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ABSTRACT

Pre-spawning adults of most northeast
diadromous species migrate from the Atlantic
Ocean into rivers in March-June. Many adults
survive spawning and return downstream to salt
water. Thus, for species passed upstream of dams
to spawn, both post-spawned adults and early
life stages (typically, juveniles) need safe passage
when moving downstream past dams and water
withdrawals. Many northeast potamodromous
fishes (=riverine fish species here) have evolved
up- and downstream migrations that occur from
March to November. Migrations of the riverine
Connecticut River shortnose sturgeon, Acipenser
brevirostrum, show the river is a busy highway of
up- and downstream movement of various life
stages during March-November. These
migrations may be typical of long-lived riverine
fishes that have evolved in a large open river.
Researchers study downstream fish migrations
using traps, nets, telemetry, and hydroacoustic
techniques. When field studies are not possible,
scientists study migration of early life stages in
artificial streams. Fish passage in the northeast
US is directed by agencies at a few diadromous
sport fish species that are the subject of
restoration programs, and not at the diverse
diadromous and riverine migratory fish
community. Target species and life stages are
typically adult and juvenile alosids (American
shad, Alosa sapidissima, and blueback herring, A.
aestivalis), and Atlantic salmon, Salmo salar,
smolts. These fish are in the upper part of the
water column; so surface bypass systems are
effective. At Holyoke Dam, Connecticut River,
MA efforts are underway to protect two new
diadromous target species that are benthic, i.e.,
the federally endangered shortnose sturgeon and
American eel, Anguilla rostrata, whose
populations have declined. To date, no bypass
system for benthic species has been developed.

Screens are commonly used in the western US
to protect fish with mixed success, but are
uncommon in the Northeast because agencies
protect surface migrants mainly using bar racks
with 25-mm clear spacing that extend from the
surface to 3 m deep. While this effort has been
successful for a few surface-oriented species, it
does not protect small fish of any species or
benthic species. Many northeast rivers have
been dammed and the riverine fish populations
segmented for about 100 years. Migratory
riverine fishes are not adapted to a segmented
river, so without fish passage to restore natural
migrations, their long-term fate is poor. If this
situation continues for another 50-100 years, we
may discover that the fate of many segmented
riverine fish populations was sealed by the 
20th Century river damming that failed to
provide fish passage. There is a clear need for
research to assist resource agencies resolve issues
about fish migration and passage for migratory
fishes. During the 21st Century, providing
passage for the downstream migrant fish
community should become a major goal for
riverine fisheries in the Northeast.

INTRODUCTION

The information in this paper was from a
presentation given in June 2003 at the First
Downstream Fish Migration Workshop in
Canberra, Australia. The Workshop was
sponsored by The Murray-Darling Basin
Commission and brought together foreign and
Australian experts to explore widely the
biological and passage issues with downstream
migrating fish. This paper reviews the northeast
US experience with downstream migrant fish. It
focuses on three areas: migration styles, research
methods, and fish passage.
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MIGRATION STYLES

Adults of most anadromous fish species in the
northeast United States (US) migrate from the
Atlantic Ocean during March-June into fresh
water streams to spawn (Bigelow & Schroeder
1953; Smith 1985). In rivers that have
anadromous fish restoration programs, adults
pass upstream of dams using a variety of
fishways or by trucking. Many adults of
anadromous species survive spawning and
return downstream to salt water during June-
July, except for adult sea lamprey, Petromyzon
marinus, which die after spawning (Bigelow &
Schroeder 1953; Steir & Kynard 1986a). After
rearing in fresh water from several weeks to
several years, depending on the species, larvae
or juveniles (usually) migrate downstream to
salt water. Thus, adults and larvae (or juveniles)
need safe passage at dams and water intakes
when they migrate downstream.  

Many potamodromous fishes (= riverine fish
here) migrate up- and downstream during their
life history to spawn, forage, rear young, or find
refuge. These movements have seasonal and
yearly variation and are particularly well
documented in Europe (Jungwirth et al. 1998).
The limited information on northeast US species
indicates they are similar to European species
(USFWS 1997). Because fish migrations have
evolved in natural open-river systems during
many generations, they are certain to be critical
for long-term survival and health of populations
(Fausch & Young 1995). However, the long-term
effects on population health and survival are
poorly documented.   

Unfortunately, many agencies do not appreciate
the critical role migrations of northeast riverine
fishes have for long-term survival of well-
adapted populations. While individuals of a
species can remain for many years in segmented
groups up- and downstream of dams, the
population, which includes all segments, only
functions for the long-term when natural up-
and downstream movements are possible by
migrants. Fish population segmentation by
damming has existed for more than 100 years in
the Northeast (many fish generations), and
would be a good place to examine the long-term
effects of population segmentation.

The life-history migrations of Connecticut River
shortnose sturgeon, Acipenser brevirostrum, an
amphidromous species that spends most of its
life in freshwater reaches of rivers, is well-
studied and may be typical of many long-lived
potomadromous species in large rivers. Pre-

spawning adults move upstream to rocky
spawning areas in April-May, then downstream
after spawning to summer feeding areas. Non-
spawning adults move up- or downstream to
feeding areas in April-June, remain there during
the summer, and then move up- or downstream
in August-October to wintering areas along with
post-spawning adults. Mature adult females that
will spawn the next spring migrate upstream
during the summer preceding spawning to an
upstream foraging area near the spawning area
(Kynard et al. in press-a). Year 2+ juveniles also
participate in spring-fall up- and downstream
migrations to foraging areas. Early-life stages
have a 2-step downstream migration (a short 
3-day migration as larvae from the spawning
site; then, a long migration during spring-fall as
yearlings that disperse downstream throughout
the population; Kynard & Horgan 2002; Kynard
et al. in press-b). Each month from March
through November, various life stages of
sturgeon are moving up- and downstream. It is
not surprising that a complicated series of
migrations has evolved in a long-lived species
living in a large open river with diverse habitats.
Similar movements of long-lived fishes likely
occur in other regions, countries, and
continents, including Australia.

RESEARCH METHODS 

Researchers in the northeast US study
downstream fish migration by capturing fish or
monitoring fish movements using telemetry and
electronic PIT tags. Common methods for
capturing juveniles and adults that are surface-
oriented or in shallow water use stream weirs
(Hearn & Kynard 1986), an inclined-plane
floating trap (McMenemy and Kynard 1988), or
an Archimedes screw trap (Nielsen & Johnson
1983). Researchers use drift nets to capture
early-life stages in the open river or at water
exits at dams, where capture of fish is often
easier than in the river (O'Leary & Kynard
1986). Vertical gill nets can also reveal the
vertical distribution of migrants (Witherell &
Kynard 1990). Telemetry tracking of fish
movements has proven valuable for
documenting downstream fish migration and
ecology in large rivers (Buckley & Kynard 1985;
Warner & Kynard 1986; Steir & Kynard 1986b;
Kieffer & Kynard 1993; Kynard et al. in press-a). 

