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ABSTRACT

Poorly installed or undersized culverts at road crossings are one of the most frequently encountered
barriers to fish movements, especially for small-bodied fish species. Although replacement with
more ‘fish friendly’ culvert designs is the preferred solution, at many sites remediation will be
required in the short to medium term. Consequently, there is a need for effective evidence-based
fish passage solutions that can be deployed at scale. This study examined the passage efficiency of
juvenile ı̄nanga (Galaxias maculatus) past a perched culvert fitted with spat ropes and a flexible rubber
ramp. Only four fish (0.79%) successfully passed the ramp, and no fish successfully passed the whole
culvert by the conclusion of the trial. Deployment of flexible rubber ramps to remediate fish passage
at perched culverts has recently become common practice in several regions of New Zealand,
despite the absence of any evidence base to support their use. This study provides a strong
preliminary indication that flexible rubber ramps are an ineffective fish passage solution for
remediating perched culverts for non-climbing fishes. To overcome low head-migration barriers,
there are alternative evidence-based fish ramp designs, which practitioners can have considerably
greater confidence in for achieving restoration goals.

Keywords: barriers, common galaxias, evidence-based practice, fish migration, fish passage,
Galaxias maculatus, ı̄nanga, passage efficiency, puyen, remediation, success.

Introduction

Rivers worldwide are fragmented by large numbers of instream structures that impede or 
prevent movements of aquatic species (Jones et al. 2019; Belletti et al. 2020; Franklin et al. 
2022). Restoring river connectivity is recognised as a critical action for the recovery of 
freshwater biodiversity (Tickner et al. 2020; Thieme et al. 2023). Evidence-based practice 
is essential for achieving goals to effectively reconnect waterways and translate action into 
outcomes (Sutherland 2022). However, globally, efforts to remediate fish passage have 
often been undertaken with little effort to assess their efficacy and, where monitoring 
has been carried out, it has often demonstrated that the performance of implemented 
solutions is low (Roscoe and Hinch 2010; Bunt et al. 2012; Noonan et al. 2012; 
Januchowski-Hartley et al. 2020; Hershey 2021). 

In a recent meta-analysis of fish passage efficiency, Hershey (2021) excluded studies of 
culverts. However, small structures such as river crossings are one of the most frequently 
encountered barriers to fish movements, especially for small-bodied species (Januchowski-
Hartley et al. 2013; Franklin and Gee 2019; Frankiewicz et al. 2021). Culverts are one of the 
most common types of structures used at road crossings, yet they often impede or block 
movements of fishes and other aquatic organisms due to high water velocities within the 
culvert barrel and because of vertical drops that develop at the culvert outlet (Franklin and 
Bartels 2012). Owing to their prevalence in the landscape, the cumulative effect of road 
crossings on riverscape connectivity can be ecologically significant (Januchowski-
Hartley et al. 2013). Consequently, if fish movements are to be restored there is a need 
for low cost but effective fish passage solutions that can be deployed at scale. 

Complete removal of culverts is often not an option for restoring fish passage due to 
the presence of essential infrastructure (e.g. roads) that must be retained. Although 
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replacement with a bridge is the ideal solution, more often 
‘fish friendly’ culvert designs, for example ‘stream simulation’ 
culverts (Cenderelli et al. 2011), are the preferred solution. 
However, at many sites in the short to medium term culvert 
replacement will be logistically and cost prohibitive. In 
response, efforts have increased to find interim solutions for 
remediating culverts to improve the passage of fish (Franklin 
et al. 2018). 

The installation of culvert baffles is one method to 
overcome the challenge of water velocities in the culvert 
barrel that exceed the swimming capabilities of fishes. A 
wide range of baffle designs have been proposed including 
weir baffles, offset baffles, vertical baffles, corner baffles and 
spoiler baffles (e.g. Rajaratnam et al. 1988, 1991; Rajaratnam 
and Katopodis 1990; Sailema et al. 2020). Much of the published 
literature has focused on characterising the hydraulics of 
different baffle types (e.g. Ead et al. 2002; Feurich et al. 
2011; Duguay and Lacey 2015; Zhang and Chanson 2018; 
Magaju et al. 2021). However, there are an increasing number 
of laboratory and field studies evaluating fish behaviour and 
passage efficiency associated with different baffle types and 
configurations (e.g. Macdonald and Davies 2007; Franklin 
and Bartels 2012; Amtstaetter et al. 2017; Enders et al. 2017; 
Goerig et al. 2017). Evidence from these studies demonstrates 
that the effectiveness of different baffles for enhancing fish 
passage cannot be determined based on hydraulic assessment 
alone, as the solutions that typically generate the lowest 
average water velocities often also create hydrodynamic 
conditions (e.g. large recirculating zones) not conducive to 
unimpeded upstream movement of fish. 

