99% of fish caught within wetlands were small-bodied (<200mm 

fork length, Table 17), dominated by threespine stickleback (10 to 86mm fork 

length), Olympic mudminnow, juvenile carp (<100 mm fork length), yellow perch, 

and northern pikeminnow. 
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Table 17. Dominant (≥5% of the total catch) small-bodied fishes (<200mm fork 
length), as a percentage of the total catch in floodplain wetland sites. 
Site (% small‐bodied fish 
in the total catch) 

Species  
% of species in 
the total catch 

Coast: 
Greenhead (100%)  Threespine stickleback  58.9 

0lympic mudminnow  36.0 
Hoxit (99.3%)  Threespine stickleback  82.8 

Redside shiner  6.0 
Lewis (100%)  Threespine stickleback  98.9 
Porter Point (100%)  Threespine stickleback  98.9 
Larson Slough (100%)  Threespine stickleback  99.6 
Arago (99.7%)  Threespine stickleback  94.9 
UCRE: 
LaCenter (99.8%)  Threespine stickleback  75.6 

Northern pikeminnow  14.1 
Multnomah North (99.8%)  Threespine stickleback  85.6 

Carp (<100 mm FL*)  5.8 
McCarthy Creek (99.4%)  Threespine stickleback  85.1 

Carp (<100 mm FL)  6.4 
Ruby Lake (99.8%)  Threespine stickleback  90.0 
Wigeon Lake (100%)  Threespine stickleback  81.4 

Carp (<100 mm FL)  7.0 
Sunfish sp.  6.8 

Smith‐Bybee (99.8%)  Carp (<100 mm FL)  33.3 
Threespine stickleback  26.4 
Yellow perch  19.3 
Bullhead sp.  7.7 
Crappie sp.  7.5 

eastern Oregon/Washginton 
Ladd Marsh (96.2%)  Carp (<100 mm FL)  37.4 

Northern Pikeminnow  14.3 
Bullhead sp.  11.2 
Redside shiner  9.9 
Carp (≤200 mm FL)  8.8 

Satus (96.7%)  Yellow perch  33.0 
Crappie sp.  27.0 
Bullhead sp.  13.1 
Carp (<100 mm FL)  11.7 

*FL = fork length 
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Temporal patterns of fish species richness 

 With few exceptions, species richness at all sites varied little between 

winter and spring.  Species present in the coastal region wetlands are given in 

Table 18.  Among the coastal sites, native fish species richness (2.8, s.d.=1.6) 

was significantly greater than that of introduced species (0.9, s.d.=1.0, W=60.3, 

p<0.001).  There were limited seasonal differences in native and introduced 

species richness in coastal wetlands (Figure 16) with the exception of Hoxit and 

Greenhead sites where the richness of native species declined from winter to 

spring. 
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Table 18. Fish species presence (indicated by X) at coastal sites (species 
common to all sites are shaded). 
Species in order of 
abundance Hoxit Greenhead Arago Lewis Porter Point Larson Slough
Native fish species       
Threespine stickleback X X X X X X 
Olympic mudminnow X X     
Coho X X X X X X 
Redside shiner X X     
Largescale sucker X X X    
Northern pikeminnow X X  X   
Sculpin sp. X X  X X  
Lamprey sp. X  X   X 
Chinook X X     
Speckled dace   X    
Cutthroat X   X   
Chum    X   
Peamouth X      
Total native species 11 8 5 6 3 3 
Introduced fish species   
Brown bullhead X X X X X  
Sunfish sp. X  X    
Mosquitofish   X    
Crappie sp. X  X    
Yellow perch X X     
Total introduced species 4 2 4 1 1 0 
Total N+I species 15 10 9 7 4 3 
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Figure 16. Average a) native  and b) introduced fish species richness among 
coastal sites in winter and spring (with 95% confidence intervals). 
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 In the UCRE, six species of native fish and nine species of introduced fish 

were common to all wetland sites (Table 19).  Average introduced fish species 

richness (5.9, s.d=1.9) was higher than native fish species richness in UCRE 

wetlands (4.8, s.d=2.2, F=11.9, 181 d.f., p<0.001).  Except for McCarthy Creek 

wetland, there was no difference in native fish species richness in winter and 

spring (multiple range test indicates statistical significance between groups at the 

95% confidence interval, Figure 17).  Average native fish species richness was 

higher in winter at McCarthy Creek wetland than in spring.  Except for LaCenter 

wetland, there was no difference in introduced fish species richness in winter and 

spring (multiple range test indicates statistical significance between groups at the 

95% confidence interval).  Average introduced fish species richness at LaCenter 

increased from winter to spring. 
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Table 19. Fish species presence (indicated by X) at each site in UCRE (species 
common to all sites are shaded). 
Species in order of 
abundance McCarthy Ck. Mulnomah N. LaCenter Smith-

Bybee Wigeon Lk. Ruby Lk.

Native fish species       
Threespine 
stickleback X X X X X X 

Northern 
pikeminnow X X X X X X 

Chinook X X X X X X 
Redside shiner X X X X X X 
Peamouth X X X X X  
Coho X X X   X 
Largescale sucker X X X X X X 
Sculpin sp. X X X X X X 
Lamrey sp. X X X X   
Rainbow/steelhead X  X X   
Cutthroat X  X    
Chiselmouth  X     
Total native species 11 10 11 9 7 6 
Introduced fish 
species       

Carp/goldfish X X X X X X 
Yellow perch X X X X X X 
Crappie sp. X X X X X X 
Bullhead sp. X X X X X X 
Sunfish sp. X X X X X X 
Oriental weatherfish X X  X X X 
Banded killifish X X X X X X 
Golden shiner X X X X X X 
Largemouth bass X X X X X X 
Amur goby   X    
Mosquitofish X X X X X X 
Smallmouth bass X X  X   
Fathead minnow X X     
Total introduced 
species 12 12 10 11 10 10 

Total N+I species 23 22 21 20 17 16 
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Figure 17. Average a) native  and b) introduced fish species richness among 
UCRE sites in winter and spring (with 95% confidence intervals). 
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 In eastern Oregon and Washington sites, five native species and six 

introduced species were common to both sites (Table 20).  Average native 

species richness was not significantly different from introduced richness (F=0.04, 

17 d.f., p=0.8).  Water levels were too low during winter in Ladd Marsh wetland to 

sample.  Spring samples were collected from early March through June.  In 

spring, although richness was variable among sample dates, no apparent 

temporal trend of native and introduced fish species richness was evident at 

Ladd Marsh (Figure 18).  Native fish species richness at Satus wetland increased 

from three to six from January to July in 2002.  There was not a clear pattern of 

temporal change in introduced fish (Figure 19). 
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Table 20. Fish species presence (indicated by X) at each site in eastern Oregon 
and Washington (species common to all sites are shaded). 

Species in order of abundance Ladd Marsh Satus 
Native fish species 
Northern pikeminnow X X 
Redside shiner X X 
Largescale sucker X X 
Speckled dace X 
Rainbow trout X 
Chiselmouth X X 
Sculpin sp. X 
Chinook X X 
Bull trout X 
Total native species 8 6 
Introduced fish species 
Carp X X 
Yellow perch X X 
Crappie sp. X X 
Brown bullhead X X 
Sunfish sp. X X 
Largemouth bass X X 
Total introduced species 6 6 
Total N+I species 14 12 
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Figure 18. Fish species richness, by month, in 2003 and 2004 at Ladd Marsh. 
 

 

 

Figure 19. Fish species richness, by month, at Satus wetland, 2002. 
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Temporal patterns of fish species diversity (H’) 

For coastal sites, only Greenhead and Hoxit wetlands showed significant 

changes in native species diversity between winter and spring.  At both sites, 

species diversity declined from winter to spring (Figure 20).  There was only one 

sample taken in the spring at Greenhead and Hoxit wetlands and no statistical 

analyses could be performed.   No difference in native fish diversity was detected 

at Larson Slough (W=8.0, p=0.14), Lewis (W=-20.0, p=0.72) or Porter Point 

(W=4.5, p=0.72) wetlands between winter and spring.  Introduced species 

diversity was low in coastal sites and showed no strong temporal pattern (Figure 

20).  Introduced diversity at Porter Point, Greenhead and Larson Slough 

wetlands in both winter and spring and Lewis wetland in winter was zero.  There 

was a slight increase in average introduced diversity at Lewis wetland in the 

spring.  There was no significant difference in introduced diversity at Arago 

wetland between winter and spring (t=-0.67, p=0.52). 
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Figure 20. Average a) native and b) introduced fish species diversity among 
coastal sites in winter and spring (with 95% confidence intervals). 
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Except for introduced species diversity at LaCenter wetland, there was no 

significant difference in average native or introduced species diversity between 

winter and spring in UCRE sites (Figure 21).  Average introduced diversity was 

greater in spring than in winter at LaCenter wetland (t=3.54, p=0.004).  
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Figure 21. Average a) native and b) introduced fish species diversity among 
UCRE sites in winter and spring (with 95% confidence intervals). 
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 In eastern Oregon/Washington sites, sampling was limited but, temporal 

changes in diversity were observed.   At the Ladd Marsh wetland, fish were only 

sampled in the spring.  Spring samples were collected from late-March through 

June.  Both native and introduced fish species diversity decreased from early to 

late spring in Ladd Marsh (Figure 22).  At Satus wetland, both native and 

introduced diversity increased from January to July 2002 (Figure 23). 

 
Figure 22. Fish species diversity, by month, 2003 and 2004 at Ladd Marsh. 
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Figure 23. Fish species diversity, by month, at Satus Wildlife Area, 2002. 
 
Discussion 

Presence of fish species in rivers and adjacent floodplain wetlands 

 Floodplain wetlands in the Pacific Northwest provide seasonally available 

habitat for fishes and other fauna during the period of inundation in winter and 

spring.  The composition of a wetland community can be envisioned as being 

determined by a series of physical and biological “filters” that “select” from the 

pool of available species those with life histories that enable them to persist in 

the wetland habitat (Angermeier 1998; Poff 1997; Smith 1971).  The pool of 

species available to colonize wetlands lies in the adjacent river and once 

hydrologic connectivity between the river and wetland is established, species 

from the river can colonize newly available wetland habitats (Baber and Childers 

2002).  Local wetland fish communities are generally a subset of the regional 
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(riverine) community.  In the wetlands I investigated, approximately 60% of the 

species in adjacent rivers were recorded in wetland sites. 

 Some fish species were recorded only in wetlands and others only in 

rivers.  There are several explanations for why some species caught in wetland 

sites were not recorded in surveys of adjacent rivers.  Recently, introduced 

species in low abundance may yet not have accessed the river (e.g., fathead 

minnow in Lower Willamette River), cryptic or secretive species not vulnerable to 

catch (e.g., oriental weatherfish) in the riverine environment, or species captured 

in the wetlands are misidentified because they superficially resemble more 

common species (e.g., Amur goby found in one wetland was similar to river and 

wetland dwelling sculpin sp.).  Also, fish species documented in wetlands but not 

reported as present in adjacent rivers mayhave been present in the rivers but 

were unknown to local agency personnel (Appendix 5), possibly as a result of 

past management policies and survey techniques that targeted primarily game 

fish species.  

Temporal variation in richness and diversity 

 After species enter the wetlands from the adjacent river they encounter 

highly variable environments (Junk et al. 1989; Lancaster 2000). Even though 

fluctuating water levels, temperatures and other environmental variables create 

unstable conditions, richness and diversity of fish communities in the wetlands I 

studied, with a few exceptions, were relatively stable during the period of 

inundation in winter and spring.  Of the 14 wetlands in three geographic regions 

of Oregon and Washington, native species richness changed significantly 
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between seasons in three and introduced species richness in two.  H’ for native 

species also changed between seasons in three wetlands and for introduced 

species, in two wetlands.  Patterns in fish species richness and diversity in 

wetlands between seasons suggest that fish communities remained relatively 

stable once fish dispersed into floodplain wetlands after hydrologic connectivity 

permitted access.  This finding is consistent with that of Baber and Childers 

(2002) who found that in seasonal wetlands in south central Florida that were 

inundated from June to October, the number of fish species sampled monthly 

increased shortly after first becoming inundated, but then stabilized. 

 The predictable duration of wetland inundation during the winter and 

spring, partially attributed to wetland restoration structures that maintained a 

minimum water level and hydrologic connectivity between the river and 

floodplain, may have contributed to community stability in wetland sites.  Once 

fish entered wetlands, wholesale movement of species into and out of wetlands 

did not occur (Chapter 2) until summer desiccation.  Some species, such as 

threespine stickleback, banded killifish, oriental weatherfish, and fathead 

minnow, may be able to fulfill their life history requirements (spawning, rearing) in 

seasonal wetlands, thus contributing to stabilization of richness and diversity.  

Furthermore, some species may be present throughout the winter and spring due 

to seasonal patterns of migration, such as juvenile salmon seeking refuge from 

high water and to grow, and then depart as water levels drop and temperature 

rises in late spring and early summer. 
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 Seasonal wetlands in the Pacific Northwest undergo predictable annual 

cycles of flooding followed by summer desiccation (Gosselink and Turner 1978).  

In all of the study regions, summer desiccation of seasonal floodplain wetlands 

may function as a successional reset mechanism (Fisher 1990), and all but the 

most tolerant fish species leave or perish as environmental conditions deteriorate 

(Matthews 1998).  While species richness and diversity were relatively stable 

through the period of inundation in winter and spring, major changes would be 

expected as summer progresses. 

 Morphological, physiological and behavioral characteristics of fish species 

can confer resistance and/or resilience to survive periods of low water when 

water quality may become stressful to fish (Magoulick and Kobza 2003).  When 

water levels recede in wetlands, hydrologic connectivity can become severed 

and fish may become stranded in isolated ponds on the floodplain.  Some fish 

species (carp, oriental weatherfish, bullhead) are adapted to surviving warm 

water temperatures and low dissolved oxygen and may persist under summer 

conditions, while others (e.g.,  salmonids) require cooler temperatures and high 

dissolved oxygen and either migrate out of wetlands or die. 

Characteristics of fish assemblages 

Richness and diversity of native species declined from winter to spring at 

two coastal wetland sites, Greenhead and Hoxit.  At Greenhead, native 

salmonids, cottids, native cyprinids and catastomids caught in the winter were 

not present in spring samples.  At Hoxit, cutthroat, lamprey sp., Olympic 
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mudminnow, redside shiner and peamouth were absent from spring samples.  

Yellow perch was the only introduced fish present in the winter that was not 

caught in the spring at both sites.   

Relative abundance of all fish at Greenhead and Hoxit wetlands in the 

spring was only 8% of the winter catch.   The decline in number and abundance 

of species in these wetlands may have resulted from declining concentrations of 

dissolved oxygen that approached lethal limits by May or June (Henning et al. 

2006).  As fish species with low tolerance to limited oxygen became stressed, 

they likely moved out of the wetlands. 

For UCRE, richness and diversity of introduced fish at LaCenter was 

greater in spring than in winter.  Introduced fish contributed to only 1% of the 

catch in LaCenter wetland.  Of the introduced fish, juvenile carp (<100mm fork 

length) was 55% of the catch of exotic fishes and sunfish was 28% in winter.  In 

spring, the abundance of introduced species was spread more equitably among 

species, which contributed to increased diversity.   

While native species diversity was not significantly different among UCRE 

sites, native richness at McCarthy Creek wetland was greater in the winter than 

in the spring.  During late-spring, some samples had only two species of native 

fish, including threespine stickleback and sculpin.  Salmonids (cutthroat, rainbow 

trout/steelhead, coho and Chinook) and native cyprinids (peamouth and northern 

pikeminnow), present earlier in the year, may have egressed and lamprey 

ammocetes may have burrowed into the mud. 
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The relatively stable nature of fish community structure in UCRE wetlands 

may be attributed to similarity in species composition among sites.  Over 65% of 

the fish species present in UCRE seasonal floodplain wetland sites were 

common to all sites (Table 19).  Because all these sites are under tidal influence 

and they are in relatively close proximity (within approximately 20km of each 

other), fish species may be able to disperse among sites.  Tidal fluctuations of 

approximately one meter, twice daily, caused reverse flow of river water from the 

Columbia and Willamette Rivers in the vicinity of the study sites, pushing water 

(and fish) upstream during strong incoming tides.  This likely facilitates bi-

directional dispersal of fish, possibly homogenizing the fish assemblages among 

UCRE sites. 

 There was no strong temporal pattern in native and introduced species 

richness at Ladd Marsh from early to late spring or in introduced species richness 

at Satus wetland.  However, native richness at Satus wetland increased from 

winter to summer in 2002.  In January, sculpin, largescale sucker and redside 

shiner were present at Satus wetland.  Chinook and northern pikeminnow were 

added to the assemblage in March and chiselmouth was added in July.  Native 

cyprinids, perhaps present in Satus wetland during winter, may have become 

more active as water temperature became warmer in late spring and thus more 

vulnerable to capture. 

At Ladd Marsh, both native and introduced diversity decreased from early 

to late spring.  When water temperatures were cooler in the early spring at Ladd 

Marsh, rainbow trout were present in the assemblage but as water temperatures 
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rose, relative abundances declined through spring, and they were not present in 

June.  In June, juvenile carp became very abundant in 2003 and juvenile 

northern pikeminnow became abundant in 2004 at Ladd Marsh, which may have 

reduced diversity and equitability among species in the samples.  At Satus 

wetland, native fish diversity increased from winter to summer and introduced 

diversity remained relatively stable.  Diversity at Satus may have increased from 

winter to spring because of the decline in abundance of the two species that 

dominated the assemblage, yellow perch and crappie, making abundance more 

equitable among species. 

Summary of findings 

1. Species composing a community originate from a regional pool of species 

that extends over spatial scales many orders of magnitude larger than those of 

the local community (Lawton 1999).  Across all study sites, an average of 60% of 

fish from adjacent rivers (the species pool), were found in floodplain wetlands.  

While many riverine fishes were documented in wetlands, some species were 

unique to rivers and some were only found in wetlands.   

2. Those present in wetlands but not reported in adjacent rivers were oriental 

weatherfish, fathead minnow, and Amur goby.  These species are apparently 

permanent wetland residents.  Of the species and size of fishes available to enter 

floodplains, 99% of the wetland catch was composed of small-bodied fishes.  

Wetland habitats can be highly variable environments typified by annual 

fluctuations in water levels, temperatures, and dissolved oxygen concentrations. 
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3.  Even though wetlands provide a dynamic environment for fish, fish 

species richness and diversity at most study sites were relatively stable over the 

winter and spring.  Community stability may have been due, in part, to the 

predictable duration of wetland inundation during winter and spring.  Once fish 

entered wetlands, wholesale movement of species into and out of wetlands did 

not occur until summer desiccation.  Furthermore, some species may never need 

to leave the wetlands to fulfill their life history requirements (spawning, rearing), 

thus helping to maintain community stability.  Finally, some species such as 

juvenile salmon may be present throughout the winter and spring due to 

seasonal patterns of migration.  After summer desiccation, when water 

temperatures increase and dissolved oxygen, water surface area and depth 

decline, major changes in species richness and diversity would be expected. 
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Chapter 4: Use of seasonal floodplain wetlands in Oregon and Washington by 

functional groups of fishes 
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Abstract 

I investigated whether behavioral and physiological traits of fishes are 

associated with fish use of accessible seasonal floodplain habitats.  Fifteen 

seasonal floodplain wetlands in coastal, upper Columbia River estuary, and 

eastern Oregon and Washington regions were sampled in winter and spring from 

2002 to 2006.  Based on analyses of species traits, I used cluster analysis to 

aggregate fish into three functional groups highly correlated to water temperature 

dependence for spawning and rearing.  Species group assignments consisted of: 

1) introduced fishes that require warm water (WW), 2) native and introduced 

fishes that have moderate water-temperature requirements (MOD), and 3) native 

fishes that require cold water (CW).  Ordination was used to relate 1) functional 

groups to species traits, and 2) species traits to environmental variables in 

wetland sites.  The best predictors of functional group abundance were air and 

water temperatures, which were consistent with the results from the ordination of 

species traits.  Wetland sites across the Pacific Northwest were associated with 

regional climactic gradients from wet, cool conditions on the coast to the drier 

interior.  Functional groups were sorted on this gradient from the CW functional 

group most associated with coastal wetlands, to a combination of MOD and WW 

functional groups further inland. 

Introduction 

During the winter and spring in the Pacific Northwest when water 

temperatures and other environmental conditions are favorable, riverine 



118 

 

 

floodplains that are accessible to fishes provide high-quality habitats for various 

life stages of many fish species.  Richness and diversity of fish assemblages in 

accessible seasonal floodplain wetlands is determined primarily by two factors: 

the diversity and relative abundance of species available for colonization from the 

adjacent river (referred to as the ‘species pool’ discussed in Chapter 3), and the 

physiology and behavior (‘species traits’) possessed by fish that may venture 

laterally into floodplains from the adjacent river when hydrologic connectivity 

permits access.  The combination of local conditions and species traits trigger 

fish movement when access to the floodplain becomes available, structuring fish 

communities.  

Seasonal floodplain wetlands form a patchwork of habitats on the 

floodplain; the composition (patch types and their relative abundance) and spatial 

configuration (patch size, shape, juxtaposition, contrast and boundary) of these 

habitat patches change with time and space (Pringle et al. 1988; Wu 1995).  

Habitat patch availability fluctuates on a seasonal basis on the floodplain.  Large, 

annual pulses during the seasonal flooding period make new (flooded) habitat 

available for colonization by fishes (Bayley 1991; Junk et al. 1989).  During the 

dry season, the recession of water and changing water quality force fish in 

wetlands to move into adjacent riverine habitat or into permanent or semi-

permanent water bodies within the wetlands (DeAngelis 2005) if they possess life 

history characteristics enabling them to persist in the changed wetland 

environment.  Thus, the assemblage of fish species in a wetland may change 
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with modifications to the ‘filter,’ brought about by a change in local conditions 

(Smith 1971). 

Fish can be aggregated into ‘functional groups’ based on similarities in 

their ecological traits.  These functional groups would be expected to have similar 

responses to environmental conditions, and would therefore likely use similar 

habitats.  A functional perspective allows comparison of taxonomically dissimilar 

assemblages when investigating community patterns and environment at large 

spatial scales (Poff and Allen 1995).  This approach simplifies complex datasets 

for modeling purposes to reduce the number of taxonomic groups, for which data 

may be too sparse and not otherwise show a pattern.   

In this chapter I determined functional groups of fishes based on species 

traits and related them to fish community structure, developed models using 

environmental variables to predict the relative dominant functional groups of 

fishes, and considered how habitat and species trait characteristics filter and 

mold local assemblages from the “pool” of potential colonists in the adjacent 

river.  Specific questions that I addressed in this chapter were:  

(1) What life history or species traits define functional groups of fishes in 

freshwater seasonal floodplain wetlands and how do functional groups compose 

wetland fish communities?  

(2) Are functional groups associated with environmental conditions on a regional 

scale?  

(3) What environmental variables best predict abundance of functional groups? 
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Methods 

Fish assemblages in fifteen seasonal floodplain wetlands in Oregon and 

Washington were studied from 2001 through 2006 (Chapter 2).   Detailed 

sampling methods are given in Chapter 2.  Species traits were related to habitat, 

behavior, physiology, reproduction and diet (Table 21, Appendix 6).  They were 

gleaned from reference material on fish taxonomy, ecology and behavior 

(Appendix 6). 

Table 21. Variables in the species traits matrix. 

Variable Categories or quantities 
Predominant trophic category in catch 
(often dependent on life-history stage) 

Planktivore, macroinvertivore, or 
piscivore 

Adult preference for water type Flow, quiet 
Adult preference for vegetation  Yes/no 
Adult preference for clear water Yes/no 
Adult use of mud feeding substrate Yes/no 
Typical residence in wetlands as adults Yes/no 
Spawning water type Stream/wetland 
Preferred spawning substrate or 
structure 

Gravel, vegetation, sand, log, 
mud 

Minimum water temperature for 
spawning 

oC 

Maximum water temperature for 
spawning 

oC 

Current required for spawning Yes/no 
Months that spawning occurs one variable (yes/no) for each 

month  
Multiple spawning per season Yes/no 
Minimum water temperature preference 
for juvenile rearing 

oC 

Maximum water temperature preference 
for juvenile rearing 

oC 

Juvenile preference for current Still, low, moderate 
Juvenile preference for 
substrate/structure 

Log/rock, vegetation, mud, 
pool/channel 

Typical use of wetlands as juveniles Yes/no 
Tolerance for low dissolved oxygen Low, medium, high 
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 Species traits for fish species present in the wetlands (Table 22) were 

organized into a matrix of 28 rows (species or species groups) and 43 columns 

(of 19 species traits) for cluster analysis, ordination, and modeling.  Juveniles of 

species that were of close taxonomic relationship, had similar species traits, and 

were difficult to identify reliably in the field were combined into generic groups for 

the purpose of analyses.  Carp and goldfish were combined into a single group 

‘carp/goldfish’, all fishes from the genus Lepomis were combined into ‘sunfish’, all 

species of Cottus were combined into ‘sculpin’ and the two species of Pomoxis 

were combined into ‘crappie’.  The species traits matrix contains categorical and 

ordinal variables for traits that are likely to influence the presence of a given 

species or species group in seasonal floodplain wetlands.   
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Table 22. Fish species in the species traits matrix. 

Family Scientific name or taxa Common name Native/ 
Introduced

Catastomidae Catostomus macrocheilus Largescale 
sucker N 

Centrarchidae Lepomis spp. Sunfish spp. I 
Micropterus dolomieu Smallmouth bass I 
Micropterus salmoides Largemouth bass I 
Pomoxis spp. Crappie spp. I 

Cobitidae Misgurnus anguillicaudatus Oriental 
weatherfish I 

Cottidae Cottidae (all but a few were 
Cottus asper) Sculpin spp. N 

Cyprinidae Acrocheilus alutaceus Chiselmouth N 

 
Cyprinus carpio/Carassius 
auratus 

Carp and 
goldfish  I 

Mylocheilus caurinus Peamouth N 
Notemigonus crysoleucas Golden shiner I 
Pimephales promelas Fathead minnow I 

 Ptychocheilus oregonensis Northern 
pikeminnow N 

Rhinichthys osculus Speckled dace N 
Richardsonius balteatus Redside shiner N 

Cyprinodontidae Fundulus diaphanus Banded killifish I 

Gasterosteidae Gasterosteus aculeatus Threespined 
stickleback N 

Gobidae Rhinogobius brunneus    Amur goby I 
Ictaluridae Ameiurus nebulosus Brown bullhead I 
Percidae Perca flavescens Yellow perch I 
Petromyzontidae Petromyzontidae spp. Lamprey N 
Poeciliidae Gambusia affinis Mosquitofish I 

Salmonidae Oncorhynchus clarki Coastal cutthroat 
trout N 

Oncorhynchus keta Chum salmon N 
Oncorhynchus kisutch Coho salmon N 

 Oncorhynchus mykiss Rainbow/ 
steelhead N 

Oncorhynchus tschawytscha Chinook salmon N 

Umbridae Novumbra hubbsi Olympic 
mudminnow N 
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 Categorical variables were transformed into a series of binary variables 

(0/1) for the analysis each with a value of ‘0’ (no) or ‘1’ (yes) and assigned to 

each species according to whether they possessed the given trait.  For any fish 

species or taxonomic group, only one trait could receive a 1 but there could be 

more than one trait that could receive a 0.  As an example, for the “Trophic” 

category, zooplanktivorous redside shiners received a value of 1 for ‘planktivore’ 

and the value of 0 for both ‘macroinvertivore’ and ‘piscivore’.  Categorization for 

each species was made on the basis of the most abundant (number of 

individuals) life-history stage in the within-wetland catch.  For example, the most 

abundant  life-history stage of crappie sp. were young-of-the-year (<80mm fork 

length), which are predominantly planktivores (Wydowski and Whitney 2003) .  

Crappie sp., therefore, were assigned a 1 designating ‘planktivore’ and 

‘invertevore’ and ‘piscivore’ received zeros. 

Environmental variables (Table 23) were assembled into a matrix that 

corresponded with wetland sample dates (from Chapter 2).   Quantitative 

environmental variables included water temperature, climactic variables such as 

air temperature and precipitation, and physical variables describing the wetlands 

such as area and average depth.   
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Table 23. Variables in the environmental matrix. 