Although documentation of downstream fish
migration in the field is preferable, sometimes
due to species rarity or the high cost of field
sampling, field studies cannot be done. In this
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case, observations of fish in artificial streams can
provide information on migration of early-life
stages. These migrations are innate and
observations in a stream channel can reveal
many basic features of migration. This method
has been used to determine migration timing,
swimming height above the bottom, and habitat
preference of early-life stages of sturgeons
(Kynard & Horgan 2002; Kynard et al. 2002).
This information contributes to a conceptual
model of migration useful for resource managers
concerned about the impact of water
withdrawals and dams on downstream migrants.  

Hydroacoustics is a useful technique for
determining migration route and vertical
distribution of migrant adults and juveniles in
large rivers. Downstream migration of juvenile
alsoids (American shad and blueback herring) in
the Connecticut River was studied using a
mobile boat-mounted hydroacoustic system. The
study discovered that the migration route
followed the channel and fish were in schools
near the surface (Figure 1; Kynard et al. in
press-c). Migration route was studied for 2 years,
vertical distribution was studied for 1 year

during a longitudinal transect of the channel.
Information on migration route and vertical
distribution is useful for selecting the location for
bypass facilities and to locate water diversions
and withdrawal pipes.  

Odeh & Orvis (1998) state in their review of
protection for downstream migrant fish in the
Northeast that "most downstream migrant fish
in the north-east USA are found in the upper
(3-4 m) of the water column".  This statement
was likely meant to address the situation for
Atlantic salmon and American shad (the only
references cited to support this statement are for
these two species). Unfortunately, many people
believe this is the situation for downstream
migrants of most species. This common
perception may cause resource agencies to
believe that surface-oriented structures and
bypasses are more effective at guiding a wide
range of migratory species than is actually the
case. The few non-target species guided by
surface bypass systems and the benthic body
adaptations of many species that migrate suggest
that most migrant species are mid-water or
benthic.  This situation can only be understood

Figure 1. Downstream migration route of juvenile alosids in the Connecticut River as shown by river bottom contour and
bar graph of fish abundance at each of 17 transects (A), and the vertical distribution (least squares regression)
of juvenile abundance relative to water depth (B).
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after research examines riverine species for
passage in surface bypasses and the vertical
distribution of diadromous and riverine
migrants. Adult American shad moving
downstream are not schooled and are near the
bottom (Witherell & Kynard 1990), but after
they enter the confusing area around dams and
canals, they form schools and are surface-
oriented (Kynard & O'Leary 1993), a change
likely due to stress (Kynard 1993). For schooling
species, vertical orientation needs to be
determined at a passage site or in a similar
situation. 

DOWNSTREAM FISH PASSAGE

In the US, federal and state resource agencies
decide which fish species (and life stages) need
passage. This is done selectively, focusing not on
the migratory fish community, but on target
species important for accomplishing specific
program goals, like sport fish restoration or
protection of endangered species. The Fish &
Wildlife Coordination Act (FWCA) directs
federal agencies to protect and increase fish and
wildlife resources and to coordinate with US
Fish & Wildlife Service, National Marine
Fisheries Service, and state agencies on water
development projects authorized by Congress or
requiring a federal permit. This direction by the
FWCA provides the mandate to protect
migratory fishes. In practice, passage for
migratory fishes is a function of agency will,

funding, traditional program emphasis, and
acceptance by licensees. State resource agencies
vary widely on practices for riverine fish passage.
The result of this situation is that most northeast
diadromous and riverine species are given little
consideration for safe passage.

Development of downstream fish passage at
Holyoke Dam on the Connecticut River
illustrates the approach of resource agencies for
fish passage. Federal and state agencies manage
an anadromous fish restoration program for the
river, with emphasis on the sport fishes,
American shad and Atlantic salmon. Initially in
the 1950s, restoration goals focused on
developing upstream passage. Hundreds of
thousands of American shad began passing
upstream of the dam in the mid-1970s, and
research showed a high level of turbine-related
mortality for migrants (Steir & Kynard 1986b;
Bell & Kynard 1985). Thus during relicensing of
the hydropower facility, agencies required
downstream passage for these target species.
When downstream migrants approach the dam,
they have three possible routes, i.e., pass in
spillage over the dam (if river discharge is high),
enter a turbine at Hadley Falls Station (34 MW),
or enter the canal system with many small
turbine intakes (Figure 2). Adult and juvenile
American shad and Atlantic salmon smolts are
surface-oriented, so some protection was
provided by surface spillage at the dam near the
intake for Hadley Falls Station, and protection in
the canal was provided by a bypass. The initial

Figure 2. Plan view of Holyoke Dam and the First Level Canal showing the louver array in the canal to guide downstream
migrant American shad and Atlantic salmon to a bypass.
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trash rack bypass for American shad in the canal
was the first bypass developed for the species. It
relied on the accumulation of adults at a trash
rack, immobilization of fish with DC electricity,
and collecting and passing fish through a bypass
system (Kynard & O'Leary 1993). Behavioral
guidance using electricity, sound, and light,
which are successful in some cases (Kynard
1993), was not successful at Holyoke (Kynard &
O'Leary 1991). Behavioral guidance is still used
at a few sites, but behavioral guidance not been
reliable and only physical guidance (bar racks
and louvers) is used now. The trash rack bypass
worked for adults, but provided no protection
for juvenile shad or Atlantic salmon smolts, so it
was replaced in the early 1990s by a louver
array bypass on the first level canal. The louver
array was 174 m long at 15° to approach flow, 
3 m deep, with louver slats spaced 7.5 cm apart
(Figure 2). Exit of the 1 m diameter bypass pipe
had a wedgewire screen to separate fish from
water and capture and evaluate guidance
efficiency. Tests showed about 90% of the target
life stages were guided successfully. 

In 1999 during the relicensing period for Hadley
Falls Station, fish protection at Holyoke
expanded to include two new species. Based on
new research information that the federally
endangered shortnose sturgeon migrates
downstream past the dam during yearling to
adult life stages from March-November (Kynard
et al. 1999; Kynard & Horgan 2002; Kynard et al.
in press-b), and that adult American eels,
Anguilla rostrata, are killed passing the dam,
agencies required that new fish passage must
include these species. Both species are benthic,
not surface-oriented like previous target species.
Research shows physical barriers like louvers
and bar racks guide sturgeons (Kynard & Horgan
2001). However, no research information is

currently available on the best design or
attraction water for a bottom bypass entrance.
Research studies at Conte AFRC in a flume 
(6.1 m x 6.1 m x 36 m) will test sturgeon and
eels to determine the best structural
configuration to guide and bypass these fish. In
an attempt to protect these benthic fishes at
Holyoke with the existing canal louver array, in
2003 resource agencies have required an
extension of the louver to full depth and
installed an inclined ramp leading to the bypass
entrance. It is uncertain that fish guided to the
surface bypass entrance will remain there long
enough to find the entrance before they swim
through the louver slats and avoid passage.
Research is needed to protect sturgeon and eels
at Holyoke. This research could provide the
guidance for passing many benthic migrants.  

