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Background
In order to enhance the migrations of fish species in the Margaret River, the Margaret
River Regional Environment Centre, in conjunction with the Department of
Environment, constructed a rock ramp fishway at the Margaret River Weir (Apex
Weir) between March and April 2003. Morgan and Beatty (2003) surveyed the fish
fauna of the river during March 2003, capturing 9206 fish from five native species,
one feral species and the pouched lamprey (Geotria australis) (see Plate 1). All of the
native fishes of the river are endemic to south-western Australia while the feral
species is the mosquitofish (Gambusia holbrooki). The only other records of fish
from the river are those recorded by Morgan et al. (1998) and there are also a few
records in the Western Australian Museum.
Large numbers of native fishes were known to be impeded by the town weir
on their upstream migration during winter and spring. These native fishes included
the western minnow (Galaxias occidentalis), western pygmy perch (Edelia vittata)
and nightfish (Bostockia porosa). Furthermore, adult lampreys were often observed
negotiating the weirs on Margaret River with the occasional dead animal also
observed. The reservoir above the Margaret River Weir had the highest abundance of
the feral mosquitofish with this section of the river also containing western minnows,
nightfish and western pygmy perch, and beds for larval lampreys (ammocoetes)
(Morgan and Beatty 2003). It was thus deemed appropriate that the construction of a
fishway on the Margaret River would be beneficial to fish and lamprey migrations in
the Margaret River.

Introduction
Margaret River represents one of the few river systems in south-western Australia that
has not become salinised as a result of large scale land clearing (Morgan et al. in
press), and one that has much of its natural riparian and fringing vegetation intact.
However, it is one of the few rivers in the region that has seen the main channel
regulated with the construction of two weirs. Within Australia, fish movements are
generally accepted to be undertaken as a part of spawning migrations during the
reproductive period or for dispersal (predominantly young fish moving in spring and
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early summer) (Mallen-Cooper et al. 1997). Barriers such as those on Margaret River
have effectively limited the movement of species upstream and downstream of these
structures, thus becoming an isolating mechanism. Weirs not only obstruct fish
passage, but they alter natural flow regimes and often create favourable habitats for
pest species, such as the mosquitofish (see Plate 1) (Gill et al. 1999, Morgan et al.
2002). The Margaret River Fishway (see Plates 2-5) was constructed in March and
April 2003 to assist in the upstream (and downstream) movements of native fishes
and lampreys.

Methods
Fishway Design
In the case of Margaret River, a fishway was required as it was unfeasible to remove
the weir due to recreational use and the potential impact on upstream vegetation that
has adapted to the water levels created by the weir.
A number of fishway designs could have been constructed at Margaret River,
however, for aesthetic reasons a rock ramp fishway was chosen as the most
appropriate design for the Apex Weir (see Appendix 1).

The fishway is

approximately 28 metres long extending downstream from the weir and consists of
two flights of ramp (see Plates 2-5, Appendix 1). The substructure was comprised of
laterite (ironstone), with a geotech liner on the substructure of the fishway and this
was covered with fine granite (see Plate 2A). The smoother granite was used to build
the ridges and pools and the walls were built from large granite (A. Torre pers. com.).
Rock ridges built along the ramp form step pools that enable fish to gradually swim
over the weir.
The concept design was developed Tim Marsden (Fish Passage Consultant,
Queensland) and implemented and constructed by Antionetta Torre from the
Department of Environment and implemented with advice from the authors as well as
the Margaret River Regional Environment Centre, the Shire of Augusta Margaret
River, Department of Environment, Aboriginal community representatives and other
community groups. The granite and laterite (approximately 300 cubic metres) and
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their transportation were donated by Voyager Estate, while the Shire of Augusta
Margaret River also donated some gravel.
Care was taken to minimise disturbance to vegetation at the site and the work
area was rehabilitated by Work for the Dole, Cape to Cape Catchment Group and
Margaret River Regional Environment Centre.