Water Temperature 
• Daily average water temperature 
• Seven-day average of the average daily water temperature 
• Fourteen-day average of the average daily water temperature 

Air Temperature 
• Average maximum air temperatures from the previous 7 days before 

sampling (data from Western Climate Service) 
• Average minimum air temperatures from the previous 7 days before 

sampling 
Precipitation 

• 3d, 7d, and 14d average precipitation from the nearest station before 
sampling (data from Western Climate Service) 

Physical 
• Distance to nearest salmon migration route (km) 
• Wetland area (hectares) 
• Wetland volume (m3/1000) 
• Average depth (m) 
• Lunar day1 (new moon=1; full moon day 14-16; 29-30 d cycle; 

complete phase of moon is 29.5d average duration) 
• Lunar day2 (new moon=0; full moon=16; values evenly distributed 
between new and full moon depending on # of days [14-17])  
 
 

Cluster analysis and ordination were used to assign species to functional 

groups and validate functional group membership (cluster analysis), and also to 

correlate groups with trait characteristics (ordination).  A hierarchical 

agglomerative cluster analysis using Euclidean distance measure and Ward’s 

method for group linkage in PC-ORD, version 5.06 (McCune and Mefford 2006) 

was used to identify functional groups based on the similarities of species traits.  

Ordination in PC-ORD, version 5.06 (McCune and Mefford 2006) was used to 

relate 1) functional groups to species traits, and 2) species traits to environmental 

variables in wetland sites.   
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Nonmetric multidimensional scaling (NMS; Kruskal 1964; Mather 1976) in 

PC-ORD, version 5.06 (McCune and Mefford 2006) was the ordination method 

used for graphical representation  to display the association between fish species 

and species traits.  I overlaid the variable ‘group membership’ on the ordination 

graph to help discern the number of groups appropriate for division of the species 

into broadly applicable ‘functional groups’ and to validate groups defined by 

cluster analysis.  In addition, the ordination graph and correlation values of the 

traits with the axes were used to describe characteristics species traits (warm or 

cool juvenile rearing or spawning temperature) for each of the resulting functional 

groups. 

The same ordination method was used for graphical representation of the 

association between fish abundance in wetland samples (176 samples, 21 fish 

species) and environmental variables (for detailed description see methods in 

Chapter 2).  Average species scores from the ordination were superimposed on 

the ordination to show the relative position of the species in relation to 

environmental gradients (ordination axes). 

Total catch or log total catch of functional groups were used as response 

variables in non-linear regression to investigate response of the groups to 

environmental variables within floodplain wetlands.  Nonparametric multiplicative 

regression (NPMR in HyperNiche version 1.12, McCune and Mefford 2004) was 

used to represent the response of functional groups of fishes to multiple 

interacting environmental factors (predictor variables) and describe which 

species traits may be favored or suppressed by key environmental variables.  A 
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Gaussian weighting function with a local mean estimator was used in a forward 

stepwise regression of catch against the predictor and fit was expressed as a 

cross-validated R2 (or xR2).  A separate model for each functional group was 

produced. 

‘Sensitivity’ and ‘tolerance’ are indicators of how well environmental 

variables predicted functional group response.  The greater the ‘sensitivity’ of a 

functional group to a given variable, the more influence that variable has in the 

model.  Tolerance is defined as the standard deviations used in Gaussian 

smoothers.  The greater the tolerance, the ‘poorer’ the predictor (variable) of 

functional group response. 

Results 

Cluster Analysis 

Cluster analysis of species and species traits resulted in a dendrogram 

with 3% chaining (Figure 24).  The species dendrogram was split into functional 

groups by considering which divisions would result in a practical number of 

groups in terms of shared species traits.  Species were divided into three 

functional groups characterized by the quantitative variables of preferred 

temperatures for spawning and rearing and the binary categorical variable of 

exotic status (native or introduced species).  Information retained at this level 

was 63%.  The groups (Table 24) were warm water introduced species (WW), 

native and introduced speices tolerant of moderate temperatures (MOD), and 

native cold water species (CW).   
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Table 24. Species group assignments (with species abbreviations). 

Group WW: Introduced, 
warm-water spawning 
and rearing temperatures 

Group MOD: Native and 
introduced*, moderate 
spawning and rearing water 
temperatures 

Group CW: Native, cool-
water spawning and 
rearing temperature 

Amur goby (GOB) Chiselmouth (CHM) Chinook (CHI) 
Banded killifish (BAK) Largescale sucker (LGS) Coho (CHO) 
Brown bullhead (BRB) Northern pikeminnow (NPM) Chum (CHU) 
Crappie (CRP) Peamouth (PEA) Cutthroat (CUT) 
Fathead minnow (FHM) Redside shiner (RSS) Rainbow trout (RBT) 
Golden shiner (GOS) Speckled dace (SKD) Sculpin (COT) 
Largemouth bass (LMB) Carp/goldfish* (CAP) Lamprey (LAM) 
Mosquitofish (MOF) Oriental weatherfish* (OWF) Olympic mudminnow 
Smallmouth bass (SMB) Yellow perch* (YEP) (OLY) 
Sunfish (SUN)  Threespine stickleback 
  (TSS) 
 

 

 

Figure 24. Dendrogram of species grouped by species traits, color-coded to three 
groups.  Species belonging to each group are color coded. 
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Ordination 

The first ordination ordered species according to their species traits 

(Figure 25).  The ordination resulted in two dimensions in the final solution with a 

statistically significant reduction in stress (final stress=10.9, 200 iterations) 

compared with randomized data.  After rotating the ordination axes according to 

the species trait with the highest correlation value, the first axis represented 

83.2% of the variation and the second axis represented 10.5% of the variation in 

species traits.  The first axis was most highly correlated with spawning and 

rearing temperatures and the second axis was correlated with trophic category.  

The three functional groups separated on the ordination according to preferred 

spawning and rearing temperatures.  Species traits, including ‘intolerant to low 

dissolved oxygen’ and ‘invertivore trophic category’, are associated with the 

same end of the first axis as ‘cool spawning and rearing temperatures’, but to a 

lesser degree.  Species traits, including ‘adult preference for vegetation cover’, 

‘adults reside in wetlands’, and ‘piscivore or planktivore trophic category’ are 

associated with the same end of the first axis as ‘warm spawning and rearing 

water temperatures’, but were not as highly correlated. 
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Figure 25. Ordination displaying the association between fish species and 
species traits. 
 
 I confirmed the ecological validity of the assignment of fish species to the 

three functional groups by superimposing the postions of species scores on the 

ordination from Chapter 2 that displayed the association between fish species 

and environmental variables, and then drew polygons enclosing every species 

belonging to each of the three functional groups.  This enabled me to indirectly 

relate species traits to environmental variables in wetland sites by evaluating the 

position of the species, by functional group, relative to environmental gradients.   

 The ordination of relative abundance of fish species in wetland samples 

resulted in two dimensions in the final solution, for a statistically significant 

reduction in stress (final stress=19.9, 102 iterations) compared with randomized 
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data (Figure 26).  Both axes of the ordination represent regional climactic 

gradients and accounted for 80.7% of the variation in species in the communities.  

The first axis represented 58.4% of the variation in community structure after 

rotating the ordination by the 14-day average precipitation, which was the 

environmental variable most highly correlated with the first axis (r=0.322).  The 

second axis represented 22.3% of the variation in the community structure after 

rotation.  Daily average water temperature was the environmental variable most 

highly correlated with the second axis (r=-0.180). 
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Figure 26. Functional groups superimposed onto the ordination displaying the 
association between relative abundance of fish in wetland samples. 
  
 Fourteen-day average precipitation was the environmental variable that 

distinguished the CW group from WW and MOD (Figure 26).  This axis 

represents a regional climactic gradient highly correlated to precipitation, 

indicating that the CW group tends to occur in a wetter climate than WW and 
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MOD, as would be found in the coastal region and some sites in the upper 

Columbia River estuary (UCRE) regions.  The WW group tends to be found in 

locations with warmer water temperatures than the MOD group, as typified by the 

eastern Oregon/Washington region and some sites in the UCRE.  The CW group 

occupies about the same range on the second axis (correlated to a seasonal 

gradient in daily average water temperature) as the WW and MOD groups, 

indicating that fish from the CW group were caught throughout the same range of 

temperatures as fish from the WW and MOD groups. 

NPMR models 

Total catch of three functional groups of fishes were regressed against 

environmental variables that represent conditions in the wetlands when sampling 

occurred.  Final models each had two influential variables, air temperature and 

water temperature (Table 25, Table 26, Table 27).  Abundance of fish in both the 

WW and MOD functional groups was greatest in response to the 7-day average 

water temperature.  Based on sensitivity and tolerance, 7-day average air 

temperature was the most influential variable determining WW and MOD 

functional group abundance followed by 7-day average water temperature (Table 

25 and Table 26) and daily average water temperature was the most influential 

variable determining CW functional group abundance followed by 7-day average 

water temperature (Table 27).  The WW functional group had the highest cross-

validated R2 value (xR2=0.51, Table 25) of the three functional groups, followed 

by the CW functional group (xR2=0.39, Table 27), while the model for the MOD 

functional group had the lowest xR2 value (xR2=0.24, Table 26).  Within any 
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search for the best combination of predictors for a given species or functional 

group, many (thousands) of models are produced.  The criterion for selecting the 

best model is the highest xR2 value.  The sensitivity and tolerance provide 

information about what is the most influential predictor in a selected model. 

Table 25. Model predictors with sensitivity and tolerance values for introduced, 
warm water fish functional group. 

Predictor Sensitivity Tolerance 
7-d avg max air temp 0.6580 1.370 
7-d avg water temp 0.0333 7.315 
 

 
Table 26. Model predictors with sensitivity and tolerance values for native and 
introduced, moderate-temperature fish functional group. 

Predictor Sensitivity Tolerance 
7-d avg max air temp 0.3395 4.110 
7-d avg water temp 0.1104 5.225 
 

 
Table 27. Model predictors with sensitivity and tolerance values for native, cold-
water fish functional group. 

Predictor Sensitivity Tolerance 
Daily avg water temp 0.2445 3.225 
14-day avg water temp 0.0385 7.120 
 

 
 Catch of fishes in the WW group was greatest when 7-day maximum air 

temperatures was 5ºC and also between 25ºC and 30ºC but remained relatively 

constant along the 7-day average water temperature axis, indicating that it is a 

relatively poor predictor in the model (Figure 27).  The high catch in response to 

7-day maximum air temperatures between 25ºC and 30ºC corresponds with 

conditions in the spring after hatching occurs and the juveniles are abundant. 
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Figure 27. Response surface of introduced, warm-water fish functional group to 
environmental variables. 

Abundance of fishes in the MOD group was also greatest when 7-day 

maximum air temperatures increased from 20ºC to 30ºC and when 7-day 

average water temperature increased from 10ºC to 25ºC (Figure 28), which also 

corresponds with the springtime abundance of hatchlings, with young-of-the-year 

carp/goldfish the most abundant fish species in the catch.  Unlike the introduced 

cyprinids in the moderate-water temperature functional group, native cyprinids 

tended to be more abundant in the winter rather than late spring. 
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Figure 28. Two views of the response surface of native and introduced, 
moderate-temperature fish functional group. 

 
Catch of fishes in the CW functional group was greatest when daily 

average water temperature was at 5ºC and also from 15ºC to 20ºC (Figure 29).  

Catch of CW fish along the 14-day average water temperature axis was relatively 

constant, indicating that it is a weak predictor.  I would expect the highest 

abundance of cool water fishes to be greatest at lower rather than higher 
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temperatures.  The response of CW to higher temperature may be related to 

periods of greatest movement that would make fish more vulnerable to capture.  

Catch of fish in the CW group was higher when movements into and out of the 

floodplain was greatest in the fall soon after hydrologic connectivity became 

established in the late fall when water temperature was relatively cold and also in 

the late spring when water temperatures in the wetlands became warm and fish 

moved back to the river where water temperatures were cooler. 

 
Figure 29. Response surface of native, cold-water fish functional group. 

 

Discussion 

Functional group assignment and performance in the environment 

Fish community structure in accessible seasonal floodplain wetlands is 

determined primarily by the following five factors: 1) resident ‘seed’ populations 

that survive in quasi-permanent water bodies on the floodplain; 2) the species 

‘pool’ (assemblage of fish species in adjacent riverine habitat) available to 
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colonize floodplain wetlands; 3) hydrologic connectivity allowing colonization of 

the wetland from the adjacent river; 4) life-history characteristics or traits of 

individual fish species allowing them to colonize and persist in wetlands; and 5) 

wetland habitat characteristics.  A functional group approach aids in 

understanding how life history traits adapt species to habitat conditions in 

wetlands and so influence community structure. 

Smith and Powell (1971) proposed that the structure of a fish community 

is determined by a series of selective pressures analogous to a series of 

‘screens’ or ‘filters’ (Angermeier 1998; Poff 1997; Smith 1971).  The ‘filters’ 

(selective pressures imposed by physical habitat) ‘select’ a sub-sample from the 

local faunal pool, resulting in communities composed of species with life history 

characteristics compatible with conditions in local seasonal wetland habitat.  This 

concept is consistent with the ‘habitat template,’ which relates particular life-

history strategies to habitat characteristics (Southwood 1977; Southwood 1988). 

Three functional groups of fishes were identified in the wetlands based on 

species or life history traits.  Fishes assigned to the coldwater (CW) functional 

group were all native species, including Salmonids, Cottids and Petromyzontids.  

The warm-water (WW) functional group was composed entirely of introduced 

species from the families Centrarchidae, Cyprinidae, Icatluridae, Cyprinidontidae, 

Poeciliidae, and Gobidae.  Fish species from the moderate water temperature 

(MOD) group spawn and rear in more moderate water temperatures, or have 

broader temperature range tolerances than fishes in groups WW or CW groups.  

The MOD group includes a combination of native species (Cyprinids and 
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Catastomids) and introduced species such as carp, goldfish (Cyprinidae), yellow 

perch (Percidae) and oriental weatherfish (Cobitidae). 

Though functional group characterization was based solely on species 

traits and no phylogenetic characteristics were used, group membership was 

divided strongly along taxonomic lines.  Introduced cyprinids were the only 

taxonomic unit that had members split between two functional groups, with carp 

and goldfish in the moderate-water temperature group and golden shiner and 

fathead minnow included in the warm-water functional group. 

Functional groups were associated most strongly with the species traits 

‘spawning and rearing temperatures’, which were related to 14-day average 

precipitation and daily average water temperature in wetland sites.  These 

environmental variables represent regional climatic gradient from the drier interior 

with more variable seasonal temperatures to wet, cool coastal sites.   

Precipitation is far lower on the east side of the Cascade Range due to the rain-

shadow effect of the Cascade Mountains so sites in eastern Oregon/Washington 

are dry relative compared to those on the west side of the Cascades. 

 Water temperature may reflect spawning and rearing temperature 

preferences of the functional groups.  The CW functional group was associated 

with cold, wet environment, which characterizes the coastal region where species 

such as salmonids, a predominant member of the CW group, were most 

abundant.  The MOD and WW groups were associated with environments with 

lower precipitation than the CW group such as the eastern Oregon/Washington 

region and sites within the upper Columbia River estuary.  The WW group was 
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associated with somewhat warmer temperatures than the MOD group, perhaps 

reflecting spawning and rearing temperature preferences of the introduced warm-

water fishes that composed this group. 

NPMR models and functional groups 

The best predictors of functional group abundance were air and water 

temperatures.  Air temperatures were related to time of year by location and, 

secondarily, to water temperature at a site (Chapter 2).  Catch using passive trap 

nets is dependent upon both fish movement and density of fishes in the vicinity of 

the traps.  Modeled responses for all three functional groups revealed the 

greatest catch at higher temperatures.  This response may be related to 

seasonal movement patterns of fishes as water temperature change. 

The modeled response of warm-water fish species was greatest when 7-

day average maximum air temperature was 5ºC and then from above 23ºC with 

the greatest catch at 30ºC.  During the cooler months in early winter when 7-day 

maximum air temperature was between 5ºC and 7ºC, hydrologic connectivity 

permitted access to the wetlands by these fishes and there were often high-water 

events that may have encouraged these fishes to seek velocity refuge, perhaps 

increasing fish movement, the abundance, and probability of capture in wetland 

sites.  Once in the wetlands, warm-water fishes may enter a state of torpor at low 

water temperatures (Matthews 1998).  Lower metabolic demands due to cooler 

temperatures reduce the need to feed and energy is conserved by reducing 

movements, which is possible in quiet off-channel habitats such as floodplains 

(Raibley et al. 1997).  Reduced activity and movement of these fishes would also 
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reduce the likelihood of their capture in passive traps.  From an energetic 

standpoint, it would seem reasonable for introduced fishes adapted to more quiet 

water to seek out floodplain wetlands during the winter and spring when 

hydrologic conditions in Pacific Northwest rivers can be unpredictable (National 

Research Council 2004).  The increase in catch of WW fish when air 

temperatures were between 23ºC and 30ºC corresponding to springtime 

conditions when juvenile fish (crappie, sunfish, largemouth bass) hatch and 

recruit to gear.  In addition, adults are more active with increased temperature 

(Wydowski and Whitney 2003) and more likely to enter passive traps.    

The catch of WW and CW slightly increased at the coldest temperatures.  

Like WW, these peaks and valleys in the CW response surfaces may be related 

to movement patterns determined by temperature changes.  Fish may be actively 

seeking velocity refuge or overwintering habitat at the coolest temperatures 

during early winter and so are captured readily.  They may be less active at the 

moderate temperatures when the water is too cool for maximum metabolic 

activity and feeding and movement is limited, and, therefore, they are not 

vulnerable to capture.  In the spring when the water warms, movement may 

increase as adults begin to spawn and juveniles hatch or when some species, 

such as salmon, leave the wetlands. 

Fish species in MOD group had the same primary predictor (7-day 

maximum air temperature) as the WW group, and increased catch partially 

corresponded to warmer springtime temperatures likely related to juvenile fish 

hatching and recruitment to sampling gear.  In late spring, introduced young-of-
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the-year carp/goldfish and yellow perch were abundant in the catch in eastern 

Oregon and UCRE sites.   Less conspicuous in the modeled response was an 

increase in catch at cooler water temperatures (ca. 5ºC to 10ºC, Figure 28).  

Occasionally in the winter, native redside shiner and peamouth were abundant in 

coastal and UCRE sites. 

Catch for the CW functional group was greatest both when daily average 

water temperature decreased to 5ºC and when it increased to 18ºC or 19ºC, 

temperatures at both ends of the physiological bounds for positive growth for 

juvenile salmon (4.5ºC and 19.1ºC, Armour 1991).  Catch of fishes in the CW 

functional group was lowest when water-temperature conditions were “near 

optimal” for salmonids (10-15.6ºC for juvenile Chinook, Armour 1991) and 12ºC 

to 15ºC for juvenile coho (Bjornn and Reiser 1991).  This low catch rate at optimal 

temperatures can perhaps be explained by the abundance of available oxygen, 

food resources and cover in the wetlands, conditions that do not compel fishes to 

undertake large movements, but rewards the behavior of fish that remain in 

favorable habitat rather than using the habitat more transiently.  Reduced 

volitional movement reduces a fish’s chance of swimming into a stationary trap 

net, resulting in lower catch rates despite ‘optimal’ temperatures. 

Catch of fishes in the CW group may have been highest during periods 

that corresponded with movements into and out of floodplain wetlands.   

Movements of juvenile coho off-channel, triggered by fall freshets, have been 

documented in western British Columbia (Brown and Hartman 1988) and 

Washington (Peterson 1982a).  Juvenile Chinook were documented moving from 
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the Sacramento River, California, onto the Yolo Bypass, the primary floodplain of 

the lower Sacramento River during the first part of the flood pulse with the rising 

water (Sommers, pers. comm. 4/19/2001), which typically occurs in December 

when water temperatures are about 10ºC (Sommer et al. 2001a). Juvenile 

salmon movements from the main channel to off-channel habitats correspond to 

the time of year when water temperatures become cold.  Peterson (1982a) 

reported that the fall freshets in the Clearwater River, Washington, preceded the 

drop in water temperatures that initiated winter hiding behavior.  Juvenile coho 

and steelhead in Carnation Creek, British Columbia, were active and feeding 

when water temperatures were above 7ºC, but when water temperatures were 

between 4ºC and 7ºC they fluctuated between being active and inactive 

depending on stream conditions (Bustard and Narver 1975a). 

Juvenile salmon movement back into the main channel occurs in the 

spring as water temperatures warm.  Sommer et al. (2001b) recorded the egress 

of juvenile Chinook from the Sacramento River floodplain in March and April, with 

receding waters from  inundated floodplains and as water temperatures 

exceeded 20ºC (Sommer et al. 2005).    

Summary of findings 

1. Fish species in seasonal floodplain wetlands sorted into three functional 

groups. Fishes assigned to the coldwater (CW) functional group were all native 

species, including Salmonids, Cottids and Petromyzontids.  The warm-water 

(WW) functional group was composed entirely of introduced species from the 

families Centrarchidae, Cyprinidae, Icatluridae, Cyprinidontidae, Poeciliidae, and 
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Gobidae.  Fish species from the moderate water temperature (MOD) group 

spawn and rear in more moderate water temperatures, or have broader 

temperature range tolerances than fishes in groups WW or CW groups.  The 

MOD group includes a combination of native species (Cyprinids and 

Catastomids) and introduced species such as carp, goldfish (Cyprinidae), yellow 

perch (Percidae) and oriental weatherfish (Cobitidae).  

2. Functional groups were associated most strongly with the species traits 

‘spawning and rearing temperatures’, which were related to 14-day average 

precipitation and daily average water temperature in wetland sites.  These 

environmental variables represent a regional climatic gradient from the drier 

interior with more variable seasonal temperatures to wet, cool coastal sites. 

Functional groups were sorted on this gradient from the CW functional group 

which was most associated with coastal wetlands, to a combination of MOD and 

WW functional groups further inland.  

3.  Air and water temperature were the best predictors of functional group 

abundance. Air temperature tends to be related to water temperature at the study 

sites. Along a water temperature gradient, catch of each functional group 

decreased from low to moderate temperatures and then increased.   The largest 

catch for all functional groups occurred at the highest temperatures.  This bi-

modal response can be explained by fish movement patterns related to changing 

temperatures (increased movement may have made fish more vulnerable to 

capture with the passive sampling gear), and to development of favorable 

conditions for some species for spawning and hatching in the wetlands.  Fish 
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tended to move into wetlands in early winter, when water temperatures were low, 

and flooding established hydrologic connectivity between the wetland and the 

adjacent river. Increased movement at this time probably made species more 

vulnerable to capture.  When temperature warmed as spring progressed some 

species such as salmon in the CW group increased their movement out of the 

wetlands while, for warm water species, water temperature reached the preferred 

range for spawning and fry were abundant in the catch.
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Chapter 5: Movers vs. stayers: patterns of fish entering and leaving nine 

seasonal floodplain wetlands in Oregon and Washington 
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 Abstract 

 Patterns of fish ingress/egress at nine seasonal floodplain wetland sites in 

three geographic regions (the Oregon and Washington coast, upper Columbia 

River estuary, and Eastern Oregon) are described and related to environmental 

conditions in riverine and floodplain wetland environments.  Relative abundances 

of fishes caught in ingress/egress traps and within wetlands were compared to 

characterize species’ tendency for movement between riverine and floodplain 

habitat types.  I modeled movements into and out of floodplain wetlands by three 

temperature-dependent functional groups of fish (WW, MOD, CW) as well as 

coho and Chinook salmon at select sites were modeled against thirty 

environmental variables to see if any emerged as predictors to indicate what 

prompts fishes to move between river and floodplain habitats.  The most 

common predictor of ingress and egress of all functional groups were primarily 

related to water-surface elevation.  Ingress of WW fish at Smith-Bybee wetland, 

however, was dependent primarily on daily average wetland water temperature 

(WetWt).  Juvenile salmon demonstrated seasonal patterns in movement into 

and out of wetlands and were linked to environmental variables and species 

traits.  At Lewis wetland, the most influential predictor of juvenile coho ingress 

was water temperature in the adjacent Bear River, followed by lunar phase.  

Juvenile coho entering LaCenter wetland was associated with rising water level 

in the wetland from heavy precipitation in early winter.  Egress of juvenile coho 

and Chinook salmon at LaCenter wetland was associated with a barometric 

pressure drop of 0.35mm Hg in one day and a new moon.  Fishes were further 
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characterized as ‘movers’ or ‘stayers’ based their relative abundances in the 

ingress/egress traps compared with numbers captured within wetlands. 

Introduction 

Fishes may move from the main channel of a river or stream into wetlands 

for a variety of reasons, including both passive entrainment with high flows 

spilling laterally onto the floodplain (Kwak 1988; Ross and Baker 1983; Snedden 

1999; Sommer et al. 1997) and volitional movements.  Fish most commonly 

make volitional movements into floodplain habitats to seek refuge from high flows 

(Schlosser 1990), to reduce frequency of encounters with potential predators or 

competitors (Snodgrass et al. 1996), to access abundant food resources 

(Gladden and Smock 1990), and to reproduce (Kwak 1988).  Fluctuations in 

water flow and temperature result in fluctuations in floodplain habitat availability, 

quantity and quality, providing distinct temporal and spatial niches for competing 

species. This environmental heterogeneity, combined with life history 

characteristics of colonizing fish species, determines fish community structure in 

seasonal floodplain wetlands at a given point in time.   

Habitat connectivity is recognized as a vital factor influencing movement of 

fishes among habitats to satisfy spawning, rearing, and migration requirements 

(Copp 1989; Junk et al. 1989; Kwak 1988; Raibley et al. 1997).  Increased 

hydrologic connectivity between the river and floodplain affords fishes in main 

stem rivers the opportunity to enter and leave a wetland (Halyk 1983; Snodgrass 

et al. 2004).  Hydrologic connectivity occurs when water flows into or out of a 

wetland such that fish have the opportunity to pass into or out of the river.  
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Hydrologic connectivity and thus accessibility to fishes varies seasonally and 

regionally due to many factors, including amount and timing of precipitation, river 

flow, habitat access, differences in elevation between the river channel and 

floodplain, and physical barriers (natural or artificial) between the river and 

floodplain.  

 I examined patterns of fish movement entering and leaving wetlands with 

respect to environmental cues and life-history traits during low and moderate 

water levels.   

Specific questions that I addressed in this chapter were:  

(1) What were floodplain wetland entry and exit cues for fishes in the functional 

groups identified in Chapter 4 and juvenile salmonids?   

(2) Were there different floodplain wetland residence strategies (long-term 

residence vs. more transient users) among fish species?   

Methods 

Trap sites and design 

Two-way fish traps were used to monitor fish entering and exiting 

wetlands at eight wetland sites and a one-way trap monitored fish leaving at a 

ninth site (Figure 30, Table 28).  Studies were undertaken from 2002 through 

2006 but not all traps were fished in all years at all locations.  Traps were 

checked three times per week throughout the sampling season (late-fall through 

early summer) with the exception of periods when traps were overtopped by 

water from high-flow events.  Fishes were removed from the traps with a dip net 

and held in 5-gallon buckets.  Species, lengths, and direction of travel were 
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recorded.  Fish were released on the other side of the trap to continue in their 

original direction of travel, either into the wetland or toward the river.   

Table 28. Two-way (inbound/outbound) traps at all wetlands except for Arago, 
which had outbound trap only. 

Region Wetland site WY* sampled 
Oregon/Washington coast Arago 2005 
 Lewis 2004-2005 
upper Columbia River estuary LaCenter 2005-2006 
 McCarthy Creek 2005-2006 
 Multnomah North 2002-2005 
 Ruby Lake 2002-2004 
 Smith-Bybee 2005-2006 
 Wigeon Lake 2002-2004 
eastern Oregon/Washington Ladd Marsh 2003-2004 
*WY=water year; a WY is from Oct. 1 through Sept. 30 
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Figure 30. Trap sites in Oregon and Washington. 
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 Traps at Ruby Lake, Wigeon Lake, McCarthy Creek, and Multnomah 

North were free-standing two-way vertical slot traps set in egress channels with 

block nets that extended to the banks to guide fish into the traps (Figure 31).  