Fish protection at Minetto Dam, Oswego River,
NY is another example of using relicensing to
secure protection for downstream migrant fishes
(Kleinsmidt Assoc. unpubl. Report, USFWS
1997). The facility has a generation capacity of
15 MW and has six Francis turbines. A fish
entrainment study used three full draft tube nets
with live boxes to capture 35 fish species from
10 families (diadromous and riverine species)
that moved downstream and entered the
turbines for 9 months of the year (March-
November). Peak captures occurred in March
and May. This pattern was similar to the
migration pattern of shortnose sturgeon cited
earlier, and may be typical of northeast species.
Species from the most common riverine families
were captured moving downstream, i.e.,
Catostomidae, Centrarchidae, Clupeidae,
Cyprinidae, Cyprinodontidae, Esocidae,
Ictaluridae, Osmeridae, and Percidae. 

Survival of fish by size that passed through the
Minetto turbines depended on the species, i.e.,

Family and Body Size % Spring Survival % Fall Survival
Small Sunfish 91
Medium Sunfish 89 74
Large Sunfish 84 83
Small Perch 80 89
Medium Perch 91 89
Large Perch 92
Small Sucker/Minnow 81 82
Medium Sucker/Minnow 97 89
Large Sucker/Minnow 80 87

Table 1. Survival of fish by body type and size that passed through the 
Francis turbines at Minetto Dam, Oswego R., NY. Small = <100 mm TL,
Medium = 100-250 mm TL, and Large = >250 mm TL.
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small sunfish survived better than large sunfish,
but small perch survived poorer than large perch
(Table 1). Survival also depended on season,
with spring survival slightly higher (80-92%)
than fall survival (74-89%). The species seemed
similar for survival. An estimated 722,472 fish
were killed. The fish had a monetary value
(replacement cost, American Fisheries Society
Monetary Value Book) of $196,122.

To protect fish at Minetto Dam, state and federal
resource agencies recommended a full-depth,
angled bar rack placed at 45° to approach flow,
with 25 mm slat spacing, and a maximum
approach flow of 0.8 m/s. Bypass attraction
water was 5% of the capacity of the turbine
units (2-5% is the standard for resource agencies
in the northeast US). Although there were
bottom and surface entrances required, passage
effectiveness was not evaluated. Questions also
remain about the effectiveness of the bar rack,
particularly regarding protection of riverine
species. Only research can resolve these
questions.

Although the technology of screening fish has
greatly improved in recent years (Clay 1995),
use of screens to protect diadromous migrants is
rare in northeast rivers. In a few streams with
small dams where juvenile Atlantic salmon need
protection, movable flat plate wedgewire screens
of 5-mm-clear spacing are placed over trash
racks at the dam to protect fish from
entrainment. For old dams, many experts
consider the cost of full screening is prohibitive.
For new water withdrawals from eastern rivers
with diadromous fishes, many agencies require
low velocity, end-of-pipe, drum screen cylinders
(capacity, <1-1.5 m3s). These cylinders, which
are cleaned by a water jet or airburst, are
capable of successfully screening striped bass,
Morone saxatilis, larvae 10 mm TL (Hanson
1981). 

The best test of screening to protect northeast
diadromous and riverine species was done in the

mid-1990s on the Hudson River at the Green
Island Project (Taft et al. 1992; Winchell et al.
1996). A flat-plate wedgewire screen with 2 mm
spacing was tested for guiding fish as small as 
60 mm TL to a bypass. Guidance and passage
survival at 1.2 m/s approach velocity to the
screen was high (>99%) for all families except
for Clupeidae (68%); and at 2.4 m/s velocity,
survival of most families was still high (>91%),
except for Percidae (55%) and Clupeidae (22%;
Table 2). Most of the Clupeidae were juvenile
river herring, which like Atlantic salmon smolts,
are sensitive to handling just before they enter
salt water.  

In the western US, screens are the common
method to protect fish (Clay 1995). Protecting
fish that are diverted from the mainstem into
water irrigation channels is commonly done by
using a rotary barrel screen, which is located at
the diversion site or in the diversion channel, to
separate fish from irrigation water and return
the fish to the river (Figure 3). Barrel screens
operate over a wide range of flow (0.08-84 m3s),
and operational guidelines usually require 
12 cm/s approach velocity and a 65-85%
submerged barrel. Under these conditions, the
barrel is self-cleaning and has high fish diversion
and high fish survival.

Concern for the survival of several small, native,
potamodromous, fishes in the Sacramento River,
CA, that were entrained for years and that were
recently listed as federally protected has resulted
in screening of water diversions and turbine
intakes that could impact the fishes. Commonly,
V- and inclined wedgewire-type screens with 
2 mm clear openings are being used. The
regulation responsible for this action is the
Endangered Species Act. This is the greatest
effort in North America to protect native non-
game riverine fishes from losses at water
diversions and dams. This action in California
has implications in the Northeast for protecting
the migratory fish community. The problems

Family TL
(mm)

% Survival @1.2 m/s 
approach velocity

% Survival @ 2.4 m/s 
approach velocity

Salmonidae 95 100 99
Centrarchidae 69 99 98
Cyprinidae 70 99 91
Perchidae 58 99 55
Clupeidae 60 68 22
Ictaluridae 88 100 100

Table 2. Survival of fish from six families guided and bypassed using a modular
inclined wedgewire screen at Green Island Dam, Hudson River.
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created for migratory fish in the Sacramento
River are not unique. Hopefully, agencies
throughout the US are seeing the future and
learning from this situation.     

Passage of downstream migrant fish in the
northeast US has been ongoing since the late
1970s. This effort has been mostly successful for
a few diadromous, surface-oriented alosids and
Atlantic salmon, but until the Oswego River
projects in New York, has provided no passage
for riverine fishes. Thus, after more than 
20 years, passage for most diadromous and
riverine fish species is still not available in most
northeast rivers. In the Connecticut River,
resource agencies hope that a full-depth bar rack
with 25 mm bar spacing will guide and pass
juvenile and adult sturgeon and eels. If the full-
depth bar rack successfully excludes 15 cm long
yearling sturgeon, it will also give some
protection to many fish species that presently
have no passage. Even if a bar rack successfully
passes sturgeon and eels, it will not protect small
life stages of any species or any of the life stages
of small species. Small life stages and small
species have greater survival than large fishes
when passed through turbines (Stone & Webster
Env. Service. 1992), and may survive turbine
passage better than bypass screens. 