Endemic freshwater fishes

Western Minnow Galaxias occidentalis

Mud Minnow Galaxiella munda

Western Pygmy Perch Edelia vittata

Balston’s Pygmy Perch Nannatherina balstoni

Nightfish Bostockia porosa

Feral fish

Mosquitofish Gambusia holbrooki
origin: Central America

Pouched lamprey
Larvae (ammocoete &
metamorphosing )

Pouched Lamprey Geotria australis

Adult – upstream migrant

Plate 1 Native and introduced fishes of Margaret River including the pouched
lamprey.
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Plate 2

Construction of the Margaret River Fishway showing (A) the geotech
liner, (B) the covering of small particulate materials, (C-E) the
placement of granite boulders for support, and (F) the functioning
Margaret River Fishway.
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Plate 3

(A) Trap set at the top of the Margaret River fishway in August
2003. (B) Top of the Margaret River Fishway in August 2003,
and (C) looking down the fishway. Inset is the sampling method
used – electrofishing down the fishway and holding a fine mesh
seine net at the bottom of the fishway (Inset photo by AugustaMargaret River Mail).
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Plate 4

(A & B) Electrofishing the Margaret River fishway in October,
(C) white-faced heron preying on western minnows and with a
western minnow in its beak (inset).
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Plate 5

(A & B) The Margaret River Fishway in late December.
(C) A lamprey caught below the weir in late December 2003.
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Fishway monitoring
Fishway monitoring techniques vary according to design. For example, vertical-slot
fishways can be readily monitored using a combination of unidirectional cone traps
(funnels) at various slots, with mesh screens blocking the exits; thereby allowing fish
to reach the top of the fishway but not being able to exit or retreat back down the
fishway (see Close et al. 2001).

This method allows fishway utilisation to be

effectively measured and limits the number of individuals leaving the fishway as they
become caught above the cone (funnel) traps. Assessing the effectiveness of rock
ramp fishways, however, requires either determining the number of fish exiting the
fishway – by setting a trap at the top of the fishway and/or by counting the number of
fish utilising the fishway at any particular time.
The Margaret River Fishway was monitored during August, September,
October, November and December 2003. In December flow had ceased and the
fishway wasn’t functioning, therefore fish were sampled in the pool at the bottom of
the fishway (see Plate 5). These monitoring times were chosen to coincide with peak
spawning periods of the fishes of the river and with the upstream migration of the
lamprey (see Pen and Potter 1990, 1991a, 1991b, Morgan et al. 1998, Morgan and
Beatty 2003). During August, a trap was set at the top of the fishway and the number
of each species in the trap recorded (see Plate 3A). However, this methodology
allows fish to move up the fishway and into the trap but does not prevent fish moving
back down the fishway after entering the trap. In all other months (including August)
the number of fish from each species on the fishway was recorded. This was achieved
by setting a 10 m seine net across the bottom of the fishway and electrofishing the
width of the fishway in a downstream direction. The majority of fish caught in the net
were then released immediately with a subsample measured for total length (mm) and
their gonad stage estimated by macroscopic observations through the ventral surface
in the case of females and the larger males were gently squeezed so to determine if
sperm was exuded, thus indicating that sexual maturity had been attained. Sampling
occurred at both at dawn and dusk on each occasion. On each sampling occasion
visual observations of fish leaving the fishway were made at the exit.
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Results and Discussion
Rainfall, flow rates and fishway function
Rainfall for Margaret River is highly seasonal, with the majority of precipitation
occurring between June and October (Figure 1A). As a consequence of this highly
seasonal rainfall, flow rates peak in the river in late winter/early spring and cease in
early summer (Figure 1B). N.B. At the time of writing this report flow and rainfall
data was not available for October to December 2003. During 2003 the river began
flowing on the 16th May, but the fishway was not functioning until July (R. Grenfell
pers. com.).
The fishway functioned until the end of November, however, this time period
could be lengthened by cutting a notch in the weir wall at the fishway exit. A notch
of approximately 5-10 cm would also allow easier fish movement over the fishway
exit as it is the greatest vertical drop on the fishway and therefore represents the most
difficult part for fish to negotiate. During August and September the downstream
turn-around (bend) of the fishway was flooded out and fish entered the structure
above this section. Alternatively, during October and November, when flow and
water levels receded, fish entered the fishway from the downstream section.