These traps were 1.07 by 1.07m square at the base and 1.67m high.  The traps 

were made of flattened, galvanized expanded metal with diamond-shaped 

9.5mm mesh.   Expanded metal on one face of the traps was angled to funnel 

fish toward a 5.7cm wide vertical slot with a rubber flap, which was designed to 

inhibit fish from finding their way out of the traps.  The traps had galvanized sheet 

metal lids.   
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Figure 31. Free-standing two-way trap design. 
 



153 

 

 

Two-way traps at LaCenter Bottoms, Smith-Bybee, Ladd Marsh, and 

Lewis were set within fish ladders of the pool-weir-chute structures (Figure 32).  

Painted, expanded-metal panels (of the same material described above) were 

used as diagonal panels set in one of the pools of the fish ladder to separate the 

inbound and outbound fishes.  They were either fit into the corner of the pool or 

slid into channel iron bolted to the concrete wall of the pool.  Another expanded 

metal panel with a vertical slot for fish entry was attached perpendicularly by 

sliding it into a channel attached to the diagonal partition.  The other end of the 

panel with the vertical slot was attached to the wall of the pool nearest the weir 

so that a v-shaped space in between the weir and the trap panels led to the 

vertical-slot trap entry.  This arrangement directed fish into the vertical slot and 

into the inbound or outbound trap in the pool of the fish ladder.  Slot widths for 

Ladd Marsh and LaCenter Bottoms traps were 5.7cm.  The slot widths for Lewis 

traps were wider, 12.7cm with a flexible rubber flap closing the visible opening to 

1.5cm, to accommodate passing adult coho and chum salmon. 
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Figure 32. Two-way traps in pool-weir-chute wetland restoration structures. 
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The traps in the ladder at Smith and Bybee Lakes were made from a 

design that combined the two previously described configurations using the same 

expanded metal material, which was painted.  This fish ladder had pools that 

were small (0.67m wide by 0.72m long) but deep (depending on water level, up 

to 2m in depth), rendering effective removal of fish by dip netting difficult.  The 

solution was to build traps that were box-like but hung on the weirs of the ladder 

in two adjacent pools by angle iron welded onto the front and backs of the traps.  

One trap faced the wetland (the outbound trap) and one trap faced the Columbia 

Slough (the inbound trap).  These traps were 0.84m deep.  They sat on the weirs 

of the fish ladder and occasionally had to be removed so that the boards of the 

ladder could be adjusted (to keep water flowing through the ladder or to raise or 

lower the water-surface elevation in the wetland) to the water height and then set 

back on the weirs.  The fronts of the traps were v-shaped with a vertical slot (6.35 

cm wide) and a rubber flap.  Fish moving through a weir would be caught in the 

void in front of the traps (the bottom of the trap extended to the weir so that fish 

could not swim under the trap) and then move through the slots and into the 

traps.   

The one-way trap at Arago wetland was attached to a 91cm diameter 

culvert connecting the wetland and slough leading to the Coquille River (Figure 

33).  A half-round riser wetland restoration structure (Figure 2) was connected to 

the wetland-end of the culvert, holding water at the level of the top riser board 

during the winter and spring except when high water overtopped the structure.  A 

4.8mm-mesh nylon net encircled the culvert and connected it to a live box.  The 
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live box had a tubular aluminum frame (1.2m long x 0.9m high x 0.6m wide) 

covered in 4.8mm nylon mesh.  The top had a zipper to open the trap to dip net 

the fish out.  The front of the trap had a convex section of mesh with a vinyl 

sleeve, which was attached to the net from the culvert via a 30cm long section of 

16 cm diameter plastic pipe and clamps.  Fish would go out of the wetland 

through the water-control structure, culvert, and into the net and live box.  

 
Figure 33. Outbound trap net used at Arago wetland. 

 
All two-way traps were also fished with Gee minnow traps set inside for 

better retention and protection of larval or very small fishes.  Gee minnow traps 

were constructed of 6.4 mm galvanized, square wire mesh. They were 42 cm 

long and 23 cm wide with a 22 mm entrance hole.  
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Water temperature and water-level loggers 

Water temperatures in wetlands were recorded hourly with Hobo® loggers 

from Onset Computer Corporation.  Water temperatures in adjacent rivers were 

obtained from local agencies (Appendix 7).  Water stage data were recorded 

hourly using Global® pressure transducers to measure water depth, which was 

converted to water-surface elevation by relating the sensor to a known elevation 

with a laser level.  River stage data were downloaded from US Geological Survey 

and US Army Corps of Engineers.  Missing water temperature and stage data 

were modeled (Appendices 7 and 8).  Environmental variables that were 

measured included river and wetland water temperatures and water stage, recent 

precipitation and barometric pressure, lunar phase, wetland restoration structure 

type, stream flow, tide stage, water-year month and geographic variables (Table 

29). 
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Table 29. Variables in the environmental matrix. 
Variable Description 
RivWt Daily average river water temperature. 
RMx3dSI Maximum increase in river stage over the last three days including the day of 

the trap check. 
RMx3dSD Maximum decrease in river stage over the last three days including the day of 

the trap check. 
RMA3dSC Absolute maximum change in river stage over the last three days including the 

day of the trap check. 
RMITchk Maximum increase in river stage since the last trap check including the last trap 

check day. 
RMDTchk Maximum decrease in river stage since the last trap check including the last trap 

check day. 
RMACTck Absolute maximum change in river stage since the last trap check including the 

last trap check day. 
RivWSE River water-surface elevation (except for LaCenter, datum was NGVD 1929, 

LaCenter datum was NAVD 1988). 
WetWSE Wetland water-surface elevation (see note above regarding datums). 
WetWt Daily average wetland water temperature. 
WM3dSI Maximum increase in wetland stage over the last three days including the day of 

the trap check. 
WM3dSD Maximum decrease in wetland stage over the last three days including the day 

of the trap check. 
WM3dSC Absolute maximum change in wetland stage over the last three days including 

the day of the trap check. 
2dAWWt Two-day average wetland water temperature including that of the trap check. 
2dARWt Two-day average river water temperature including that of the trap check. 
Tot2dPPT Total precipitation (inches) over the last two days, including that of the trap 

check. 
DavBar Daily average barometric pressure of the nearest weather station to the site 

(day of trap check). 
1dBarChg Difference in daily average barometric pressure between the day of the trap 

check and the previous day. 
Wmgmt Water-management structure (0=no structure, 1=tide-gate, 2=half-round or full-

round riser, 3=fish ladder). 
area Wetland surface area. 
vol Wetland volume. 
Zav Wetland average depth. 
tidal infl Tidal influence (yes/no). 
streamflow Stream (positive stream flow) running through the wetland (yes or no). 
lunarD1 new moon=1; full moon day 14-16; 29-30 d cycle; complete phase of moon is 

29.5d average duration. 
lunarD2 new moon=0; full moon=16; values evenly distributed between new and full 

moon depending on # of days (14-17). 
WYMo water-year month (numeric, Oct=1, Nov=2…Sep=12); this addresses day length 

and season. 
region Puget Sound, Chehalis R, coast, Lower Columbia, east of Cascades 
geo prov Columbia Pleateau, Pacific. 
physio-geo Coast Range, Willamette Valley, Porland Basin, Willapa Hills, Puget Lowland, 

Columibia Basin, Blue Mountains. 
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Data analyses 

Data were organized into species and environmental matrices for 

analyses by ordination, with separate species matrices for inbound and for 

outbound fishes.  The inbound species matrix contained data from eight two-way 

traps.  The outbound species matrix contains data from eight two-way traps plus 

the one-way trap at Arago.  The species matrices were constructed of total catch 

of each species for each sample unit, with each unit referred to as a trap-check 

day.  The environmental matrix is composed of cells with variables that describe 

hydrologic and water temperature conditions in the wetlands as well as in the 

river, geomorphic and categorical descriptions of wetland sites, and also 

climactic conditions and lunar cycle for each time that a trap is checked (Table 

29). 

Corresponding environmental and species traits matrices were used as 

overlays to examine patterns revealed in the ordination of the species matrix.  

Environmental variables that best characterized differences between the riverine 

and wetland environments as well as species traits of the wetland fishes were 

used to explain patterns of fish movement between the river and floodplain. 

 Nonparametric multiplicative regression (NPMR in HyperNiche version 

1.12, McCune and Mefford 2004) was used to model the response of species or 

functional groups of fishes to multiple interacting environmental factors.  Fish 

catch (total numbers of fish of each species or functional group per sample unit, 

or trap-check day) were regressed against environmental variables in the riverine 

and wetland environments.  A Gaussian weighting function with a local mean 
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estimator was used in a forward stepwise regression of catch (or log of total 

number per sample unit +1, as indicated) against the predictor.  Fit was 

expressed as a cross-validated R2 (or xR2).  A separate model was produced for 

each of the three temperature-dependent functional fish groups (described in 

Chapter 4).   

 I used the multiple sample comparisons procedure in Statgraphics, 

version 15.0 to test for differences in inbound and outbound catch.  The output of 

this procedure is identical to that of the One-Way ANOVA procedure in which I 

reported the F statistic.  In instances when the standardized skewness and/or 

kurtosis fell outside the range of -2 to +2, indicating significant nonnormality in 

the data.  I used the Kruskal-Wallis test to compare the medians for multiple 

comparisons instead of the means.  When the P-value of the F-test was less than 

0.05, indicating a statistically significant difference between the means at the 

95.0% confidence level, then I inspected the results of the Multiple Range Tests 

to determine which means were significantly different from one another.  In a 

two-sample comparison, if the standardized skewness and/or kurtosis was within 

the range of -2 to +2 then I used two-sample t-test to compare means.  If the 

standardized skewness and/or kurtosis for a two-sample comparison was outside 

the range of -2 to +2, then I used a Mann-Whitney W test to compare the 

medians of the two samples. 

 To determine the relationship between water temperatures in the Bear 

River and Lewis wetland I used a simple linear regression in Statgraphics, 

version 15.0.  I used a lack-of-fit test (ANOVA) to determine whether the selected 
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model was adequate to describe the observed data or whether a more 

complicated would provide a better fit. 

Results 

Summary of inbound and outbound catch at wetland sites 

Fish species richness in the wetlands was always greater than in the one-

way or two-way traps (Figure 34).  Mean fish species richness in catch among of 

inbound traps, outbound traps and within wetland sampling at any given site was 

similar (W=0.85, p=0.65).  Generally, wetlands with the greatest species richness 

also had the greatest number of species captured in the traps. Of all sites, the 

greatest number of species captured occurred at sites in the UCRE (LaCenter, 

Multnomah North, McCarthty Creek) and the fewest species captured were at the 

coastal sites (Lewis, Arago). 
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Figure 34. Total fish species richness sampled within wetlands and from inbound 
and outbound traps at each site. 

 

For the most part, species captured in the wetlands also were caught in 

the inbound/outbound traps.  At some sites, however, a few species were either 

in the wetland or the trap, but not in both. At Multnomah North wetland, fathead 

minnow and lamprey sp. were only captured within the wetland, while rainbow 

trout/steelhead were caught only in the inbound two-way trap.  Lamprey sp., 

largescale sucker, northern pikeminnow, peamouth, and rainbow trout/steelhead 

were unique to the within wetland catch at Smith-Bybee wetland, while coho 

were caught only in the two-way traps.  At Ladd Marsh, bull trout and largemouth 

bass were present in within wetland catch only, while smallmouth bass were 

caught only in the inbound trap. 
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Catch rates and movement patterns at wetland sites 

Because ingress/egress catch in LaCenter wetland in the UCRE region 

was more similar to coastal sites, LaCenter was included with the coast rather 

than the Lower Willamette wetland sites.  The most abundant specis in the catch 

at the two coastal wetland sites (Lewis and Arago), and LaCenter were 

threespine stickleback and coho, representing 69% and 24%, respectively at 

these sites (Appendix 9).   

Combined inbound and outbound catch rates of threespine stickleback at 

LaCenter wetland was greater than at Lewis and Arago wetlands (Figure 35).  

Catch rate of coho in the inbound trap at Lewis wetland was almost seven times 

that of coho caught in the outbound trap.  At LaCenter wetland, inbound catch 

rates coho that entered were 1.7 times that of coho that egressed. 
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Figure 35. Inbound/outbound catch of threespine stickleback and coho at Lewis, 
Arago and LaCenter wetlands. 
 
 Catch rates of introduced fishes were almost three times greater than that 

of native fishes in combined two-way traps in Lower Willamette River wetland 

sites (Figure 36).  The most abundant fish species in the two-way trap catch at 

lower Willamette River sites were crappie sp. (27%), followed by threespine 

stickleback (22%), yellow perch (14%), young-of-the-year carp (8%) and brown 

bullhead (8%).  For crappie and threespine stickleback, inbound catch was 1.3 

and 2.1 times greater (respectively) than outbound catch, while outbound catch 

of yellow perch was 1.5 times greater than inbound catch (Figure 37). 
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Figure 36. Catch rates of fish species in Lower Willamette two-way trap sites, 
2002 to 2006. 
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Figure 37. Inbound/outbound catch of crappie, threespine stickleback, and yellow 
perch at five Lower Willamette River wetland sites. 
 

The most abundant fish species in Ladd Marsh, in Eastern Oregon were 

northern pikeminnow (53%), redside shiner (25%) and young-of-the-year carp 

(6%).  Both inbound and outbound catch rates of northern pikeminnow were 

greater than that of redside shiner (1.7 and 2.8 times greater, respectively, Figure 

38). 
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Figure 38. Inbound/outbound catch of northern pikeminnow and redside shiner at 
Ladd Marsh wetland. 
 
Movers vs. stayers 

 Some species may be more prone to residing in the wetlands (stayers), 

judging from their relative abundance in wetlands compared to their relative 

abundance in the two-way trap catch, while others were more prone to entering 

and leaving wetlands (movers).  Whether a species is a “mover’ or “stayer” 

depends on its life history characteristics as well as conditions in the wetland 

itself.  Threespine stickleback catch in one-way or two-way catch was relatively 

low compared to the within-wetland catch (Figure 39).  It appears, therefore, that 

stickleback may be primarily “stayers” at all coastal and UCRE sites.  Similarly, 

catch rates of 0+ carp/goldfish indicated that they were stayers (Figure 40b).  
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Figure 39. Catch rates of threespine stickleback caught in wetlands (stayers) and 
inbound/outbound traps (movers), 2002-2006. 
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Figure 40. Catch rates of a) crappie sp. and b) carp/goldfish caught in wetlands 
(stayers) and inbound/outbound traps (movers), 2002-2006. 
  

 Some species may act as “stayers” in some wetlands and “movers” in 

others.  Catch rates of crappie sp. indicate a mix of ‘movers’ and ‘stayers’ among 
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sites.  At Multnomah North, Ruby and Wigeon Lakes, crappie sp. acted as 

movers, while at McCarthy Creek, Smith-Bybee and Ladd Marsh they were 

stayers (Figure 40a).  Catch rates suggest coho at coastal sites were ‘movers,’ 

whereas coho at UCRE sites were ‘stayers’ (Figure 41).  Chinook at UCRE 

wetlands were primarily ‘stayers,’ except for those caught in Smith-Bybee 

wetland (Figure 41). 

 
Figure 41. Catch rates of coho and Chinook salmon caught in wetlands (stayers) 
and inbound/outbound traps (movers), 2002-2006. 
 
Inbound/outbound response of functional groups of fishes to environmental 
variables 
  

While data were collected in terms of total catch in each inbound or 

outbound trap, by individual species (a trap-check day), some of the analyses to 

determine inbound and outbound fish response to environmental variables data 

were based on multi-species ‘functional groups’, described in Chapter 4.  At the 

species level, the number of individuals in a sample unit could fluctuate from 
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none to dozens to several hundred in a trap-check day.  With the high variability 

of catch of individual species, most species-level models had low xR2 and were 

rejected.  Coho caught in inbound traps at LaCenter and Lewis wetlands were in 

high enough abundance to produce models with moderate xR2 values (0.44 and 

0.36, respectively) and were retained. 

Species were aggregated into functional groups, which facilitated analyses 

by boosting total trap-check catch numbers and reducing the number of 

taxonomic groups.   Data were analyzed by temperature-dependent functional 

group (Chapter 4), either inbound or outbound, at a set of sites, within a 

timeframe chosen to select sample units with greater numbers of fishes.  This 

enhanced the chance of detecting patterns of fish movement into and out of 

seasonal floodplain wetlands with respect to environmental variables.   

Functional groups responded differentially to environmental variables and 

responses of fishes within functional groups differed among regions.  Not all trap 

sites had fishes from all functional groups in the catch.  For example, Lewis 

wetland on the southwest Washington coast had only fish species from the 

coldwater functional group (CW) in the two-way catch (Appendix 9), so we were 

unable to model the response of MOD or WW fishes to the environmental 

variables present at that site. 

Because so many models were produced (39, xR2 from 0.18 to 0.66), only 

models with the highest cross-validated R2 value for each functional group, 

inbound and outbound, are presented and discussed (Table 30).    
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Table 30. Model results for three functional groups of fishes, inbound and 
outbound, at Smith-Bybee (SB), Multnomah North (MN), LaCenter (LC), and 
Arago (AR) wetlands (WetWt=wetland daily average water temperature, 
WM3dSD=wetland maximum 3-day stage decrease, WetWSE=wetland water-
surface elevation, RivWSE=river water-surface elevation, lunarD2=lunar day, 
Table 29). 

Site Trap 
direction 

Predictor 1 
(sensitivity) 

Predictor 2 
(sensitivity) xR2 # SU

WW 
SB IN WetWt (1.0069) WM3dSD (0.3391) 0.4671 115 
MN OUT WetWSE (0.7198) RivWSE (0.1455) 0.4534 275 

MOD 
SB IN WetWSE (0.9198) RivWSE (0.6524) 0.6535 115 
MN OUT WetWSE (0.6097) RivWSE (0.3704) 0.6558 275 

CW 
LC IN RivWSE (0.8446) WetWSE (0.3122) 0.3799 56 
AR OUT WetWSE (0.8202) lunarD2 (0.2170) 0.6399 47 
 

 
 Fish ingress and egress response to environmental variables varied by 

location and functional group.   The most common predictor of ingress and 

egress of all functional groups were primarily related to water-surface elevation.  

Ingress of WW fish at Smith-Bybee wetland, however, was dependent primarily 

on daily average wetland water temperature (WetWt).  Ingress of CW fish at 

LaCenter wetland was driven by river water-surface elevation (elevation of the 

river relative to mean sea level), while wetland water-surface elevation (elevation 

of the wetland relative to mean sea level) was the main predictor for MOD fish 

entering Smith-Bybee wetland and for WW and MOD fish leaving Multnomah 

North and CW fish leaving Arago wetland. 

Smith-Bybee wetland 

Inbound fish from the WW functional group at Smith-Bybee wetland 

responded most strongly to wetland water temperature and maximum stage 
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decrease over three days (absolute maximum decrease in wetland water level 

over three days, including the day of the trap check, Figure 42).  Abundance of 

WW fish was at a maximum in the inbound trap when the wetland water 

temperature at Smith-Bybee wetland increased to approximately 17ºC in the 

spring and then to 25ºC in the late spring or early summer.  To a lesser degree, 

WW fish at Smith-Bybee wetland was also influenced when water-surface 

elevation was on a gradual decline (a decrease of 0.06m over three days prior to 

capture).   Sunfish sp., bullhead sp. and banded killifish were the most abundant 

of the WW fish caught inbound at Smith-Bybee wetland. 
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Figure 42. Two views of response surfaces of inbound WW fish (log fish/trap-
check day) at Smith-Bybee wetland to wetland water temperature (ºC) and 
maximum 3-day stage (m) decrease, 2005-2006.  

 
Maximum inbound movement of MOD fish at Smith-Bybee wetland 

occurred when water-surface elevation in Smith-Bybee wetland was between 

1.8m and 2.4m (NGVD 1929) and when river water-surface elevation was near 

1.8 meters (NAVD 1929, Figure 43).  Smith-Bybee wetland is full when the water-

surface elevation is 3.4m, so 1.8m and 2.4m represents a period when the 

wetland is either filling in the fall or is drawing down in the spring.  In late 
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April/early May 2005, goldfish were abundant in the catch in the inbound trap 

when wetland water surface elevation was between 1.8 and 2.4m (Figure 44).  

 
Figure 43. Two views of response surfaces of inbound MOD fish (log fish/trap-
check day) at Smith-Bybee wetland, 2005-2006. 
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Figure 44. Relationship between goldfish catch in the inbound trap at Smith-
Bybee wetland (bars) and wetland stage (line). 

 
LaCenter wetland 

Ingress of CW fish at LaCenter wetland was in response to increasing 

water level in the wetland.  Maximum catch of CW fish entering LaCenter wetland 

occurred when wetland water levels were near 3.7m and river levels were about 

3m (Figure 45) in November 2005 (Figure 46).  At this time, the wetland pond 

behind the pool-weir-chute wetland restoration structure (Figure 47) was filling 

with river water (as water during high tide entered the wetland, riser boards were 

inserted in the pool-weir-chute structure to hold water on the floodplain up to the 

maximum board height of 4m).  Coho and threespine stickleback numbers 

increased as the wetland filled. 
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Figure 45. Two view of response surfaces of inbound CW fish (fish/trap-check 
day) at LaCenter, 2005 and 2006. 
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Figure 46. Number of CW fish ingressing into LaCenter wetland (November 
2005) and daily average water level behind the wetland restoration structure. 
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Figure 47. Location of the pool-weir-chute wetland restoration structure on the 
floodplain at LaCenter wetland. 

The model of inbound CW fish at LaCenter wetland included only 

threespine stickleback greater than 30mm fork length.  During late-spring, there 

were hundreds of young-of-the-year (YOY) threespine stickleback between 15 

and 30mm fork length.  Their high abundance in both the inbound and outbound 

traps in late spring did not necessarily reflect a fish response to a measured 

environmental variable.  This pattern had more to do with high numbers of YOY 
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stickleback, coinciding with warm waters in the spring when they hatch and tidal 

fluctuations that pushed them back and forth in the channel between the East 

Fork Lewis River and the two-way trap within the wetland restoration structure , 

rather than warm water enticing them to enter or leave.  Including recently 

hatched threespine stickleback (from 15 to 30mm fork length) in the response 

matrix obscured less abundant members of the fish community.   

Multnomah North wetland 

Outbound movement of WW fish from Multnomah North was primarily 

associated with high wetland water-surface elevation and river level was the 

second most influential variable (Figure 48).  Abundance increased sharply when 

the water-surface elevation of the wetland increased beyond 3m in elevation 

(NGVD 1929).  River level (RivWSE) was the second most influential predictor 

for egress of WW fish from Multnomah North wetland, with greater abundance of 

WW fish was associated with lower river levels (Figure 48).  
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Figure 48. Two views of response surfaces of outbound WW fish (log fish/trap-
check day) at Multnomah North wetland to wetland water-surface elevation (m, 
NGVD 1929) and river water-surface elevation (m, NGVD 1929), 2002-2005.  
 

Outbound movement of MOD fish from Multnomah North was also 

associated with wetland and river water surface elevation.  The response surface 

of the egress of MOD fish at Multnomah North wetland closely resembled that of 

the WW group because abundance in the outbound trap increased when the 
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wetland water-surface elevation surpassed 3m in elevation (Figure 49).   Similar 

to the response from the WW group, the river water-surface elevation did not 

strongly affect abundance of MOD fish in the outbound trap but there was a slight 

increase at lower river levels (Figure 49).   

 
Figure 49. Two views of response surfaces of outbound MOD fish (log fish/trap-
check day) at Multnomah North wetland to wetland water-surface elevation (m, 
NGVD 1929) and river water-surface elevation (m, NGVD 1929), 2002-2005. 

 
Like the response of WW fish following high water events, abundance of 

MOD fish in the outbound trap at Multnomah North also increased following high 

water events.  Crappie (in the WW group) and yellow perch (in the MOD group) 
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had higher than average catch rates in the outbound trap following high water 

events than what was normally caught in the outbound two-way trap or during 

within wetland sampling (Table 31).  

Table 31. Comparison of two-way trap and within wetland catch rates of crappie 
sp. (WW) and yellow perch (MOD) at Multnomah North for select periods 
following high-water events (WY02-05 averages are shaded). 

sampling period 
two-way trap 

(within-wetland) 

two-way traps 
(fish/trap-check day) 

within-wetland sampling 
(fish/net-day) 

 crappie sp. yellow perch crappie sp. yellow perch
WY 02-05 average 17.5 13.5 5.9 1.1 

Jan-mid Feb 03 
(Feb 12-13, 2003) 229 108.2 4.4 5.9 

late March 03 
(Apr 8-9, 2003) --- 107.2 --- 4.7 

mid- to late-Dec 03 
(Dec 16-17, 2003) 53 34.2 10.9 1.3 

mid Apr to June 04 
(May 18-19, 2004) 42 --- 7.9 --- 

 
 
Arago wetland 

 Outbound movement of CW fish at Arago wetland was primarily driven by 

high water but lunar phase also influenced catch (Table 30, Figure 50).  In 2005, 

Coquille River levels, adjacent to the wetland, experienced a high-flow event 

which inundated the floodplain (Figure 51, river rose over 4m in two days and 

peaked March 30, 2005).  Catch of CW fish (Figure 52) increased dramatically as 

water levels receded and trapping resumed after the wetland restoration 

structure was overtopped.  Eighty-two percent of the CW fish at Arago wetland 

was caught after the high-water event (April 15 to May 9, 2005, trapping began 

December 29, 2004).  Catch after high water included 69% threespine 
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stickleback and 30% coho (30-160mm fork length).  Only one coho was caught 

prior to the high water.  Three lamprey sp.ammocetes were also caught in the 

egress trap at Arago wetland; one before high water (173mm) and two after high 

water (150 and 180mm).  Increased catch after April 15, 2005 was also 

associated with the first and last quarter of the moon phase (Table 30 and Figure 

52). 

 
Figure 50. Two views of response surfaces of outbound CW fish (fish/trap-check 
day) at Arago wetland to wetland water-surface elevation (m) and lunar phase, 
2005. 
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Figure 51. Daily average stage of the Coquille River and Arago wetland, January 
through May, 2005. 
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Figure 52. Increase in catch (fish/trap-check day) of CW fish at Arago wetland 
following a high-water event, spring 2005. 
 
Response of individual fish species 

 Enough juvenile salmon were caught in the egress trap at Lewis wetland 

and both the ingress and egress traps at LaCenter wetland to produce models 

with reasonable xR2 that related fish movements into and out of the wetlands to 

environmental variables.  At Lewis wetland, the most influential predictor of 

juvenile coho ingress was water temperature in the adjacent Bear River, followed 

by lunar phase (187 sample units, xR2=0.3612, Table 32).  Catch of coho 

entering Lewis wetland was greatest when river water temperature was 

approximately 6 ºC and when there was a full moon (Figure 53).  Daily average 

water temperatures of Lewis wetland was related to that of the Bear River 
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(simple regression, the double reciprocal model yielded the highest correlation, 

R2=0.69%, yielding a statistically significant relationship; F=836.17, d.f.=384, 

p<0.001). 

Table 32. Model predictors with sensitivity and tolerance values for juvenile coho 
salmon inbound at Lewis wetland, 2002-2005 (see Table 29 for variable 
abbreviations). 

Predictor Sensitivity Tolerance 
RivWt 0.2133 1.6344 
lunarD2 0.1291 5.6000 
RMx3dSD 0.0878 0.3607 
 

 
 
Figure 53. Response surface of inbound juvenile coho (log fish/trap-check day) 
entering Lewis wetland, 2004-2005. 
  
 At LaCenter wetland, 81% of inbound coho were caught from December 

through March.   The greatest catch of coho inbound was after high water when 

the water surface elevation in the wetland was slightly above the top of the riser 
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board and when the water surface elevation in the river had dropped (60 sample 

units, xR2=0.4381, Table 33, Figure 54). 

Table 33. Model predictors with sensitivity and tolerance values for juvenile coho 
salmon inbound at LaCenter wetland, December through March 2005-2006 (see 
Table 29 for variable abbreviations). 

Predictor Sensitivity Tolerance 
WetWSE 1.1325 0.0835 
RivWSE 0.5962 0.3500 
RivWtemp 0.3214 1.2952 
WetWtemp 0.1516 2.7613 
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Figure 54. Two views of response surfaces of inbound coho (fish/trap-check day) 
entering LaCenter wetland, December through March, 2005 and 2006. 
 