Many years of ignoring the impacts of damming,
water withdrawals, and population
segmentation on riverine migratory fishes in the
Sacramento River has now created the situation
where intake screening is widespread to protect
species that declined to endangered species
status. Are segmented populations of migratory

riverine fishes slowly declining in the Northeast
(or Australia)? No one knows, and no one is
seriously looking in the Northeast. However,
without a population decline or evidence of high
mortality to trigger resource agency concern, an
increased level of passage for the migratory fish
community will not likely occur. Protecting
migratory fish in the Northeast during the 21st
Century will continue to be a major
conservation issue. Hopefully, this effort will
expand to include the entire migratory fish
community before a dire situation like that in
the Sacramento River occurs.  
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ABSTRACT

In this presentation we review aspects of the
downstream migration of eels and other
diadromous species in the United States and New
Zealand. Examples of how protective measures
have been implemented in both countries are
provided, and performance of structures and
operational protocols are discussed.

Dam construction on the Connecticut River, USA
began in the 1800s, and resulted in the reduction
of distribution of most diadromous species, with
some populations exterminated. Restoration of
upstream passage began in the 1970s, and
downstream passage provisions were first
installed on lower mainstem dams in the 1980s.
Initial target species for downstream passage
were Atlantic salmon (Salmo salar) and American
shad (Alosa sapidissima). Surface bypasses have
been installed on five of the lower mainstem
dams. Structure details, efficiency of the system
and cost of each are discussed. Other species
under consideration for downstream passage by
US agencies now include: American eel (Anguilla
rostrata), sea lamprey (Petromyzon marinus), and
shortnose sturgeon (Acipenser brevirostrum).

Similarly, in New Zealand, water managers have
become increasingly concerned with the
downstream passage of non-salmonids and in
particular eels (Anguilla. australis and A.
diefenbachii). As turbine mortality increases with
size, long fish such as eels are highly susceptible.
A lack of knowledge of migration timing,
migration triggers and migration pathways make
development of protective measures for the less
know species difficult. Furthermore, some
species are so small when migrating that they
can easily pass through narrow-spaced screens
making even this option unsuitable, although
turbine mortality for them is probably low.

Several types of protection systems for
downstream migrants are available; some have
been field-tested and are about to be
implemented in New Zealand. These include:
screens, barrier nets, lights, sound, electric fields,
louvers, spills, and bypass flows. Our experience
shows that a thorough knowledge of migration
timing, diurnal cycles and migration pathways
can lead to effective measures being
implemented.

INTRODUCTION

In this presentation we review aspects of
downstream migration of eels and other
diadromous species in the United States and New
Zealand. Although this is not a comprehensive
review, either taxonomically or geographically,
we hope to demonstrate that many
commonalities in downstream passage problems
exist among our respective habitats, and that
much may be applicable to Australian species
and the Murray Darling Basin.

We focus primarily on how passage problems
have been historically addressed in an applied
(although not always successful) manner.
Examples of how protective measures have been
implemented in both countries are provided, and
performance of structures and operational
protocols are discussed. For a more extensive
review of intake protection technology please
refer to EPRI (1986 & 2001).
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Case study - The Connecticut
River

The Connecticut River, in the Northeastern
United States, is 660 km long and has a
catchment area of 28,500 km2 (Figure 1).
Damming, which began in the 1800s, had a
major effect on the distribution of diadromous
fishes and extirpated several species. Restoration
and provision for upstream passage did not
begin in earnest until the late 1970s. Restoration
of upstream passage led to the development and
construction of downstream passage structures
during the 1980s (Moffitt et al. 1983).

Initial target species for downstream passage
were Atlantic salmon (Salmo salar), primarily in
the smolt stage, and juveniles of the American
shad (Alosa sapidissima), an anadromous clupeid.
Juveniles of both species are relatively small,
(130-250 mm FL for salmon and 70-120 mm FL
for shad), and form schools that are primarily
surface-oriented. Timing of the migrations of the
two species is different, with salmon smolts

moving downstream in spring (April to May)
while shad juveniles migrate downstream in
autumn (September to October). 

Although passage provisions were implemented
primarily for juveniles it is important to note
that adults of both species commonly migrate
downstream after spawning, and also present
different passage problems due to their larger
size (500-900 mm FL for salmon and 350-500
mm FL for shad) and different timing of
migration (late autumn/winter for adult salmon
and late spring for shad).

On the mainstem of the Connecticut River there
are five major dams where extensive
downstream passage facilities have been
constructed: Wilder, Bellows Falls, Vernon,
Turners Falls, and Holyoke Dams (Figure 1).
Downstream passage technologies installed at
these dams were considered, at the time of
implementation, state-of-the-art designs that
had been developed for juvenile salmonids,
primarily in the Western USA and Canada.
Facilities installed at the lowermost four dams
are summarised in Table 1 and described in
more detail below.

Figure 1.
Location of the five lowermost dams on the Connecticut
River, Northeastern USA.
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Bellows Falls Dam
Bellows Falls Dam, at river kilometre 280, is the
furthest dam upstream from the ocean with a
major downstream bypass facility (although
other dams further upstream have some minor
downstream passage facilities, i.e. mandated
sluice spill without guidance structures). At this
site, up to 283 m3/s of river flow is passed
through an excavated power canal to the
powerhouse and about 7.1 m3/s (c. 2.5% of the
maximum station flow) is diverted to a
downstream bypass sluice positioned at the end
of a concrete diversion wall (Figure 2).

The concrete diversion wall extends across the c.
12 m deep forebay to a depth of 3.5 m. Fish are
diverted into an existing 4.5 m wide trash sluice
(without trash screen) equipped with a modified
concrete channel exit, where they free-fall into
the tailrace. Total cost of this facility was about
US$3.5 M. Bypass efficiency for smolts through
this facility, as estimated by radio telemetry, is
about 80%, but has not been evaluated for other
species.

Vernon Dam
The next dam downstream is Vernon Dam, at
river kilometre 229. This facility passes a
maximum of 269 m3/s through the powerhouse
and about 10 m3/s (c. 3.7% of maximum station
flow) is by-passed through an existing
rectangular pipe to the tailrace (Figure 3). This
type of bypass is fairly typical of most
northeastern dams without a power canal where

provision is made for downstream migrants by
simply diverting flow through an existing
opening, (usually a debris or ice sluice).

There is a 3 m high surface concrete wall in the
open forebay of the Vernon Dam to guide fish
towards the bypass. Although this guide wall is
downstream of a floating log boom, large
amounts of debris still accumulate at the
relatively narrow bypass entrance, and this has
necessitated the installation of a trash rack with
300 mm spacing at the bypass entrance. The
total cost of the Vernon facilities was about 
US$2 M. Bypass efficiency for smolts at this site
is estimated at approximately 80%.