Vertical drops below culverts often develop because of 
scouring and erosion at the outlet. Although some species 
(e.g. salmonids) are competent jumpers and can sometimes 
make their way past (albeit at lower success rates; Frankiewicz 
et al. 2021), for some small-bodied fishes (<60 mm) it has been 
demonstrated that vertical drops as little as 0.1 m can 
effectively prevent upstream passage (Baker 2003). Efforts to 
overcome these drops, where structure replacement is not an 
option, have focused on reducing the head drop by raising the 
downstream water level using rock ramp fishways (Franklin 
and Bartels 2012; Muraoka et al. 2017) or creating artificial 
ramps that connect to the culvert outlet (Baker 2014; 
Jellyman et al. 2017; Watz et al. 2019; Franklin et al. 2021). 

One novel, low-cost solution that has been proposed for 
facilitating passage past smaller culverts where typical baffle 
designs may impair culvert capacity, is the deployment of 
mussel spat ropes (David and Hamer 2012; Tonkin et al. 
2012; David et al. 2014a). David et al. (2014a) demonstrated 
experimentally that small-diameter culverts installed with 
lines of mussel spat ropes significantly increased the passage 
success of several small-bodied fishes and a freshwater shrimp 
compared to a control without ropes. It has also been shown 
that climbing fishes such as elvers (Anguilla spp.) and some 
species of climbing galaxiids (banded kokopu, Galaxias 
fasciatus) can use the ropes to overcome vertical drops at 

culvert outlets (David and Hamer 2012). Testing of mussel 
spat ropes in the laboratory and field indicate that fish 
species unable to climb with their bodies out of water (e.g. 
ı̄nanga, smelt, Retropinna retropinna, and many bully species) 
will not be able to use ropes to surpass culverts perched in 
excess of 0.2 m (David et al. 2014b). 

Owing to the prevalence of small culverts and low cost of 
deployment, spat ropes have been seen as an ‘easy fix’ for 
remediating fish passage in New Zealand (see Olley et al. 
2022). Recently, a practice has emerged in New Zealand that 
includes the placement of a flexible rubber ramp in combina-
tion with spat ropes to improve fish passage at perched 
culverts (i.e. those with a vertical drop at the outlet). It has 
been claimed that the ramps placed behind the spat ropes 
enable non-climbing fish passage alongside those capable of 
climbing (Olley et al. 2022), yet no assessments of passage 
efficiency have shown ̄ınanga or other non-climbing fish could 
effectively pass the rubber ramp and spat rope remediation at 
perched culverts. 

In this study, post-remediation passage efficiency was 
evaluated at a culvert fitted with spat ropes and a flexible 
rubber ramp using mark–recapture methods. The trials were 
completed using the juvenile upstream migrant life stage of 
ı̄nanga (Galaxias maculatus), a small-bodied amphidromous 
species distributed widely in the temperate Southern 
Hemisphere (McDowall 1990). G. maculatus are a non-climbing 
species and have commonly been used as a benchmark species 
for evaluating passage success (Baker 2003; Baker and Boubée 
2006; Doehring et al. 2011, 2012). 

Materials and methods

Site description

A culvert situated on an unnamed tributary stream of Oldham 
Creek, Nelson, New Zealand (−41.237889°S, 173.325191°E) 
had previously been remediated by Nelson City Council to 
facilitate the movement of fish, in particular weak swimming 
fish such as G. maculatus. The culvert is situated ~0.9 km 
inland from the coast and at an elevation of <20 m above 
sea level. The 0.9-m-wide, 7.5-m-long perched pipe culvert 
(drop height at the culvert outlet was ~180 mm) was 
retrofitted with a 440-mm-wide rubber ramp and two strands 
of mussel spat rope (‘Super Xmas Tree’; Donaghys Industries, 
New Zealand) that ran along the length of the culvert and over 
the ramp (Fig. 1). The spat ropes were attached at the upstream 
end of the culvert inlet but were not attached at the 
downstream end and floated freely upon reaching the water 
surface downstream of the culvert outlet (Fig. 1). The rubber 
ramp was also not attached to the stream substrate so may 
have changed gradient with different stream discharges, but 
at the time of testing it was >45°. The flexible rubber ramp 
had a smooth surface with water depths of between 1 and 
2 cm in regions outside of the spat ropes. 
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Fig. 1. Rubber ramp and spat rope installed at the outlet of the
perched culvert in an unnamed tributary of Oldham Creek, Nelson,
New Zealand. Barrier net retaining fish within the test arena is
visible to the left of the picture.

Velocity measurements

Before releasing marked fish, the average water velocity 
through the culvert was calculated by recording the time a 
float (mandarin) took to travel the 7.5-m length of the 
culvert. As the spat rope was situated within the centre of the 
channel, the float was released on the outside edges of the spat 
rope, which would represent higher water velocities than 
between the ropes. Three replicate measurements were taken 
resulting in a mean water velocity through the culvert at the 
time of the trial of 0.55 m s−1 (range 0.54–0.57 m s−1). This is 
approximately double the mean critical swimming speed 
of G. maculatus (0.28 m s−1), but less than the median 
maximum allowable velocity (0.61 m s−1) for a 7.5-m culvert 
(R. Crawford, unpubl. data). Spot measurements of water 
velocity were also taken at the top, middle and bottom of 
the rubber ramp, both outside and between the spat ropes, 
using a Marsh McBirney electromagnetic Flo-mate water 
velocity meter. Water velocities on the rubber ramp averaged 
0.89 m s−1 (range 0.52–1.34 m s−1) outside of the spat ropes 
and 0.57m s−1 (range 0.19–0.82 m s−1) between the spat ropes. 