  Catch of juvenile coho and Chinook salmon were combined to analyze 

egress from LaCenter wetland.  The main predictor in the model was a one-day 

change in barometric pressure with lunar phase as the second most influential 

predictor (53 sample units, xR2=0.6566, Table 34, Figure 55).  Outbound catch of 

juvenile salmon in LaCenter wetland was greatest when there was a barometric 

pressure drop of 0.35mm Hg in one day and when there was a new moon. 
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Table 34. Model predictors with sensitivity and tolerance values for juvenile coho 
and Chinook salmon outbound at LaCenter wetland, 2005 and 2006 (see Table 
29 for variable abbreviations). 

Predictor Sensitivity Tolerance 
1-d change pressure 0.1356 0.0660 
lunar day 2 0.0541 2.4000 
 

 
 
Figure 55. Two views of response surfaces of juvenile coho and Chinook salmon 
(fish/trap-check day) leaving LaCenter wetland, 2005 and 2006. 
 



191 

 

 

Discussion 

 Whether fishes move into seasonal floodplain wetlands and reside for a 

substantial period during winter and spring (stayers) or enter and use floodplain 

wetlands temporarily and move back out (movers) depends on species, time of 

year and developmental stage in that particular environment.  Either way, fish 

appear to stay or move based on environmental cues and innate (genetic) 

behaviors to maximize fitness.  For example, while threespine stickleback were 

very common in the catch moving in and out of the wetlands, this number was 

small relative to their abundance in the wetlands. Thus, stickleback were really 

not a highly mobile species, but the numbers captured coming and going were 

likely just a small fraction of a very large population of threespine stickleback that 

resided in the wetlands.  Due to the body shape, small fins and slow swimming 

speed of the threespine stickleback, they are weak swimmers (Reimchen 1994).  

They can complete all of their life stages in floodplain habitats and prefer still or 

slow- flowing water and easily become entrained by high flows (Wydowski and 

Whitney 2003).  My observations and modeling results support the idea that fish 

seek seasonal floodplain wetlands and ingress/egress movements are dictated 

by environmental factors that vary by location, species, and life stage. 

Factors associated with ingress 

Movements of fish into and out of wetlands are influenced by 

environmental factors that vary by location, species and life stage.  Inbound 

movements of WW fishes into seasonal floodplain wetlands in the spring may be 

for spawning.  Wetlands provide preferred habitat for a variety of species (sunfish 
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sp., bullhead sp., banded killifish, carp/goldfish, perch, Centrarchids – WW and 

MOD fish attracted to the temperature, substrate, vegetation, and quiet water for 

spawning.  Inbound movement of fishes from the warm-water (WW) functional 

group at Smith-Bybee wetland was driven predominantly by warm water 

temperatures, likely related to spawning but also favorable for hatching young-of-

the-year or juveniles.  Maximum inbound catches of WW fish at Smith-Bybee 

wetland coincided with water temperatures at 17ºC and 25ºC.  For spawning 

species of sunfish, such as pumpkinseed and bluegill, seek shallow-water 

habitats with mud substrate and aquatic vegetation when water temperatures are 

in the range of 16.1ºC and 22.8ºC (Wydowski and Whitney 2003).  Sunfish spawn 

at two years of age and are 73mm fork length at this time (Wydowski and 

Whitney 2003).  The average size of sunfish sp. caught in May 2005 and 2006 

was 93mm fork length, therefore many ingressing fish were likely spawning 

adults.  Brown bullhead also seek mud substrate with macrophytes when water 

temperatures reach 21.1ºC and spawn when they are two to three years of age. 

Some of the bullhead entering Smith-Bybee wetland were spawning adults but 

many were juveniles.  Banded killifish do not build nets like sunfish sp. or brown 

bullhead but do require quiet water with aquatic vegetation and spawn (at 64mm 

fork length) when water temperatures reach 21.1ºC (Wydowski and Whitney 

2003).  The average size banded killifish caught in spring was 67mm fork length 

so many that entered Smith-Bybee wetland apparently were adults.   

Catch of inbound fish from the moderate (MOD) functional group at Smith-

Bybee wetland was associated with wetland water-surface elevation but time of 
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year and spawning behavior also may affect this response.  An unusually high 

abundance (higher than any other sample) of goldfish was caught in the inbound 

trap at Smith-Bybee wetland in spring 2005.  These goldfish were mostly adults 

(average 128mm fork length, maximum 240mm fork length) likely entering the 

wetland to spawn.  Goldfish spawn in shallow marshes beginning in April when 

water temperatures reach 12.8ºC (Wydowski and Whitney 2003).  From early to 

mid April 2005, average of the daily-averages of water temperature in Smith-

Bybee was 13.1ºC, ideal spawning temperature for goldfish.  

Abundance of CW fish in the ingess trap at LaCenter wetland was highest 

when the wetland was becoming inundated in November 2005.  A well-

documented pattern among juvenile coho salmon is their entry into off-channel 

habitats (Brown and Hartman 1988; Peterson 1982a; Peterson and Reid 1984) or 

tributaries (Skeesick 1970) with the occurrence of fall freshets.  Off-channel 

habitats are used by coho to overwinter and their growth (Swales and Levings 

1989) and survival rates (Cederholm et al. 1988) were greater than fish in river 

channels. 

Ingress of coho at Lewis and LaCenter wetlands was associated with 

environmental variables but they varied by site.  Juvenile coho that entered Lewis 

wetland primarily responded to river temperature rather than river stage.  The 

time of year that water temperature was between 4ºC and 8ºC, the range that the 

model determined that maximum catch occurred, was during the late-fall through 

February.  Ingress of coho into Lewis wetland was at maximum when Bear River, 

adjacent to the wetland, was approximately 6ºC.  When water temperature in the 
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Bear River was 6ºC, water temperature in Lewis wetland was 7.2ºC.  Since the 

optimal temperature for metabolism for juvenile coho is between 7ºC and 12ºC 

(Bjornn and Reiser 1991), the wetland may have been more favorable for growth 

than the river.  Coho responded secondarily to lunar phase; catch was greater 

when there was a full moon.  High tides are associated with a full moon 

(Swanson 1993).  The higher the tides, the further that water from the Bear River 

was pushed up the fish ladder and the less effort required for juvenile coho 

ascending the ladder.   

Catch of juvenile coho entering LaCenter wetland from December through 

March was greatest when the wetland water-surface elevation was 4.0 to 4.2 

meters (NAVD 1988).  This elevation corresponds with water levels that are at or 

slightly above the top of the riser board.  The elevation 4.2 meters was the 

maximum that the traps were fished.  The second predictor of this model was 

river water surface elevation.  The greatest catch of coho occurred not only when 

water was high in LaCenter wetland but when water downstream of the wetland 

restoration structure was lower than what was held behind the structure.  This 

condition describes the hydrology in the wetland during the falling limb of the 

hydrograph after a high water event, suggesting that juvenile coho entered as 

water receded from the floodplain, or that was the condition under which we were 

able to catch them. 

Factors associated with egress 

Egress of fishes in all three functional groups was related to water stage.  

Catch of outbound fish in the WW and MOD functional groups at Multnomah 
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North wetland was greatest when water-surface elevation in the wetland was at 

maximum, either at or above the top of the riser board and water surface 

elevation in Mulnomah Channel was between one and two meters and water 

flowed out of the wetland.  The NPMR models suggest that crappie sp. (WW 

group) and yellow perch (MOD group) egressed as the water level in the wetland 

receded. 

Both crappie sp. and yellow perch appeared to behave as ‘movers’ 

according to average catch rates in two-way and within wetland sampling.  They 

entered the wetland with high water and as the water in the wetland receded, the 

fish egressed.  Both species are usually found in larger water bodies and are 

often associated with structure (wood, Wydowski and Whitney 2003), not 

characteristic of seasonal floodplain wetlands. 

Outbound CW catch in the egress trap at Arago wetland was greatest 

after a high-water event inundated the floodplain and trapping resumed with 

receding water levels.  Catch included (in order of abundance): threespine 

stickleback, juvenile coho and lamprey.  Sommer et al. (2005) found that juvenile 

Chinook salmon emigration from seasonally inundated floodplain habitats of the 

Sacramento River was greatest during drainage.  They believed the peak in 

Chinook emigration from the Sacramento River floodplain resulted from receding 

flows forcing salmon off the floodplain rather than water temperatures or salmon 

life-history stage. 

The correlation of outbound CW fish at Arago wetland with the first and 

third quarters of the lunar phase is less apparent than receding water levels.  
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Since Arago wetland is not under tidal influence (48km upstream from the mouth 

of the Coquille River) fish were perhaps responding to lunar luminosity rather 

than the effect of the moon on tidal fluctuations.  The entrainment of fish and 

other animals to lunar rhythms (tides or moonlight) has been well documented 

(Neumann 1981).  Periods of rapid growth of juvenile coho were correlated with 

lunar phases (Fabridge and Leatherland 1987).  New and full moons were 

associated with periods of lower growth while more rapid growth occurred at the 

first and third quarters of the lunar phase.  Coho salmon feed primarily by sight 

and depend on illumination for feeding but it is not clear why they exhibited 

increased feeding activity at an intermediate level of lunar luminosity (Fabridge 

and Leatherland 1987), unless they avoid activity during the full moon to reduce 

the risk of avian predation.  Threespine stickleback begin spawning in May 

(Wydowski and Whitney 2003) when the pattern of egress with receding water 

was observed but there is no evidence that spawning activity is related to lunar 

phase as in other fish species (Rossiter 1991; Taylor 1984).  Threespine 

stickleback are visual predators and typically feed on macroinvertebrates in 

shallow habitats and zooplankton in the pelagic zone of lakes (Wydowski and 

Whitney 2003).  Increased densities of zooplankton and associated planktivorous 

fish densities have been associated with lunar phase (full moon, first and third 

quarters (Gliwicz 1986) but there is no apparent relationship between increased 

catch of threespine stickleback in the egress trap at Arago wetland with lunar 

cycle. 
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Juvenile coho and Chinook salmon egressed from LaCenter wetland in 

response to a drop in barometric pressure (-0.35mmHg/day) and a new moon.  

Catch of fishes tends to increase as barometric pressure drops because fish 

activity increases (Hoglund 2008).  Movements of black crappie in Brant Lake, 

South Dakota, were correlated with barometric pressure (Guy et al. 1992).  

Decreasing barometric pressure was also associated with increasing rainbow 

trout activity (Peterson 1972).  Outbound movements of juvenile coho and 

Chinook from LaCenter wetland could be partially explained by the synchronicity 

of lunar phase and thyroxine (T4), a hormone associated with smoltification. For 

three stocks of coho smolts in California, Grau et al. (1981) found that thyroxine, 

which rises to a distinct peak before returning to base levels during smotification, 

was synchronized to the new moon phase of the lunar cycle.  In addition, they 

found that plasma T4 peaks in Oregon and Washington stocks were also 

correlated with the occurrence of the new moon.  This suggests that those 

juvenile salmon leaving LaCenter wetlands may be undergoing smoltification, 

which, in concert with falling barometric pressure, prompted their departure.  

Sixty-six percent of the outmigrating juvenile coho and Chinook at LaCenter 

wetland left during April and May 2005 and 2006.  Of these, 88% of the 

outmigrating salmon in April were coho parr (116-154mm fork length) and 81% of 

the outmigrant salmon in May were coho parr (119-224mm fork length), both 

consistent with typical fork lengths of smolting coho (Bailey 1998; McMahon and 

Hartman 1988; Moser 1991). 
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Limitations of one-way and two-way catch data: hydrology, inter-annual variability 
and recruitment to gear 

 
 All one-way or two-way traps were subject to overtopping, except for the 

two-way traps set within the fish ladder at Lewis wetland.  In addition, fish 

circumvented traps that were not frequently overtopped if high water levels 

allowed passage through alternate ingress/egress channels or spillways.  

High-flow events that increased river stage above the top of the one-way 

or two-way traps limited sampling to low or moderate water levels only partially 

represented conditions that fish ingress/egress.  When traps were overtopped, 

fish likely swam over the tops and therefore, the catch did not accurately reflect 

the numbers and species of fishes moving between the river and floodplains.   

Data collected from one-way and two-way traps were insufficient for a 

census, or even an estimate, of fish actually entering or leaving the wetlands but 

they were useful for showing patterns of species presence as well as the relative 

numbers of fishes moving seasonally between riverine-floodplain systems.  They 

provided a series of snapshots through time of what species were caught, when, 

and under what environmental conditions, with the aforementioned sampling 

challenges.  While there are limitations in the data collected from inbound and 

outbound traps in seasonal floodplain wetlands, they provide further insight of 

fish use of floodplain habitats than within-wetland sampling alone. 

Summary of findings 

1.  The most common predictor of ingress and egress of all functional groups 

were primarily related to water-surface elevation.  Ingress of WW fish at Smith-
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Bybee wetland, however, was dependent primarily on daily average wetland 

water temperature (WetWt).  Juvenile salmon demonstrated seasonal patterns in 

movement into and out of wetlands and were linked to environmental variables 

and species traits.  At Lewis wetland, the most influential predictor of juvenile 

coho ingress was water temperature in the adjacent Bear River, followed by lunar 

phase.  Juvenile coho entering LaCenter wetland was associated with rising 

water level in the wetland from heavy precipitation in early winter.  Egress of 

juvenile coho and Chinook salmon at LaCenter wetland was associated with a 

barometric pressure drop of 0.35mm Hg in one day and a new moon.   

2. Fishes were further characterized as ‘movers’ or ‘stayers’ based their 

relative abundances in the ingress/egress traps compared with numbers 

captured within wetlands.  Threespine stickleback, young-of-the-year 

carp/goldfish, crappie sp. at Smith-Bybee wetland and Ladd Marsh, coho and 

young-of-the-year Chinook in LaCenter and McCarthy Creek wetlands did not 

appear to move back and forth between riverine-floodplain habitats.  They moved 

in upon rehydration of the wetland (before trapping resumed) or perhaps some of 

them survived summer low water in some of the wetlands and they remained 

until rain inundated the wetlands again in the fall.  Fishes that behaved as 

‘movers’ were crappie sp. at Multnomah North, Ruby and Wigeon Lake wetlands, 

and coho at Lewis and Arago wetlands.  Not all species, like the threespine 

stickleback, always adhered to one strategy.  Coho in coastal sites were ‘movers’ 

and in UCRE sites they were ‘stayers’.  This suggests variability in life-history 

types among fishes belonging to a species. 
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Chapter 6: Conclusion 
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 The impetus for this study was to discover whether and to what extent 

juvenile salmon use seasonal floodplain wetlands that had or were undergoing 

rehabilitation, and whether seasonal floodplain wetlands were predatory traps for 

juvenile salmon.  In order to challenge assumptions about juvenile salmon use of 

seasonal floodplain wetlands a community approach was necessary.  Without 

studying the entire community, I could not address some of the concerns for 

juvenile salmon use of floodplain wetlands related to exotic species.  There was 

little known about fish assemblages in seasonal floodplain wetlands in the Pacific 

Northwest and this study provided greater understanding of these temporally 

dynamic communities.  

In the spectrum of experimental ecology, observations provide the logical 

starting position from which to propose explanations or hypotheses (Underwood 

et al. 2000). Because of the limited understanding of fish communities in 

seasonal floodplain wetlands in the Pacific Northwest, the present study began 

by describing fish assemblages in floodplain wetlands where juvenile salmon had 

access during the winter and spring.  

Fish assemblages in seasonal floodplain wetlands within four regions 

(coastal, upper Columbia River estuary, Puget Sound and eastern Oregon and 

Washington) were ordered regionally by a precipitation gradient.  The wet, cool 

coastal environment had different fish assemblages than drier regions further 

inland.  Geologic processes partially govern regional distribution of fish species 

and species traits of native fish.  Volcanism, catastrophic flooding (Missoula 

Floods), and tectonic uplift that formed the mountains (Coast and Cascade 
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Ranges, Blue Mountains of northeast Oregon, and the plateau of the Columbia 

Basin) affect climactic patterns across the region.  At the coarsest scale, 

landforms provide the template (Southwood 1977; Southwood 1988) that allowed 

evolution to create characteristic species traits (Townsend 1994) of native fishes 

adapted to climatic and hydrologic regimes in the Pacific Northwest. 

In all regions, only about 60% of the fish species in the river were found in 

wetland sites.  Fish species present exclusively in rivers apparently did not 

posses traits that were compatible with floodplain wetlands and did not access or 

remain in wetlands.   

Native fish species dominated coastal and Puget Sound sites while exotic 

fishes were more abundant in UCRE and eastern Oregon/Washington sites.  

Native threespine stickleback was the most ubiquitos fish species in wetland 

sites west of the Cascade Range and salmonids were present in every site.  In 

regions where introduced fishes were common in the catch (UCRE and Eastern 

Oregon/Washington), the most common introduced fish was young-of-the-year 

carp/goldfish (<100mm fork length).   

Within regions, temporal patterns of fish species richness, diversity and 

relative abundance among sites was largely governed at a finer scale by 

watershed characteristics such as the hydrologic characteristics of amplitude and 

duration.  They were also related to basin size as well as patterns of 

precipitation, human population within the basins and history of species 

introductions therein.  Larger, more populated coastal basins had greater fish 

species richness and diversity of introduced fishes.  Wetlands within small, 
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sparsely populated coastal watersheds had very low exotic fish-species richness 

and diversity.  This may be because less densely populated areas have less 

propagule pressure (frequency of introductions and number of non-native 

species introduced) thus a lower probability of species introductions (Fuller 

2003).  In addition, the saline ocean environment limits dispersal of freshwater 

fishes among coastal rivers that discharge into the ocean.  Alternatively, fishes 

introduced anywhere within the Columbia River have eventual access to virtually 

all of its many sub-basins.  Dispersal in UCRE sites was facilitated particularly 

well in the lower, tidally influenced reach, where fish are transported up and 

downstream and into lower tributaries twice daily. 

The flow regime, largely based on watershed characteristics, is a major 

factor controlling floodplain wetland fish communities (Middleton 1999).  Floods, 

long thought to be a destructive force, are now recognized as an important part 

of the disturbance regime that maintains habitat heterogeneity and productivity 

on the floodplain (Sparks et al. 1990; Ward et al. 1999).  One of the premises of 

the Flood Pulse Concept is that native biota are adapted to take advantage of the 

productivity associated with inundation of the floodplain (Junk et al. 1989) and 

that fishes that are adapted to take advantage of the flood pulse benefit by 

greater biomass production per unit time compared with equivalent stable water 

bodies (Bayley 1995).  Production depends on the nature of the flood pulse 

(timing, rate of rise/fall and duration of inundation).  This is expected to be less in 

temperate regions than in the tropics where the Flood Pulse Concept was 

developed, because of the lower degree of predictability of the timing, amplitude, 
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and duration of flood events, (Bayley 1991).  Movements and growth of fish in 

UCRE wetlands are consistent with species adapted to benefit from floods.   

 At the species scale, habitat use within wetlands and movement into and 

out of seasonal floodplain wetlands was governed by fishes’ physiological 

response to ecological factors that varied regionally and seasonally between river 

and wetlands.  Some fish moved into seasonal floodplain wetlands and resided 

for substantial periods during winter and spring (stayers) while others used 

floodplain wetlands temporarily (movers).  Whether individual fish behaved as 

movers or stayers depended on species, time of year, and developmental stage 

of fish and environmental conditions in local wetlands.  Individual fish species 

and functional groups responded differentially to environmental predictors (water 

temperature, lunar phase, water stage) in wetland sites, further demonstrating 

complexity within assemblages. 

 Juvenile salmon were present in all seasonal floodplain wetland study 

sites.  Relative abundance of juvenile salmon and patterns of seasonal use of 

floodplain wetlands varied by region and among sites within regions.  Distinct 

patterns of juvenile salmon ingress and egress in UCRE sites demonstrated a 

more prolonged period of entry in to the wetlands (November through March) and 

a more contracted period of egress (April and May).   Juvenile salmon were 

present in wetland catch at coastal, Puget Sound and UCRE sites throughout the 

sampling season.  Juvenile Chinook salmon at Ladd Marsh in eastern Oregon 

entered during spring runoff as Catherine Creek backed up into Ladd Creek.  

Despite the variability in use by juvenile salmon, the extensive range (spatially 
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and temporally) of use suggests that floodplain wetlands may be important to 

some life-history types for rearing or to juvenile salmon as velocity refuge or 

resting areas during high-flow events. 

 The low relative abundance of piscivorous fishes in the wetland catch 

provided no evidence to support the widely held assumption that predation on 

juvenile salmon by bass or other predatory fishes is an overwhelming risk in 

floodplain wetlands compared to adjacent riverine habitat.  Most (99.9%) of the 

catch in wetland sites were small-bodied fish (<200mm fork length), mostly 

planktivorous or insectivorous species.  Native threespine stickleback was the 

most ubiquitous fish in seasonal floodplain wetlands west of the Cascade Range.  

Threespine stickleback in wetlands may further ameliorate potential risk of 

predation on juvenile salmon due to their high abundance and comparatively 

slow swimming speed. 

 Juvenile salmon abundance was associated with different environmental 

cues depending on whether they were caught within wetlands, entering, or 

leaving them.  The specific variables most strongly associated with juvenile 

salmon abundance also varied among sites perhaps due to local environmental 

characteristics and/or physiological and behavioral differences among genetic 

stocks.  For example, juvenile coho that entered Lewis wetlands responded to 

river water temperature and lunar phase, while ingress of coho at LaCenter 

wetland was greatest as water receded after a high-water event.  Juvenile 

salmon left LaCenter wetland during periods of falling barometric pressure and a 

new moon, likely related to seaward migration.   
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 Despite the many layers of complexity at various spatial and temporal 

scales, I discovered patterns in fish assemblages in seasonal floodplain wetlands 

and patterns of inbound and outbound movement in these wetlands by modeling 

response (abundance) against environmental predictors among functional groups 

and individual species.  These models provided insight into when (temporal, 

seasonal) and why fish enter, leave or remain in seasonal floodplain wetlands.  

Modeling revealed that species traits are associated with behaviors and habitat 

preferences of functional groups of fish.  Through modeling species traits, in 

conjunction with environmental variables, I found that some fish acted as 

‘movers’ and others as ‘stayers’ in seasonal floodplain wetlands.  Understanding 

the response of particular species or functional groups to environmental variables 

not only contributes to ecological understanding of the floodplain system, but can 

be useful to guide efforts to restore floodplain systems to a more self-sustaining 

level of functioning. 

 Given a list of fish species that inhabit a river adjacent to a new wetland 

rehabilitation site in the Pacific Northwest, information and analyses presented in 

this study should inform the restoration practitioner which species will be 

expected to enter the site if hydrologic connectivity is provided.  Models produced 

from this study may be used (tested) to project relative abundances of species 

and/or functional groups within wetlands and anticipate fish entering and leaving 

new sites.   

 While the nature of this study was to describe patterns of fish use in 

seasonal floodplain wetlands in the Pacific Northwest, the next step is to propose 
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specific hypotheses to be tested given the increased level of understanding.  Two 

specific areas that may be productive are: 1) investigating stock composition of 

juvenile salmon in riverine and floodplain habitats in lower tributary reaches of 

the UCRE, and 2) studying increases in native fish species relative abundance 

and diversity following high water compared with that of exotics and test for 

differences in resource use (feeding) and stranding rates.  
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Appendix 1: Study site descriptions. 

Lewis and Porter Point wetlands are part of the Willapa National Wildlife 

Refuge on the southern Washington coast (Figure 56).  The Lewis and Porter 

Point units were originally saltwater marshes converted to pastureland by dikes, 

ditches and drains in the early 1950's by the refuge to create more waterfowl 

feeding habitat (Anonymous 1980).  The original wetland restoration structures 

were tide-gates and flashboard-riser structures, which obstructed fish passage.  

The original structures were replaced in the summer of 2001 with structures that 

incorporated fish ladders in the design (pool-weir-chute Figure 1) to re-establish 

passage for anadromous fishes that once likely inhabited the streams that feed 

these two units, which are now freshwater wetlands.  Both structures have the 

same design with 12 pools and weirs.  The tide moves up and down the ladder 

submerging the lowermost weirs twice daily with high tides.  It was expected that 

rising tides would carry upstream-moving fish up the fish-way some distance and 

the velocity through the structures would be low (0.8 to 0.9 meters per second).  

Other design criteria included a minimum pool depth of 0.8 meters and minimum 

flow depth over the weirs of 15cm (Anonymous 2001). 
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Figure 56. Vicinity map of Lewis and Porter Point wetlands. 
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 The two unnamed streams that drain into the Lewis and Porter Point 

wetlands are small with drainage areas of 193 and 161 hectares respectively, 

and the wetland sites are a 52 and 60 hectares respectively.  These creeks drain 

into a channel at the toe of the dike and flows into the Bear River arm of Willapa 

Bay.  Historically, salmon, steelhead, and sea-run cutthroat had access to the 

feeder streams at Lewis and Porter Point and may have used them for spawning 

and/or rearing.  Before construction of the new structures, resident cutthroat trout 

were the only salmonids found within the streams draining into Lewis and Porter 

Point wetlands (Barndt 2000).  The USFWS planted chum and coho fry into the 

Lewis and Porter Point Units annually since 2002 (Baker and Miranda 2003).  

Lewis wetland is dominated by paulustrine emergent vegetation (68.6%) 

with paulustrine scrub shrub (11.7%), paulustrine unconsolidated bottom (15.8%) 

and non-delineated (3.9%) habitat types.  Porter Point wetland is also dominated 

by paulustrine emergent vegetation (66%), paulustrine forested (10.3%), 

paulustrine scrub shrub, and non-delineated (17.7%). 

While breaching dikes and removing tide-gates, letting restoration occur in 

a more passive fashion, is a common approach in coastal areas, it is not always 

possible.  Two restoration sites on the Oregon Coast are behind tide gates that 

cannot be breached due to multiple landowners, some of whom want to maintain 

the tide gates to prevent water from the Coquille River from backing up onto the 

floodplain and to facilitate drainage of the floodplain wetlands because their land 

is being used for agriculture. These restoration projects involve the installation of 
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water management structures to maintain water in the seasonal wetlands during 

the winter and spring.   

 Larson Slough wetland is on private land located north east of Coos Bay, 

Oregon, along the east side of Haynes Inlet (Figure 57).  At the mouth of Larson 

Slough is a recently replaced tide-gate, which is intended to allow the watershed 

to drain and keep out tidewater, yet allow fish to pass.  There are 32 hectares of 

formerly tidally influenced marsh behind a dike that was used for cattle pasture 

and is now under a conservation easement.  The NWI classifies vegetation types 

at Larson Slough wetland as 97.8% paulustrine emergent and 2.2% non-

delineated.  A structure that incorporated a fish ladder in the design was installed 

at Larson Slough wetland, 540m upstream on Larson Slough from Haynes Inlet, 

during the summer of 2003. 
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Figure 57. Vicinity map of the wetland site on Larson Slough. 
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 Arago wetland is an 83-hectare site that had been drained, ditched and 

was used as pasture for dairy cattle but is currently under a conservation 

easement (Figure 58).  This wetland is behind a tide-gate that must remain due 

to the interests of multiple landowners.  Restoration at this site involved filling 

linear, drainage ditches, restoring sinuous channels by reconnecting existing 

channel fragments, enhancing higher ground, and planting native, woody 

vegetation, creating wetland micro-topography and constructing a levee to 

protect the neighbor from flooding.  Vegetation classification is primarily 

paulustrine emergent (93.6%) with paulustrine scrub shrub (2.7%) and 

paulustrine unconsolidated bottom (0.3%).  A half-round wetland restoration 

structure (Figure 2) was installed during the summer of 2004.  A 1020m drainage 

ditch connects Arago wetland and the Coquille River.  Fishes from the Coquille 

River may enter the project site if enough water flows out through the ditch to 

open the tide-gate or at high water when the tide-gate is overtopped.  The 

Coquille River typically overtops the bank and floods Arago wetland annually. 
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Figure 58. Vicinity map of the wetland site near Arago, Oregon. 
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 Hoxit and Greenhead wetlands are located at river kilometer 59 and 27, 

respectively, on the Chehalis River (Figure 59).  Hoxit wetland is separated from 

the Chehalis River on the west by a levee and is above the zone of tidal 

influence.  A half-round riser wetland restoration structure (Figure 2) on the north 

end was constructed in 1996 to create a 6.5-hectare wetland for winter waterfowl 

habitat.  The site is dominated by reed canarygrass (Phalaris arundinacea L.).    