Turners Falls Dam
Turners Falls Dam, at river kilometre 198,
diverts a maximum of 354 m3/s of water
through a 4.5 km long canal to a powerhouse; 
c. 8 m3/s of this flow (about 2% of maximum
station flow) is diverted to a surface trash sluice
(Figure 4). Because of the relatively high water
velocities in the canal and forebay, diversion
walls as installed at the upstream dams were
considered too technically difficult to construct
at this site. As an alternative, bar spacing in the
upper four metres of the 10 m deep trash rack
was reduced from 100 mm to 25 mm with
plastic inserts in an effort to reduce entrainment
of surface migrants. The bypass entrance itself
was also modified with a bell-shaped insert,
which causes water to accelerate gradually and
smoothes the transition of flow from the forebay
to the trash sluice (Haro et al. 1998). Bypass flow

Figure 2. Site plan, Bellows Falls Dam, Connecticut River,
Vermont, USA.

Figure 3. Site plan, Vernon Dam, Connecticut River,
Vermont, USA.
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from the sluice is diverted to the tailrace directly,
without a free fall. The cost of these
modifications was about US$1.5 M. Efficiency of
the bypass is about 80% for salmon smolts, but
less than 3% for catadromous eels.

Holyoke Dam
The lowermost extant dam on the Connecticut
River, Holyoke Dam supplies one in-line
powerhouse and several smaller stations and
mills via an extensive series of canals. The in-line
hydro station has a capacity of 238 m3/s.
Downstream migrant fish are diverted either to
the spillway through a modified surface bascule
gate or are diverted out of the canal by a louver
array and bypass pipe.

The upper three metres of the intakes to the
main powerhouse at Holyoke Dam are covered
with a solid overlay to guide migrants to the
bascule gate and trash sluice; the bascule gate
entrance has been modified with uniform
acceleration weir. Migrants entering the canal
(170 m3/s max. flow) are guided by the louver
array, which has steel vanes with 100 mm
spacing extending down to the full 7 m depth of
the canal. At the downstream end of the array,
migrants are guided into a 1 m diameter steel
pipe, which opens into the tailrace via a concrete
channel. Total costs were US$50 K for the
bascule gate modifications and US$10 M for the
louver array and bypass pipe. Bypass efficiency is

estimated at c. 80% for smolts but is unknown for
other species. However, as both guidance
structures are susceptible to fouling by trash,
efficiency is probably often lower. Performance of
the protection system is also expected to depend
on forebay levels and canal flow.

Downstream passage for
other species

Several other fishes are now being considered by
US resource agencies as target species for
downstream passage. These include:

• American eel (Anguilla rostrata), a catadromous
species that migrates downstream as adults
(500-1000 mm TL) and is experiencing
declines in their populations throughout their
range.

• Shortnose sturgeon (Acipenser brevirostrum),
which undergoes extensive upstream and
downstream migrations as juveniles and adults
(250-1700 mm TL) during their long lifetimes,
and listed as endangered by State and Federal
agencies.

• Sea lamprey (Petromyzon marinus) an
anadromous species considered less important
as a resource, but with very little known about
their migrations and potential impacts of
hydroelectric operation, particularly on
emigration and survival of juveniles 
(200-230 mm TL).

It is likely that other species of diadromous and
potamodromous (or wholly riverine) fishes will
be added to this list in the future.

Figure 4. Site plan, Turners Falls Dam, Connecticut River,
Massachusetts, USA.

Figure 5. Site plan, Turners Falls Dam, Connecticut River,
Massachusetts, USA.
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Turbine mortality

When passing through turbines fish are
subjected to pressure changes, cavitation, shear
stresses, and mechanical strike (Coutant &
Whitney 2000). The effect of pressure change,
according to these authors, is most severe on
larval fish but in our view this effect needs more
study. Hydraulic shear and cavitation affects
primarily medium size fish, while mechanical
strike is most likely with longer or larger fish.
Because of the wide type and size of power
plants installed, and also because of the flexible
way each one can be operated, measured
mortality rates have been highly variable. For
example, measured mortality rates of eels along
the East Coast of North America have varied
between 20-100% for Kaplan turbines and 
6-76% for Francis. In general, small and higher
speed turbines do the most damage, and an
indication of the loss expected can be derived
from the formula provided by Larinier & Travade
(2002) that relates mortality rate to fish length,
and turbine characteristics. 

Intake protection devices

Mechanical barriers

Screens

Intake screens are, without doubt, the most
effective and reliable means of protecting
intakes, and criteria for their design and
operation are available in many US states (e.g.
look for FERC/WD in the Hydro Program page
of the NOAA website
http://www.nwr.noaa.gov). Traditionally,
intake screens have tended to be rotating drums
but these are expensive to install and operate.
More recently, both in the US and New
Zealand, angled flat screens have become more
popular, with multiple labyrinths installed
where large flows are involved (e.g. a screen
facility has been proposed for a site on the
Waitaki River in the South Island of New
Zealand where 340 m3/s are to be diverted by
seven labyrinth-style screens each 35 m long
and 5 m deep, angled at 9o to the flow, and
with 5mm bar spacing. At the end of each set of
screens or labyrinths a bypass channel returns
deflected fish back to the river, but where there
are other power plants downstream, some
means of safely transferring the fish past the last

barrier should be considered. In most instances
this means road transport or barging.

Cost of screening is highly variable and depends
on the size of the installation and local
conditions, but typically small intakes 
(0.2-1.5 m3/s) are expected to be in the order of 
US$ 100-200 K per m3/s. Larger intakes can be
relatively more expensive to install; for example
the cost of screening at the Rocky Reach Dam,
Columbia (170 m3/s) was approximately 
US$85 M, while for the McKenzie River Dam
(70 m3/s) the cost was about US$12 M.

What has been shown to be effective for one
species and life stage may not, however,
necessarily work for another, and we
recommend careful investigations before systems
are implemented. Eels, for example, are adept at
negotiating small spaces, and easily pass through
narrow-spaced screens that have been shown to
be effective for large salmonids. High water
velocities exacerbate both impingement and
entrainment with bar spacing as small as 
20 mm, allowing smaller migrant eels to pass
through, but impinging and suffocating any
retained by the screens. Some efforts have been
made to minimise this problem by reducing both
through-screen velocities and screen spacing.
For example at La Pulpe Power Station on the
Rimouski River in Quebec, vertically inclined
screens with a spacing of 10 mm were
successfully tested and implemented (Therrien,
in press). Although such screens effectively
excluded most migrants, they are often plagued
by other problems such as clogging with debris
and formation of frazil ice. Installation of a
compressed air cleaning system alleviated some
of these problems, but the design remains
impractical for large intakes.

Barrier nets

Barrier nets can be an effective means of
excluding fish, and are cheap to install (e.g.
NZ$10-15 K to exclude migrant eels from a 
54.7 m3/s average flow intake). Maintenance
and running cost are, however, very high and in
effect the system can only be used where there
is little, if any, drift material present. This system
has been installed in combination with a trap
and transfer operation to protect downstream
migrant eels in New Zealand, where the net is
only deployed in autumn when more than 40
mm of rain has fallen in the catchment, and
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only when the amount of aquatic plant drift is
low (Boubée et al. 2001).

