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Around the world, many fishways have been constructed to provide a route for upstream migrating fish to pass 
dams.  Most were designed for salmon, but other species have also been targeted.  While sometimes successful, 
often these fishways are not, because they were constructed with insufficient hydraulic and biological 
knowledge about the target species, or were installed in locations or with insufficient attraction flow for them to 
be effective.  The hydraulics of several fishway types have been well studied, but they lack sufficient biological 
knowledge for how various species will respond to the hydraulics within them.  Not surprisingly, in some of 
these fishways some species can successfully pass, but others cannot.  Results of evaluations indicate that when 
sufficient hydraulic and biological knowledge exists for specific species, it is possible to construct successful 
fishways.  This requires knowing how behaviour and swimming abilities interact with hydraulic conditions in 
different fishway configurations.  This type of information is crucial to the development of fishways that have 
the best chance of being effective.  Fishway evaluations and fishway science have evolved as animal tracking 
technology developed.  Hopefully continued advances will one day create fishways that all species can 
successfully pass. 

1 INTRODUCTION  

Fishways are intended to enable up and down migrating species to bypass obstacles in rivers and retain 
longitudinal habitat connectivity.  Upstream and downstream movements in lotic systems are essential for many 
diadromous and potamodromous fish species in connecting spawning, feeding and refuge habitats [1].  Even 
though bidirectional fish movements are involved, commonly, fishways are unidirectional and dedicated to either 
upstream or downstream migrations, with different designs and functionalities.  While the focus here is on 
fishways for upstream movements, many of the concerns raised are also pertinent for fishways for downstream 
movements.  Fishways come in various shapes and sizes.  Some are designed well, using best knowledge, and 
may perform well; others are ill-conceived, designed with insufficient hydraulic and biological knowledge, or 
installed in locations with insufficient attraction flow and often are not effective.  Fish passage effectiveness is 
challenging as it depends on many biological, engineering and economic factors.  Often fishways are not treated 
to similar levels of prudent design, as these factors are either not well known, not fully taken into account, or 
compromised because of cost considerations, leading to sub-standard designs or maintenance, and poor fishway 
performance.  In cases where biological needs are better known, and fishways are well-designed, high 
effectiveness may follow (e.g. several salmonid species).   

Clear terminology is particularly important in inter- and trans-disciplinary sciences, such as Ecohydraulics 
which includes fishways.  The following terms are defined below for the sake of clarity; many of these 
definitions are modified from those provided in the “Anadromous Salmonid Passage Facility Design” manual [2]. 

 Fishway – the set of facilities, structures, devices and measures that together provide a means for migrating 
fish to pass successfully from one end of a barrier to the other and continue their migration. 

 Fishway entrance – the component (s) of an upstream passage facility that discharges attraction flow below a 
barrier, where upstream migrating fish enter (and flow exits) the fishway. 

 Fishway entrance pool – often the largest and most important pool configured to readily guide fish toward 
passageway weirs, slots or other passage devices. 

 Fishway exit pool – the component of an upstream passage facility that upstream migrating fish exit safely 
(and flow enters) the fishway, with low risk of falling back downstream. 

 Passageway – the path provided for fish to move upstream once they enter the fishway.  The passageway 
encompasses the area between entrance and exit pools.  This path usually consists of a channel or ramp 
which incorporates weirs, slots, orifices, vanes, baffles, rocks, or other design features such as resting pools 



which provide appropriate hydraulic conditions for fish to pass. The passageway dissipates water potential 
energy into discrete pools such as those in pool & weir or vertical slot fishways, or more uniformly through 
Denil fishways, or more randomly as occurs in nature-like fishways.  Over decades, many types of 
passageway designs with multiple variants have been developed that have passed different fish species [3], 
although large efforts have been directed toward economically important species, primarily salmonids [4]. 

 Auxiliary water system – a hydraulic system that augments passageway flow at various points in the 
fishway.  Typically, large amounts of auxiliary water flow are added in the fishway entrance pool.   
Fishway design guidelines generally recommend 3-10% of total discharge at a dam for attraction [2, 3]. 

 Fish passage effectiveness – the number of fish that successfully pass above a barrier through a fishway 
divided by the number of fish that arrived below the barrier, most often expressed as a percentage.  Fish 
passage effectiveness encompasses attraction and entrance into fishways, as well as entry into and 
ascension of passageways, and successful exit from fishways above the barrier. 