The NWI has classified 18.4% paulustrine emergent vegetation and 5.3% 

paulustrine unconsolidated bottom.  The remaining 76.3% is non-delineated.  An 

unnamed stream enters the wetland on the east side, which provides a positive 

water source and maintains relatively constant flow over the riser boards of the 

structure.  Fish can enter the wetland when water from the Chehalis River 

overtops its banks and flows laterally over the levee and into the wetland or if the 

river backs up into the egress channel and overtops the wetland restoration 

structure.  The wetland restoration structure has a 1.8m drop to an egress 

channel that flows out of the wetland, through the half-round riser, and joins the 

Chehalis River 0.8 km downstream.  There is a 5.4% probability of waters from 

the Chehalis River overtopping the wetland restoration structure annually and 

4.6% chance of the Chehalis River flowing laterally over the dike annually from 

November through April.  These values were calculated based on all daily 

average gage-height records at the Chehalis River at Porter (12031000), 

November through April, from 1987 to 2003 (Baker and Miranda 2003).   
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Figure 59. Vicinity map of Hoxit wetland. 
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Greenhead wetland is on the south bank of Metcalf Slough 5.1 km from 

the Chehalis River (Figure 60).  It is downstream of Hoxit wetland on the 

Chehalis River and is tidally influenced.  The wetland site is 32 hectares and has 

three half-round wetland restoration structures within the project boundary.   

There is no positive water source maintaining flow over the riser boards but 

Metcalf Slough overtops the wetland restoration structure at the egress channel 

multiple times during the winter and spring providing hydrologic connectivity for 

fish passage.  The dominant vegetation type in Greenhead wetland is paulustrine 

emergent (48.9%) with some paulustrine forested (15.3%) and paulustrine scrub 

shrub (10%) and a portion of the study site area is non-delineated (24.9%).   
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Figure 60. Vicinity map of Greenhead wetland. 
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 Cripple Creek is a proposed 60-hectare wetland restoration site on private 

property and has no wetland restoration structure (Figure 61).  The maximum 

surface area wetted during the season that Cripple Creek was sampled was 41-

hectares.  However, during every sampling event in 2004, water remained within 

the banks of Cripple Creek, which resembles a ditch in this reach, and Fryelands 

Ditch, only covering 0.8 hectares and did not spill out onto the adjacent floodplain 

during sampling.  In 2004, when fish sampling occurred at this site, cattle were 

grazed during the summer but the land was soon to be protected by a 

conservation easement, which would curtail grazing.  Cripple Creek runs 

southwest in a ditch that drains into Fryelands Ditch, which drains into French 

Creek, and eventually into the Snohomish River.  Before drainage ditches were 

excavated, fish likely had greater access to adjacent floodplains of Cripple Creek.  

French Creek is about one kilometer from the study site and is the nearest known 

salmon migration route.  Without a wetland restoration structure to hold water on 

the floodplain, water from Cripple and French Creeks does not frequently 

inundate the floodplain, consequently fish sampling was limited to the ditch that 

Cripple Creek now runs through.  Vegetation types on the wetland site is limited 

to 0.7% paulustrine unconsolidated bottom, which is a pond on the site, and the 

rest (99.3%) is non-delineated.  The site itself is heavily impacted, as is the 

watershed from ever growing residential development.  Further, the mouth of 

French Creek is severed from the Snohomish River by a huge levee.  A tide-gate 

allows water from French Creek to run into the Snohomish River at low tide but 

when the Snohomish River is higher than French Creek, water from French 
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Creek is pumped over the levee in the Snohomish River.  An Alaska fish pass 

ladder allows some degree of access to French Creek for fishes. 

 
Figure 61. Vicinity map of Cripple Creek wetland. 
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Ruby and Wigeon Lakes are located on the north end of Sauvie Island 

Wildlife Area, a state of Oregon wildlife refuge, and are connected to the 

Multnomah Channel by Cunningham Slough (Figure 62).  Ruby and Wigeon 

Lakes are 2.1 and 1.2 km, respectively, from Multnomah Channel.  There are no 

upland streams feeding Ruby and Wigeon Lakes.  The mouth of Cunningham 

Slough is 2.3 km from the Columbia River, which is tidally influenced in this area.   
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Figure 62. Vicinity of wetlands at Ruby and Wigeon Lakes. 
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The wetland restoration structures in place at Ruby and Wigeon Lakes are 

a full-round riser with reverse tide-gates (Figure 2).  They were installed in 2001; 

however, the riser boards in the Wigeon Lake structure were not installed until 

2003 so that water freely flowed in the tidal channel in 2002 for comparative 

purposes.  When the tide is higher than water behind the water control structure, 

the reverse tide-gate opens allowing fish to enter or leave through the wetland 

restoration structure as water flushes into the wetland.  When the tide goes back 

down, the tide-gate shuts, holding water in the wetland.  There are three other 

ways that fish may enter or leave the wetlands with this type of wetland 

restoration structure:  1) over the dike and wetland restoration structure during a 

high-flow event; 2) over the riser boards when water is flowing over or is backed 

up from the slough; and 3) through the experimental fish bypass.  Because there 

is no positive water source to maintain flow over the riser boards, wetland 

restoration structures require adjustment by removing or placement of riser 

boards to maximize hydrologic connectivity.  Ruby Lake is a 10-hectare wetland 

site with 79.7% paulustrine emergent, 9.9% paulustrine forest, 5.9% paulustrine 

scrub shrub, and 4.5% paulustrine unconsolidated bottom vegetation types.  

Wigeon Lake is a 5-hectare site with 56.2% paulustrine unconsolidated bottom, 

32.9% paulustrine forest, and 10.9% paulustrine emergent vegetation types. 

Multnomah North is a 17-hectare wetland restoration site on the west bank 

of Multnomah Channel (Figure 63) owned and managed by Metro, Portland’s 

regional government.  This site was privately owned until 1997 when it was 

bought by Metro.  The site has a long history of agricultural use and has been 
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modified for that purpose.  It was most recently used as pasture for cattle.  The 

landowner extensively graded the land including filling and diverting creek 

channels.  Crabtree Creek, which formerly flowed through Multnomah North was 

diverted and now flows through and adjacent wetland to the south.  There is no 

positive flow through Multnomah North wetland but there is a tidal channel that 

connects the wetland with Mulnomah Channel.  A wetland restoration structure 

with two half-round risers was placed at the mouth of the tidal channel to hold 

water inundating the wetland during the winter and spring to suppress reed 

canarygrass and provide winter waterfowl habitat.  The structure has reverse 

tide-gates to let water into the wetland when the water-surface elevation is higher 

outside of the wetland and closes when water surface elevation inside the 

wetland is higher.  Fishes have access into the wetland when the reverse tide-

gate is open or when the risers and structure are overtopped.  Fish have egress 

over the riser boards and through a fishway built into the structure in which fish 

enter a 25-cm diameter culvert from the wetland that flows out into the tidal 

channel on the other side.  The study sites are seasonal wetlands that dry up 

during the summer except for some water that remains in the shallow ponds and 

tidal channels.  The vegetation types classified at Multnomah North are 

paulustrine emergent (35.9%), paulustrine scrub shrub (25.2%) and non-

delineated (38.9%). 
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Figure 63. Vicinity map of Multnomah North (above) and McCarthy Creek (below) 
wetlands. 

 



243 

 

 

McCarthy Creek wetland is on the west bank of Multnomah Channel 4 km 

upstream from Multnomah North wetland (Figure 63).  It is privately owned land 

under a conservation easement.  As the name suggests, McCarthy Creek runs 

through the wetland.  It is a perennial stream.  At low flows, incoming tide backs 

McCarthy Creek up twice daily.  Beaver that have dammed water to the north of 

the creek inhabits adjacent floodplain wetlands.  The site is comprised of 45.7% 

paulustrine forest, 31.1% paulustrine emergent, and 23.1% paulustrine scrub 

shrub. 

Smith and Bybee Wetlands Natural Area, located in North Portland, is a 

400-hectare site owned and managed by Metro (Figure 64).  Historically 

surrounded by a maze of slough channels and wetlands it now lies among 

commercial developments, port terminals, warehouses, and also the now-

closed St. Johns Landfill, a former wetland that was filled and served as 

Portland’s primary garbage disposal site from 1940 to 1991. Smith and Bybee 

wetland is connected to the Willamette River via the Columbia Slough and North 

Columbia Slough, a distance of 4.4 km from the Willamette River for migrating 

salmonids.  During fall 2003, a wetland restoration structure that restricted fish 

passage was replaced with a structure that incorporated a fish ladder in its 

design.  With the installation of the new structure came a change in 

management.  Previous to the new structure, the wetlands were impounded in 

response to a suspected avian botulism outbreak in the early 1980s.  The 

impoundment was intended to disperse wintering waterfowl and reduce the 

spread of future outbreaks.  After the installation of the new structure, the 
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wetlands were managed as seasonal floodplain wetlands, their condition prior to 

development on the floodplain.  The change in management of the wetlands was 

intended to suppress reed canarygrass, encourage native vegetation and provide 

seasonal habitat for rearing juvenile salmon.  The vegetation classification for 

Smith and Bybee wetlands includes 48.7% paulustrine scrub shrub, 28.2% 

paulustrine emergent, 21.7% lacustrine littoral and 1.4% riverine.   

 
Figure 64. Vicninty map of Smith-Bybee Wetlands Natural Area. 

 
LaCenter Bottoms is a 54-hectare project in which an existing structure 

intended to drain water from the land was replaced by a structure to retain water 

and pass fish (Figure 65).  The site was also re-vegetated with native trees and 

the drainage ditch was re-contoured.  This area was cleared of almost all woody 

vegetation in the 1920’s and improved for farming in the 1930’s with the addition 
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of drainage ditches and a flood-control dike along the river.   The dike had three 

culverts with screw gates at the outlet of the main ditch draining to the East Fork 

Lewis River.  The screw gates had broken away from the pipes and no longer 

functioned to keep floodwater out.   Although there are no dams on the East Fork 

Lewis River, hydrology at LaCenter Bottoms is affected by the Columbia River, 

5.6 km downstream, which is significantly affected by main stem dams.  The East 

Fork Lewis River is under tidal influence at LaCenter and high water typically 

inundates the entire project area at least annually but usually multiple times 

during the winter and spring.  The area typically inundated and available for fish 

use is about 6 hectares and includes two ponds, one with a pool-weir-chute 

wetland restoration structure (with a fish ladder incorporated in the design), and 

channels connecting the ponds to the East Fork Lewis River.   
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Figure 65. Vicinity map of wetland at LaCenter, Washington. 
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The site is dominated by paulustrine emergent vegetation (98.5%).  Reed 

canarygrass had taken over the site but appear to be diminishing after restoration 

efforts.  The remaining 0.1% and 1.4% of the site are classified as riverine and 

non-delineated habitat types.  There are no perennial streams on this property, 

although approximately one hectare holds water through the summer months.  

This majority of the property at this site is owned by Clark County but there are 

some private and state lands in the project area.  Vancouver-Clark Parks and 

Recreation Services manage the site for Clark County. 

 The Satus Wildlife area, part of the Yakama Indian Reservation, is located 

on the west bank of the Yakima River, 18 km southeast of Toppenish 

Washington (Figure 66).  Agriculture is very important in this part of Washington 

and includes fruit, vegetable and livestock production.  More recently, vineyards 

have become prevalent on the landscape.  The Yakima River’s flow regime has 

been altered by five storage reservoirs and irrigation diversions that serve 

464,000 acres of irrigable land (http://www.kid.org\yakimaproject.htm).  Cattle 

and buffalo still graze land on Satus Wildlife area.  The 98-hectare wetland site is 

in a low-gradient reach that meanders southward to the Columbia River 118 km 

downstream.  It is composed of 49% lacustrine littoral, 29.6% paulustrine 

emergent, 11.9% paulustrine aquatic bed, 4.4% paulustrine scrub shrub, 0.4% 

paulustrine forest vegetation types and 4.7% non-delineated land.  Many old 

oxbow ponds and sloughs in the floodplain have varying degrees of connectivity 

with the Yakima River, according to river levels. Three oxbow ponds: Sumac, 

Corral, and Circle Lakes, are dominant features on the floodplain.  Many of these 
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ponds and sloughs have been choked with exotic water lilies due to levee 

development and reduced duration of flooding from impoundments (T. Hammes, 

Wildlife Biologist, Yakama Nation, pers. comm.).  Low-head (1 m), half-round 

riser structures and adjacent spillways in the floodplain provide partial control of 

water levels in the floodplain and allow management of water flow through the 

wetland. There are sixteen half-round riser wetland restoration structures on this 

site.  This management activity has resulted in the senescence of the lily 

infestations and re-establishment of native vegetation important to waterfowl, 

such as sago pondweed.  Waterfowl has responded to these management 

activities positively, measured by increased abundance and diversity of wintering 

ducks (T. Hammes, Wildlife Biologist, Yakama Nation, pers. comm.). 
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Figure 66. Vicinity map for wetland at Satus Wildlife Area. 
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Ladd Marsh Wildlife Area is part of the Oregon State refuge system.  It is 

in the Grande Ronde Valley in what remains of Tule Lake, a historic wetland at 

the confluence of Catherine Creek and the Grande Ronde River at about 850 m 

elevation (Figure 67).  Tule Lake once encompassed 5,000 to 10,000 acres in 

the spring and early summer from spring runoff backing up water onto the old 

lakebed.  Extensive drainage and channelization of small streams occurred in the 

late 1800's and early 1900's to "reclaim" this area for agricultural production, thus 

diminishing this important habitat.  Oregon Department of Fish and Wildlife's 

Ladd Marsh Wildlife Area has restored about 1500 acres of the old Tule Lake 

wetland.   
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Figure 67. Vicinity map of wetland at Ladd Marsh Wildlife Area. 
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During the fall of 2002 about 3.2 km of straightened Ladd Creek was 

restored as well as a portion of historic Tule Lake, 72 hectares of wetland 

accessible to fishes.  Two pool-weir-chute wetland restoration structures were 

installed in the reconstructed Ladd Creek, in serial fashion, to recreate some of 

the historic wetland.  Vegetation type classification (7.4% paulustrine emergent, 

1.9% paulustrine unconsolidated bottom, 90.7% non-delineated) reflects land-

use impacts. 
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Appendix 2.  Models to estimate wetland surface areas and volumes. 

Site Surface area  models: r2 
Arago (194.8271)/(1+(5376908)*EXP{-(1.00306)*(ELEVATION__ft_)}) 0.999 
Cripple Creek (149.7933)/(1+(13617.2)*EXP{-(.7401348)*(ELEVATION__ft_)}) 0.997 
LaCenter (-52.02027)*EXP(-(-8.090913E-02)*(elev))+(7.645442)*EXP(-(-.2568777)*(elev)) 0.985 
Larson Slough (103.5949)/(1+(1.736985)*EXP{-(1.612205)*(elev)}) 1.000 
McCarthy Creek (6.893374)/(1+(10183.84)*EXP{-(1.385744)*(ELEVATION__ft_)}) 0.999 
Multnomah North (elevation*8.25)-43.8 0.991 
Ruby Lake (31.07321)/(1+(1.040515)*EXP{-(.2294326)*(Elevation__ft_)}) 0.989 
Smith-Bybee ((918.6133-(387.3194)*(Elevation__Ft_)+(40.75946)*(Elevation__Ft_)^2)/(1-

(.3661057)*(Elevation__Ft_)+(.0381646)*(Elevation__Ft_)^2)) 
1.000 

Wigeon Lake (11.75795)/(1+(9.520827)*EXP{-(.7169994)*(elev)}) 1.000 
 
Site Volume models: r2 
Arago (1337.502)/(1+(1.045118E+08)*EXP{-(1.058873)*(ELEVATION__ft_)}) 1.000 
Cripple Creek (1253.643)/(1+(8017.132)*EXP{-(.5221716)*(ELEVATION__ft_)}) 0.998 
LaCenter ((elev*2.164)-22.5)^2.5 0.992 
Larson Slough (400.848)/(1+(12.023)*EXP{-(1.255476)*(elev)}) 1.000 
McCarthy Creek ((elev*0.79)-3.19)^2 0.993 
Multonmah North (365.5196)/(1+(1829.51)*EXP{-(.6290904)*(ELEVATION__ft_)}) 0.999 
Ruby Lake (166.3371)/(1+(106.6907)*EXP{-(.6538645)*(Elevation__ft_)}) 0.999 
Smith/Bybee ((4684.921-(1886.312)*(Elevation__Ft_)+(188.9159)*(Elevation__Ft_)^2)/(1-

(6.027146E-02)*(Elevation__Ft_)+(1.036864E-02)*(Elevation__Ft_)^2)) 
1.000 

Wigeon Lake (-44.08381)+(11.05629)*(elev) 1.000 
 
Sites with stable water-surface elevation include: Greenhead, Hoxit, Ladd Marsh, Lewis, Porter Point, and Satus.
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Appendix 3:  Water temperature models (Chapter 2). 
Model variables Description 
A_Davg Daily average air temperature from the nearest weather station 
A_Dmin Daily minimum air temperature from the nearest weather station 
A_Dmax Daily maximum air temperature from the nearest weather station 
3dRavMin1dL 3d rolling average of the daily minimum air temperature with a 1d lag 
A_Davg4d1dlag 4d average of the daily average air temperatures with a 1d lag 
4dcumA_Davg1dL 4d cummulative daily average air temperatures with a 1d lag 
3dAvgA_Dmax 3d average of the daily maximum air temperatures 
logPPT2 Log (precipitation+2) 
3dAvgA_Dmin1dL 3d average of the daily minimum air temperature with a 1d lag 
3dAvgA_Dmax0.75 3d average of the daily maximum air temperatures to the 0.75 power 
 
Model # Site SU Date Date range 

modeled 
Model (daily average water temperatures) r2 

1 Arago  12/15/2004 12/2/04-12/15/04 Wtemp=(A_Davg*0.84)+(A_Davg4d1dlag*-0.45)+ 
(logPPT2*1.8)+2.6 

0.84 

2  1/18/2006 1/5/06-1/16/06 Wtemp=(A_Davg*0.8)+(A_Davg4d1dlag*0.55)-3.4 0.80 
3 Cripple Creek 4/20/2004 4/7/04-4/20/04 Wtemp=(A_Dmin*0.087)+(3dRavDmin1dL*0.37)+4.456 0.73 
4  6/10/2004 5/28/04-6/10/04 Wtemp=(A_Dmin*0.087)+(3dRavDmin1dL*0.37)+4.456 0.73 
Model # Data used in model development 
1 used 12/17/03-1/15/04 Arago Davg water temperature and climate data from North Bend, OR 
2 used 1/17/06-2/28/06 Davg water tempemerature at Arago and climate data from North Bend, OR 
3 12/3/03-3/2/04 daily average water temperature at Cripple Ck. and air temperature data from Everett, WA
4 12/3/03-3/2/04 daily average water temperature at Cripple Ck. and air temperature data from Everett, WA
Climate data were obtained from the Western Regional Climate Center (http://www.wrcc.dri.edu/index.html) or National Oceanic and Atmospheric 
Administration’s National (NOAA) Climatic Data Center (http://www.ncdc.noaa.gov/oa/ncdc.html).  
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Appendix 3 (cont.).  Water temperature models. 
Model # Site SU Date Date range 

modeled 
Model (daily average water temperatures) r2 

5 Greenhead 1/10/2002 12/28/01-1/10/02 Wtemp=(HW Davg Wtemp*0.6144)+3.08 0.83
6  3/20/2002 3/7/02-3/20/02 Wtemp=(HW Davg Wtemp*0.6144)+3.08 0.83
7  6/8/2002 5/26/02-6/8/02 Wtemp=(HW Davg Wtemp [modeled-see comment]* 

0.6144)+3.08 
0.83

8  1/8/2003 12/26/02-1/8/03 Wtemp=(A_Davg*0.186)+(4dcumA_Davg1dL)+2.84 0.97
9 Hoxit 1/9/2002 12/27/01-1/7/02 Wtemp=(A_Davg4d1dL*0.289)+(A_Dmax*0.203)+3.4 0.76
10  6/7/2002 6/6/02-6/7/02 Wtemp=(A_Davg*0.23)+(A_Davg4d1dL*0.388)+8.71 0.90
11  1/9/2003 12/27/02-12/30/02 Wtemp=(A_Davg*0.204)+(4dcumA_Davg1dL*0.1164)+3.1 0.95
12 LaCenter 11/21/2003 11/20/03-11/21/03 Wtemp=(A_Davg*0.557)+(A_Dmax^0.7*1.27)-4.45 0.91
13  2/3/2004 1/22/04-2/3/04 Wtemp=(A_Davg*0.2035)+(A_Davg4d1dL*0.516)+3.08 0.68
 
Model # Data Used In Model Development 
5 used Greenhead and Hoxit water temperature data Jan-July 2003 
6 used Greenhead and Hoxit water temperature data Jan-July 2003 
7 used Greenhead and Hoxit water temperature data Jan-July 2003; Hoxit water temperature data modeled  

[Hoxit water temperature =(A_Davg*0.23)+(A_Davg4d1dlag*0.388)]; r2=0.90; used mid-may-early June 
Hoxit water temperature data, 2002 and Olympia climate data;  

8 used Greenhead water temperature and Olympia climate data 1/9/03-1/31/03 
9 used Hoxit Davg water temperature and climate data from Olympia 1/8/02-2/15/02 
10 used 5/1/02 to 6/5/02 Hoxit water temperature data from 2002 and Olympia climate data 
11 used Hoxit Davg water temperature and climate data from Olympia 12/31/02=1/31/03 
12 used early 11/4-11/19 2003 LaCenter water temperature and Vancouver climate data 
13 used LaCenter water temperature and Vancouver climate data 2/4-2/29 2004 



256 

 

 

Appendix 3 (cont.).  Water temperature models. 
Model # SITE SU DATE Date Range 

modeled 
MODEL (daily average water temperatures) r2 

14 Ladd Marsh 4/3/2003 3/21/03-4/1/03 Wtemp=(3dAvgA_Dmin1dL*0.3)+(Dmax*0.25)+ 
(3dAvMax*0.31)+0.93 

0.72 

15  4/28/2004 4/15/04-4/28/04 Wtemp=(upstream Davg Wtemp Ladd Ck *1.02)-0.089 1.00 
16  6/18/2004 6/18/2004 Wtemp=(upstream Davg Wtemp Ladd Ck *1.02)-0.089 1.00 
17 Larson Slough 4/13/2004 3/31/04-4/13/04 Wtemp=(3dRavMin1dL*0.521)*(A_Davg*0.8157)+0.92 0.74 
18  6/2/2004 5/20/04-6/2/04 Wtemp=(A_Davg^0.7*3.56)+(3dRavMin1dL*0.546)+ 

(A_Dmax-0.333)-4.137 
0.63 

19  12/16/2004 12/3/04-12/7/04 Wtemp=(A_Dmax*0.5238)+(3dRavMin1dL*0.449)+2.58 0.83 
20  1/17/2006 1/4/06-1/17/06 Wtemp=(A_Davg*0.157)+(3dRavMin1dL*0.306)+2.9 0.90 
 
Model # Data Used In Model Development 
14 LMW Davg Wtemp and climate data from LaGrande 3/5/04-4/30/04  
15 used daily average water temperature from a temperature logger upstream on Ladd Ck 3/10/04-4/30/04 
16 used daily average water temperature from a temperature logger upstream on Ladd Ck 3/10/04-4/30/04 
17 Apr-May 2004 daily average water temperature data at LSW and North Bend air temperature  
18 North Bend air temperature and LSW daily average water temperature from 4/15/04-5/15/04 
19 North Bend air temperature and LSW daily average water temperature from 12/3/04-12/8/04 
20 1/18/06-2/28/07 daily average water temperature and North bend air temperature 
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Appendix 3 (cont.).  Water temperature models. 
Model # SITE SU DATE Date Range 

modeled 
MODEL (daily average water temperatures) r2 

21 Lewis 12/3/2001 11/20/01-12/3/01 Wtemp=(A_Dmin*-0.08)+(3dRavMin1dL*0.63)+1.18 0.69
22  12/9/2002 11/26/-2-12/9/02 Wtemp=(A_Dmin*-0.08)+(3dRavMin1dL*0.63)+1.18 0.69
23  12/9/2003 11/26/03-12/9/03 Wtemp=(A_Dmin*-0.08)+(3dRavMin1dL*0.63)+1.18 0.69
24  1/27/2004 1/14/04-1/26/04 Wtemp=(A_Dmin*-0.08)+(3dRavMin1dL*0.63)+1.18 0.69
25  6/29/2004 6/29/2004 Wtemp=(A_Dmin*0.144)+(3dAvgA_Dmax*0.41)+8.6 0.68
26  10/15/2004 10/2/04-10/15/04 Wtemp=(A_Dmin*-0.08)+(3dRavMin1dL*0.63)+1.18 0.69
27  11/18/2004 11/5/04-11/18/04 Wtemp=(A_Dmin*-0.08)+(3dRavMin1dL*0.63)+1.18 0.69
 
Model # Data Used In Model Development 
21 used Lewis Davg Wtemp and climate data from Longbeach, WA 11/19/04-12/31/04 
22 used Lewis Davg Wtemp and climate data from Longbeach, WA 11/19/04-12/31/04 
23 used Lewis Davg Wtemp and climate data from Longbeach, WA 11/19/04-12/31/04 
24 used Lewis Davg Wtemp and climate data from Longbeach, WA 11/19/04-12/31/04 
25 used 5/15/03-6/8/03 data Davg Wtemp and climate data from Astoria 
26 used Lewis Davg Wtemp and climate data from Longbeach, WA 11/19/04-12/31/04 
27 used Lewis Davg Wtemp and climate data from Longbeach, WA 11/19/04-12/31/04 
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Appendix 3 (cont.).  Water temperature models. 
Model # SITE SU DATE Date Range 

modeled 
MODEL (daily average water temperatures) r2 

28 McCarthy Ck. 12/19/2002 12/6/02-12/19/02 Wtemp=(MN Davg Wtemp*0.846)+1.354 0.90
29  2/11/2003 1/29/03-2/11/03 Wtemp=(MN Davg Wtemp*0.846)+1.354 0.90
30  4/10/2003 3/28/03-4/10/03 Wtemp=(MN Davg Wtemp*0.846)+1.354 0.90
31  6/5/2003 5/23/03-6/5/03 Wtemp=(MN Davg Wtemp*0.846)+1.354 0.90

32  12/23/2003 12/7/03-12/23/03 
Wtemp=(MN Davg [modeled - see comment] 
Wtemp*0.846)+1.355 0.90

33  1/29/2004 1/16/04-1/29/04 
Wtemp=(MN Davg [modeled - see comment] 
Wtemp*0.846)+1.355 0.90

34  3/18/2004 3/5/04-3/18/04 
Wtemp=(MN Davg [modeled - see comment] 
Wtemp*0.846)+1.355 0.90

35  1/6/2006 12/24/05-1/6/06 
Wtemp=(MN Davg [modeled - see comment] 
Wtemp*0.846)+1.355 0.90

36  2/22/2006 2/9/06-2/22/06 
Wtemp=(MN Davg [modeled - see comment] 
Wtemp*0.846)+1.355 0.90

37  4/6/2006 3/24/06-4/6/06 
Wtemp=(MN Davg [modeled - see comment] 
Wtemp*0.846)+1.355 0.90
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Appendix 3 (cont.).  Water temperature models. 
Model # Data Used In Model Development 
28 used Multnomah North (MN) daily average water temperature data from Nov 04-Jun05 and related to 

McCarthy Creek (MC) during the same period 
29 used MN daily average water temperature data from Nov 04-Jun05 and related to MC during the same period
30 used MN daily average water temperature data from Nov 04-Jun05 and related to MC during the same period
31 used MN daily average water temperature data from Nov 04-Jun05 and related to MC during the same period
32 modeled MC daily average water temperature from MN daily average water temperature (modeled) from 

12/7/03-12/23/03; MN water temperature was modeled to and adjacent wetland unit, Multnomah South (MS); 
MN and MS were related by daily average water temperatures from 12/12/02-6/23/03 MN Davg Wtemp=(MS 
Davg Wtemp*0.986)+0.83; r2=0.95 