Mark–recapture methods

Sea run juvenile ı̄nanga (commonly referred to as whitebait) 
were captured by fishers in the Richmond area of Nelson on 10 
and 11 September 2018 and used in trials carried out between 
11 and 14 September 2018. Īnanga were marked by immer-
sion in a solution of either Rhodamine B (0.2 g L−1; 
Sigma–Aldrich) (n = 190) or Bismarck Brown (0.05 g L−1; 
Sigma–Aldrich) (n = 245). To increase survival and stain 
retention, aquarium salts were added to the solutions to 
produce a salinity of ~15 PSU (Franklin et al. 2024). During 
staining, the solution was aerated and ice was added as 

necessary to maintain the solutions at the same temperature 
as the creek. After 2 h, the fish were removed from the stain 
using a dip net and held in live bins within the unnamed 
tributary stream of Oldham Creek for 24 h before release. 
A batch of unmarked ı̄nanga (n = 266) were retained in a 
separate live bin as a third replicate and to control for the 
effect of the marking procedure. Live bins are 56-L fish bins 
with 2-mm mesh installed on all four sides to retain fish but 
enable water flow through the bin. Polystyrene placed within 
conduit pipes was added along each top edge of the bin to 
ensure adequate floatation. 

To retain fish at the site and prevent wild fish moving into 
the test area, two barricades were set 1 m apart at the 
downstream end of the pool immediately below the perched 
culvert. These consisted of 2-mm mesh nets weighted 
at the base and buried into the substrate and attached to 
metal Y poles that were dug into each stream bank (Fig. 1). To 
capture fish successfully passing the culvert, an aluminium 
A-frame whitebait trap was installed at the culvert inlet (Fig. 2). 
Rocks and 2-mm mesh nets were used to secure the base and 
edges of the trap at the inlet. The trap was weighted down 
to prevent movement with any change in flow (Fig. 2). 

There was no significant difference in the size and weight 
of ı̄nanga used between the three replicates (Table 1). All 
three sets of fish (pink, orange and clear) were released at 
07:30 hours on 12 September 2018 and given 48 h to pass 
the culvert. The trap was also checked after 24 h on the 
morning of 13 September. At the conclusion of the trial, the 
culvert was checked for fish that had passed the rubber 
ramp but failed to pass the culvert barrel. As the culvert was 
too small for physical entry, the first 1.5 m of the culvert at the 
inlet and outlet (3-m total) was visually checked for fish and 
then the spat ropes were lifted and shaken several times to 
wash fish down and out of the culvert with one person 
standing at the outlet with a net to capture fish. Fish that 

Fig. 2. Whitebait trap installed at the culvert inlet to capture fish
successfully passing the structure.
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Table 1. Summary of G. maculatus numbers and sizes used in the mark–recapture study.

Fish colour n Mean total length (mm) Total length range (mm) Mean weight (g) Weight range (g)

Pink 138 50.8 44–55 0.38 0.23–0.45

Orange 175 50.4 42–53 0.38 0.26–0.46

Clear 193 50.3 48–55 0.37 0.30–0.46

Note that lengths and weights were only measured for a subset of individuals (pink, n = 18; brown, n = 22; clear, n = 15).

remained in the pool below the culvert outlet were captured 
using a Kainga EFM300 electric fishing machine (NIWA, 
Christchurch, New Zealand). 

Results

After 48 h, all fish were successfully recovered from either the 
test arena between the culvert outlet and the downstream 
barrier net (Fig. 1), or within the culvert barrel. No fish had 
successfully passed the culvert and only four fish (0.79%) 
had successfully passed the ramp and were located within 
the culvert at the conclusion of the trial (Fig. 3). Insufficient 
fish passed the ramp to determine whether there was any 
statistically significant effect of fish size on success, but the 
four fish that passed the ramp had a mean length (51.3 mm) 
and weight (0.39 g) greater than the mean of all fish (Table 1). 

Discussion

Removal or effective remediation of barriers to fish migration 
can achieve rapid gains for aquatic biodiversity (Thieme et al. 
2023). However, failure to follow evidence-based practice can 
result in practitioners making decisions that do not achieve 
desired outcomes and waste scarce resources on ineffective 
solutions (Cook et al. 2013; Cooke et al. 2017; Sutherland 
2022). Deployment of flexible rubber ramps to remediate fish 
passage at perched culverts has recently become common 

Fig. 3. Percentage of individuals that did not pass, passed the ramp
and passed the culvert at the completion of the trial (48 h).

practice in several regions of New Zealand, despite the 
absence of any evidence base to support their use. Here, we 
have demonstrated that a typical deployment of a flexible 
rubber ramp in combination with mussel spat ropes at a small 
culvert failed to provide effective passage for a widely 
distributed amphidromous fish species that is common 
across lowland streams in New Zealand. 

