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In the Pacific Northwest, the survival and restoration of anadromous salmon and other 

Endangered Species Act listed species have been a concern with access to habitat being 

identified as one of the critical issues.  Inadequately designed culverts can prohibit fish from 

accessing vital habitat.  State agencies in Washington found 1,676 impassable culverts just at 

state road crossings.  The preferred method these organizations are using to size replacement 

culverts for fish passage is the stream-simulation design method.  In this method, the width of the 

culvert bed must be equal to 1.2 times the bankfull width of the channel plus two feet.  As a 

result, culverts are much wider than the stream channel and very expensive to implement.  The 

objective of this research was to evaluate the trade-offs between culvert replacement cost and the 

percent of time passable for fish.  Using the program FishXing, average barrel velocities and 

water depths as a function of discharge were calculated for fifteen circular culverts in Eastern 

Washington deemed impassable in the fish passage barrier removal program.  Based on 

estimated daily average stream flows for an entire year, the amount of time each culvert was 

passable for fish was compared to the construction costs for a series of culvert diameters so that 
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culvert costs versus the number of days that fish were not able to pass through the culvert over 

the course of a typical annual hydrograph could be examined.  Additionally, the days that fish 

were not able to pass through the culvert were compared to migratory periods for different fish 

species.  As culvert diameter increased so did construction costs for all fifteen culverts.  For eight 

of the culverts the weakest swimming fish increased passability as the culvert diameter increased 

while the strongest swimming fish were able to pass during all flows.  For the other seven 

culverts the strongest swimming fishôs passablity decreased as culvert diameter increased while 

the weakest swimming fishôs passablity increased.  This research will allow decision makers to 

examine the trade-offs between the cost and the percent of time passable for fish to more 

effectively prioritize how restoration dollars are being spent. 
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1.0 INTRODUCTION  
 

Around the worldôs oceans, fish populations have been declining at an alarming rate with many 

species on the verge of collapse due to various factors (Hendrey, 1987; Baker and Votapka, 

1990; De Lafontaine et al., 2002; Diamond et al., 2002; Rieman et al., 2003; Cucherousset et al., 

2007; Gutberlet et al., 2007; and Kapitzke, 2007).  For example, a study conducted in the 

Swedish Mountain Range concluded that there was a direct correlation between increased 

acidification and the degradation of habitat and fish species throughout the mountain range 

(Olofsson et al., 1995).  Soto-Galera et al. (1999) examined changes in the long-term distribution 

of fish in relation to water quality and quantity in the Rio Grande de Morelia-Lago de Cuitzeo 

basin in Mexico and found that 16 species of the 19 native fish species had declined in 

distribution.  In addition, 5 of the species had been extirpated and 2 species were presumed 

extinct.  These declines were attributed to increases in pollution as a result of the rapidly growing 

human population.  A 2003 study concerning the declining fish populations in Korea concluded 

that global regulations, technological advances in fishing, national economic development 

policies, land reclamation projects and pollution have all contributed to the declining populations 

(Cheong, 2003).  Also, the declining population of Atlantic salmon prompted a study to 

determine if stream crossings met Canadian government regulations on a new section of the 

Trans Labrador Highway in the province of Newfoundland and Labrador.  This study found that 

53 percent of culverts were barriers for fish passage.  As a result, many of the stream crossings 

were redesigned based upon state regulations, and careful monitoring is being administered 

during the final phases of the Highway construction to insure that there is minimal disturbance of 

habitat during construction (Gibson et al., 2005).  To assess the decline of brown trout (Salmo 

trutta) in Swiss rivers, a study was conducted utilizing a Bayesian probability network which 
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found that the suboptimal habitat conditions were most likely a major cause in the declining 

Brown Trout populations (Borsuk et al., 2006).  In another study conducted by Kimirei et al. 

(2008), the decline of two fish species (Stolothrissa tanganicae and Limnothrissa miodon) in 

Lake Tanganyika in Tanzania was attributed to local overfishing and climate change.   

