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In the Pacific Northwesthe survival and restoration ahadromous salmon and othe
Endangered [geciesAct listed speciebave been a concewith access to habitat being
identified as one of the critical issuesladequately designed culverts can prohibit fisimfro
accessing vital habitat. State agencies in Washirngtord 1,676 impssable culverts just at
state road crossingd he preferred method these organizations are usisgdaeplacement
culvertsfor fish passage is the streaimulationdesign method. In thismethod, the width of the
culvert bed must be equal to 1.2 terthe bankfull width of the channel plus two feet. As a
result, culverts are much wider than gteeanchannel and very expsne to implement. The
objectiveof this researckvas to evaluate the traadfs between culvert replacement cost and the
percen of time passable for fishUsing the program FishXingyvarage barrel velocities and
waterdepths as a function of discharge were calculatedffeemcircularculvertsin Eastern
Washingtordeemed impassable in the fish passage barrier removal pro@ased on
estimated daily averaggream flowdor an entire yearthe amount of time each culvevas

passable for fish was compared to thastructioncosts fora series of culvert diameters so that



culvert costsrersusthe number of days that fisheve not able to pass througte culvertover

the course of a typical annual hydrograjoluld beexamined. Additionally, the days that fish

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

species.As culvet 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 flowsth&ather seven

culverts the strongest swimming fishoés passab
t he weakest swi mmi ng This®dedch wilhllavedeasion makeystoi ncr e a
examine the tradeffs between the cost and tpercent of time passable for fish to more

effectively prioritize how restoration dollars are being spent.
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1.0INTRODUCTION

Around t he swishpdpdabions havwe beemdeclining at an alarming rate with many
species on the verge of collapdee to various factordendrey, 1987; Baker andbtapka,

1990; De Lafontaine et al., 2002; Diamond et al., 2002; Rieman et al., Q06Berousset et al.,
2007;Gutberlet et al., 200And Kapitzke, 2007 For example, a study conducted in the
Swedish Mountain Range concluded that there was a direelatmn between increased
acidification and the degradation of habitat and fish species throughout the mountain range
(Olofssan et al., 1995).SotoGalera et al. (1999) examined changes in the-teng distribution

of fish in relation to water qualitgnd quantity in the Rio Grande de Mordliago de Cuitze

basin in Mexico andound 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 eclines were attributed to increases in pollution as a result of the rapidly growing
human population. 2003 study concerning the declining fish populations in Korea concluded
that global regulations, technological advances in fishing, national ecoderatopment

policies, land relamation projectand pollution have all contributed to the declompopulations
(Cheong, 2003). Also, the declining population of Atlantic salmon prompted a study to
determine if stream crossings met Canadian governmeumfat&gms on a new section of the
Trans Labrador Highway ithe province of Newfoundland ah@brador. This study found that
53 perent of culverts were barriefsr fish passage. As a result, marfythe stream crossings
were r@lesigred based upon stategulationsand careful monitoring is being administered
during the final phases tiie Highwayconstructiorto insure that there is minimdisturbance of
habitat during construction (Gibson et al., 2005. assess the decline of brown trasaimo

trutta) in Swiss riversa study wagsonducted utilizing 8ayesian probability netwonkhich



found that the suboptimal habitat conditions waeest likely amajor cause in the declining
Brown Trout populationgBorsuket al, 2006). In another study condusd by Kimirei et al.
(2008) the decline of twdish species$tolothrissa tanganicagndLimnothrissa miodonin

Lake Tanganyika in Tanzaneas attributed to local overfishing and climate change.