At this site, <1% of marked fish successfully passed the 
rubber ramp over a 48-h trial period. In comparison, Franklin 
and Bartels (2012) recorded a mean of 27% passage efficiency 
for G. maculatus over a 9-h trial period at a 15-m-long rock 
ramp, whereas Doehring et al. (2011) measured passage 
efficiencies for G. maculatus of 21–66% over 3-m artificial 
ramps (artificial grass substrate) at a range of gradients (4-h 
trial period). Likewise, Baker (2014), Baker and Boubée 
(2006) and Franklin et al. (2021) all recorded 3-h passage 
efficiencies for G. maculatus ranging from 20 to >90% over 
experimental fish ramps up to 3 m long with gradients of 
15–30°. 

A loss of motivation due to the marking procedure is 
unlikely to be the cause for low passage success as unmarked 
control fish (clear) also failed to pass the flexible rubber ramp 
and culvert. In addition, Franklin et al. (2024) demonstrated 
that both critical swimming speeds and passage efficiency for 
ı̄nanga through a 73.8-m remediated pipe culvert were similar 
between control fish and those batch marked in Rhodamine B. 
In comparison, ı̄nanga marked with visual implant elastomer 
tags exhibited significantly lower critical swimming speeds 
and passage efficiency compared to control fish. 

Based on our observations at this site and the results of 
previous studies on fish ramps, we hypothesise that there are 
several potential factors contributing to the poor passage 
efficiency measured at this site. Previous studies have consis-
tently shown that fish ramps with smooth surfaces achieve 
significantly poorer passage efficiency than ramps with 
roughened surfaces for climbing and non-climbing species 
(Baker and Boubée 2006; Jellyman et al. 2017; Lagarde et al. 
2021). The flexible rubber ramps have a smooth surface and 
we observed high water velocities across much of the ramp 
surface. It has also been demonstrated that increasing ramp 
slope has a significant negative effect on passage efficiency 
(Baker and Boubée 2006; Doehring et al. 2012; Jellyman 
et al. 2017; Lagarde et al. 2021). The slope of a flexible 
rubber ramp can be highly variable across the length of the 
ramp and at times can be near vertical. Depending on how 
the ramp is installed, the slope of the flexible ramp also has 
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the potential to vary over time, likely contributing to incon-
sistent fish passage. Another recommendation for fish ramp 
design that has arisen from previous studies is the benefit 
of a V-shaped cross-sectional profile to the ramp (Baker 2014; 
Franklin et al. 2018; Piper et al. 2023). This concentrates the 
main flow of water, helping to reduce the potential for insuffi-
cient water depth to become an impediment to movement, but 
also creates a lower velocity wetted marginal area that is 
beneficial for improving the passage efficiency of climbing 
species. Achieving the recommended V-shaped cross-sectional 
profile is extremely challenging with a flexible rubber ramp. 

We acknowledge that this study represents only a single 
site under a limited range of hydrological conditions. In 
addition, the rubber ramp and spat rope were tested as a 
package rather than individual components. However, installa-
tion of this fix at small, perched culverts is always carried out 
as a package consisting of a flexible rubber ramp in 
combination with spat ropes. Overall, when compared to 
equivalent studies using different ramp designs, this study 
represents a strong indication that flexible rubber ramps are 
likely an ineffective fish passage solution for remediating 
perched culverts for non-climbing fishes relative to other ramp 
designs. Studies to determine the applicability of flexible 
rubber ramps as a passage solution for other swimming fish 
species (e.g. common bullies, Gobiomorphus cotidianus) 
with different behaviours and swimming abilities (Baker 
2003) are urgently needed. The principles of evidence-based 
practice would suggest that the deployment of flexible rubber 
ramps at low-gradient sites, close to the coast where non-
climbing species are the target fish for passage should cease 
until further independent and credible evidence has been 
collected to evaluate passage performance. Current best 
available information suggests that there are alternative 
fish ramp designs that practitioners can have considerably 
greater confidence in for achieving restoration goals. 

Conclusion

Januchowski-Hartley et al. (2020) found few studies that 
evaluate the impact of culverts on ecological outcomes, 
despite their prevalence across riverscapes. This case study 
contributes to the growing literature on the efficacy and 
performance, or lack thereof, of different fish passage solu-
tions at culverts. National freshwater policy in New Zealand 
dictates that best available information must be used for 
decision-making in freshwater management (Ministry for 
the Environment 2020), yet in this case it appears that 
decisions to install flexible rubber ramps to restore passage 
for swimming and climbing fishes are based largely upon 
myth-based inertia (sensu Sutherland et al. 2004) rather 
than substantive evidence. There is an urgent need to build 
the evidence base regarding the performance of different 
fish passage solutions for culverts so that practitioners can 

make rational and well-informed decisions about how best 
to invest limited resources, while still achieving desired 
environmental outcomes. This must include reporting 
negative results such as those detailed here so that lessons 
can be learned from successes and failures. 