33 Modeled MC daily average water temperature from MN daily average water temperature (modeled) from 
1/16/04-1/29/04, otherwise same as 12/23/03 

34 Modeled MC daily average water temperature from MN daily average water temperature (modeled) from 
3/5/04-3/18/04, otherwise same as 12/23/03 

35 Modeled MC daily average water temperature from MN daily average water temperature (modeled) from 
12/24/05-1/6/06, otherwise same as 12/23/03 

36 Modeled MC daily average water temperature from MN daily average water temperature (modeled) from 
2/9/06-2/22/06, otherwise same as 12/23/03 

37 Modeled MC daily average water temperature from MN daily average water temperature (modeled) from 
3/24/06-4/6/06, otherwise same as 12/23/03 
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Appendix 3 (cont.).  Water temperature models. 
Model # SITE SU DATE Date Range 

modeled 
MODEL (daily average water temperatures) r2 

38 Multnomah North 12/27/2001 12/14/01-12/27/01 Wtemp=(Davg Wtemp MS[modeled-see 
comment]*0.9384)+0.5352 

0.85

39  1/29/2002 1/16/02-1/29/02 Wtemp=(Davg Wtemp MS*0.986)+0.83 0.95
40  3/5/2002 2/20/02-3/5/02 Wtemp=(Davg Wtemp MS*0.986)+0.83 0.95
41  4/9/2002 3/27/02-4/9/02 Wtemp=(Davg Wtemp MS*0.986)+0.83 0.95
42  6/4/2002 5/22/02-6/4/02 Mnwtemp=(A_Davg*-0.0793)+ 

(3dAvgA_Dmax0.75*0.431)+13.453 
0.82

43  7/17/2002 7/4/02-7/17/02 Mnwtemp=(A_Davg*-0.0793)+ 
(3dAvgA_Dmax0.75*0.431)+13.453 

0.82

44  12/16/2003 11/30/03-12/16/03 Wtemp=(MS Davg Wtemp*0.986)+0.83 0.95
45  2/4/2004 1/22/04-2/4/04 Wtemp=(MS Davg Wtemp*0.986)+0.83 0.95
46  3/30/2004 3/17/04-3/30/04 Wtemp=(MS Davg Wtemp*0.986)+0.83 0.95
47  5/18/2004 5/4/04-5/18/04 Wtemp=(MCW Davg Wtemp*1.07)-0.335 0.90
48  3/2/2005 2/17/05-3/2/05 Wtemp=(MCW Davg Wtemp*1.07)-0.335 0.90
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Appendix 3 (cont.).  Water temperature models. 
Model # Data Used In Model Development 
38 used MS 1/17/01-2/28/02 Davg Wtemp and Scappoose climate data to model MS Davg Wtemp  

(12/14/01-12/17/01) then related MS to MN using Davg Wtemp 12/12/02-1/31/03;  
MSwtemp=(A_Davg*0.35)+(3dRavMin1dL*0.203)+4.47; r2=0.87 

39 used Nov 02-July 03 Davg Wtemp for MN and MS  
40 used Nov 02-July 03 Davg Wtemp for MN and MS  
41 used Nov 02-July 03 Davg Wtemp for MN and MS; MS modeled 4/8/02 and 4/9/02; used MS 1/17/01- 

2/28/02 Davg Wtemp and Scappoose climate data MSwtemp=(A_Davg*0.35)+(3dRavMin1dL*0.203)+ 
4.47; r2=0.87 

42 used MN Davg Wtemp and Scappoose climate data 6/4/03-6/30/03 
43 used MN Davg Wtemp and Scappoose climate data 6/4/03-6/30/03 
44 used MS and MN Davg Wtemp Nov 02-Jul 03 
45 used MS and MN Davg Wtemp Nov 02-Jul 03 
46 used MS and MN Davg Wtemp Nov 02-Jul 03 
47 used MN and MCW Davg Wtemp Nov04-June05 
48 used MN and MCW Davg Wtemp Nov04-June05 
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Appendix 3 (cont.).  Water temperature models. 
Model # SITE SU DATE Date Range 

modeled 
MODEL (daily average water temperatures) r2 

49 Porter Point 12/4/2001 11/21/01-12/4/01 Wtemp=(A_Dmax*-0.135)+(3dAvgA_Dmax*0.825)+ 
(logPPT2*3.19)-0.9 

0.69 

50  12/10/2002 11/27/02-12/10/02 Wtemp=(A_Dmax*-0.135)+(3dAvgA_Dmax*0.825)+ 
(logPPT2*3.19)-0.9 

0.69 

51  6/11/2003 6/10/03-6/11/03 Wtemp=(A_Dmax*-0.127)+(3dAvgA_Dmax*0.6)+9.86 0.77 
52  12/10/2003 11/27/03-12/10/03 Wtemp=(A_Dmax*-0.135)+(3dAvgA_Dmax*0.825)+ 

(logPPT2*3.19)-0.9 
0.69 

53  1/28/2004 1/15/04-1/26/04 Wtemp=(A_Dmax*-0.135)+(3dAvgA_Dmax*0.825)+ 
(logPPT2*3.19)-0.9 

0.69 

54  11/19/2004 11/6/04-11/18/04 Wtemp=(A_Dmax*-0.135)+(3dAvgA_Dmax*0.825)+ 
(logPPT2*3.19)-0.9 

0.69 

 
Model # Data Used In Model Development 
49 used Porter Point (PP) daily average water temperature and climate data from Longbeach, WA 

11/19/04-12/31/04 
50 used PP daily average water temperature and climate data from Longbeach, WA 11/19/04-12/31/04 
51 used PP daily average water temperature and climate data from Longbeach, WA 5/15/03-6/8/03 
52 used PP daily average water temperature and climate data from Longbeach, WA 11/19/04-12/31/04 
53 used PP daily average water temperature and climate data from Longbeach, WA 11/19/04-12/31/04 
54 used PP daily average water temperature and climate data from Longbeach, WA 11/19/04-12/31/04 
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Appendix 3 (cont.).  Water temperature models. 
Model # SITE SU DATE Date Range modeled MODEL (daily average water temperatures) r2 
55 Ruby Lake 12/3/2002 11/20/02-11/26/02 Wtemp=(A_Davg*0.29)+(A_Davg4d1dlag*0.4032)+ 

(A_Dmax*-0.132)+(logPPT2*-5.08) 
0.61

56  12/2/2003 11/19/02-12/2/02 Wtemp=(MS Davg Wtemp*0.967)+.544 0.95
57 Satus wetland 1/4/2002 12/22/01-1/4/02 Wtemp=(A_Davg*0.207)+(A_Davg4d1dlag*0.45)+5.67 0.93
58  3/26/2002 3/13/02-3/26/02 Wtemp=(A_Davg*0.207)+(A_Davg4d1dlag*0.45)+5.67 0.93
59  7/10/2002 6/27/02-7/10/02 Wtemp=(A_Davg*0.207)+(A_Davg4d1dlag*0.45)+5.67 0.93
 
 
Model # Data Used In Model Development  
55 used 11/27/02-12/31/02 RL Davg Wtemp and Scappoose climate data 
56 used MS and RL Davg Wtemp 12/16/03-4/1/04 
57 used Davg Wtemp from McBride (adjacent to Circle Lk) and climate data from Yakima 9/6/02-11/19/02 (temp 

range 5.1-18.1) to model daily average Wtemp for adjacent oxbow ponds 12/5/01-7/10/02 (data courtesy of 
John Vacarro USGS) 

58 used Davg Wtemp from McBride (adjacent to Circle Lk) and climate data from Yakima 9/6/02-11/19/02 (temp 
range 5.1-18.1) to model daily average Wtemp for adjacent oxbow ponds 12/5/01-7/10/02  

59 used Davg Wtemp from McBride (adjacent to Circle Lk) and climate data from Yakima 9/6/02-11/19/02 (temp 
range 5.1-18.1) to model daily average Wtemp for adjacent oxbow ponds 12/5/01-7/10/02  
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Appendix 3 (cont.).  Water temperature models. 
Model # SITE SU DATE Date Range modeled MODEL (daily average water temperatures) r2 
60 Smith-Bybee  5/6/2003 4/30/03 and 5/1/03 Wtemp=(A_Davg*0.407)+(A_Davg4d1dlag*0.48)+5.54 0.93
61  7/2/2003 6/19/03 and 6/20/03 Wtemp=(A_Davg*0.407)+(A_Davg4d1dlag*0.48)+5.54 0.93
62  12/30/2003 12/17/03-12/29/03 Wtemp=(A_Davg*0.06)+(A_Davg4d1dlag*0.49)+1.3 0.82
63 Wigeon Lake 12/3/2003 11/20/03-12/3/03 Wtemp=(MS Davg Wtemp*0.93)+1.02 0.95
 
Model # Data Used In Model Development  
60 data from Metro's hydrolab in SB (data courtesy of Mike Guebert, Metro), two missing days modeled using 

Portland climate data and SB Wtemp data 4/1/03-7/2/03 
61 data from Metro's hydrolab in SB, two missing days modeled using Portland climate data and SB Wtemp data 

4/1/03-7/2/03 
62 used SB Wtemp and Portland climate data 12/30/03-1/31/04 
63 used WL and MS (adjacent to MN) Davg Wtemp Dec03-June04 
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Appendix 4.  Summary of fish catch by species. 

species group Amur Goby 
Banded 
killifish 

Brown 
bullhead 

0+ Carp/ 
goldfish 

1+ Carp/ 
goldfish Chinook 

#SU (out of 176) 5 58 119 70 77 46 
total # fish 47 388 8365 34608 1630 4232 
Min. FL mm 26 12 19 18 101 31 
Av. FL mm 54 66 127 62 199 68 
Max. FL mm 82 110 462 100 680 236 
Average fish/net-day 0.9 1.2 10.7 66.8 2.7 13.9 
Maximum fish/net-day 1.9 13.3 292.8 1448.2 34.6 253 
Min. d-av water temp. 10.9 1.4 1.4 1.4 1.4 3.5 
Av. d-av water temp. 15.1 12 12.1 11.8 12.4 11.2 
Max. d-av water temp. 18.6 22.8 22.9 22.9 22.9 20.6 
Sites species present LaCenter LaCenter Arago LaCenter LaCenter Greenhead 
    McCarthy Ck. Cripple Ck. Ladd Marsh Ladd Marsh Hoxit 
    Mulnomah N. Greenhead McCarthy Ck. McCarthy Ck. LaCenter 
    Ruby Lk. Hoxit Mulnomah N. Mulnomah N. Ladd Marsh 
    Smith-Bybee LaCenter Ruby Lk. Ruby Lk. McCarthy Ck. 
    Wigeon Lk. Ladd Marsh Satus Satus Mulnomah N. 
      Lewis Smith-Bybee Smith-Bybee Ruby Lk. 
      McCarthy Ck. Wigeon Lk. Wigeon Lk. Satus 
      Mulnomah N.     Smith-Bybee 
      Porter Point     Wigeon Lk. 
      Ruby Lk.      
      Satus       
     Smith-Bybee       
      Wigeon Lk.       
Months caught  Mar-Jun Nov-Jul Oct-Jul Nov-Jul Dec-Jul Dec-Jul 
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Appendix 4 (cont.).  Summary of fish catch by species. 
species group Chiselmouth Coho Chum Crappie sp. Cutthroat Fathead minnow
#SU (out of 176) 4 97 1 85 8 3 
total # fish 20 1996 3 10295 26 3 
Min. FL mm 56 31 71 13 91 53 
Av. FL mm 98 102 76 86 179 56 
Max. FL mm 236 470 74 330 254 61 
Average fish/net-day 0.5 3.3 0.6 15 0.3 0.3 
Maximum fish/net-day 0.7 60.8 0.6 309.25 1.8 0.4 
Min. d-av water temp. 11 1.4 21.1 14 6.3 14.2 
Av. d-av water temp. 17.2 9.7 21.1 11.7 11.9 17.3 
Max. d-av water temp. 20.5 21.1 21.1 22.9 19.2 20.7 
Sites species present Ladd Marsh Arago Lewis Hoxit Cripple Ck. McCarthy Ck. 
 Mulnomah N. Cripple Ck.   LaCenter LaCenter Mulnomah N. 
 Satus Greenhead   Ladd Marsh Lewis   
   Hoxit   McCarthy Ck. McCarthy Ck.   
   LaCenter   Mulnomah N.     
   Larson Slough   Ruby Lk.     
   Lewis   Satus     
   McCarthy Ck.   Smith-Bybee     
   Mulnomah N.   Wigeon Lk.     
   Porter Point         
   Ruby Lk.         
Months caught  Apr, Jun, Jul Nov-Jul Jun Nov-Jul Dec-Jan; Apr-Jul May-Jun 
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Appendix 4 (cont.).  Summary of fish catch by species. 

species group Golden shiner Lamprey sp. Largescale sucker
Largemouth 
bass Mosquitofish 

Northern 
pikeminnow 

#SU (out of 176) 25 27 64 30 22 71 
total # fish 268 129 864 303 129 13071 
Min. FL mm 53 80 24 17 19 15 
Av. FL mm 91 128 157 74 33 75 
Max. FL mm 192 180 550 432 55 405 
Average fish/net-day 1.3 1 2.5 1.7 1.3 53.2 
Maximum fish/net-day 8.9 6.5 36 26.3 10.75 3448.7 
Min. d-av water temp. 2.5 2.5 1.4 1.4 1.4 1.4 
Av. d-av water temp. 11.2 9.6 10.3 12 11 11.1 
Max. d-av water temp. 21.5 20.7 20.7 22.9 22.9 22.9 
Sites species present LaCenter Arago Arago LaCenter Arago Greenhead 
 McCarthy Ck. Cripple Ck. Cripple Ck. Ladd Marsh LaCenter Hoxit 
 Mulnomah N. Hoxit Greenhead McCarthy Ck. McCarthy Ck. LaCenter 
 Ruby Lk. LaCenter Hoxit Mulnomah N. Mulnomah N. Ladd Marsh 
 Smith-Bybee Larson Slough LaCenter Ruby Lk. Ruby Lk. Lewis 
 Wigeon Lk. McCarthy Ck. Ladd Marsh SA Smith-Bybee McCarthy Ck.
   Mulnomah N. McCarthy Ck. Satus   Mulnomah N. 
   Smith-Bybee Mulnomah N. Smith-Bybee   Ruby Lk. 
     Ruby Lk. Wigeon Lk.   Satus 
     Satus     Smith-Bybee 
     Smith-Bybee     Wigeon Lk. 
     Wigeon Lk.       
Months caught  Dec-Jul Dec-Jun Nov-Jul Nov-Jul Nov-Jul Nov-Jul 
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Appendix 4 (cont.).  Summary of fish catch by species. 
species group Olympic mudminnow Oriental weatherfish Peamouth Rainbow/steelhead Redside shiner 
#SU (out of 176) 9 36 38 8 62 
total # fish 1250 591 4051 68 5065 
Min. FL mm 30 52 27 59 25 
Av. FL mm 50 132 160 184 64 
Max. FL mm 79 196 294 780 180 
Average fish/net-day 24.2 1.8 15.3 0.9 14.8 
Maximum fish/net-day 135.4 21.3 274.4 1.2 452.3 
Min. d-av water temp. 4.7 3.5 2.5 7.3 1.4 
Av. d-av water temp. 7.1 11.4 9.4 12.4 9.9 
Max. d-av water temp. 13 21/5 18.1 17.1 22.7 
Sites species present Greenhead McCarthy Ck. Hoxit LaCenter Greenhead 
 Hoxit Mulnomah N. LaCenter Ladd Marsh Hoxit 
   Ruby Lk. McCarthy Ck. McCarthy Ck. LaCenter 
   Smith-Bybee Mulnomah N. Smith-Bybee Ladd Marsh 
   Wigeon Lk. Smith-Bybee   McCarthy Ck. 
     Wigeon Lk.   Mulnomah N. 
         Ruby Lk. 
         Satus 
         Smith-Bybee 
         Wigeon Lk. 
Months caught  Jan, Mar, Jun Dec-Jul Dec-Jun Mar-Jun Nov-Jul 
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Appendix 4 (cont.).  Summary of fish catch by species. 
species group Sculpin sp. Speckled dace Smallmouth bass Sunfish sp. Threespine stickleback
#SU (out of 176) 92 7 4 111 167 
total # fish 729 77 7 6762 423408 
Min. FL mm 25 28 41 20 10 
Av. FL mm 101 46 250 79 46 
Max. FL mm 194 71 118 184 86 
Average fish/net-day 1.2 1.7 0.2 9.2 462.8 
Maximum fish/net-day 11.5 6.6 0.4 298.8 10161.7 
Min. d-av water temp. 3.5 7.3 6.6 1.4 1.4 
Av. d-av water temp. 11.6 11 12.5 11.5 11.2 
Max. d-av water temp. 22.9 19.3 20.6 22.9 22.9 
Sites species present Cripple Ck. Arago McCarthy Ck. Cripple Ck. Arago 
 Greenhead Cripple Ck. Mulnomah N. Hoxit Cripple Ck. 
 Hoxit Ladd Marsh Smith-Bybee LaCenter Greenhead 
 LaCenter     Ladd Marsh Hoxit 
 Lewis     McCarthy Ck. LaCenter 
 McCarthy Ck.     Mulnomah N. Larson Slough 
 Mulnomah N.     Ruby Lk. Lewis 
 Porter Point     Satus McCarthy Ck. 
 Ruby Lk.     SIN Mulnomah N. 
 Satus     Smith-Bybee Porter Point 
 Smith-Bybee     Wigeon Lk. Ruby Lk. 
 Wigeon Lk.       Smith-Bybee 
         Wigeon Lk. 
Months caught  Dec-Jul Jan, Mar, Apr, Jun Dec, May-Jun Nov-Jul Oct-Jul 
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Appendix 4 (cont.).  Summary of fish catch by species. 
species group Yellow perch 
#SU (out of 176) 65 
total # fish 13625 
Min. FL mm 20 
Av. FL mm 290 
Max. FL mm 106 
Average fish/net-day 23 
Maximum fish/net-day 1126.1 
Min. d-av water temp. 3.5 
Av. d-av water temp. 11.5 
Max. d-av water temp. 22.7 
Sites species present Cripple Ck. 
 Hoxit 
 LaCenter 
 Ladd Marsh 
 McCarthy Ck. 
 Mulnomah N. 
 Ruby Lk. 
 Satus 
 Smith-Bybee 
 Wigeon Lk. 
Months caught  Dec-Jul 
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Appendix 5: Fish species presence in rivers adjacent to wetland sites. 
 
Bear River  Lewis wetland 
1. coho  1. brown bullhead (i)* 
2. chum  2. coho 
3. Chinook  3. chum 
4. steelhead  4. sculpin 
5. cutthroat  5. cutthroat 
6. surf perch  6. threespine stickleback 
7. anchovy  
8. sturgeon  Porter Point wetland 
9. sculpin  1. brown bullhead (i)* 
10. threespine   stickleback  2. coho 

 3. sculpin 
from Dave Kloempken, WDFW, Montesano 4. threespine stickleback 
e-mail 11/13/2006  

 
i=introduced 
in river not in wetland 
*in wetland not in river 
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
Chehalis River (Greenhead and Hoxit wetlands) Greenhead wetland 
1. Pacific lamprey 1. brown bullhead (i) 
western brook lamprey 2. Chinook 
2. American shad (i) 3. coho 
3. coho 4. largescale sucker 
4. Chinook 5. northern pikeminnow 
5. mountain whitefish 6. Olympic mudminnow 
6. cutthroat 7. redside shiner 
7. steelhead/rainbow 8. sculpin 
8. Olympic mudminnow 9. threespine stickleback 
9. carp (i) 10. yellow perch (i) 
10. peamouth 
11. northern pikeminnow Hoxit wetland 
12. speckled dace 1. brown bullhead (i) 
longnose dace 2. Chinook 
13. redside shiner 3. coho 
14. largescale sucker 4. crappie sp. (i) 
15. brown bullhead (i) 5. cutthroat 
16. threespine stickleback 6. lamprey sp.  
17. pumpkin seed (i) 7. largescale sucker 
bluegill (i) 8. northern pikeminnow 
18. largemouth bass (i) 9. Olympic mudminnow 
19. black crappie (i) 10. peamouth 
20. yellow perch (i) 11. redside shiner 
21. prickly sculpin 12. sculpin 
riffle sculpin 13. sunfish sp. (i) 
reticulate sculpin 14. threespine stickleback 
torrent sculpin 15. yellow perch (i) 

from Bob Seigler, WDFW, faxed to me  
by Julie Henning, WDFW 10/2/2006 

 
i=introduced 
in river not in wetland 
*in wetland not in river  
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
Coquille River (Arago wetland) Larson Slough 
1. chum   1. Chinook 
2. Pacific lamprey 2. coho 
western brook lamprey 3. steelhead/rainbow 
3. Chinook  4. cutthroat 
4. coho 5. Pacific lamprey 
5. prickly sculpin  western brook lamprey 
6. steelhead/rainbow  6. prickly sculpin 
7. cutthroat  7. threespine stickleback 
8. brook trout  8. redside shiner 
9. sturgeon  9. American shad (i) 
10. smelt  10. speckled dace 
11. threespine stickleback 11. sturgeon 
12. American shad (i)  12. largescale sucker 
13. black crappie (i) 13. smelt 
14. bluegill (i) 

15. brown bullhead (i) 
from Shannon Osborn, ODFW 
Charleston 

16. largemouth bass (i)  e-mail 9/18/2006 
17. mosquitofish (i) 
18. largescale sucker 
19. speckled dace Larson Slough wetland 
20. redside shiner  1. coho 

2. lamprey sp. 
from Shannon Osborn, ODFW 
Charleston 3. threespine stickleback 
e-mail 9/18/2006 

Arago wetland 
1. Brown bullhead (i) 
2. coho 
3. crappie sp. (i) 
4. lamprey sp. 
5. largescale sucker 
6. mosquitofish (i) 
7. speckled dace 
8. sunfish sp. (i) 
9. threespine stickleback 

i=introduced 
in river not in wetland  
*in wetland not in river 
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
Snohomish River Cripple Creek wetland 
1. Chinook 1. brown bullhead (i)* 
2. coho 2. coho 
3. chum 3. cutthroat 
4. pink 4. lamprey sp. 
5. sockeye 5. largescale sucker 
6. steelhead/rainbow 6. sculpin 
7. cutthroat 7. sunfish sp. (i)* 

8. bull trout 
8. threespine 
stickleback 

9. sturgeon 
10. largescale sucker 
11. northern pikeminnow 
12. mountain whitefish 
13. sculpin 
14. longfin smelt 
15. peamouth 
16. longnose dace 
17. redside shiner 
18. threespine 
stickleback 
19. American shad (i) 
20. largemouth bass (i) 
21. lamprey sp. 

Chad Jackson, WDFW, Mill Creek 
e-mail 10/4/2006 

 
i=introduced 
in river not in wetland 
*in wetland not in river – brown bullhead and sunfish sp. are likely in the river but were not 
documented by the agency 
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
Willamette River Multnomah North McCarthy Creek wetland 
1. American shad (i) 1. banded killifish (i) 1. banded killifish (i) 
2. banded killifish (i) 2. brown bullhead (i) 2. brown bullhead (i) 
3. black crappie (i) 3. carp/goldfish (i) 3. carp/goldfish (i) 
white crappie (i) 4. Chinook 4. Chinook 
4. bluegill (i) 5. coho 5. coho 
pumpkinseed (i) 6. chiselmouth 6. crappie sp. (i) 
warmouth (i) 7. crappie sp. (i) 7. cutthroat 
5. bridgelip sucker 8. fathead minnow (i)* 8. fathead minnow (i)* 
largescale sucker 9. golden shiner (i) 9. golden shiner (i) 
6. brown bullhead (i) 10. lamprey sp. 10. lamprey sp. 
yellow bullhead (i) 11. largescale sucker 11. largescale sucker 
7. channel catfish (i) 12. largemouth bass (i) 12. largemouth bass (i) 
8. Chinook 13. mosquitofish (i) 13. mosquitofish (i) 
9. chiselmouth 14. northern pikeminnow 14. northern pikeminnow 
10. coho 15. oriental weatherfish (i)* 15. oriental weatherfish (i)* 
11. carp (i) 16. peamouth 16. peamouth 
goldfish (i) 17. redside shiner 17. redside shiner 
12. smelt 18. sculpin sp. 18. sculpin sp. 
13. golden shiner (i) 19. small-mouth bass (i) 19. small-mouth bass (i) 
14. largemouth bass (i) 20. threespine stickleback 20. steelhead/rainbow 
15. longnose dace 21. yellow perch (i) 21. sunfish sp. (i) 
speckled dace 22. threespine stickleback 
16. mosquitofish (i) 23. yellow perch (i) 
17. mountain whitefish 
18. northern pikeminnow 
19. Pacific lamprey 
20. peamouth 
21. prickly sculpin 
22. redside shiner 
23. sandroller 
24. smallmouth bass (i) 
25. sockeye Tom Friesen, ODFW 

26. starry flounder 
Willamette River Report 
Friesen et al. 2004 

27. steelhead/rainbow 
28. threespine 
stickleback 
29. walleye (i) i=introduced 
30. sturegon exclusive to river 
31. yellow perch (i) *exclusive to wetland 
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
Ruby Lake wetland Wigeon Lake wetland Smith-Bybee wetlands 
1. banded killifish (i) 1. banded killifish (i) 1. banded killifish (i) 
2. brown bullhead (i) 2. brown bullhead (i) 2. brown bullhead (i) 
3. carp/goldfish (i) 3. carp/goldfish (i) 3. carp/goldfish (i) 
4. Chinook 4. Chinook 4. Chinook 
5. coho 5. coho 5. crappie sp. (i) 
6. crappie sp. (i) 6. crappie sp. (i) 6. golden shiner (i) 
7. golden shiner (i) 7. golden shiner (i) 7. lamprey sp. 
8. largescale sucker 8. largescale sucker 8. largescale sucker 
9. largemouth bass (i) 9. largemouth bass (i) 9. largemouth bass (i) 
10. mosquitofish (i) 10. northern pikeminnow 10. mosquitofish (i) 
11. northern pikeminnow 11. oriental weatherfish (i)* 11. northern pikeminnow 
12. oriental weatherfish (i)* 12. redside shiner 12. oriental weatherfish (i)*
13. redside shiner 13. sculpin 13. peamouth 
14. sculpin 14. sunfish sp. (i) 14. redside shiner 
15. sunfish sp. (i) 15. threespine stickleback 15. smallmouth bass (i) 
16. threespine stickleback 16. yellow perch (i) 16. sculpin 
17. yellow perch (i) 17. steelhead/rainbow 

18. sunfish sp. (i) 
19. threespine stickleback

i=introduced 20. yellow perch (i) 
exclusive to river 
*exclusive to wetland 
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
East Fork Lewis River LaCenter wetland 
1. Chinook 1. Amur goby (i)* 
2. chum 2. banded killifish (i) 
3. coho 3. brown bullhead (i) 
4. steelhead/rainbow 4. carp/goldfish (i) 
5. cutthroat 5. Chinook 
6. sculpin 6. coho 
7. bridgelip sucker 7. crappie sp. (i) 
largescale sucker 8. cutthroat 
8. peamouth 9. golden shiner (i)* 
9. northern pikeminnow 10. lamprey sp. 
10. smelt 11. largescale sucker 
11. sandroller 12. largemouth bass (i) 
12. redside shiner 13. mosquitofish (i)* 
13. largemouth bass 14. northern pikeminnow 
14. smallmouth bass 15. peamouth 
15. carp 16. redside shiner 
goldfish 17. sculpin 
16. white crappie 18. steelhead/rainbow 
black crappie 19. sunfish sp. (i) 
17. banded killifish 20. threespine stickleback
18. yellow perch 21. yellow perch (i) 
19. pumpkinseed 
20. brown bullhead i=introduced  
yellow bullhead exclusive to river 
21. white sturgeon *exclusive to wetland 
22. threespine stickleback 

Bryce Glaser, WDFW, Vancouver 
e-mail 9/21/2006 

 
Mosquitofish and golden shiner are likely in the East Fork Lewis River but were not documented 
by the agency.  These fish species are present in the lower Willamette River (Freisen et al. 2004).  
The Amur goby is a newly documented introduced species (Shields et al. 2007) that has been 
observed in the Lower Willamette River (Baker, unpublished data) and in the Lower Sandy River 
(ODFW, unpublished data). 
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
Yakima River Satus wetland 
1. Pacific lamprey 1. brown bullhead (i) 
2. coho 2. carp/goldfish (i) 
3. Chinook 3. Chinook 
4. sockeye 4. chiselmouth 
5. steelhead/rainbow 5. crappie sp. (i) 
6. brown trout 6. largescale sucker 
7. mountain whitefish 7. largemouth bass (i) 
8. chilselmouth 8. northern pikeminnow 
9. carp 9. redside shiner 
goldfish 10. sculpin 
10. peamouth 11. sunfish sp. (i) 
11. northern pikeminnow 12. yellow perch (i) 
12. longnose dace 
speckled dace 
leopard dace 
Umatilla dace 
13. redside shiner 
14. bridgelip sucker 
largescale sucker 
mountain sucker 
15. brown bullhead 
16. channel catfish 
17. threespine stickleback (present but few) 
18. pumpkinseed 
bluegill 
19. bass 
20. black crappie 
white crappie 
21. yellow perch 
22. walleye 
23. prickly sculpin 
24. sturgeon 
25. mosquitofish 
26. sandroller 

Jim Cummins, WDFW, Yakima 
e-mail 9/20/2006 
i=introduced 
exclusive to river 
*exclusive to wetland 
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Appendix 5 (cont.). Fish species presence in rivers adjacent to wetland sites. 
 