Fish and freshwater crayfish utilisation of the Margaret River Fishway
Endemic fishes
A total of 980 endemic freshwater fish were captured on the fishway between August
and November 2003 (Table 1). Of these, 943 (or 96.2%) were western minnows (G.
occidentalis), 30 (or 3.1%) were nightfish (B. porosa) and 7 (or 0.7%) were western
pygmy perch (E. vittata) (Table 1 and see Plate 1). Western minnows were the most
abundant endemic fish captured by Morgan and Beatty (2003) in Margaret River and
at the Apex Weir. Mud minnows (G. munda) (see Table 1 and Plate 1) were not
captured on the fishway but were found in the pool at the bottom of it during
December and they were also observed below the town weir during this period (R.
Grenfell pers. com.). N.B. This is the first time that mud minnows have been
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Fig. 1 A) Mean monthly rainfall for Margaret River during the study period and
from 1972-2003. B) Daily water discharge rate in Margaret River during
2003 (blue line); and mean daily discharge per month between 1970-2001
(green line). (Western Australian Department of Environment).
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Table 1

Total and mean (in parenthesis) number of each species captured on the Margaret
River Fishway at dawn and dusk in the different months. The number of samples
(on different days) is given. N.B. Ga = pouched lamprey, Go = western minnow,
Gm = mud minnow, Bp = nightfish, Ev = western pygmy perch, Nb = Balston’s
pygmy perch and Gh = mosquitofish (feral). * denotes that mosquitofish were
caught in the trap set above the fishway in August and are not included in the total.
N.B. The December fish were captured below the fishway and are not included in
the totals.
Lamprey

Month
August

September

October

November

December

TOTAL
(fish on
fishway)

Endemic fishes

Feral

Time (# samples)

Ga

Go

Gm

Bp

Ev

Nb

Gh

Dusk (2)

-

24 (12)

-

1 (0.5)

-

-

10 (5)*

Dawn (2)

-

10 (5)

-

-

1 (0.5)

-

4*

Dusk (2)

2 adult (1)

557 (276)

-

18 (9)

1

-

-

Dawn (1)

1 adult

246

-

1

-

-

-

Dusk (2)

-

27 (13.5)

-

-

-

-

-

Dawn (2)

8 larvae (4)

69 (34.5)

-

6 (3)

1 (0.5)

-

-

Dusk (2)

3 larvae

6 (3)

-

3 (1.5)

-

-

-

Dawn (1)

-

4

-

1

4

-

-

Morning (1)

1 adult

25

20

-

10

-

100

3 adults
11 larvae

943

-

30

7

-

-
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recorded in the lower Margaret River, i.e. downstream of Canebreak Pool (see
Morgan and Beatty 2003).
There was a pronounced increase in western minnows utilising the fishway
between August and September, and conversely, a distinct decline in fishway
utilisation between September and October (Figures 2, 3, Table 1). Analysis of
variance (ANOVA) of log-transformed data revealed that this increase in fishway
utilisation in September by western minnows was significant i.e. p<0.01 between
August and September, p<0.05 between September and all other months sampled.
This increase in abundance is undoubtedly in response to an upstream spawning
migration, with many of the female fish in September having clearly discernable
mature ovaries and the males were running ripe (i.e., when the body cavity is
squeezed slightly, sperm is exuded). Furthermore, in the Collie River (see Figure 4 in
Pen and Potter (1991a)), the only population of western minnows to be subjected to a
spawning period study, there was a decrease in gonadosomatic index (peak spawning)
between August and September. There was no significant difference between fishway
utilisation by western minnows between dawn and dusk.
Similarly, nightfish were captured on the fishway in higher numbers in
September than in any other month and were more common at dusk when it is
expected that this nocturnal species would be more active (Table 1, Figures 2, 4). The
peak spawning period, evidenced by a decline in gonadosomatic index (Pen and
Potter 1990), for this species is also between August and September. The presence of
nightfish however, may also be a response to their requirement for complex habitat.
Being a nocturnal species, nightfish seek refuge during the day under logs and rocks,
such as those provided by the fishway.
The low numbers of western pygmy perch found on the fishway may be a
result of their low numbers in this section of the river (see Morgan and Beatty 2003),
which may in part reflect the high numbers of the feral, aggressive mosquitofish (G.
holbrooki) found above and below the weir. Western pygmy perch have previously
been shown to be susceptible to mosquitofish attack and such attacks often result in
death (Gill et al. 1999). However, in December a number of juvenile (0+) western
pygmy perch were found in the pool below the fishway. This suggests that either they
hatched in the pool below the weir or that the larvae were transported downstream by
the fishway.
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Fig. 3 The monthly length-frequency distributions of the western
minnow (Galaxias occidentalis) captured on the Margaret
River Fishway during the sampling period.
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Fig. 4 The monthly length frequency distribution of the
nightfish (Bostockia porosa) captured on the Margaret River
Fishway during the sampling period.
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The presence of mud minnows below both the fishway and the upstream weir in
December (where they had not been found previously) suggests that they utilised the
fishway to move upstream. It is likely that in previous years this species reached the
Apex Weir to become trapped below it and was then predated on by mosquitofish.
The mud minnow, a species listed as restricted by the Australian Society for Fish
Biology, occupy the same niche as mosquitofish, i.e. they inhabit the shallow littoral
zone and feed on the surface, making them extremely vulnerable to attack. Rarely
have the two species been found to co-occur (Morgan unpublished data).
Feral fishes
Mosquitofish (G. holbrooki) were captured immediately above the fishway on each
sampling occasion and were not captured on the fishway (Table 1). During August
however they were captured in the trap set at the fishway exit and their presence
probably attests to the flaw in this method for sampling fishways. Their preference
for still waters would make the flowing waters of the fishway atypical habitat for
them (Morgan et al. 1998, 2002, Gill et al. 1999).