References

Amtstaetter F, O’Connor J, Borg D, Stuart I, Moloney P (2017) 
Remediation of upstream passage for migrating Galaxias (Family: 
Galaxiidae) through a pipe culvert. Fisheries Management and Ecology 
24, 186–192. doi:10.1111/fme.12211 

Baker CF (2003) Effect of fall height and notch shape on the passage of 
inanga (Galaxias maculatus) and common bullies (Gobiomorphus 
cotidianus) over an experimental weir. New Zealand Journal of Marine 
and Freshwater Research 37, 283–290. doi:10.1080/00288330.2003. 
9517166 

Baker CF (2014) Effect of ramp length and slope on the efficacy of a 
baffled fish pass. Journal of Fish Biology 84, 491–502. doi:10.1111/ 
jfb.12298 

Baker CF, Boubée JAT (2006) Upstream passage of inanga Galaxias 
maculatus and redfin bullies Gobiomorphus huttoni over artificial 
ramps. Journal of Fish Biology 69, 668–681. doi:10.1111/j.1095-
8649.2006.01138.x 

Belletti B, Garcia de Leaniz C, Jones J, Bizzi S, Börger L, Segura G, 
Castelletti A, van De Bund W, Aarestrup K, Barry J, Belka K, 
Berkhuysen A, Birnie-Gauvin K, Bussettini M, Carolli M, Consuegra 
S, Dopico E, Feierfeil T, Fernandez S, Fernandez Garrido P, Garcia-
Vazquez E, Garrido S, Giannico G, Gough P, Jepsen N, Jones PE, 
Kemp P, Kerr J, King J, Łapińska M, Lazaro G, Lucas MC, Marcello 
L, Martin P, Mcginnity P, O’Hanley J, Olivo Del Amo R, Parasiewicz 
P, Pusch M, Rincon G, Rodriguez C, Royte J, Schneider CT, 
Tummers JS, Vallesi S, Vowles A, Verspoor E, Wanningen H, 
Wantzen KM, Wildman L, Zalewski M (2020) More than one 
million barriers fragment Europe’s rivers. Nature 588, 436–441. 
doi:10.1038/s41586-020-3005-2 

Bunt CM, Castro-Santos T, Haro A (2012) Performance of fish passage 
structures at upstream barriers to migration. River Research and 
Applications 28, 457–478. doi:10.1002/rra.1565 

Cenderelli DA, Clarkin K, Gubernick RA, Weinhold M (2011) Stream 
simulation for aquatic organism passage at road–stream crossings. 
Transportation Research Record: Journal of the Transportation Research 
Board 2203, 36–45. doi:10.3141/2203-05 

Cook CN, Mascia MB, Schwartz MW, Possingham HP, Fuller RA (2013) 
Achieving conservation science that bridges the knowledge-action 
boundary. Conservation Biology 27, 669–678. doi:10.1111/cobi.12050 

Cooke SJ, Birnie-Gauvin K, Lennox RJ, Taylor JJ, Rytwinski T, Rummer 
JL, Franklin CE, Bennett JR, Haddaway NR (2017) How experimental 
biology and ecology can support evidence-based decision-making in 
conservation: avoiding pitfalls and enabling application. Conservation 
Physiology 5, cox043. doi:10.1093/conphys/cox043 

David BO, Hamer MP (2012) Remediation of a perched stream culvert 
with ropes improves fish passage. Marine and Freshwater Research 
63, 440–449. doi:10.1071/MF11245 

David BO, Tonkin JD, Taipeti KWT, Hokianga HT, Crispo E (2014a) 
Learning the ropes: mussel spat ropes improve fish and shrimp 
passage through culverts. Journal of Applied Ecology 51, 214–223. 
doi:10.1111/1365-2664.12178 

David BO, Hamer M, Tonkin JD, Bourke C (2014b) Appropriate use of 
mussel spat ropes to facilitate passage for stream organisms. 
Technical Report 2014/29, Waikato Regional Council. 

Doehring K, Young RG, McIntosh AR (2011) Factors affecting juvenile 
galaxiid fish passage at culverts. Marine and Freshwater Research 62, 
38–45. doi:10.1071/MF10101 

Doehring K, Young RG, McIntosh AR (2012) Facilitation of upstream 
passage for juveniles of a weakly swimming migratory galaxiid. 
New Zealand Journal of Marine and Freshwater Research 46, 303–313. 
doi:10.1080/00288330.2011.639787 

5

https://doi.org/10.1111/fme.12211
https://doi.org/10.1080/00288330.2003.9517166
https://doi.org/10.1080/00288330.2003.9517166
https://doi.org/10.1111/jfb.12298
https://doi.org/10.1111/jfb.12298
https://doi.org/10.1111/j.1095-8649.2006.01138.x
https://doi.org/10.1111/j.1095-8649.2006.01138.x
https://doi.org/10.1038/s41586-020-3005-2
https://doi.org/10.1002/rra.1565
https://doi.org/10.3141/2203-05
https://doi.org/10.1111/cobi.12050
https://doi.org/10.1093/conphys/cox043
https://doi.org/10.1071/MF11245
https://doi.org/10.1111/1365-2664.12178
https://doi.org/10.1071/MF10101
https://doi.org/10.1080/00288330.2011.639787
www.publish.csiro.au/mf