Behavioural barriers

Behavioural barriers use the avoidance response
of fish to external stimuli as a means of
protecting intakes. The most common of these
are lights, electric fields, sound and a
combination of these, often in combination with
bubble curtains.

Lights 

Because some fish species migrate primarily at
night and are photonegative (i.e. they avoid
lights at night), arrays of surface and underwater
lights (and in particular strobe lights) have been
promoted as an a means of excluding eels and
other fish from intakes (e.g., Hadderingh et al.
1992). However, this method has an appreciable
effect only when water velocities are very low
and water clarity is exceptional, and even under
these conditions guidance is not 100% effective.
In turbid water (and because eels migrate
downstream mainly during floods water is
invariably turbid), the intensity of light declines
rapidly and the system becomes ineffective.
Furthermore, some fish species are attracted to
light, and this is often used as a means of
attracting some downstream migrants, notably
salmonids, to bypasses. Therefore, installation of
light barriers can compound the problem of
entrainment, and in our experience can also
increase predation. As with all behavioural
systems, fish tend to habituate to artificial
illumination, and light barriers can become
ineffectual if fish remain in the illuminated area
for some time. Although the cost of installation
is, in comparison to screens, relatively cheap
(e.g. NZ$25 K for material in a trial for one of
the four 9 m3/s intakes at the Huntly Power
station, Waikato R. New Zealand), the cost of
maintaining the lights free of algae, keeping
cables and lines free of debris, and ensuring the
system remains water tight can make the system
impractical.

Sound

Fish react to sound, and there are various
systems on the market, including some that
combine light, air bubbles and sound (e.g. Fish
Guidance Systems Ltd). Some investigators have
experimented with intense, low frequency
sound, as low as 10 Hertz, to repel eels from

intakes (e.g. Sand et al. 1999). Although eels
display a negative response to such sounds, the
response occurs when fish are within only a few
meters of the sound source, again limiting the
effectiveness of sound as a deterrent at large-
scale sites. Generally, the system appears to be
effective in lakes and estuaries but has often
failed in high velocity zones, noisy sites, or in
deep waters. 

Electric fields

Electric fields have been shown to be useful on
small schemes for upstream migrants and have
been used successfully to protect small intakes.
There is, as yet, no conclusive evidence that they
work for downstream migrants.

Louvers

In some ways louver systems can be considered
a behavioural system as they largely rely on the
visual avoidance response of fish to a barrier.
Guidance efficiencies of up to 90% have been
reported with salmonid fry, but the system has
not been fully tested with other species. Large
spacing between the vanes is a possibility if a
lower protection level is acceptable (e.g. 60%
exclusion for 250 mm spacing).

Diversions

Spills

Other approaches to protection of downstream
migrants have advocated employing controlled
spill as a methodology, especially for those
species (like eels) that emigrate during high flow
events. The methodology requires no outlay of
capital but cost can be high due to loss of water
that could potentially be used for generation.
Simulations of "programmed" spill events for
passage of eels dependent on river flow has
shown the potential for reducing turbine
mortality by as much as 50%, with minimal loss
of generation (Haro et al., in press).

While it is logical to assume that migrants passed
via spill will not be subjected to risks of turbine
passage, the risks of injury, disorientation, or
subsequent predation due to spill passage may in
some situations be equally as great. This is an
area that deserves additional investigation, for
fishes of both large and small sizes.
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Trials at Patea Power Station in New Zealand
which has an 80 m high dam indicated that
opening one of the three spillway gates by about
70 mm resulted in very little damage to migrant
eels (Boubée & Watene 2001) and was effective
for eels if well timed and intake shut off or
reduced.

Bypass flows

Although bypass flows of about 2-5% of the
total flows are often advocated (e.g. Odeh &
Orvis 1998), smaller flows can be just as
effective for some species. The critical factor in
determining the efficiency of a bypass is its
position, and judicious placement of deflecting
wall and screens has often increased efficiency
considerably. Locating the most effective position
for a bypass is best done by means of acoustic or
radio telemetry, but as our understanding of the
behaviour of individual species improves it is
expected that modelling will be able to define
potential aggregation points.

At Wairere Falls Power Station in the North
Island of New Zealand, simply providing two
adjacent 100 mm diameter apertures between
the two main intake screens (cost of about 
NZ$5 K) has permitted the safe passage of close
to 10% of tagged migrant eels released in the
head race. It is expected that the addition of
other better-positioned and slightly larger
bypasses, preferably combined with effective
protection measures at the intake, will virtually
eliminate existing migrant eel impingement and
entrainment problems at this site.

Location and design of
intakes

When constructing new intakes it may be
possible to position the structure in areas that
are relatively free of migrant fish. Operating the
intake at times when there are few fish
migrating is another possibility. Such measures
are particularly important when the species or
life stage of concern cannot be effectively
screened out. For example in the lower Waikato
River in the North Island of New Zealand,
upstream migrating juveniles were found to use
low velocity zones along the littoral and river
bed, rather than the main river channel.

Locating the intakes (cigar shaped cylinders
covered in 1 mm slot wedge wire) away from
these migration zones ensured these small
migrants remained protected. Also, large
numbers of larval fish migrate downstream in
the Waikato in autumn and mainly at night.
Studies have indicated that greatest densities of
larvae occur at the surface and along the river
bottom. Since larvae cannot be effectively
screened out, positioning the intake in mid
water in the middle of a deep channel would
minimise entrainment. Further reduction in
entrainment could also be achieved by
minimising abstraction at the peak of the
migration which occurs in autumn and at night.

Conclusions

Although there are a multitude of intake
protection devices available, most downstream
passage devices to date have been designed
primarily for juvenile salmonids, or adapted
from salmonid designs. Protection for other
species or life stages may require development of
entirely new or more radical technologies. Our
experience shows that to design an effective
intake protection system, a thorough knowledge
of the species of interest is essential. Information
needed includes:

• Migration patterns (seasonal and diurnal
activity),

• Migration triggers,

• Depth of migration, 

• Migration pathways,

• Behavioural response to the barrier (e.g.
searching behaviour),

• Behavioural response to the potential
protection device (e.g. to light, sound,
screens, flow etc.) 

Monitoring facilities and a monitoring plan must
be part of the protection measures implemented,
not only to determine the effectiveness of the
protective measure but also to obtain an
indication of the success of modifications that
invariably need to be made. A maintenance plan
must also be devised. Finally, but not least, a
thorough literature review and expert advice
should be sought so as not to repeat mistakes
made elsewhere.
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Victorian Legislation and Policy

There are a number of legislative constraints to
the installation of structures that obstruct fish
movement within Victoria. These include the
Conservation, Forests and Lands Act 1987, Fisheries
Act 1995 and the Water Act 1989, while the Flora
and Fauna Guarantee Act 1988 lists the prevention
of passage of aquatic biota as a Threatening
Process.