Mosquitofish are the most

numerically abundant fish species in Margaret River and during the survey by Morgan
and Beatty (2003) they represented over 93% of all fish captured. They were easily
the most numerically dominant fish species above the Apex Weir (listed as Town
Weir in Morgan and Beatty 2003). As the fishway does not apparently facilitate the
active movement of this feral nuisance species, may be beneficial to the native fishes.
It would be of interest to determine the change in species contributions above the
fishway (and between the two weirs), particularly in light of the huge recruitment of
western minnows into this reservoir (N.B. Due to the large weir upstream of the Apex
Weir fish migrations will be blocked approximately 1 km upstream of the fishway).
Lamprey
Three adult lampreys (G. australis), which were in the upstream migrant phase of
their life-cycle (Plate 1), were captured on the fishway during September 2003.
Furthermore, one adult was observed in a small pool at the base of the Apex Weir
(adjacent to the fishway) in December 2003 when the fishway had stopped
functioning (Plate 3).
During November 2003, up to 100 adult lampreys were observed negotiating
the large weir approximately 1 km upstream of the fishway. One dead adult lamprey
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was collected from this site. Adult lampreys were however, not noted above on the
fishway or at the Apex Weir in this month, suggesting that they readily find, and
utilise, the fishway.
Larval lampreys (ammocoetes) were caught on the fishway during October
and November 2003 but it is likely that these animals were not migrating at the time,
but were buried under small pockets of sandy substrate that had accumulated on the
fishway (see Plate 1). The life-cycle of lampreys is complex, with the worm–like
larval stage (ammocoete) living in ‘burrows’ below the substrate where they feed on
diatoms, detritus and micro-organisms (Potter 1996). In south-western Australia at
approximately 4.25 years of age (and at approximately 90 mm TL) ammocoetes
metamorphose (Plate 1) with the resultant downstream migrant leaving the river
during winter. The fishway would aid this juvenile downstream migration. During
it’s apparently two year marine trophic phase, where it presumably feeds on fish, their
length increases to approximately 500-700 mm TL. The adult then ceases feeding, reenters rivers and embarks on an upstream migration (moving predominantly at night)
during winter and spring. After spending approximately 15-16 months in the river,
when they survive off accumulated fat reserves, the adults spawn and die. During the
adult freshwater phase the males develop a large gular pouch (hence the name
pouched lamprey) and the oral disc becomes enlarged.
Freshwater crayfish
During each sampling occasion freshwater crayfish and the freshwater shrimp
(Palaemonetes australis) were captured on the fishway. The freshwater crayfish
included the introduced ‘smooth’ marron (Cherax cainii), the widespread gilgie
(Cherax quinquecarinatus) and the more restricted Cherax crassimanus. While there
may have been some upstream and downstream movement by freshwater crayfish and
freshwater shrimp via the fishway, it is likely that their presence was due to the high
degree of suitable habitat offered by the rocks used to construct the fishway. Piles of
similar-sized rocks have recently been used to enhance habitat availability for
freshwater crayfish in impoundment dams in the region (Molony et al. unpublished
data) and have been shown to be effective artificial crayfish habitat.
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Predation of fishes
White-faced herons (Ardea novaehollandiae) are often encountered at weirs in southwestern Western Australia, primarily due to the build-up of native fishes that become
congregated below such structures. Predation on fish by white-faced herons appeared
to be mostly occur immediately below the fishway exit (see Plate 4C) suggesting that
this is the most difficult section of the fishway to negotiate. It is recommended that 510 cm of concrete along the fishway exit should be removed, thereby allowing fish to
pass this section more readily. This would also allow the fishway to function longer
(i.e. earlier in winter and later in spring/summer). In essence, the fishway at Margaret
River, by allowing fish to negotiate the wier, will lead to a reduction in numbers of
fish being concentrated below the weir and would thus limit the extent of predation
that occurs at this barrier.