C. F. Baker et al. Marine and Freshwater Research 75 (2024) MF23207

Duguay J, Lacey RWJ (2015) Effect of fish baffles on the hydraulic 
roughness of slip-lined culverts. Journal of Hydraulic Engineering 
141, 04014065. doi:10.1061/(ASCE)HY.1943-7900.0000942 

Ead SA, Rajaratnam N, Katopodis C (2002) Generalized study of 
hydraulics of culvert fishways. Journal of Hydraulic Engineering 128, 
1018–1022. doi:10.1061/(ASCE)0733-9429(2002)128:11(1018) 

Enders EC, Castro-Santos T, Lacey RWJ (2017) The effects of horizontally 
and vertically oriented baffles on flow structure and ascent perfor-
mance of upstream-migrating fish. Journal of Ecohydraulics 2, 38–52. 
doi:10.1080/24705357.2017.1288555 

Feurich R, Boubée J, Olsen NRB (2011) Spoiler baffles in circular culverts. 
Journal of Environmental Engineering 137, 854–857. doi:10.1061/ 
(ASCE)EE.1943-7870.0000384 

Frankiewicz P, Radecki-Pawlik A, Wałęga A, Łapińska M, Wojtal-
Frankiewicz A (2021) Small hydraulic structures, big environmental 
problems: is it possible to mitigate the negative impacts of culverts 
on stream biota? Environmental Reviews 29, 510–528. doi:10.1139/ 
er-2020-0126 

Franklin PA, Bartels B (2012) Restoring connectivity for migratory native 
fish in a New Zealand stream: effectiveness of retrofitting a pipe 
culvert. Aquatic Conservation: Marine and Freshwater Ecosystems 22, 
489–497. doi:10.1002/aqc.2232 

Franklin P, Gee E (2019) Living in an amphidromous world: perspectives 
on the management of fish passage from an island nation. Aquatic 
Conservation: Marine and Freshwater Ecosystems 29, 1424–1437. 
doi:10.1002/aqc.3049 

Franklin PA, Gee E, Baker CF, Bowie S (2018) New Zealand fish passage 
guidelines for structures up to 4 metres. NIWA Client Report Number 
2018019HN, version 1.2. (NIWA: Hamilton, New Zealand) Available 
at https://niwa.co.nz/sites/niwa.co.nz/files/Final%20NZ%20Fish% 
20Passage%20Guidelines%20with%20Cover%20Page%2014-12.pdf 

Franklin PA, Baker CF, Reeve KA (2021) A comparison of passage 
efficiency for native and exotic fish species over an artificial baffled 
ramp. Journal of Fish Biology 99, 1928–1939. doi:10.1111/jfb.14899 

Franklin PA, Sykes J, Robbins J, Booker DJ, Bowie S, Gee E, Baker CF 
(2022) A national fish passage barrier inventory to support fish 
passage policy implementation and estimate river connectivity in 
New Zealand. Ecological Informatics 71, 101831. doi:10.1016/ 
j.ecoinf.2022.101831 

Franklin PA, Crawford R, van Ravenhorst WB, Baker CF (2024) Impacts of 
VIE tagging and Rhodamine B immersion staining on two measures of 
performance for a small-bodied fish. Marine and Freshwater Research 
77, MF23187. doi:10.1071/MF23187 

Goerig E, Bergeron NE, Castro-Santos T (2017) Swimming behaviour and 
ascent paths of brook trout in a corrugated culvert. River Research and 
Applications 33, 1463–1471. doi:10.1002/rra.3187 

Hershey H (2021) Updating the consensus on fishway efficiency: a meta-
analysis. Fish and Fisheries 22, 735–748. doi:10.1111/faf.12547 

Januchowski-Hartley SR, Mcintyre PB, Diebel M, Doran PJ, Infante DM, 
Joseph C, Allan JD (2013) Restoring aquatic ecosystem connectivity 
requires expanding inventories of both dams and road crossings. 
Frontiers in Ecology and the Environment 11, 211–217. doi:10.1890/ 
120168 

Januchowski-Hartley SR, Mantel S, Celi J, Hermoso V, White JC, 
Blankenship S, Olden JD (2020) Small instream infrastructure: 
comparative methods and evidence of environmental and ecological 
responses. Ecological Solutions and Evidence 1, e12026. doi:10.1002/ 
2688-8319.12026 

Jellyman PG, Bauld JT, Crow SK (2017) The effect of ramp slope 
and surface type on the climbing success of shortfin eel (Anguilla 
australis) elvers. Marine and Freshwater Research 68, 1317–1324. 
doi:10.1071/MF16015 

Jones J, Börger L, Tummers J, Jones P, Lucas M, Kerr J, Kemp P, Bizzi S, 
Consuegra S, Marcello L, Vowles A, Belletti B, Verspoor E, Van de Bund 
W, Gough P, Garcia de Leaniz C (2019) A comprehensive assessment of 
stream fragmentation in Great Britain. Science of The Total Environment 
673, 756–762. doi:10.1016/j.scitotenv.2019.04.125 