 

In North America, there are concerns over dwindling populations of salmon species (Waddle and 

Sandelin, 1994; Ligon, 1997; Flosi et al., 1998; Newman, 2000; Wang et al., 2000; National 

Oceanic and Atmospheric Administration Fisheries Southwest Region, 2001; Lackey, 2003; 

Lackey, 2004; Botsford et al., 2005; and Krkosek et al, 2007).  According to Haines and Baker 

(1985), some 200 to 400 lakes throughout the Adirondack Mountain region of New York have 

lost fish populations from acidification.  Additionally, Kareiva et al. (2000) attribute the 

construction of four dams along the lower Snake River to the decline of the Riverôs salmon 

populations.  Declines of some native species have become so severe that they are now listed as 

threatened or endangered under the US Endangered Species Act (ESA) (Endangered Species Act 

of 1973).  Challenges to managing salmon populations involve habitat, harvest, hydropower, and 

hatcheries (Mathur et al., 1997; Davis, 1998; Bates et al., 1999; Northwest Power Planning 

Council, 2000; and Ford and Myers, 2008). 

 

In terms of habitat, access to valuable upstream tributary habitat is essential to the survival of 

many anadromous salmon and resident fish species (Frissell, 1998; Love, 2001; and FishXing, 

2006).  Many fish species migrate upstream and downstream during their life cycle seeking a 

variety of habitat.  For some species, this migration is vital for survival (United States 

Department of Agriculture, 1990).  The smaller streams located in the upper reaches of rivers 
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often consist of the best spawning and rearing habitat for salmonids and resident trout (Flosi, 

1998; Love, 2001).  These streams usually contain steeper channel gradients than larger rivers 

which can create a pool and riffle sequence. In addition, smaller tributaries produce cooler water 

than the main rivers because of the inflow from cold springs and the dense canopy covering the 

small channel (Love, 2001).  This creates valuable summer habitat for rearing juveniles as well 

as spawning grounds for adults. 

 

Inadequately designed culverts can prohibit fish from accessing vital habitat.  Fisheries, 

biologists and engineers have long recognized the need to incorporate fish passage at culverts 

into their designs (Shoemaker, 1956; Ziemer, 1961; Slatick, 1970; Evans and Johnson, 1972; 

Engle 1974; and Evans and Johnston, 1980).  Recent evidence, however, suggests that earlier 

criteria may not have been adequate or fully implemented at a scale that would ensure upstream 

access in many instances (Kay and Lewis, 1970; Metsker, 1970; Lowman, 1974; Dane, 1978; 

Derksen, 1980; Kane and Wellen, 1985; Powers and Orsborn, 1985; Laird, 1988; Baker and 

Votapka, 1990; Fitch, 1995; Belford and Gould, 1996; Kahler and Quinn, 1998; Taylor and 

Love, 2001; Barnard, 2003; and Hotchkiss, 2007).  An improved understanding of fish behavior 

coupled with increased concerns over the survival and the sustainability of fish populations 

around the world has caused resource managers to begin to initiate action by re-examining 

barriers to voluntary migration. 

 

There are various factors which create problems for fish migration through culverts.  For 

example, some culverts are beginning to rust or collapse as a result of age and/or lack of 

maintenance.  However, the majority of the barrier problems come from hydraulic issues such as 
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increased velocities, shallow depths, excessive plunge pools and perched culverts (Figure 1).  

These factors become barriers in relation to the swimming speeds of fish.  The swimming speeds 

of fish are divided into three categories: 1) cruising speed, 2) sustained (or prolonged) speed, 3) 

and burst speed (Bell, 1973; Dane, 1978; United States Department of Agriculture, 1990; Peake 

et al., 1997; and FishXing, 2006).  The cruising speed is the speed that a fish species can 

maintain for a long period of time without tiring.  The sustained speed of a fish species is the 

speed the fish can maintain for a long period of time (typically minutes or hours) but ends in 

fatigue.  Burst speed is the highest attainable speed by a fish species and can only be maintained 

for a short period of time (usually only seconds) (Beamish, 1978 and United States Department 

of Agriculture, 1990).  If the velocities are too high in a culvert a fish may have to swim at burst 

speed and will become exhausted before it completely passes through, resulting in the culvert 

becoming impassable.  If a culvert is very long and the excessive velocities cause a fish to swim 

in prolonged mode, then they may not reach the end of the culvert before they become 

exhausted.  In addition, if the plunge pool is too shallow and/or a culvert is perched too high, 

then the fish may not have enough room to gain speed to jump into the culvert, also resulting in 

the culvert becoming impassable. 
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Figure 1: Culverts can be barriers to fish in a 

variety of ways A) excessive velocities, B) 

jump too high into culvert, C) no resting pool 

below culvert, D) insufficient depth inside 

culvert (Furniss, 2007), and E) length beyond 

endurance of fish (Gebhards and Fischer, 1972)
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