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Strategy 1. Assist the in-stream movement of water and biota

Suitability of strategy: most appropriate where aquatic biota require high rates of dispersal for ongoing persistence, and
where there are important small, isolated populations of biota. Particularly recommended where a desired native aquatic
animal is present downstream, but missing from the site due to barriers or poor functional connectivity between the
restoration site and the site where the species is present.

Action

Explanation

Conditions where action is most likely
to be suitable andeffective

Other
references

Guidelines for
implementation

recommending
action

1a. Daylight or Small streams in urban areas Where small headwater streams have [1] [2-4]
remove piped are typically piped or paved been piped. Where daylighting is not
streams over, removing connectivity prohibited by urban constraints.
between the top of the stream
network and lower reaches.
1b. Remove or Barriers prevent the passage Where the barrier is large (i.e. weir, [5-7, but see 8 See fishway
modify artificial of fish and other biota. The dam) such that it prevents movement as a caution] manuals
instream removal of barriers or the year round - even during high flows.
barriers (e.g. creation of fishways improves Where migratory or diadromous
rock dams, the passage of fish and biota species exist (i.e. fish need to move
weirs) along the length of the river. between fresh water and the estuary/
ocean to complete their life cycle).
Where diadromous species are
present, the removal of barriers
downstream in the river network is
particularly important. Caution: barriers
should not be removed if their absence
willincrease the spread of non-native
invasive species.
1c. Minimise or Road crossings can reduce the For fish - where the road crossing [6,9-11] See fishway
retrofit road dispersal of aquatic (fish) and culvert is non-fish friendly. For manuals
crossings (i.e. semi-aquatic biota (insects, semi-aquatic biota - where the
use flyovers, turtles); hence reduce the road crossings are upstream in the
minimise roads potential for these species catchment - i.e. they are blocking
crossings, use to recolonise restored sites. dispersal from a relatively healthy peri
fish-friendly Where possible, road flyovers urban population of insects. Where the
culverts) should be used in place of road crossing prevents connection of a
normal roads. Planning for new riparian corridor to a wetland or a large
developments should prevent remnant parcel of bushland.
roads from bisecting riparian
corridors as much as possible.
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Explanation

Conditions where action is most likely
to be suitable andeffective

Other
references
recommending
action

Guidelines for
implementation

site factsheet,
actions ba-5c¢

1d. Repair stream Unnatural reductions in Where the urban change to baseflow [12-15] See associated

baseflow See baseflow associated with is marked. Stream baseflow is easier factsheet
Repairing flow: urbanisation (e.g. Melbourne, to repair when the catchment is small
what to do in and water extraction, strand fish | because there is not as much land
the catchment in pools during low flow periods, | to retrofit with water sensitive urban
factsheet, reducing their dispersal design (WSUD). Similarly, sites with
Strategy 5, for capacity and increasing their a catchment that has a relatively low
specific actions risk of mortality. Unnaturalrises | percentage of imperviousness will be

in baseflow associated with easier than those with a catchment

urbanisation (e.g. south-east that has a high percentage. Increasing

Perth) can turn intermittent baseflow may be difficult to achieve in

streams permanent and make adrying climate.

them susceptible to invasion by

non-native species.

1e. Improve Instream cover (e.g. logs, pools, | Where little instream cover exists. [16] See Repairing

instream cover macrophytes, overhanging Where scouring urban flows have riparian
Repairing vegetation) supports particular been repaired by catchment-scale function: what
riparian life stages of, and provides stormwater management or by flow to do at the
function: what shelter for, dispersing or regulation via an instream structure site factsheet,
todo atthe migrating species. (e.g. weir). actions 5a-5¢

and 5e

by reconnecting thermal
refuges.

changes (e.g. Australian grayling).