There are also strategies such as the Victorian
State Fishway Program, Victorian River Health
Strategy (2002), Melbourne Water fishways
program and the Catchment Management
Authority's Regional Catchment Investment
Plans that are designed to protect and enhance
aquatic communities, such as through the
provision of fish passage. 

While not specifically addressed to date, a
number of these Acts and Strategies could be
applied to the impacts on downstream
movements of aquatic fauna.

Research to Date

Very little research has been conducted
specifically into downstream fish movement
apart from a recently completed three year study
that used trapping and radiotelemetry to
investigate the impact of weirs on the
downstream movement of adult Murray-Darling
Basin fish (O'Connor et al. 2003, this workshop
proceedings). 

Other completed studies that have investigated
fish movement and shed some light on
downstream fish movement include a carp study
(Stuart and Jones 2002), Murray cod
radiotracking project (Koehn et al.), and a brief
assessment of fish entrapped within the
Yarrawonga canal (Koehn this workshop).

The Victoria State Fishway Program identified
around 2500 barriers (McGuckin & Bennett,
1999) and has installed around 70 fishways,
reopening around 5000 stream km to upstream
fish passage. Fishways have included rock-
ramps, particularly for coastal species, some
culvert modifications (roughening of
surface/gradient modification) and several
vertical-slot fishways.

Victoria also has a Redundant Weirs Program
which is identifying and prioritising weirs for
potential removal. To date, removals have
involved only small structures such as culverts,
however, once the review is complete, it is
hoped that more significant structures could be
removed.

These Programs have resulted in a number of
other agencies such as Melbourne Water and
some Catchment Management Authorities
establishing their own fishways programs.

New Projects

Some project about to commence which should
also contribute to knowledge of fish movement
include the:

• MDBC/Barmah-Milewa Forum study of
lateral fish movement using radiotracking
around regulators in the Barmah-Milewa
forest (Matthew Jones);

• MDBC/Barmah-Milewa Forum study of fish
recruitment in the Barmah-Milewa forest
(Alison King);

• Otolith microchemistry studies for the
Victorian State Fishway Program (diadromous
fish movements) and the ARC and CRC
projects investigating dispersal and
connectivity (David Crook); 

• Lake Nagambie radiotracking project looking
at fish movements to and from a stocked lake
for Fisheries Victoria. (David Crook); and the

State and Territory Updates

Downstream movement of fish in Victoria

Tim O'Brien - Arthur Rylah Institute, Department of Sustainability and
Environment
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• MDBC Murray River Fishway Assessment
Project which has used radiotelemetry to look
at fish movements around Lock 7 and will be
installing PIT tag readers on all new Murray
River fishways.

Also proposed is a radiotracking investigation of
the fate of fish moving upstream through the
Yarrawonga fishlift for the MDBC. This study
includes some scoping of downstream fish
movement in relation to the impacts of an
irrigation canal and hydroelectric system.

Engineering works to Date

No significant works to date apart from the
modification of two tidal barriers to release fish
previously trapped. These works mostly related
to water quality issues and a susceptible to fish-
kill events.

Main Issues

• Losses of fish to irrigation/hydroelectric
systems.

• Lateral fish movement past regulators.

• Requirement for improved understanding of
ecological significance of downstream fish
movement.
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Downstream movement of fish in New South Wales

Cameron Lay - NSW Fisheries

Like most states in eastern Australia,
investigations in NSW of downstream fish
migration have been the poorer cousin in
comparison to work on upstream movement.
Efforts to quantify the scale and magnitude of
native fish migration and the associated capital
works expenditure to facilitate this process have
focussed almost exclusively on upstream
movement. However recent research and
development assessments have begun to
recognise the importance of downstream
movement of adults, juveniles and larval fish
through the following projects.

Downstream Transport of Larval
and Juvenile Fish

The findings of this recently completed project
and its associated recommendations are included
as a separate report within these proceedings. In
addition, NSW Fisheries has recently
commenced research into the drift of larval and
juvenile Eastern Freshwater Cod in coastal
streams of northern NSW.

Weir Removal Program

NSW Fisheries, in conjunction with the
Recreational Fishing Trusts and the World
Wildlife Fund have commenced a Weir Removal
Program. The program aims to ameliorate the
impact of redundant structures through
decommissioning or removal. Weir removal
provides direct benefits for downstream migrants
through the removal of physical and behavioral
barriers and indirect benefits through the
restoration of natural flows to assist in the
dispersal of eggs and larvae. To date, the
program has facilitated the removal of 14 weirs
and road crossings throughout NSW including
Muswellbrook weir on the Hunter River and the
Branch River Crossing on the Branch River.

High Fish Passage 

NSW Fisheries and the Sydney Catchment
Authority have undertaken a project to
construct a fishway at Tallowa Dam on the
Shoalhaven River. The project has entered into
the design phase, however some uncertainty
exists surrounding the associated works (multi-
level offtake and hydroelectric development)

and the potential impact on downstream fish
passage. This issue will be subsequently
addressed as the project evolves.

Hydroelectric Developments

One of the most significant challenges for the
provision of downstream migration in NSW are
proposed low-head "run-of-the-river"
hydroelectric developments. Following a
feasibility report from the NSW Sustainable
Energy Development Authority (SEDA),
numerous weirs on the main stem of the
Murray and Murrumbidgee Rivers have been
identified as potential sites for hydroelectric
developments. NSW Fisheries has expressed
concern over the impact of turbines and storage
operation on downstream migrants (adults,
juveniles, larvae and eggs). Approval has been
given for works that incorporate the
construction of a downstream diversionary
device to exclude the majority of the fish from
passing through the turbines and a fishway to
facilitate upstream movement. The increased
cost associated with these additional works has
prevented the realisation of these projects to
date. 

