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ABSTRACT

Fishways are common approaches to restore habitat fragmentations. A novel fishway design, the UNSW tube
fishway, has been developed recently. A detailed understanding of methods for fish attraction into a tube is
essential for the operation of the tube fishway. Herein, systematic fish attraction experiments were conducted to
find suitable fish attraction conditions for silver perch (Bidyanus bidyanus), an Australian native fish species.
Groups of five naive silver perch were attracted into the tube irrespective of the attraction flow velocities, with the
highest entry rate for velocities of 0.15 to 0.4 m/s. Streamlining of the entry geometry increased the entry rate and
reduced the first entry time. The preliminary results show that hatchery-bred juvenile silver perch can be attracted
reliably into a closed conduit, paving the way for field deployment of the UNSW tube fishway.
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1 INTRODUCTION

Many natural and anthropogenic barriers fragment habitat for freshwater organisms. Fishways are the most
viable solution to facilitate fish migration (Katopodis et al., 2001). However, long-term observations over 50
years of fish passage indicated that numbers of silver perch, an Australian native fish species, declined by up
to 95-100% (Mallen-Cooper et al., 2007). While fish entrances are of utmost importance for fishway
effectiveness, knowledge of their design requirements is incomplete (Wilkes, et al., 2018). There is a need to
better understand fish attraction mechanisms, reflecting fish behavior and preference. A new type of fishway,
the UNSW tube fishway, was recently introduced (Harris et al., 2020). A key process is the volitional attraction
of fish into the tube fishway before hydraulically lifting fish across a barrier. To facilitate successful field
deployment of the tube fishway it is important to understand and optimize the attraction of fish into a tube. Our
study had the objectives: (1) to assess the possibility of attracting fish into a tube with a slotted entrance and
(2) to identify the most favorable flow velocity at the slotted entrance for fish attraction into the tube.

2 METHODOLOGY

A fish attraction facility was established in an open channel flume of 6 m length, 0.6 m width and 0.6 m height
at the UNSW Water Research Laboratory. At one end of this flume, the attraction tube is placed, consisting of
a slot of 0.03 m width across the full height of the tube of 0.4 m diameter and 0.7 m length (Fig.1). Outflows
from the pipe into the observation zone via the slotted entrance provided the attraction flows. A skylight above
the tube maintained ambient light for attracted fish (Harris et al., 2020). At the start of each experiment, groups
of 5 naive silver perch (mean total length TL = 70 mm % 1.58 SE) were placed in the observation zone. Three
GoPro cameras were installed at the top and side of the observation zone to monitor any fish movements and
fish entry into the tube via the slotted entrance.

Five attraction flow velocities at the slotted entrance between 0 and 0.5 m/s were tested. An additional
configuration with a more streamlined entrance was also tested by blocking the corners next to the slotted
entrance with angled plates (not shown). For all flow conditions, the water depth at the slotted entrance was
kept at 80% of the tube diameter. Downstream of the observation zone, water exited the test section via a weir
(Fig. 1). Based upon pilot tests, the fish were acclimated in the observation zone for one hour without attraction
flow and with the entrance slot blocked. After acclimation, the entrance slot was opened, and the attraction flow
established. Fish entry was then monitored for one hour. All captured videos were manually analyzed, providing
information about the number of fish that entered the tube as well as details of the time of first entry, the
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maximum number of fish inside the tube at any given time and the duration that fish stayed in the tube. Fish
entry patterns was observed to better understand fish behavior, including entry height and entry patterns.
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Figure 1- 3-D schematic view of the setup of the attraction experiments; flow direction from left to right
through the slotted entrance of the tube,

3 RESULTS AND DISCUSSION

Figure 2 illustrates the accumulative number of fish inside the tube over the duration of the experiment for three
attraction flow velocities of 0.15, 0.4, and 0.5 m/s. The results indicate that groups of five naive silver perch
were attracted to the entrance for all flow conditions, with strongest fish attraction for velocities of 0.15 m/s.
Groups of 5 silver perch tended to stay in the tube for longer duration at a lower discharge (0.15 m/s). These
findings emphasize the importance of providing low attraction flow velocity to stimulate silver perch of this size
range to enter and stay in the attraction tube. Streamlining of the entry geometry increased the entry rate and
reduced the time taken for fish to enter the tube for the first time by up to 28%.

These preliminary experiments demonstrated favorable conditions for attracting naive silver perch into a tube,
paving the way for prototype deployment of the tube fishway. The attraction flow research is ongoing involving
repeated experiments with naive silver perch using different tube sizes to test the scalability of the tube fishway.
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Figure 2. Accumulative number of fish in the tube for attraction velocities of 0.15, 0.4 and 0.5 m/s
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