This action should be monitored and
used with caution as it could have
unintended negative consequences for
biota or life stages that require warm
water.

and 5e
1f. Repair Streamside vegetation provides | Where the natural vegetation is tall [17]
streamside shading and structural cover (i.e. trees are present) and the stream
vegetation that protects instream biota, channel is relatively narrow (<10 m
such as fish, from aerial wide). Where there are aerial predators.
predators (i.e. birds).
1g. Cold-water Water temperature can limit Where valued fish species have [18] Little
release from the movement of fish along the thermal limitations and are restricted information
base of dam length of a river. Cold-water to deep, cool water refuges, or where available, but
or other releases from dams may be life history migrations (e.g. spawning see [18] for a
infrastructure used to facilitate fish migration migrations) are cued by temperature discussion of

the pros and
cons

1h. Attenuate or Point source pollution that Where point-source industry See best
remove urban is discharged into an urban discharges into the waterway and practice
point-source stream can cause a chemical causes unnatural conditions (e.g.toxic documents
pollution (toxic) barrier to movement. chemicals, low oxygen, altered pH or onindustrial
conductivity, macrophyte overgrowth) release into
that deter or prevent the passage of waterways
animals.
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Strategy 2. Support the terrestrial movement of semi-aquatic

biota

Suitability of strategy: most appropriate where the urban catchment is fragmented by roads and when semi-aquatic biota
have large home ranges, use riparian vegetation as movement corridors and are not adapted to edge environments.

Action

Explanation

Conditions where action is most likely to be
suitable andeffective

Other
references

recommending
action

Guidelines for
implementation

2a. Connect Fragmentation, or Where relatively few road crossings exist, [6,9-11]
riparian breaks, in riparian such that reconnection of a corridor puts
corridors corridors associated large unfragmented pieces of riparian land
with the loss of together (i.e. peri urban areas).
riparian vegetation
prevent the
longitudinal movement
of semi-aquatic and
terrestrial biota.
2b. Minimise or As per action 1c this As per action 1c this factsheet As per actionic | Asperactionic
retrofit road factsheet this factsheet this factsheet
crossings (i.e.
use flyovers,
minimise roads
crossings)
2c. Increase buffer | Increasing the width Where pre-existing space is available [19] [20]
width and density of riparian for buffer expansion (e.g. greenfield
vegetation will create development).
a better movement
corridor for wildlife.
2d. Increase the For riparian land Where the current vegetation is very sparse. Little known,
structural to function as an but see [20]
complexity effective wildlife
of riparian corridor, it should
vegetation contain vegetation
that has enough
structural complexity
so that animals feel
protected as they
move throughiit.
Page 39

CRC for Water Sensitive Cities Ltd. © Level1, 8 Scenic Blvd Monash University, Clayton VIC 3800, Australia X info@crcwsc.org.au ® www.watersensitivecities.org.au




@ 04

CRC for
Water Sensitive Cities

Supporting documents
1. Hughes, R.M,, et al. (2014) A review of urban water body challenges and approaches: (1) rehabilitation and remediation. Fisheries, 39: p. 18-29.

2. O'Neill, K. and P. Gaynor (2007) Chapter 5 retrieving buried creeks in Seattle. In: Handbook of regenerative landscape design, Editor Robert France
Available from: http://www.crcnetbase.com/doi/abs/10.1201/9781420008739.ch5.

3. Pinkham, R. (2000) Daylighting: new life for buried streams. R.M. Institute. Snowmass, Colorado.

4. Buchholz, T. and T.M. Younos (2007) Urban stream daylighting: Case study evaluations. Virginia Tech. Blacksburg, Virginia. Available from: https://
vtechworks.lib.vt.edu/handle/10919/49482.

5. Bond, N.R. and P.S. Lake (2003) Local habitat restoration in streams: constraints on the effectiveness of restoration for stream biota. Ecological
Management & Restoration, 4: p. 193-198.

6. Blakely, T.J,, et al. (2006) Barriers to the recovery of aquatic insect communities in urban streams. Freshwater Biology, 51: p. 1634-1645.

7. Thomas, G. (2014) Improving restoration practice by deriving appropriate techniques from analysing the spatial organization of river networks.
Limnologica - Ecology and Management of Inland Waters, 45: p. 50-60.

8. Jackson, C.R. and C.M. Pringle (2010) Ecological benefits of reduced hydrologic connectivity in intensively developed landscapes. BioScience, 60: p. 37-46.