Significant knowledge gaps still exists with
respect to fish passage and hydroelectric
developments in Australia. To progress
hydroelectric developments in NSW, a greater
understanding of mortality through turbines, the
functionality of downstream diversionary
devices and the level of compensation (in terms
of improvements in upstream passage) necessary
to offset the negative impact of the development
is urgently required.
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Downstream passage of fish in Queensland

Andrew Berghuis - Queensland Fisheries Service

To date, very little research has been undertaken
on the passage of fish through fishways in the
Queensland portion of the Murray-Darling
Basin. In 2001 the Natural Heritage Trust funded
a project for the Queensland Fisheries Service to
identify factors contributing to delays in fish
passage at fishways (Berghuis and Broadfoot in
press). The project utilised radio-tracking and
PIT tagging methodologies to identify triggers for
upstream migrations in the vicinity of Boggabilla
weir on the Macintyre River near Boggabilla
(Qld/NSW border). Adult and sub-adult golden
perch (Macquaria ambigua) were radio and PIT
tagged, other species such as freshwater catfish
(Tandanus tandanus), Murray cod (Maccullochella
p. peelii), silver perch (Bidyanus bidyanus),
juvenile golden perch and European carp
(Cyprinus carpio) were PIT tagged. Monitoring of
the behaviour radio-tagged fish below Boggabilla
Weir and the migration of PIT tagged fish
through the associated vertical-slot fishway was
undertaken using remote listening stations and
automatic PIT tag readers from October 2001 to
February 2003. Over the life of the project a
total of 75 fish were radio-tagged and 881 fish
were PIT tagged. The greatest downstream
migration recorded was by a radio-tagged adult
golden perch that travelled 90km downstream of
the original release point. A total of 43 PIT
tagged fish migrated upstream through the
fishway, no fish were detected migrating
downstream through the fishway nor were they
detected or recaptured downstream of the weir.
However it is likely that the downstream
migration of fish is important at this site and the
ability of the weir to effectively and safely pass
fish should be further investigated. 

In coastal southern Queensland, ten fish species
have been documented actively migrating
downstream through vertical-slot fishways
(Table 1). Documented downstream migrations
were highly seasonal and considered to be
related to spawning for catadromous species or
to facilitate the shedding of freshwater parasites
in a marine environment (Stuart and Berghuis
2002) (QFS unpublished data). 

In a study of downstream fish migration at the
Ned Churchward Weir fishlock 50km upstream
of the Burnett River estuary, the catadromous
striped mullet displayed two migratory strategies
according to seasonal conditions. During
summer periods with lower than average river
flow, large numbers of adult fish congregated
upstream of the weir immediately following the
first post-autumn drop in water temperature.
However, during seasons when late summer
flood flows occurred, striped mullet actively
migrated downstream over the weir. A number
of PIT tagged fish including adult Queensland
lungfish (Neoceratodus forsteri) that were
originally tagged upstream of the weir were
identified downstream of the weir following a
relatively minor flood flow. During the same
flow event a substantial number of dead fish
were observed downstream of the weir after
flows had subsided. A small number of PIT
tagged fish were detected migrating downstream
through the fishlock after flows subsided.
However, entrance conditions at the fishlock
were considered sub-optimal and
recommendations were made to potentially
improve passage for downstream migrating fish
(Berghuis and Broadfoot 2004).

Common name

yellow-finned bream

estuary perchlet

long-finned eel

blue catfish

snub-nose garfish

empire gudgeon

striped mullet

bullrout

flathead gudgeon

spotted scat

(Acanthopagrus australis)

(Ambassis marianus)

(Anguilla reinhardtii)

(Arius graeffei)

(Arrhamphus sclerolepis)

(Hypseleotris compressa)

(Mugil cephalus)

(Notesthes robusta)

(Philypnodon grandiceps)

(Scatophagus argus)

Species

Table 1. Fish species documented migrating downstream through vertical-slot fishways in Southern Queensland.
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The provision of safe passage of fish over
spillways has been given little regard when
constructing weirs and dams throughout
Australia. Given the evidence demonstrating
volitional downstream migrations by adult fish,
the provision of effective downstream passage
requires substantial further investigation. Whilst
the passage of fish through fishways would be
preferable to passage over the spillway, under
most conditions it is unlikely to be practical.
When determining the environmental impact of
weirs and dams, the effect on aquatic fauna that
are injured or killed as they wash over spillways
should be considered. Unfortunately water
resource development is continuing despite the
absence of knowledge on appropriate designs for
the safe downstream passage of fish.
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Downstream movement of fish in the Australian

Capital Territory

Mark Lintermans - Environment ACT

Geographic Context

The Australian Capital Territory (ACT) lies
entirely within a single river catchment (the
upper Murrumbidgee) within the Murray-
Darling Basin. The ACT covers 2,400 km2 with
about 60% of the Territory being hilly or
mountainous, and no lowland or floodplain
rivers are present (Anon 1998 ). Altitude in the
ACT ranges from approximately 440 to 1911 m.
ASL. The fish diversity is low with only 
11 native species and nine alien species
recorded. Due to its inland and upland location,
there are no diadromous fish species occurring
naturally in the ACT (Lintermans 2000;
Lintermans & Osborne 2002).

State Policies 

There is no formal policy for downstream fish
movement in the ACT. The focus of fish passage
policy and management activities in the ACT has
been on upstream fish movement.

Research and Structures

The ACT has a relatively small number of
impoundments and weirs, and consequently has
a relatively small fish passage program. There
are currently only three fishways in the ACT
(two vertical slot and a single rock-ramp
fishway), with all three fishways designed to
facilitate upstream movement. The vertical slot
fishway on the Murrumbidgee River at
Casuarina Sands was monitored between 1980
and 1990 with 6 species recorded moving
downstream through the fishway (Table 1).
Whether these represent local movements or
part of larger scale movements is unknown. The
monitoring program was only capable of
detecting movement by larger individuals 

(> ~100 mm), so any movement by smaller
species was undetected. Fish tagged at the
Casuarina Sands fishway have been captured in
Lake Burrinjuck, approximately 40 km
downstream (Lintermans unpublished data). 

Other research projects have encountered
downstream movement, but were not
specifically designed to investigate this
phenomenon. For example, monitoring of the
fish community in the Molonglo River
downstream of Lake Burley Griffin found that
the ages of the majority of Golden Perch present
corresponded with the ages of stocked fish in the
lake upstream, suggesting that the golden perch
population in the rivers was largely derived from
downstream displacement of fish from the lake
(Lintermans 1997, 1998b). Similarly monitoring
in the Cotter River has recorded downstream
displacement of Macquarie perch and Trout cod
from Bendora Dam, a drop of 45 m onto a
concrete apron, with individuals of both species
apparently suffering no ill effects. 

Movement studies have been completed for
Mountain galaxias Galaxias olidus (Lintermans
unpublished data), Two-spined blackfish
Gadopsis bispinosus (Lintermans 1998a) and
Macquarie perch Macquaria australasica (Ebner
and Lintermans unpublished data) in the ACT
and are underway for Trout cod Maccullochella
macquariensis. The majority of these studies
were focussed on small-scale movements or
habitat use and were designed with investigation
of downstream movement (in the sense of this
workshop) in mind. There is a clear need for
further studies to investigate the requirement for
downstream movement in a number of native
freshwater fish species, and to clarify the
importance of localised movement and larger-
scale migratory movements.

Murray cod Maccullochella peelii
Macquarie perch Macquaria australasica
Brown trout Salmo trutta
Rainbow trout Onorhynchus mykiss
Redfin perch Perca fluviatilis
Carp Cyprinus carpio

Table 1. Fish species recorded moving downstream through a vertical slot fishway on the Murrumbidgee River, ACT.
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