Conclusions
The Margaret River Fishway is, along with a concomitant built fishway on the
Hotham River, the first rock ramp fishway built in the main channel of a river system
in Western Australia, and this study represents the first assessing the effectiveness of
a rock ramp fishway in the State. Margaret River contains five of the south-west’s
eight endemic teleosts, two of which are rare and have very restricted distributions.
The river also acts as an important breeding ground and nursery for the pouched
lamprey. Two introduced fishes, both of which have been shown to be detrimental to
the native fishes of south-western Australia, are also found within the river. The two
major weirs on the main channel of the river act as significant barriers to fish
migrations. Although the weirs impede the upstream migration of lampreys, Morgan
and Beatty (2003) found that significant numbers are reaching the important breeding
and nursery grounds above the weirs. This is aided by their ability to leave the water
and ‘climb’ structures using their oral disc and muscle contrations. It is likely that the
upstream ammocoetes sites, which have higher organic material on the substrate, were
more suitable as larval lamprey habitat (Potter et al. 1986, Morgan and Beattt 2003).
The immediate upstream and downstream habitats created by the weirs are not as
conducive to native fish and larval lampreys as the unmodified sections of the river.
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The weirs also increase the opportunity for predation on the fishes and lamprey of the
Margaret River, particularly by white-faced herons and the introduced mosquitofish.
As found during this study, the construction of a fishway at the Apex Weir has
facilitated the upstream (and downstream) movement of native fishes and lampreys
and will also help mitigate the impact of avian predation in these.
The fishway was found to accommodate large numbers of western minnows
moving upstream on their spawning migration in early spring, with an average of
approximately 270 captured on the fishway at any one time (see Table 1, Figure 2).
This contrasted markedly with the number of western minnows captured on the
fishway in all other months. Similarly, the highest abundances of nightfish were
captured at night on the fishway in September during their peak spawning period.
The absence of western pygmy perch may be attributed to the low abundances of this
species in this part of the river (see Morgan and Beatty 2003) and is most likely
attributable to the presence of the feral mosquitofish, a known predator of native
fishes and in particular the western pygmy perch (Gill et al. 1999). The fishway also
appeared to facilitate the movement of adult lampreys (this observation is attributed to
large numbers being seen attempting to climb the upstream weir in November, while
none was visible at the lower weir). Furthermore, adult lampreys were captured on
the fishway during September. Due to the construction of the fishway using granite
rocks, considerable habitat was created for species such as nightfish and freshwater
crayfish, and the accumulation of sediments provided larval lampreys with sites to
bury.
It is highly recommended that a second rock ramp fishway be constructed at
the larger upstream weir, particularly in light of: (1) the effectiveness of the fishway
constructed at the Apex Weir as described during this study, (2) the capture of the rare
(and restricted) mud minnow at the base of both weirs, (3) the fact that large numbers
of western minnows and nightfish have now moved upstream, facilitated by the
construction of the fishway, (4) fish between the weirs are exposed to considerable
predation from the introduced mosquitofish, (5) lampreys (and other native species)
are still impeded by this larger upstream weir where they are exposed to predation,
and (6) this weir is the last major obstruction on the Margaret River preventing native
fishes from moving freely throughout the river.

Furthermore, long term annual

monitoring of this fishway has the potential to provide important information relating
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to fish movements, biology and ecology of species and changes in abundances
relating to abiotic or biotic influences.
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APPENDIX I
Poster to be displayed at the Margaret River Fishway
(Produced by the Department of Environment, with fish photographs and species text contributed by the authors)
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