Catherine Creek  and Grand Ronde River (near Ladd Marsh) 
1. Chinook 
2. steelhead/rainbow Ladd Marsh 
3. bull trout 1. brown bullhead (i) 
4. mountain whitefish 2. bull trout 
5. longnose dace 3. carp (i) 
speckled dace 4. Chinook 
6. northern pikeminnow 5. chiselmouth* 
7. largescale sucker 6. crappie sp. (i) 
bridgelip sucker 7. largescale sucker 
8. torrent sculpin 8. largemouth bass (i) 
mottled sculpin 9. northern pikeminnow 
9. redside shiner 10. steelhead/rainbow 
10. black crappie (i) 11. redside shiner 
11. brown bullhead (i) 12. speckled dace 
12. bluegill (i) 13. sunfish sp. (i) 
pumpkinseed (i) 14. yellow perch (i)* 
13. largemouth bass (i) 
14. smallmouth bass (i) 
15. carp (i) 

Chevon, ODFW, LaGrande 
phone conversation 9/19/2006 

 
i=introduced 
exclusive to river 
*exclusive to wetland – chiselmouth and yellow perch are likely in the river but were not 
documented by the agency 
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Appendix 6.  Species traits. 
 

Species traits Amur 
goby 

banded 
killifish 

brown 
bullhead 

carp 
goldfish Chinook chiselmouth chum coho 

trophic category (see below) macro1 plank3 pisc macro macro plank macro macro 
adult vegetation preference (y/n) y y y y n n n n 
preference for clear water (y/n) n n n n y y y y 
prefer mud feeding subst (y/n) y n y y n n n n 
typically reside in wetlands as adults (y/n) y y y y n n n n 
spawning water type (stream/wetland) stream1 wetland3 wetland3 wetland stream stream stream stream 
spawning substrate/structure (see below) log1 veg3 mud veg gravel gravel gravel gravel 
min water temp spawn ºC 161 214 20.46 14.54 63 153 7.29 4.410 
max water temp spawn ºC 181 245 21.76 204 143 175 12.89 9.4 
current required for spawning (y/n) y n n n y y y y 

range for spawning timing May-Jul1,2 Apr-Sep3 Apr-Jun3 Apr-Jul3,5 Aug-Nov3 May-Jul3 Oct-
Dec3 

Sep-
Jan3 

multiple spawning per season (y/n)  n y n n n n n n 
juv min water temp preference ºC 241 205 217 14.54 125 155 125 1210 
juv max water temp preference ºC 271 285 27.38 18.54 145 205 145 1510 
juv current preference (still, low, mod) low still still still low mod mod low 
juv preference structure/substate (see below) pool/ch veg veg veg pool/ch log/rock pool/ch pool/ch 
typically rear in wetlands (y/n) y y y y y n n y 
tolerance to low DO (low, med, hi) med hi hi hi low low low low 

 
trophic category is according to the most common size class in the catch (macroinvertebrate, piscivore, planktivore) 
spawning substrate/structure (log, vegetation, mud, gravel, sand) 
juvenile preference for structure/substate (log/rock, veg, mud, pool/channel) 
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Appendix 6 (cont.).  Species traits. 
 

Species traits cottid sp. crappie 
sp. cutthroat fathead 

minnow 
golden 
shiner 

lamprey 
sp. 

largemouth 
bass 

largescale 
sucker 

trophic category macro plank macro plank plank plank pisc macro 
adult vegetation preference (y/n) n y n y n n y n 
preference for clear water (y/n) y y y n n y n n 
prefer mud feeding subst (y/n) n n n y y n y y 
typically reside in wetlands as adults (y/n) y n n y y n y n 
spawning water type (stream/wetland) stream wetland5 stream wetland5 wetland stream17 wetland5 stream 
spawning substrate/structure log gravel gravel log veg gravel sand gravel 
min water temp spawn ºC 103 15.811 613 15.64 203 1018 175 83 
max water temp spawn ºC 153 20.411 1713 18.44 273 1518 185 133 
current required for spawning (y/n) y n y n n y n y 

range for spawning timing Apr-Jun3 May-Jul5 Dec-May3 May-
Aug5 Apr-Aug Apr-Jul3 May-Jun Apr-Jun3 

multiple spawning per season (y/n)  n n n y y n n n 
juv min water temp preference ºC 103 2412 1214 2515 173 113 263 16.219 
juv max water temp preference ºC 183 30.512 1514 284, 16 243 183 323 22.519 
juv current preference (still, low, mod) low still mod still still low still low 
juv preference structure/substate pool/ch veg log/rock veg veg mud veg veg 
typically rear in wetlands (y/n) y y n y y y y y 
tolerance to low DO (low, med, hi) low med low hi med low med low 
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Appendix 6 (cont.).  Species traits. 
 

Species traits mosquitofish northern 
pikeminnow

olympic 
mudminnow 

oriental 
weatherfish peamouth rainbow 

trout 
redside 
shiner 

trophic category (see below) plank macro macro plank plank macro plank 
adult vegetation preference (y/n) y n y y n n n 
preference for clear water (y/n) n y y n n y n 
prefer mud feeding subst (y/n) y y y y n n y 
typically reside in wetlands as adults (y/n) y n y y y n y 
spawning water type (stream/wetland) wetland stream5 wetland wetland stream5 stream stream 
spawning substrate/structure veg gravel veg mud gravel gravel veg 
min water temp spawn ºC 1620 143 103 1524 105 427 143 
max water temp spawn ºC 2420 183 183 2125 155 1327 183 
current required for spawning (y/n) n y n n y y y 

range for spawning timing May-Sept4 May-Jul3 Nov-Dec; Mar-
Jun3 Apr-Oct26 May-Jun3 Feb-Jun3 Apr-Jul3 

multiple spawning per season (y/n)  y n n y n n y 
juv min water temp preference ºC 3021 16.122 623 103 153 1028 73 
juv max water temp preference ºC 3521 233 1823 153 203 1628 243 
juv current preference (still, low, mod) still low still still mod low 
juv preference structure/substate 
(log/rock, veg, mud, pool/channel) veg veg veg veg veg log/rock veg 

typically rear in wetlands (y/n) y y y y y n y 
tolerance to low DO (low, med, hi) hi low med hi low low med 
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Appendix 6 (cont.).  Species traits. 
 

Species traits smallmouth 
bass 

speckled 
dace sunfish sp. threespine 

stickleback
yellow 
perch 

trophic category (see below) macro plank macro plank macro 
adult vegetation preference (y/n) y n y y y 
preference for clear water (y/n) y y n y y 
prefer mud feeding subst (y/n) n n y y n 
typically reside in wetlands as adults (y/n) n n y y n 
spawning water type (stream/wetland) stream5 stream wetland5 wetland5 wetland 
spawning substrate/structure sand sand sand veg veg 
min water temp spawn ºC 133 1829 18.16 4.425 75 
max water temp spawn ºC 183 2030 21.76 183 125 
current required for spawning (y/n) n y n n n 
range for spawning timing May-Jul5 Jun-Aug3 May-Aug3 May-Jul3 Apr-Jul5 
multiple spawning per season (y/n)  n n n y n 
juv min water temp preference ºC 213 123 2831 123 2032 
juv max water temp preference ºC 273 223 3331 223 2932 
juv current preference (still, low, mod) low mod still still still 
juv preference structure/substate (log/rock, 
veg, mud, pool/channel) log/rock pool/ch veg veg veg 

typically rear in wetlands (y/n) n n y y y 
tolerance to low DO (low, med, hi) med low med hi med 
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Appendix 6 (cont.).  Species traits. 
 
1 Maruyama, A., M. Yuma, and Y. Onoda. 2004. Egg size variation between the fluvial-lacustrine and lacustrine types of a landlocked Rhinogobius 
goby in the Lake Biwa water system. Ichthyological Research 51:172-175. 
2 Tamada, K., and K. Iwata. 2005. Intra-specific variations of egg size, clutch size and larval survival related to maternal size in amphidromous 
Rhinogobius goby. Environmental Biology of Fishes 73(4):379-389. 
3 Wydowski, R. S., and R.L. Whitney. 2003. Inland Fishes of Washington, second edition. University of Washington Press, Seattle. 
4 Carlander, K. D. 1969. Handbook of Freshwater Fishery Biology.   Life History Data on Freshwater Fishes of the United States and Canada, 
Exclusive of the Perciformes, volume 1. The Iowa State University Press, Ames, Iowa. 
5 Scott, W. B., and E.J. Crossman. 1973. Freshwater Fishes of Canada, volume Bulletin 184. Fisheries Research Board of Canada, Ottawa. 
6 Bennett, D. H., P.M. Bratovich, W. Knox, D. Palmer, and H. Hansel. 1983. Status of the warmwater fishery and the potential of improving 
warmwater fish habitat in the lower Snake reservoirs. US Army Corps of Engineers, DACW68-79-C-0057, Walla Walla.cited in US Army Corps of 
Engineers. 2002. Lower Snake River juvenile salmon migration feasibility report/environmental impact statement. US Army Corps of Engineers, 
Walla Walla. 
7  Wydowski, R. S., and R.L. Whitney. 2003. Inland Fishes of Washington, second edition. University of Washington Press, Seattle.  They begin 
spawning at 70oF and hatch in about 1 week; therefore I used the temperature at which they hatch as the lower juvenile preferred temperature. 
8 Richards, F. P., and R.M. Ibara. 1978. The preferred themperatures of the brown bullhead, Ictalurus nebulosus, with references to its orientation 
to the discharge canal of a nuclear power plant. Transactions of the American Fisheries Society 107(2):288-294. 
9 Reiser, D. W., and T.C. Bjornn. 1979. Habitat requirements of anadromous salmonids. US Forest Service Pacific Northwest Forest and Range 
Experiment Station, PNW-96, Portland. cited in Pauley, G. B., K. Oshima, K.L. Bowers, and G.L. Thomas. 1989. Species profiles: life histories and 
environmental requirements of coastal fishes and invertebrates - sea run cutthroat. US Army Corps of Engineers, TR EL 82-4, 82(11.86). 
10Reiser (1979) cited in Laufle, J. C., G.B. Pauley, and M.F. Sheppard. 1986. Species profiles: life histories and environmental requirements of 
coastal fishes and invertebrates - coho salmon. US Army Corps of Engineers, TR EL82-4, 82(11.48). 
11 Bratovich, P. M. 1985. Reproduction and early life histories of selected resident fish in Lower Snake River reservoirs. Master's thesis. University 
of Idaho, Moscow, ID. cited in US Army Corps of Engineers, DACW68-79-C-0057, Walla Walla.cited in US Army Corps of Engineers. 2002. Lower 
Snake River juvenile salmon migration feasibility report/environmental impact statement. US Army Corps of Engineers, Walla Walla. 
12 Carlander, K. D. 1977. Handbook of Freshwater Fishery Biology.  Life History Data on Centrarchid Fishes of the United States and Canada, 
volume 2. The Iowa State University Press, Ames, Iowa. p328: in Lake Monona WI they start feeding again when water temp get above 6.5ºC  
13 Hunter, J. W. 1973. A discussion of game fish in the state of Washington as related to water temperature requirements. Washington State 
Department of Ecology, Olympia. cited in Washington Department of Ecology, Water Quality Program. 2002. Evaluating standards for protecting 
aquatic life in Washington's surface water quality standards. Washington Department of Ecology, 00-10-70, Olympia, WA. 
14 Hickman, T. and R.F.Raleigh. 1982.  Habitat suitability index models: cutthroat trout.  US Fish and Wildlife Service, Habitat Evaluation 
Procedures Group, Western Energy and Land Use Team.  Fort Collins, Colorado. cited in Washington Department of Ecology, Water Quality 
Program. 2002. Evaluating standards for protecting aquatic life in Washington's surface water quality standards. Washington Department of 
Ecology, 00-10-70, Olympia, WA. 
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Appendix 6 (cont.).  Species traits. 
 
15 Wydowski, R. S., and R.L. Whitney. 2003. Inland Fishes of Washington, second edition. University of Washington Press, Seattle. At 77F eggs 
hatch in 7d; I assumed the temperature they hatch is a good temperature for juvenile rearing 
16 low end of lethal range - Carlander, K. D. 1969. Handbook of Freshwater Fishery Biology.   Life History Data on Freshwater Fishes of the United 
States and Canada, Exclusive of the Perciformes, volume 1. The Iowa State University Press, Ames, Iowa. p442; see also Wismer, D. A., and A. 
E. Christie. 1987. Temperature relationships of Great Lakes Fishes: A data compilation. Great Lakes Fishery Commission, Ann Arbor, Michigan. 
28ºC max temperature for growth 
17 Kostow, K. 2002. Oregon lampreys: Natural history, status, and analysis of management issues. Oregon Department of Fish and Wildlife, 2002-
01. 
18 Kan, T. T. 1975. Systematics, variation, distribution and biology of lampreys in the genus Lampetra in Oregon. Doctoral. Oregon State 
University, Corvallis, OR. cited in Close, D. 2002. Pacific lamprey research and restoration projects. Bonneville Power Administration, BP-
00005455-3, Portland, OR. 
19 Huff, D. D., S.L. Hubler, and A.N. Borisenko. 2005. Using field data to estimate the realized thermal niche of aquatic vertebrates. North 
American Journal of Fisheries Management 25:346-360. Realized thermal niche is comparable to max growth temp and upper lethal limits; I used 
min and mean. 
20 Koya, Y., and A. Iwase. 2004. Annual reproductive cycle and rate of the spermatogenic process in male mosquitofish Gambusia affinis. 
Ichthyological Research 51(2):131-136. 
21 Chipps, S. R., and D.H. Wahl. 2004. Development and evaluation of a western mosquitofish bioenergetics model. Transactions of the American 
Fisheries Society 133:1150-1162. 
22 Bell, M. C. 1986. Fisheries handbook of engineering requirements and biological criteria. US Army Corps of Engineers, Office of the Chief 
Engineers, Fish Passage Development and Evaluation Program, Portland, Oregon. cited in Washington State Department of Ecology, Water 
Quality Program, 2002. Evaluating standards for protecting aquatic life in Washington's surface water quality standards. Washington Department 
of Ecology, 00-10-70, Olympia, WA. 
23 Meldrim, J. W. 1968. The ecological zoography of the Olympic mudminnow (Novembra hubbsi, Schultz). Doctoral. University of Washington, 
Seattle. reports that Olympic mudminnow tolerate a wide range of temperature and dissoved oxygen; it's the current that they don't like; I guessed 
a reasonable range would be 6-18ºC based on Hoxit winter-spring water temperatures 2002, Baker, C.F. and R.S. Miranda. 2003. Fish monitoring 
at floodplain wetland restoration sites in the Pacific Northwest, U.S.A., 2002 Annual Report. Ducks Unlimited, Vancouver, WA. p. 45 
24This is a guess based on the range of spawning timing in Wydowski, R. S., and R.L. Whitney. 2003. Inland Fishes of Washington, second 
edition. University of Washington Press, Seattle., Breder, C. M., Jr. and D.E. Rosen. 1966. Modes of Reproduction in Fishes. The Natural History 
Press, New York. Report Apr-Jul; 70oF (21ºC) probably upper range; I'm guessing 60ºF (15ºC) is reasonable for this time period. 
 25 Oriental weatherfish: Breder, C. M., Jr. and D.E. Rosen. 1966. Modes of Reproduction in Fishes. The Natural History Press, New York. p.241; 
Threespine stickleback: Breder and Rosen 1966 p. 285 
26 Gulf States Marine Fish Commission http://nis.gsmfc.org/nis_factsheet.php?toc_id=192 
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Appendix 6 (cont.).  Species traits. 
 
27 Barnhart, R. A. 1986. Species profiles:  life histories and environmental requirements of coastal fishes and invertbrates - steelhead. US Army 
Corps of Engineers, TR EL-82-4, 82(11.60). cited in Bovee, K. D. 1978. Probability of use criteria for the family Salmonidae. US Fish and Wildlife 
Service, FWS/OBS-78-07. 
28 Behnke, R. J. 1992. Native trout of western North America, volume Monograph 6. American Fisheries Society, Bethseda, MD.cited in 
Washington Department of Ecology, Water Quality Program. 2002. Evaluating standards for protecting aquatic life in Washington's surface water 
quality standards. Washington Department of Ecology, 00-10-70, Olympia, WA. 
29  Wydowski, R. S., and R.L. Whitney. 2003. Inland Fishes of Washington, second edition. University of Washington Press, Seattle.: report 64ºF 
lower temperature that speckled dace eggs hatched in lab (64-66); hatched in 6d 
30 Wydowski, R. S., and R.L. Whitney. 2003. Inland Fishes of Washington, second edition. University of Washington Press, Seattle.: 68ºF (20ºC) is 
upper limit of stream temperature in Oregon that speckled dace inhabit; I assumed that's the highest temperature for spawning 
31 Carlander, K. D. 1977. Handbook of Freshwater Fishery Biology.  Life History Data on Centrarchid Fishes of the United States and Canada, 
volume 2. The Iowa State University Press, Ames, Iowa.p115 temperature preference in Lake Monona, WI 
32 Carlander, K. D. 1997. Handbook of Freshwater Fishery Biology.  Life History Data on Ichthyopercid and Percid Fishes of the United States and 
Canada, volume 3. The Iowa State University Press, Ames, Iowa. p177 for 5-24g yellow perch 
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Appendix 6 (cont.) Species traits 
Species Code Common Name 
BAK Banded Killifish 
BRB Bullhead sp. 
CAP Carp/Goldfish 
CHI Chinook Salmon 
CHM Chiselmouth 
CHO Coho Salmon 
CHU Chum Salmon 
COT Cottid sp. 
CRP Crapppe sp. 
CUT Cutthroat Trout 
FHM Fathead Minnow 
GOB Amur Goby 
GOS Golden Shiner 
LAM Lamprey sp. 
LGS Sucker sp. 
LMB Largemouth Bass 
MOF Mosquitofish 
NPM Northern Pikeminnow 
OLY Olympic Mudminnow 
OWF Oriental Weatherfish 
PEA Peamouth 
RBT Rainbow Trout 
RSS Redside Shiner 
SKD Speckled Dace 
SMB Smallmouth Bass 
SUN Sunfish sp. 
TSS Threespine Stickleback 
YEP Yellow Perch 

 
Trophic  Category Code 
macroinvertivore 1 
piscivore 2 
planktivore 3 

 
Spawning Substrate Code  Juvenile Cover Code 
gravel 1  log/rock 1 
log 2  mud 2 
mud 3  pool/channel 3 
sand 4  vegetation 4 
vegetation 5    
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Appendix 6 (cont.) Species traits. 
Traits Codes Trait Descriptions Values 
advegP Adult Vegetation Preference yes=1, no=0 
cwP Clear Water Preference yes=1, no=0 
mudfeed Prefer Mud Feeding Substrate yes=1, no=0 
adWetR Adult Wetland Residence yes=1, no=0 
spWtMin Mininum Spawning Water Temperature ºC 
spWtMax Maximum Spawning Water Temperature ºC 
spCurr Current Required for Spawning yes=1, no=0 
sp"Month" Spawning in Month yes=1, no=0 
spMult Multiple Spawning Per Season yes=1, no=0 
jWtMin Mininum Rearing Water Temperature ºC 
jWtMax Maximum Rearing Water Temperature ºC 
rearWet Typically Rear in Wetlands yes=1, no=0 
wat_type Prefered Adult Water Type quiet=0, flow=1 
spawnTy Spawning Water Type wetland=1, stream=0 
trophic  Trophic Category for Most Common Size Class in Catch See Table Above 'Trophic Category' 
spSub Spawning Substrate See Table Above 'Spawning Substrate' 
JcurStl Juvenile Current Preference - Still yes=1, no=0 
JcurLow Juvenile Current Preference - Low yes=1, no=0 
JcurMod Juvenile Current Preference - Moderate yes=1, no=0 
Jstruc Juvenile Preferred Rearing Cover See Table Above 'Rearing Cover' 
DOtolLO Tolerance for low DO - Low yes=1, no=0 
DotolMED Tolerance for low DO - Medium yes=1, no=0 
DOtolHI Tolerance for low DO - High yes=1, no=0 
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Appendix 6 (cont.) Species traits 
SpCode advegP cwP mudfeed adWetR spWtMin spWtMax spCurr spNov spDec spJan spFeb spMar 
BAK 1 0 0 1 21 24 0 0 0 0 0 0 
BRB 1 0 1 1 20.4 21.7 0 0 0 0 0 0 
CAP 1 0 1 1 14.5 20 0 0 0 0 0 0 
CHI 0 1 0 0 6 14 1 1 0 0 0 0 
CHM 0 1 0 0 15 17 1 0 0 0 0 0 
CHO 0 1 0 0 4.4 9.4 1 1 1 1 0 0 
CHU 0 1 0 0 7.2 12.8 1 1 1 0 0 0 
COT 0 1 0 1 10 15 1 0 0 0 0 0 
CRP 1 1 0 0 15.8 20.4 0 0 0 0 0 0 
CUT 0 1 0 0 6 17 1 0 1 1 1 1 
FHM 1 0 1 1 15.6 18.4 0 0 0 0 0 0 
GOB 1 0 1 1 16 18 1 0 0 0 0 0 
GOS 0 0 1 1 20 27 0 0 0 0 0 0 
LAM 0 1 0 0 10 15 1 0 0 0 0 0 
LGS 0 0 1 0 8 13 1 0 0 0 0 0 
LMB 1 0 1 1 17 18 0 0 0 0 0 0 
MOF 1 0 1 1 16 24 0 0 0 0 0 0 
NPM 0 1 1 0 14 18 1 0 0 0 0 0 
OLY 1 1 1 1 10 18 0 1 1 0 0 1 
OWF 1 0 1 1 15 21 0 0 0 0 0 0 
PEA 0 0 0 1 10 15 1 0 0 0 0 0 
RBT 0 1 0 0 4 13 1 0 0 0 1 1 
RSS 0 0 1 1 14 18 1 0 0 0 0 0 
SKD 0 1 0 0 18 20 1 0 0 0 0 0 
SMB 1 1 0 0 13 18 0 0 0 0 0 0 
SUN 1 0 1 1 18.1 21.7 0 0 0 0 0 0 
TSS 1 1 1 1 4.4 18 0 0 0 0 0 0 
YEP 1 1 0 0 7 12 0 0 0 0 0 0 
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Appendix 6 (cont.). Species traits. 
SpCode spApr spMay spJun spJul spAug spSep spOct spMult jWtMin jWtMax rearWet wat_type
BAK 1 1 1 1 1 1 0 1 20 28 1 0 
BRB 1 1 1 0 0 0 0 0 21 27.3 1 0 
CAP 1 1 1 1 0 0 0 0 14.5 18.5 1 0 
CHI 0 0 0 0 1 1 1 0 12 14 1 1 
CHM 0 1 1 1 0 0 0 0 15 20 0 0 
CHO 0 0 0 0 0 1 1 0 12 15 1 1 
CHU 0 0 0 0 0 0 1 0 12 14 0 1 
COT 1 1 1 0 0 0 0 0 10 18 1 1 
CRP 0 1 1 1 0 0 0 0 24 30.5 1 0 
CUT 1 1 0 0 0 0 0 0 12 15 0 0 
FHM 0 1 1 1 1 0 0 1 25 28 1 1 
GOB 0 0 1 1 0 0 0 0 24 27 1 1 
GOS 1 1 1 1 1 0 0 1 17 24 1 1 
LAM 1 1 1 1 0 0 0 0 11 18 1 1 
LGS 1 1 1 0 0 0 0 0 16.2 22.5 1 1 
LMB 0 1 1 0 0 0 0 0 26 32 1 1 
MOF 0 1 1 1 1 1 0 1 30 35 1 0 
NPM 0 1 1 1 0 0 0 0 16.1 23 1 1 
OLY 1 1 1 0 0 0 0 0 6 18 1 0 
OWF 1 1 1 1 1 1 1 1 10 15 1 1 
PEA 0 1 1 0 0 0 0 0 15 20 1 1 
RBT 1 1 1 0 0 0 0 0 10 16 0 1 
RSS 1 1 1 1 0 0 0 1 7 24 1 0 
SKD 0 0 1 1 1 0 0 0 12 22 0 0 
SMB 0 1 1 1 0 0 0 0 21 27 0 0 
SUN 0 1 1 1 1 0 0 0 28 33 1 0 
TSS 0 1 1 1 0 0 0 1 12 22 1 0 
YEP 1 1 1 1 0 0 0 0 20 29 1 0 
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Appendix 6 (cont.). Species traits. 
SpCode spawnTy trophic1 trophic2 trophic3 spSub1 spSub2 spSub3 spSub4 spSub5 JcurStl JcurLow JcurMod
BAK 1 0 0 1 0 0 0 0 1 1 0 0 
BRB 1 0 1 0 0 0 1 0 0 1 0 0 
CAP 1 1 0 0 0 0 0 0 1 1 0 0 
CHI 0 1 0 0 1 0 0 0 0 0 1 0 
CHM 0 0 0 1 1 0 0 0 0 0 0 1 
CHO 0 1 0 0 1 0 0 0 0 0 1 0 
CHU 0 1 0 0 1 0 0 0 0 0 0 1 
COT 0 1 0 0 0 1 0 0 0 0 1 0 
CRP 1 0 0 1 1 0 0 0 0 1 0 0 
CUT 0 1 0 0 1 0 0 0 0 0 0 1 
FHM 1 0 0 1 0 1 0 0 0 1 0 0 
GOB 0 1 0 0 0 1 0 0 0 0 1 0 
GOS 1 0 0 1 0 0 0 0 1 1 0 0 
LAM 0 0 0 1 1 0 0 0 0 0 1 0 
LGS 0 1 0 0 1 0 0 0 0 0 1 0 
LMB 1 0 1 0 0 0 0 1 0 1 0 0 
MOF 1 0 0 1 0 0 0 0 1 1 0 0 
NPM 0 1 0 0 1 0 0 0 0 0 1 0 
OLY 1 1 0 0 0 0 0 0 1 1 0 0 
OWF 1 0 0 1 0 0 1 0 0 1 0 0 
PEA 0 0 0 1 1 0 0 0 0 0 1 0 
RBT 0 1 0 0 1 0 0 0 0 0 0 1 
RSS 0 0 0 1 0 0 0 0 1 0 1 0 
SKD 0 0 0 1 0 0 0 1 0 0 0 1 
SMB 0 1 0 0 0 0 0 1 0 0 1 0 
SUN 1 1 0 0 0 0 0 1 0 1 0 0 
TSS 1 0 0 1 0 0 0 0 1 1 0 0 
YEP 1 1 0 0 0 0 0 0 1 1 0 0 
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Appendix 6 (cont.). Species traits. 
SpCode Jstruc1 jstruc2 jstruc3 jstruc4 DOtolLO DotolMED DOtolHI 
BAK 0 0 0 1 0 0 1 
BRB 0 0 0 1 0 0 1 
CAP 0 0 0 1 0 0 1 
CHI 0 0 1 0 1 0 0 
CHM 1 0 0 0 1 0 0 
CHO 0 0 1 0 1 0 0 
CHU 0 0 1 0 1 0 0 
COT 0 0 1 0 1 0 0 
CRP 0 0 0 1 0 1 0 
CUT 1 0 0 0 1 0 0 
FHM 0 0 0 1 0 0 1 
GOB 0 0 1 0 0 1 0 
GOS 0 0 0 1 0 1 0 
LAM 0 1 0 0 1 0 0 
LGS 0 0 0 1 1 0 0 
LMB 0 0 0 1 0 1 0 
MOF 0 0 0 1 0 0 1 
NPM 0 0 0 1 1 0 0 
OLY 0 0 0 1 0 1 0 
OWF 0 0 0 1 0 0 1 
PEA 0 0 0 1 1 0 0 
RBT 1 0 0 0 1 0 0 
RSS 0 0 0 1 0 1 0 
SKD 0 0 1 0 1 0 0 
SMB 1 0 0 0 0 1 0 
SUN 0 0 0 1 0 1 0 
TSS 0 0 0 1 0 0 1 
YEP 0 0 0 1 0 1 0 



293 

 

 

Appendix 7.  Wetland and river water temperature models (Chapter 4). 
 