Lagarde R, Courret D, Grondin H, Faivre L, Ponton D (2021) Climbing for 
dummies: recommendation for multi-specific fishways for the 
conservation of tropical eels and gobies. Animal Conservation 24, 
970–981. doi:10.1111/acv.12699 

Macdonald JI, Davies PE (2007) Improving the upstream passage of two 
galaxiid fish species through a pipe culvert. Fisheries Management and 
Ecology 14, 221–230. doi:10.1111/j.1365-2400.2007.00546.x 

Magaju D, Montgomery J, Franklin P, Baker C, Friedrich H (2021) Spoiler 
baffle patch design for improved upstream passage of small-bodied 
fish. Ecological Engineering 169, 106316. doi:10.1016/j.ecoleng.2021. 
106316 

McDowall RM (1990) ‘New Zealand freshwater fishes: a natural history 
and guide.’ (Heinemann-Reed: Auckland, New Zealand) 

Ministry for the Environment (2020) National policy statement for fresh-
water management 2020. February 2023. (New Zealand Government: 
Wellington, New Zealand) Available at https://environment.govt. 
nz/assets/publications/National-Policy-Statement-for-Freshwater-
Management-2020.pdf 

Muraoka K, Nakanishi S, Kayaba Y (2017) Boulder arrangement on a 
rocky ramp fishway based on the swimming behavior of fish. 
Limnologica 62, 188–193. doi:10.1016/j.limno.2017.02.004 

Noonan MJ, Grant JWA, Jackson CD (2012) A quantitative assessment of 
fish passage efficiency. Fish and Fisheries 13, 450–464. doi:10.1111/ 
j.1467-2979.2011.00445.x 

Olley T, Hughes K, James T (2022) Fish passage remediation. Training Aid 
version 3. Available at https://fishpassageactionteam.files.wordpress. 
com/2022/11/fish-passage-remediation-training-aid-version-3.1-1.pdf 

Piper AT, Rosewarne PJ, Pike C, Wright RM (2023) The eel ascending: the 
influence of lateral slope, climbing substrate and flow rate on eel pass 
performance. Fishes 8, 612. doi:10.3390/fishes8120612 

Rajaratnam N, Katopodis C (1990) Hydraulics of culvert fishways III: 
weir baffle culvert fishways. Canadian Journal of Civil Engineering 
17, 558–568. doi:10.1139/l90-064 

Rajaratnam N, Katopodis C, Lodewyk S (1988) Hydraulics of offset baffle 
culvert fishways. Canadian Journal of Civil Engineering 15, 1043–1051. 
doi:10.1139/l88-137 

Rajaratnam N, Katopodis C, Lodewyk S (1991) Hydraulics of culvert 
fishways IV: spoiler baffle culvert fishways. Canadian Journal of 
Civil Engineering 18, 76–82. doi:10.1139/l91-010 

Roscoe DW, Hinch SG (2010) Effectiveness monitoring of fish passage 
facilities: historical trends, geographic patterns and future directions. 
Fish and Fisheries 11, 12–33. doi:10.1111/j.1467-2979.2009.00333.x 

Sailema C, Freire R, Chanson H, Zhang G (2020) Modelling small 
ventilated corner baffles for box culvert barrel. Environmental Fluid 
Mechanics 20, 433–457. doi:10.1007/s10652-019-09680-2 

Sutherland WJ (2022) ‘Transforming conservation: a practical guide to 
evidence and decision making.’ (Open Book Publishers: Cambridge, 
UK) 

Sutherland WJ, Pullin AS, Dolman PM, Knight TM (2004) The need 
for evidence-based conservation. Trends in Ecology & Evolution 19, 
305–308. doi:10.1016/j.tree.2004.03.018 

Thieme M, Birnie-Gauvin K, Opperman JJ, Franklin PA, Richter H, 
Baumgartner L, Ning N, Vu AV, Brink K, Sakala M, O’Brien GC, 
Petersen R, Tongchai P, Cooke SJ (2023) Measures to safeguard and 
restore river connectivity. Environmental Reviews [Published online 
23 August 2023] doi:10.1139/er-2023-0019 

Tickner D, Opperman JJ, Abell R, Acreman M, Arthington AH, Bunn SE, 
Cooke SJ, Dalton J, Darwall W, Edwards G, Harrison I, Hughes K, Jones 
T, Leclère D, Lynch AJ, Leonard P, Mcclain ME, Muruven D, Olden JD, 
Ormerod SJ, Robinson J, Tharme RE, Thieme M, Tockner K, Wright M, 
Young L (2020) Bending the curve of global freshwater biodiversity 
loss: an emergency recovery plan. BioScience 70, 330–342. doi:10.1093/ 
biosci/biaa002 

Tonkin JD, Wright LAH, David BO (2012) Mussel spat ropes assist redfin 
bully Gobiomorphus huttoni passage through experimental culverts 
with velocity barriers. Water 4, 683–689. doi:10.3390/w4030683 