2 CASE STUDIES 

2.1 Fish passage effectiveness  

Knowledge of fish passage effectiveness is crucial for a) fish populations and ecosystems; b) management 
decisions involving justification for fish passage; and c) fishway design, construction, operation, maintenance, 
monitoring, and economic considerations.  Therefore, unbiased and accurate estimates of fishway effectiveness 
are essential to make optimum conservation management decisions, maximize mitigation benefits and consider 
fishway capital, operating and maintenance costs.  A recent summary [5] of attempts to synthesize field 
assessments of fish passage effectiveness, indicates such a wide variation in fish attraction and passage 
efficiency (often 0-100% for the same fishway), as to doubt the validity of at least some such estimates or their 
worth.  Such syntheses though may be misleading, especially if effectiveness of both well-designed and ill-
conceived or badly designed fishways, are included in the meta-analyses.  It is a lot easier to spot an ill-
conceived or badly designed fishway, than to reliably assess a well-functioning one, as has been illustrated by 
many researchers.  In addition, sound interpretation of available information from field assessments is rather 
problematic, because of biological complexities and monitoring limitations [6].   

Investigations which are more thorough and data which are interpreted more critically are needed to avoid 
bias and obtain reliable results on fishway effectiveness.  This necessitates long-term data sets on effectiveness, 
which also provide context in terms of population dynamics, life history, and habitat characteristics on both sides 
of a barrier [6].  Regrettably, there are only a few cases and for a limited number of species, where well-designed 
fishways have undergone suitable long-term follow-up monitoring to establish reliable effectiveness estimates.  
Critical thinking and much better understanding of numerous generic and site specific factors, which may 
influence fishway effectiveness, are vital to advance fishway science, particularly for non-salmonid species.  The 
following questions illustrate the need for critical thinking and better understanding, although other questions 
may also arise [6].  What is the biological basis for large discrepancies in fishway effectiveness estimates? 
Which species and what proportion of a fish population actually migrates?  What percentage of a fish population 
needs to pass to maintain stock viability?  What are natural levels of migration success or failure?  What are the 
effects of various fish capture, handling, and tagging procedures?  What are the detection limits and other 
shortcomings of electronic tagging equipment?  Different factors may be important for different species, at 
different sites.  The selected case studies on vertical slot and pool and weir fishways summarized below, 
demonstrate some of the complexities, as well as some of the reliable outcomes in fish passage effectiveness. 

2.2 Case studies on vertical slot fishways  

Field studies were conducted at the Vianney-Legendre vertical slot fishway at St. Ours Dam, located on the 
Richelieu River, a tributary to the St. Lawrence River in southwest Quebec, Canada.  The fishway at this 3.4 m 
high and 180 m wide dam, is 85 m long, its floor rises 2.65 m, has 12 regular pools, 2 resting/turning pools, a 
drop per pool of 0.15 m, and slot width of 0.6 m;  regular pools are 3.50 m long by 3.00 m wide, with typical 
depths of ~2.0 m.  A field study on lake sturgeon (Acipenser fulvescens) in 2010, focused on passage efficiency 
and detection of any areas of difficulty within the fishway; the experimental approach used did not allow for the 
estimation of attraction efficiency [7].  This study involved capture of sturgeon in gillnets below the dam, PIT 
tagging them, and then releasing them into the fishway entrance pool.  A block net was utilized at the fishway 
entrance gate to prevent fish from exiting downstream and to ensure that sturgeon could volitionally move up 



and down the fishway, hold position in a pool, or successfully exit upstream.  A large set of rapids ~50 km 
upstream of the dam, provides suitable sturgeon spawning habitat, and the vertical slot fishway was built to allow 
access to these spawning grounds.  Sturgeon passage efficiency in 2010 was estimated to be 36% across five 
repeated experiments [7].  It was challenging to explain this rather low passage efficiency, particularly under the 
assumption that sturgeon were seeking the upstream spawning habitat.  A follow-up study in 2011, which used 
radio telemetry, spawning mats for egg collection, and reproductive hormone profiles, demonstrated that a 
portion of the sturgeon population spawned in the Richelieu River downstream of the St. Ours Dam [8].  There is 
also evidence that actual locations of sturgeon spawning activities depend on river water level and discharge, and 
they may shift from year to year [8].  It is possible that the experimental approach, sturgeon capture, tagging, 
transfer, longer times spent in resting/turning pools, and entrapment in the fishway pool, may have contributed to 
the low passage efficiency estimate in 2010 [7], yet it was the 2011 study which placed the lower efficiency 
value in a more realistic context.  In this case, sturgeon from the portion of the population spawning downstream 
of the dam, may have had no motivation to migrate upstream, and once these fish were transferred into the 
fishway, they essentially lowered the passage efficiency estimate, while fish passage effectiveness may have 
been high for the portion of the population which was motivated to reach the upstream spawning site.  It may 
very well be that the passage efficiency estimate is more reflective of the proportion of the sturgeon population 
that migrates to the upstream spawning grounds than fish passage effectiveness at this dam. 