Description of model variables 
Model variables Description 
A_Davg daily average air temperature from the nearest weather station 
A_Dmin daily minimum air temperature from the nearest weather station 
A_Dmax Daily maximum air temperature from the nearest weather station 
3dAvgA_Dmin1dL 3d average of the daily minimum air temperature with a 1d lag 
A_Davg4d1dlag 4d average of the daily average air temperatures with a 1d lag 
4dcumA_Davg1dL 4d cummulative daily average air temperatures with a 1d lag 
3dAvgA_Dmax 3d average of the daily maximum air temperatures 
logPPT2 log (precipitation+2) 
3dAvgA_Dmin1dL 3d average of the daily minimum air temperature with a 1d lag 
3dAvgA_Dmax0.75 3d average of the daily maximum air temperatures to the 0.75 power 

 
Models for wetland and river water temperatures 
Model # Site  Date Range modeled 
1 McCarthy Ck wetland 12/6/04-12/8/04 
2 McCarthy Ck wetland 11/10/05-11/21/05 
3 McCarthy Ck wetland 11/22/05-4/27/06 
4 E Fk Lewis R 6/28 and 6/29/05 
5 E Fk Lewis R 11/5/05-12/27/05 
6 E Fk Lewis R 1/1/06-2/28/06 
7 E Fk Lewis R 3/1/06-4/30/06 
8 E Fk Lewis R 5/1/06-5/31/06 
9 LaCenter Bottoms 11/5/05-11/21/05 

 
Model 
#  Model r2 

1 Wtemp=(A_Davg4d1dlag*0.28)+(A_Dmin*0.16)+4.4 0.86
2 Wtemp=(A_Davg4d1dlag*0.28)+(A_Dmin*0.16)+4.4 0.86
3 Wtemp=(MN Wtemp*0.846)+1.354 0.90
4 Wtemp=(A_Davg*0.337)+(A_Davg4d1dlag*0.576)+0.405 0.90
5 Wtemp=(A_Davg*0.1065)+(A_Davg4d1dlag*0.134)+(3dAvgA_Dmax*0.137)+3.67 0.78
6 Wtemp=(A_Dmin*0.1)+(3dAvgA_Dmin1dL*0.26)+(3dAvgA_max*0.2)+3.0 0.87
7 Wtemp=(A_Davg*0.32)+(A_Davg4d1dlag*0.37)+2.2 0.85
8 Wtemp=A_Dmin*0.15)+(3dAvgA_Dmin1dL*0.28)+(3dAvgA+Dmax*0.34)+2.0 0.81
9 Wtemp=(A_Davg*0.12)+(A_Davg4d1dlag*0.58)+(3dAvgA_min1dL*-0.25)+2.36 0.79
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Appendix 7 (cont.).  Wetland and river water temperature models. 
 
Model # Model development 
1 used 12/9/04-12/31/04 McCarthy Ck Wetland and Scappoose Climate data 
2 used 12/9/04-12/31/04 McCarthy Ck Wetland and Scappoose Climate data 

3 used McCarthy Creek Wetland water temperature data and Multnomah North water 
temperature from Nov 04-June 05 

4 used data from 6/1/05-6/27/05 E. Fk. Lewis R. and Vancouver climate data 
5 used data from 11/30/04-12/31/004 E. Fk. Lewis R. and Vancouver climate data 
6 used data from 1/1/05-2/28/05 E. Fk. Lewis R. and Vancouver climate data 
7 used data from 3/1/05-4/30/05 E. Fk. Lewis R. and Vancouver climate data 
8 used data from 5/1/05-6/27/05 E. Fk. Lewis R. and Vancouver climate data 
9 used data from 11/22/05-12/31/05 LaCenter Bottoms and Vancouver climate data 

 
Model # Site  Date Range modeled 
10 Wigeon Lake 11/5/02-11/26/02 
11 Wigeon Lake 7/6/03-7/8/03 
12 Wigeon Lake 10/20/03-12/15/03 
13 Wigeon Lake 6/10/2004-6/11/04 
14 Wigeon Lake 6/12/04-7/7/04 
15 Smith/Bybee wetland 4/19/05-5/12/05 
16 Smith/Bybee wetland 6/2/05-6/7/05 
17 Ruby Lake 11/5/01-12/26/01 
18 Ruby Lake 11/15/02-11/26/02 
19 Ruby Lake 11/5/03-11/12/03 
20 Ruby Lake 11/13/03-12/12/03 
21 Ruby Lake 12/13/03-12/15/03 
22 Ruby Lake 5/25/04-7/6/04 
23 Willamette River 11/17/01-11/26/01 

 
Model #  Model r2 
10 Wtemp=(A_Davg4d1dlag*0.31)+(ppt*6.46)+(logPPT2*42)-7.92 0.72
11 Wtemp=(A_Dmin*-0.29)+(3dAvgA_Dmax*0.39)+13.48 0.78
12 Wtemp=(A_Davg4d1dlag*0.45)+(A_Dmin*0.044)+(ppt*0.7)+4.57 0.72
13 Wtemp=(4dav1dL*-0.7)+(Dmin*0.83)+(Dmax*0.61)+7.1 0.78
14 Wtemp=(4dav1dL*-1.12)+(3davMax*0.82)+16.4 0.82
15 Wtemp=(4dav1dL*0.41)+(3davMax*0.18)+9 0.87
16 Wtemp=(4dav1dL*0.41)+(3davMax*0.18)+9 0.87
17 Wtemp=(Dav4d1dL*0.44)+(3dmin1dL*0.104)+3.07 0.86
18 Wtemp=(Dav4d1dL*0.37)+(Dmin*.054)=3.6 0.80
19 Wtemp=(Dav4d1dL*0.51)+(Dmax3dav*-0.115)+(pptlog2*8.7)+2.18 0.83
20 Wtemp=(MS Davg Wtemp*0.967)+0.544 0.95
21 Wtemp=(Dav4d1dL*0.51)+(Dmax3dav*-0.115)+(pptlog2*8.7)+2.18 0.83
22 Wtemp=(MN Wtemp*0.1.024)+0.2 0.92
23 WR wtemp=(CS lombard*0.63)+3.72 0.59
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Appendix 7 (cont.).  Wetland and river water temperature models. 
 
Model # Model development 
10 used data from 11/27/02-12/20/02 WL Davg Wtemp and Scappoose climate 
11 used data from 6/5/03-7/5/03 WL Davg Wtemp and Scappoose climate 

12 
used data from 11/13/03-12/11/03 modeled WL Davg Wtemp [WL Davg 
Wtemp=(MS wtemp*1.07)+0.515; r2=0.96; data 12/16/03-1/3/04] and Scappoose 
climate 

13 ppt from preceding few days were influential for wtemp 6/10-6/11; I used data from 
5/5/04-6/9/04 where ppt greater/equal to 0.07; WL 

14 used WL wtemp and climate 5/8/04-6/5/04 where ppt less/equal 0.04 

15 5/13/05-6/1/05 data and 6/8/05-7/6/05 from Smith/Bybee wetland (data courtesy of 
Mike Guebert, Metro) 

16 5/13/05-6/1/05 data and 6/8/05-7/6/05 from Smith/Bybee wetland (data courtesy of 
Mike Guebert, Metro) 

17 used 12/27/01-1/31/02 RL wtemp data and Scappoose climate data 
18 used RL Wtemp and Scappoose climate data 12/10/02-12/31/02 

19 

RL Davg Wtemp data that was modeled from 11/13/03-12/12/03 (using MS Wtemp 
r2=0.95) was used with Scappoose climate data for the same period to describe a 
relationship between RL and Scappoose climate for November in order to use 
climate data to model 11/5-11/12 

20 model developed from RL and MS Davg Wtemp data from 12/16/04-4/1/04 

21 

RL Davg Wtemp data that was modeled from 11/13/03-12/12/03 (using MS Wtemp 
r2=0.95) was used with Scappoose climate data for the same period to describe a 
relationship between RL and Scappoose climate for November in order to use 
climate data to model 12/13-12/15 

22 MN and RL Wtemp data from 5/1/03 to 6/15/03 were used for model development 
23 data from 11/2/01 to 11/16/01 Willamette River and Columbia Slough at Lombard 

 
Model # Site  Date Range modeled 
24 Multnomah North 11/5/01-12/26/01 
25 Multnomah North 12/27/01-7/29/02 
26 Multnomah North 11/14/02-11/26/02 
27 Multnomah North 7/7/02 and 7/8/02 
28 Multnomah North 11/5/03-11/12/03 
29 Multnomah North 11/13/03-4/1/04 
30 Multnomah North 4/2/04-5/18/04 
31 Multnomah North 1/24/05-3/9/05 

 
Model #  Model r2 
24 MN wtemp=(Dav*0.129)+(4dav1dL*0.41)+(Dmax*-0.11)+4.066 0.87 
25 MN wtemp=(RL*0.76)+1.75 0.82 
26 MN wtemp=(4dav1dL*0.45)+(Dmin*0.0396)+3.48 0.82 
27 MN wtemp= (4dav1dL*0.28)+(Dmax*0.15)+11.4 0.69 
28 MN wtemp= (4dav1dL*0.51)+(Dmin*0.79)+3.8 0.77 
29 MN Davg Wtemp=(MSwtemp80.986)+0.83 0.95 
30 MN wtemp=(3dmin1dL*0.37)+(3davMax*0.3)+7.83 0.76 
31 MN wtemp=(ENYwtemp*1.07)-0.335 0.90 
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Appendix 7 (cont.).  Wetland and river water temperature models. 

 
Model # Model development 
24 used MN wtemp and Scappoose climate 12/27/01-1/31/02 
25 used MN and RL  Wtemp 11/27/02-2/19/02 
26 used MN Davg Wtemp and Scappoose climate 12/17/02-12/31/02 
27 used MN Davg Wtemp and Scappoose climate 6/15/03-7/6/03 
28 used 11/13/03-12/31/03 MN and Scappoose climate data 
29 MN and MS Davg Wtemp 12/12/02-6/23/03 
30 used MN Davg Wtemp and Scappoose climate 5/19/04-6/30/04 
31 used Davg Wtemp from MCW and MN Nov 04-Jun05 

 
Model # Site  Date Range modeled 
32 Lewis Wetland 5/11/04-6/2/04 
33 Lewis Wetland 9/10/04-11/18/04 
34 Lewis Wetland 6/7/05 and 6/8/05 
35 Bear R 1/1/05-2/9/05 
36 Coquille R 12/1/04-5/9/05 
37 Catherine Ck @ Union 2/15/04-3/7/04 
38 Ladd Marsh 6/18/04-7/23/04 

 
Model # Model r2 
32 LEW Wtemp=(A_Dmin*0.15)+(3dAvgA_max*0.41)+8.545 1.00
33 LEW Wtemp=(A_Dmin*-0.08)+(3dAvgA_max*0.63)+1.18 0.69
34 LEW Wtemp=(A_Dmin*0.15)+(3dAvgA_max*0.41)+8.57 1.00
35 Bear R Wtemp=(Palix R Wtemp*1.31)-3.26 0.92
36 DavgCoqR=(CoqWtrt*1.2)-4.57 0.98
37 wtemp=(AirMin*0.17)+(4dav_2 1dL*0.32)+(3davMax*-0.13)+4.19 0.76
38 LM Wtemp= (Ladd @ Hwy 203* 1.47)-1.57 0.78

 
Model # Model development 
32 used Lew Davg Wtemp and Astoria climate data 6/3/04-6/23/04 
33 used LEW Wtemp and Astoria climate data from 11/19/04-12/31/04 
34 used Lew Davg Wtemp and Astoria climate data 5/5/05-6/6/05 

35 model using Palix and Bear R 12/1/04-1/4/05 and 2/10/05-3/3/05 (data 
courtsey of Howard Christensen WA Dept. Ecology) 

36 
used Coqquille Water Treatment 8am data (Tim Ellis, City of Coquille 541-396-
4614) and DEQ Coq R Davg data (7/1/03-12/18/03) to adjust 8am data to daily 
average 

37 
used LaGrande Western Regional Climate Center max and min air temp; dav2 
is the average min and max; davg 2/15/04-3/7/04 was questionable (from 
LaGrande airport..only reported to nearest whole # and no Dmin, max or avg) 

38 used Ladd @ Hwy 203 and Ladd Marsh wtemp 5/1/04-6/17/04 
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Appendix 8.  Wetland and river stage models. 

 

Model # Site  Date Range 
modeled Model r2 

1 Catherine Ck @ Union 2/15/04-3/7/04 Cat Ck Union stg=(Cat ck upstr * 0.916) 
+2.22 0.81 

2 Bear R 1/1/05-2/9/05 Bear Stage=(Palix R. stage*1.27)-0.054 0.76 
3 Multnomah Channel 4/17/02-4/30/02 MN stg=(StH*1.022)+1.78 0.99 
4 Multnomah Channel 1/1/2005-6/30/05 MN=(USGS Van Davg*0.987)+1.176 0.99 
5 Willamette River 4/17/02-4/30/02 RLstg=(WRstg*0.76)+0.77 1.00 
6 Columbia Slough 1/10/05-1/16/05 NCS wse= (Cslom*0.83)-0.225 0.75;
7 Columbia Slough 3/10/05-4/19/05 NCS wse= (Cslom*0.83)-0.225 0.75;
8 Columbia Slough 2/11/06-3/12/06 NCSwse=(Cslom*0.88)-0.2 0.96 
9 Columbia Slough 3/17/06-5/8/06 NCSwse=(Cslom*0.88)-0.2 0.96 
10 Columbia Slough 6/22/06-7/20/06 NCSwse=(Cslom*0.88)-0.2 0.96 
11 McCarthy Ck wetland 7/2/05-7/5/05 MCW stage=(Van *1.0345)+2.0807 0.82 
12 LaCenter Channel (E Fk Lewis R) 1/11/06-1/31/06 LCch NAVD88=(STH*1.1)+4.47 0.94 
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Appendix 9.  Fish catch in trap nets in and out of seasonal floodplain wetlands. 

 
CW= native coldwater; MOD=native/introduced moderate temperature; WW=introduced warm-
water; WY=water year 
 
Lewis wetland INBOUND (fished WY 2004-2005, 187 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 
CW Coho salmon 2066 11.05 

CW Threespine 
stickleback 911 4.87 

CW Chum salmon 10 0.05 
CW Coastal cutthroat trout 3 0.02 

 
Lewis wetland OUTBOUND (fished WY 2004-2005, 187 trap-check days) 
Group Common Name Outbound Catch CPUE (fish/trap-check day) 

CW Threespine 
stickleback 923 4.94 

CW Coho salmon 299 1.60 
CW Chum salmon 5 0.03 

 
Arago wetland OUTBOUND (fished WY 2005, 48 trap-check days) 
Group Common Name Outbound Catch CPUE (fish/trap-check day) 

CW Threespine 
stickleback 357 7.44 

CW Coho salmon 121 2.52 
WW Mosquitofish 69 1.44 
WW Sunfish sp. 40 0.83 
WW Brown bullhead 4 0.08 
CW Lamprey sp. 3 0.06 
MOD Largescale sucker 3 0.06 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
 
LaCenter wetland INBOUND (fished WY 2005-2006, 110 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 

CW Threespine 
stickleback 2985 27.14 

CW Coho salmon 380 3.45 
MOD Peamouth 54 0.49 
MOD Carp/goldfish (0+) 52 0.47 
MOD Northern pikeminnow 37 0.34 
CW Chinook salmon 33 0.30 
MOD Largescale sucker 28 0.25 
MOD Redside shiner 21 0.19 
CW Sculpin sp. 18 0.16 
WW Sunfish sp. 18 0.16 
WW Banded killifish 10 0.09 
MOD Carp/goldfish (1+) 6 0.05 
WW Amur goby 5 0.05 
WW Brown bullhead 3 0.03 
WW Largemouth bass 2 0.02 
WW Mosquitofish 1 0.01 

 
LaCenter wetland OUTBOUND (fished WY 2005-2006, 110 trap-check days) 
Group Common Name Outbound Catch CPUE (fish/trap-check day) 

CW Threespine 
stickleback 3691 33.55 

CW Coho salmon 224 2.04 
MOD Carp/goldfish (0+) 94 0.85 
MOD Redside shiner 91 0.83 
MOD Peamouth 85 0.77 
CW Chinook salmon 63 0.57 
MOD Northern pikeminnow 57 0.52 
MOD Largescale sucker 14 0.13 
WW Banded killifish 12 0.11 
WW Sunfish sp. 12 0.11 
MOD Carp/goldfish (1+) 9 0.08 
CW Sculpin sp. 7 0.06 
CW Steelhead trout 7 0.06 
WW Amur goby 5 0.05 
MOD Yellow perch 2 0.02 
WW Brown bullhead 1 0.01 
WW Crappie sp. 1 0.01 
WW Largemouth bass 1 0.01 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
 
Multnomah North wetland INBOUND (fished WY 2002-2005, 304 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 
WW Crappie sp. 6883 22.64 

CW Threespine 
stickleback 5087 16.73 

MOD Carp/goldfish (1+) 3506 11.53 
WW Brown bullhead 2645 8.70 
MOD Yellow perch 2534 8.34 
WW Sunfish sp. 1541 5.07 
MOD Carp/goldfish (0+) 610 2.01 
WW Banded killifish 257 0.85 
CW Sculpin sp. 247 0.81 
WW Golden shiner 167 0.55 
WW Largemouth bass 126 0.41 
MOD Oriental weatherfish 113 0.37 
CW Coho salmon 85 0.28 
MOD Redside shiner 73 0.24 
MOD Northern pikeminnow 35 0.12 
CW Chinook salmon 23 0.08 
MOD Peamouth 18 0.06 
MOD Largescale sucker 13 0.04 
WW Mosquitofish 2 0.01 
CW Steelhead trout 2 0.01 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
 
Multnomah North wetland OUTBOUND (fished WY 2002-2005, 304 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 
WW Crappie sp. 4736 15.58 
MOD Yellow perch 3647 12.00 

CW Threespine 
stickleback 2288 7.53 

WW Sunfish sp. 1108 3.64 
CW Sculpin sp. 838 2.76 
MOD Carp/goldfish (1+) 249 0.82 
WW Brown bullhead 245 0.81 
MOD Carp/goldfish (0+) 195 0.64 
MOD Oriental weatherfish 153 0.50 
WW Golden shiner 138 0.45 
WW Banded killifish 136 0.45 
CW Chinook salmon 79 0.26 
WW Largemouth bass 40 0.13 
MOD Largescale sucker 36 0.12 
MOD Redside shiner 34 0.11 
CW Coho salmon 30 0.10 
MOD Peamouth 15 0.05 
MOD Northern pikeminnow 12 0.04 
WW Smallmouth bass 3 0.01 
WW Mosquitofish 2 0.01 
MOD Chiselmouth 1 0.00 
CW Steelhead trout 1 0.00 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
 
McCarthy Creek INBOUND (fished WY 2004-2006, 101 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 
MOD Carp/goldfish (0+) 1055 10.45 

CW Threespine 
stickleback 683 6.76 

WW Sunfish sp. 260 2.57 
CW Coho salmon 72 0.71 
WW Banded killifish 55 0.54 
CW Sculpin sp. 33 0.33 
WW Crappie sp. 30 0.30 
MOD Yellow perch 12 0.12 
WW Brown bullhead 9 0.09 
WW Largemouth bass 9 0.09 
MOD Redside shiner 5 0.05 
CW Coastal cutthroat trout 2 0.02 
WW Golden shiner 2 0.02 
MOD Northern pikeminnow 2 0.02 
MOD Oriental weatherfish 2 0.02 
MOD Carp/goldfish (1+) 1 0.01 

 
McCarthy Creek OUTBOUND (fished WY 2004-2006, 101 trap-check days) 

Group Common Name Outbound 
Catch CPUE (fish/trap-check day) 

CW Threespine 
stickleback 1831 18.13 

MOD Carp/goldfish (0+) 613 6.07 
WW Sunfish sp. 338 3.35 
CW Sculpin sp. 141 1.40 
MOD Yellow perch 125 1.24 
WW Crappie sp. 82 0.81 
WW Brown bullhead 81 0.80 
MOD Carp/goldfish (1+) 45 0.45 
CW Chinook salmon 40 0.40 
WW Banded killifish 39 0.39 
CW Coho salmon 28 0.28 
WW Largemouth bass 9 0.09 
MOD Redside shiner 9 0.09 
MOD Peamouth 6 0.06 
CW Coastal cutthroat trout 5 0.05 
MOD Northern pikeminnow 4 0.04 
MOD Oriental weatherfish 4 0.04 
CW Lamprey sp. 3 0.03 
MOD Largescale sucker 3 0.03 
CW Steelhead trout 2 0.02 
WW Mosquitofish 1 0.01 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
 
Ruby Lake INBOUND (fished WY 2002-2005, 219 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 
WW Crappie sp. 3220 14.70 

CW Threespine 
stickleback 2200 10.05 

MOD Common carp (0+) 1748 7.98 
WW Brown bullhead 747 3.41 
MOD Yellow perch 452 2.06 
MOD Carp/goldfish (1+) 341 1.56 
MOD Redside shiner 244 1.11 
WW Sunfish sp. 216 0.99 
WW Banded killifish 77 0.35 
CW Sculpin sp. 71 0.32 
WW Golden shiner 61 0.28 
CW Coho salmon 31 0.14 
WW Largemouth bass 26 0.12 
MOD Oriental weatherfish 19 0.09 
CW Chinook salmon 10 0.05 
MOD Northern pikeminnow 10 0.05 
MOD Peamouth 4 0.02 
MOD Largescale sucker 1 0.00 

 
Ruby Lake OUTBOUND (fished WY 2002-2005, 219 trap-check days) 
Group Common Name Outbound Catch CPUE (fish/trap-check day) 
WW Crappie sp. 2405 10.98 

CW Threespine 
stickleback 1511 6.90 

WW Brown bullhead 908 4.15 
MOD Carp/goldfish (0+) 754 3.44 
MOD Yellow perch 413 1.89 
WW Sunfish sp. 228 1.04 
MOD Carp/goldfish (1+) 197 0.90 
MOD Redside shiner 118 0.54 
CW Sculpin sp. 85 0.39 
WW Banded killifish 72 0.33 
CW Coho salmon 28 0.13 
WW Largemouth bass 24 0.11 
WW Golden shiner 14 0.06 
MOD Oriental weatherfish 12 0.05 
CW Chinook salmon 7 0.03 
MOD Peamouth 4 0.02 
MOD Largescale sucker 1 0.00 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
 
Wigeon Lake INBOUND (fished WY 2002-2005, 219 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 
WW Black crappie 2958 13.51 

CW Threespined 
stickleback 2609 11.91 

MOD Common carp 1291 5.89 
WW Brown bullhead 801 3.66 
MOD Yellow perch 587 2.68 
WW Banded killifish 391 1.79 
WW Bluegill 321 1.47 
MOD Common carp 203 0.93 
CW Prickly sculpin 194 0.89 
MOD Redside shiner 114 0.52 
WW Golden shiner 87 0.40 
WW Largemouth bass 81 0.37 
CW Coho salmon 38 0.17 
CW Oriental weatherfish 19 0.09 
CW Chinook salmon 8 0.04 
MOD Northern pikeminnow 8 0.04 
MOD Peamouth 4 0.02 
MOD Largescale sucker 3 0.01 

 
Wigeon Lake OUTBOUND (fished WY 2002-2005, 219 trap-check days) 
Group Common Name Outbound Catch CPUE (fish/trap-check day) 
WW Black crappie 1256 5.74 
MOD Common carp 447 2.04 
MOD Yellow perch 407 1.86 

CW Threespined 
stickleback 278 1.27 

WW Brown bullhead 260 1.19 
WW Banded killifish 235 1.07 
WW Bluegill 161 0.74 
CW Prickly sculpin 152 0.69 
MOD Common carp 30 0.14 
MOD Redside shiner 29 0.13 
MOD Largemouth bass 23 0.11 
CW Chinook salmon 17 0.08 
MOD Peamouth 13 0.06 
MOD Oriental weatherfish 10 0.05 
CW Coho salmon 5 0.02 
MOD Northern pikeminnow 5 0.02 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
 
Smith-Bybee INBOUND (fished WY 2005-2006, 111 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 

CW Threespine 
stickleback 1666 15.01 

MOD Carp/goldfish (1+) 1471 13.25 
MOD Yellow perch 1028 9.26 
WW Sunfish sp. 585 5.27 
WW Brown bullhead 394 3.55 
CW Chinook salmon 194 1.75 
WW Banded killifish 181 1.63 
CW Prickly sculpin 81 0.73 
MOD Carp/goldfish (0+) 54 0.49 
MOD Redside shiner 13 0.12 
WW Golden shiner 11 0.10 
WW Crappie sp. 9 0.08 
CW Coho salmon 4 0.04 
WW Mosquitofish 3 0.03 
MOD Oriental weatherfish 3 0.03 
WW Largemouth bass 1 0.01 

 
Smith-Bybee OUTBOUND (fished WY 2005-2006, 111 trap-check days) 
Group Common Name Outbound Catch CPUE (fish/trap-check day) 
MOD Yellow perch 1773 15.97 

CW Threespine 
stickleback 814 7.33 

CW Sculpin sp. 250 2.25 
WW Sunfish sp. 156 1.41 
WW Brown bullhead 47 0.42 
MOD Carp/goldfish (0+) 22 0.20 
WW Banded killifish 19 0.17 
WW Crappie sp. 15 0.14 
WW Mosquitofish 7 0.06 
CW Chinook salmon 4 0.04 
WW Smallmouth bass 4 0.04 
MOD Carp/goldfish (1+) 1 0.01 
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Appendix 9 (cont.).  Fish catch in trap nets in and out of seasonal floodplain 
wetlands. 
Ladd Marsh INBOUND (fished WY 2003-2004, 88 trap-check days) 
Group Common Name Inbound Catch CPUE (fish/trap-check day) 
MOD Northern pikeminnow 1137 12.92 
MOD Redside shiner 653 7.42 
MOD Carp (1+) 221 2.51 
WW Pumpkinseed 80 0.91 
MOD Largescale sucker 68 0.77 
CW Rainbow trout 56 0.64 
WW Brown bullhead 17 0.19 
CW Chinook salmon 11 0.13 
WW Crappie sp. 8 0.09 
WW Largemouth bass 6 0.07 
MOD Carp (0+) 4 0.05 
MOD Yellow perch 3 0.03 

 
Ladd Marsh OUTBOUND (fished WY 2003-2004, 88 trap-check days) 
Group Common Name Outbound Catch CPUE (fish/trap-check day) 
MOD Northern pikeminnow 1608 18.27 
MOD Redside shiner 619 7.03 
MOD Carp (0+) 289 3.28 
WW Crappie sp. 159 1.81 
MOD Largescale sucker 63 0.72 
WW Bluegill 60 0.68 
MOD Carp (1+) 44 0.50 
MOD Yellow perch 28 0.32 
CW Chinook salmon 6 0.07 
WW Brown bullhead 5 0.06 
WW Smallmouth bass 2 0.02 
CW Rainbow trout 2 0.02 
MOD Chiselmouth 1 0.01 

 
 
 