In North America, there are concerns over dwindpogulations of salmon specieg/addle and
Sandelin, 1994; Ligon, 1997; Flosi et al., 1998; Newman, 20019 et al., 2000yational

Oceanic and Atmospheric Administration Fisheries Southwest Region, 2001; Lackey, 2003;
Lackey, 2004; Botsford et al., 2005;daKrkosek 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
constructionoffou dams along the | ower Snake River to
populations.Declinesof some native species have become so severe that they are now listed as
threatened or endangered under theBa8angered Species Act (ESA) (Endangered Speaes A

of 1973. Challenges to managing salmon popatssinvolve habitat, harvest, hydropower, and
hatcheriesNlathur et al., 1997; Davis, 1998; Batesakt 1999 Northwest Power Planning

Council, 2000and Ford and Myers, 2008)

In terms of habitat, aess to valuable upstream tributary habitat is essentiatteuttvival of
many anadromousabnon and resident fish species (Frissell, 1998¢, 2001; and FishXing,
2006. Many fish species migrate upstream and downstream during their life cycle saeking
variety of habitat. For some species, this migration is vital for surviliatéd States

Department of Agriculture, 1990)'he smaller streams located in the upper reaches of rivers



often consist of the best spawning and rearing habitaaforomidsand resident troufFlosi,
1998;Love, 200). These streamssuallycontain steeper channel gradients than larger rivers
which cancreate a pool and riffle sequence. In addition, smaller tributaries produce cooler water
thanthe main rivers because oktinflow from cold springs and the dense canopy covering the
small channel (Love, 2001). This creates valuable summer habitat for rearing juveniles as well

as pawning ground$or adults.

Inadequately designed culverts can prohibit fish from accesdmghaibitat. sheries

biologists and engineers have long recognized the need to incorporate fish passage at culverts
into their designs (Shoemaker, 1956; Ziemer, 1961; SId&t®k); Evans and Johnson, 1972;

Engle 1974and Evans and Johnston, 198Recent evidence, however, suggests that earlier
criteria may not have been adequate or fully implemented at a scale that would ensure upstream
access in many instancd&afy and Lewis, 1970vletsker, 1970t.owman, 1974; Dane, 1978;
Derksen,1980;Kane and When, 1985;Powers and Orsborn, 1985ird, 1988; Baker and
Votapka, 1990; Fitch, 1995; Belford@Gould, 1996Kahler and Quinn, 1998 aylor and

Love, 2001Barnard, 2003and Hotchkiss, 2007 An improved understanding of fish behavior
coupled with mcreaseadoncers overthe survival andhe sustainabilityf fish populations

around the worldhas caused seurce managers to bedminitiate action by reexamining

barriesto voluntary migration.

There are various factors which create problemsigbrmigration througleulverts. For
example, eme culverts a beginning to rust or collapss a result of age and/or lack of

maintenance. However, the majority of the barrier problems come from hydraulic issues such as



increased/elocities, shallow deps, excessive plunge poadsid perched culver{&igure 1)

Thes factors become barriers inagonto the swimming speeds of fisffhe swimming speeds

of fish are divided into three categories: 1) cruising speed, 2) sustainpablonged}peed, 3)

and burst speed¢ll, 1973; Dane, 1978; United States Department of Agriculture, F¥ke

et al., 1997andFishXing, 200¢. The cruising speed is the speed that a fish species can
maintain for a long period of time withotiting. The sustained spd of a fish species the

speed the fish can maintain for a long period of fitygically minutes or hours) ba@nds in

fatigue. Burst speed is the highest attainable speed by a fish species and can only be maintained
for a short period of time (usuglbnly seconds)Reamish, 1978 andnited StateDepartment

of Agriculture, 1990. If the velocities are tobigh in a culvert a fish malyave to swim at burst
speed and wilbecome exhausted before it completely passes thyoesiting in the culvert
becoming impassabldf 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 shall@amd/or a culvdris 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.



E. Figure 1:Culverts can be barriers to fish in a
variety of ways A) excesae velocities, B)

jump too high into culvertC) no resting pool
below culvert, D)nsufficient depth inside

culvert (Furniss, 200y, and E) length beyond
endurance of fish (Gebhards and Fischer, 1972)