Well-designed, maintained and operated, large vertical slot fishways have allowed sockeye salmon 
(Oncorhyncus nerka) to reach their spawning grounds upstream from of a severe hydraulic obstruction at Hell’s 
Gate, on the Fraser River, British Columbia, Canada, since the mid-1940s.  Although the vertical slot fishways at 
Hell’s Gate are considered effective, the site remains the most challenging passage point on the Fraser River for 
upstream migrating fish.  Recent studies with tagged fish indicated that the turbulent flow area at Hell’s Gate 
immediately downstream of the fishways, is a difficult area, demands high energy cost for spawners and some of 
them may be exhausted and not able to reach the fishway entrances.  Although sample sizes were low, 15 out of 
20 or 75% of tagged sockeye salmon successfully reached the east bank fishway in 1993 and 1995, under similar 
hydraulic conditions in the river [9].  Once in the fishway, 100% of tagged sockeye passed through, indicating 
that passage effectiveness at Hell’s Gate may be more related to salmon reaching a fishway entrance, rather than 
having difficulties navigating through the fishways.  Sockeye that were successful in navigating through the 
Hell’s Gate area, including the fishways, did not return downstream, while those that failed to pass the Hell’s 
Gate area moved downstream and died [9]. 

2.3 Case studies on pool and weir fishways 

Major runs of Columbia River salmon, in northwest USA, migrate to the upper Snake River and pass through 
well-designed, maintained and operated pool and weir fishways at 8 mainstem dams.  Telemetry studies since 
the early 1960s and nearly every year since 1971, have tagged and tracked salmon, as they move upstream of 
each mainstem dam using sets of pool and weir fishways.  These studies were further intensified in the 1990s, 
with thousands of fish tagged annually.  The studies target 3 different races of Chinook salmon (Oncorhynchus 
tshawytscha), sockeye salmon, and steelhead (O. mykiss), although not in every year at every dam.  These 
telemetry records constitute the most comprehensive, longest-term database known, with the largest numbers of 
salmon tagged and tracked to assess fish migrations in rivers (http://www.uidaho.edu/cnr/research-
outreach/researchprograms/FERL/publications for electronic copies of nearly all 1991-2014 radio-telemetry 
studies).  At every fishway at every dam, telemetry receivers recorded when salmon entered and the amount of 
time it took fish to pass through the passageways at each dam.  This long-term database and the telemetry studies 
which generated it, demonstrate high fish passage effectiveness.  Nearly 100% of all tagged salmon, which arrive 
below each dam, successfully locate, enter and exit the fishways at each dam, and those fish destined for the 
upper Snake River, reach their spawning grounds.   

Two examples of specific studies on Columbia River fishways are outlined here.  The first is on a fishway at 
the Lower Granite Dam on the Snake River, which has a large number of multiple telemetry records, and was 
used to evaluate changes at the entrance area and any consequences on salmon passage.  Chinook salmon and 
steelhead were radio tagged at Bonneville Dam, which is the first dam upstream migrating fish encounter, and is 
located 400+ km downstream of the Lower Granite Dam.  Telemetry studies over 2 years were used to evaluate 
different options to alter the hydraulics between the fishway entrance pool and the first weir of the passageway 
[10].  These studies showed that some fish navigated through the fishway entrance pool, which had auxiliary 
water, and entered the passageway, on their first attempt, while others needed more than one attempt.  



Furthermore, some fish backed out of the fishway and into the tailrace, before re-entering and successfully 
passing upstream.  The final result was that 100% of the fish passed into the headwaters of the dam. 

The second example study is instructive as to the level of fish passage effectiveness for the 9 different dams 
on the lower and upper Columbia River.  The study followed 577 adult sockeye salmon which were captured, 
tagged, and released below Bonneville Dam, by tracking the number of tagged fish which successfully arrived 
and passed each of the 9 dams.  As the population of tagged sockeye progressed upstream, the number of live 
fish decreased at each succeeding dam because of straying to tributaries, harvest, or mortality either at dams or in 
reservoirs [11].  Using these tagged sockeye records, a minimum attraction efficiency for each dam was 
calculated by removing known harvested and straying fish from those that passed.  Furthermore, presuming no 
reservoir mortality (an unlikely scenario), the conservative assumption was made that all unaccounted for fish 
successfully arrived at the base of each upstream dam.  The derived fish passage effectiveness probability for 
each of the 9 dams was: 94.3, 97.2, 96.7, 97.6, 94.7, 98.6, 97.9, 97.9, and 96.3%, corresponding to dams starting 
at Bonneville and ending at Wells.  However, 100% of radio-tagged fish which enter each fishway passed. 

3 CONCLUSIONS 

It is concluded that not all fishways are created equal, especially in terms of how well they integrate biological 
and hydraulic aspects, or if they are well-designed, maintained, and operated.  Fish passage effectiveness 
evaluations must carefully and critically examine and identify the factors that contribute to efficiency estimates.  
Biased or misleading interpretations of fishway effectiveness, risks hindering fishway science, has economic and 
fish conservation consequences and encourages skepticism about providing passage facilities. 
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