Watz J, Nilsson PA, Degerman E, Tamario C, Calles O (2019) Climbing the 
ladder: an evaluation of three different anguillid eel climbing substrata 
and placement of upstream passage solutions at migration barriers. 
Animal Conservation 22, 452–462. doi:10.1111/acv.12485 

Zhang G, Chanson H (2018) Three-dimensional numerical simulations of 
smooth, asymmetrically roughened, and baffled culverts for upstream 
passage of small-bodied fish. River Research and Applications 34, 
957–964. doi:10.1002/rra.3346 

6

https://doi.org/10.1061/(ASCE)HY.1943-7900.0000942
https://doi.org/10.1061/(ASCE)0733-9429(2002)128:11(1018)
https://doi.org/10.1080/24705357.2017.1288555
https://doi.org/10.1061/(ASCE)EE.1943-7870.0000384
https://doi.org/10.1061/(ASCE)EE.1943-7870.0000384
https://doi.org/10.1139/er-2020-0126
https://doi.org/10.1139/er-2020-0126
https://doi.org/10.1002/aqc.2232
https://doi.org/10.1002/aqc.3049
https://niwa.co.nz/sites/niwa.co.nz/files/Final%20NZ%20Fish%20Passage%20Guidelines%20with%20Cover%20Page%2014-12.pdf
https://niwa.co.nz/sites/niwa.co.nz/files/Final%20NZ%20Fish%20Passage%20Guidelines%20with%20Cover%20Page%2014-12.pdf
https://doi.org/10.1111/jfb.14899
https://doi.org/10.1016/j.ecoinf.2022.101831
https://doi.org/10.1016/j.ecoinf.2022.101831
https://doi.org/10.1071/MF23187
https://doi.org/10.1002/rra.3187
https://doi.org/10.1111/faf.12547
https://doi.org/10.1890/120168
https://doi.org/10.1890/120168
https://doi.org/10.1002/2688-8319.12026
https://doi.org/10.1002/2688-8319.12026
https://doi.org/10.1071/MF16015
https://doi.org/10.1016/j.scitotenv.2019.04.125
https://doi.org/10.1111/acv.12699
https://doi.org/10.1111/j.1365-2400.2007.00546.x
https://doi.org/10.1016/j.ecoleng.2021.106316
https://doi.org/10.1016/j.ecoleng.2021.106316
https://fishpassageactionteam.files.wordpress.com/2022/11/fish-passage-remediation-training-aid-version-3.1-1.pdf
https://fishpassageactionteam.files.wordpress.com/2022/11/fish-passage-remediation-training-aid-version-3.1-1.pdf
https://fishpassageactionteam.files.wordpress.com/2022/11/fish-passage-remediation-training-aid-version-3.1-1.pdf
https://doi.org/10.1016/j.limno.2017.02.004
https://doi.org/10.1111/j.1467-2979.2011.00445.x
https://doi.org/10.1111/j.1467-2979.2011.00445.x
https://fishpassageactionteam.files.wordpress.com/2022/11/fish-passage-remediation-training-aid-version-3.1-1.pdf
https://fishpassageactionteam.files.wordpress.com/2022/11/fish-passage-remediation-training-aid-version-3.1-1.pdf
https://doi.org/10.3390/fishes8120612
https://doi.org/10.1139/l90-064
https://doi.org/10.1139/l88-137
https://doi.org/10.1139/l91-010
https://doi.org/10.1111/j.1467-2979.2009.00333.x
https://doi.org/10.1007/s10652-019-09680-2
https://doi.org/10.1016/j.tree.2004.03.018
https://doi.org/10.1139/er-2023-0019
https://doi.org/10.1093/biosci/biaa002
https://doi.org/10.1093/biosci/biaa002
https://doi.org/10.3390/w4030683
https://doi.org/10.1111/acv.12485
https://doi.org/10.1002/rra.3346


www.publish.csiro.au/mf Marine and Freshwater Research 75 (2024) MF23207

Data availability. Data are available on reasonable request from the authors.

Conflicts of interest. The authors declare that they have no conflicts of interest.

Declaration of funding. NIWAwas funded by the New Zealand Ministry for Business, Innovation and Employment Envirolink MediumAdvice Grant, contract
number C01X1806.

Acknowledgements. We thank Tim Olley (Olleycology) for assistance with field trials.

Author affiliations
ANational Institute of Water and Atmospheric Research, Gate 10 Silverdale Road, Hamilton, Waikato 3216, New Zealand.
BSLR Consulting, 17 Grey Street, Tauranga 3141, New Zealand.

7

www.publish.csiro.au/mf

	Rubber ramp and spat rope did not facilitate upstream passage of a galaxiid through a perched culvert
	Introduction
	Materials and methods
	Site description
	Velocity measurements
	Mark-recapture methods

	Results
	Discussion
	Conclusion
	References





Accessibility Report





		Filename: 

		MF-23207_online-new.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 3



		Passed manually: 0



		Failed manually: 0



		Skipped: 0



		Passed: 27



		Failed: 2







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Needs manual check		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Failed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Failed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