9. Smith, R.F, et al. (2009) Dispersal by terrestrial stages of stream insects in urban watersheds: a synthesis of current knowledge. Journal of the North
American Benthological Society, 28: p. 1022-1037.

10. Parkyn, S. and B. Smith (2011) Dispersal constraints for stream invertebrates: setting realistic timescales for biodiversity restoration. Environmental
Management, 48: p. 602-614.

1. Collier, K.J. and B.L. Clements (2011) Influences of catchment and corridor imperviousness on urban stream macroinvertebrate communities at multiple
spatial scales. Hydrobiologia, 664: p. 35-50.

12. Finkenbine, J.K., et al. (2000) Stream health after urbanization. JAWRA Journal of the American Water Resources Association, 36: p. 1149-1160.
13. Bhaskar, A., et al. (2016) Will it rise or will it fall? Managing the complex effects of urbanization on base flow. Freshwater Science, 35: p. 293-310.

14. Riley, S.P.D,, et al. (2005) Effects of urbanization on the distribution and abundance of amphibians and invasive species in southern California streams.
Conservation Biology, 19: p. 1894-1907.

15. Kondolf, G., et al. (2006) Process-based ecological river restoration: visualizing three-dimensional connectivity and dynamic vectors to recover lost
linkages. Ecology and Society, 11.

16. Opperman, J., et al., Maintaining wood in streams: a vital action for fish conservation. University of california agriculture and natural resources publication
8157. Anr web site.

17. Roberts, J.H. and P.L. Angermeier (2007) Movement responses of stream fishes to introduced corridors of complex cover. Transactions of the American
Fisheries Society, 136: p. 971-978.

18. Matthews, T.G., et al. (2015) Limitations to the feasibility of using hypolimnetic releases to create refuges for riverine species in response to stream
warming. Environmental Science and Policy, 54: p. 331-339.

19. Canessa, S. and K.M. Parris (2013) Multi-scale, direct and indirect effects of the urban stream syndrome on amphibian communities in streams. PLoS ONE,
8:p. e70262.

20. Beesley, L., et al. (2017) Riparian design guidelines to inform the repair urban waterways. Cooperative Research Centre for Water Sensitive Cities.
Melbourne Australia.

Fishway manuals

Fairfull, S. and G. Witheridge (2003) Why do fish need to cross the road? Fish passage requirements for waterway crossings. Cronulla, NSW. Available from: http://
www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/202693/Why-do-fish-need-to-cross-the-road_booklet.pdf.

O’Connor, 1., et al. (2015) Performance, operation and maintenance guidelines for fishway and fish passage works. ARI Technical Report No. 262 for the Water and
Catchments Group. Department of Environment, Land, Water and Planning.

Kapitzke, I. (2010) Culvert fishway planning and design guidelines. Townsville, Australia. Available from: https://www.jcu.edu.au/fish-passage-planning-and-
design/publications/culvert-fishway-planning-and-design-guidelines.

Finterest (2013) Innovatons in vertical slot fishway design. Available from: http://www.finterest.com.au/fish-movement-and-migration/innovations-in-vertical-
slot-fishway-design/

Government of South Australia (2016) Appendix d: Maintaining fish passage/habitat - design considerations, in Protecting Waterways Manual. Version 5,
Department of Planning, Transport and Infrastructure. Adelaide; Available from: https://www.dpti.sa.gov.au/__data/assets/pdf_file/0004/35689/DOCS_AND_
FILES-2164071-v2A-Environment_-_Technical_Standards_-_Water_-_Protecting_Waterways_Manual_-_Appendix_D_Maintaining_Fish_Passage_-_Design_
Considerations.pdf

Page 40

CRC for Water Sensitive Cities Ltd. © Level1, 8 Scenic Blvd Monash University, Clayton VIC 3800, Australia X info@crcwsc.org.au ® www.watersensitivecities.org.au




what to do at the site

Strategy 1. Assist the instream movement of
water and biota

HalENEs . ENEEaE DR, | NPT T

Strategy 2. Assist the terrestrial movement of
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