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Cover: An Australasian bittern (Botaurus poiciloptilus). Photo: John Cheyne.

Copyright February 2017, New Zealand Department of Conservation



This report may be cited as: Macdonald, A.; Robertson, H. 2017: Arawai Kākāriki Wetland Restoration Programme, Science Outputs 2007–2016. Department of Conservation, Wellington. 
Contents

About Arawai Kākāriki	5
Arawai Kākāriki sites	5
Aims of Arawai Kākāriki	5
Science at our wetlands	6
Partnerships	6
About this bibliography	7
Summary of Arawai Kākāriki science outputs	7
Enhancing Native Species: Fauna	8
Cryptic bird monitoring	8
Fish communities	9
Invertebrate fauna	10
Kākahi	10
Lizard populations	10
Predator movements and dynamics	11
Predator impacts on wetland birds	11
Rare bird communities	11
Enhancing Native Species: Flora	13
Drivers of macrophytes (Ruppia)	13
Lake SPI	14
Peatland regeneration	14
Rare plant communities	14
Understanding willow drivers and controls	15
Weed assessment	16
Wetland vegetation mapping	16
Wetland vegetation monitoring	17
Understanding wetland history and value	18
Ecosystem services	18
Ramsar	18
State of the Takiwa – Ō Tū Wharekai	18
Wetland conservation overview	18
Wetland loss in Southland	20
Wetland palaeolimnology	20
Wetland protection and loss	20
Addressing catchment impacts	21
High-country lakes water quality	21
Impacts of nutrients	21
Hydrological model – catchment scale	22
Hydrological model – land inundation	22
Hydrological monitoring	22
Mitigating impacts of flood management	22
Sedimentation and sediment sources	24
Waituna creek restoration	24
Wetland ecohydrology	24
Wetland limit setting	25
Reporting	26
Arawai Kākāriki report cards	26
Arawai Kākāriki reporting	27
Monitoring framework	27

[image: S:\Publishing\1. Jobs\4. For Design\R104322 Amy Macdonald - Arawai Kakariki bibliography\Pdfs\R104322 Amy Macdonald - Arawai Kakariki bibliography_footer.jpg]
[bookmark: _Toc477964954]About Arawai Kākāriki
Introduction and programme description
Arawai Kākāriki is a large-scale wetland restoration programme led by DOC in partnership with others. The focus of Arawai Kākāriki is to protect and restore wetlands, and increase our understanding of these environments. The better our understanding of the status and functioning of vulnerable ecosystems and species, the more we can improve wetland restoration in New Zealand.

An important part of the programme is getting the community involved. We are also working with research partners to improve our knowledge of wetland conservation issues, and building stronger relationships with iwi and regional councils.

	[bookmark: _Toc477964540][bookmark: _Toc477964955]Arawai Kākāriki sites 
Our focus is on three of New Zealand's most significant wetland sites:

· Whangamarino Wetland (Waikato) – a Ramsar site, and at 7,000 ha the second largest bog and swamp complex in the North Island.
· Ō Tū Wharekai (Canterbury) – one of the best examples of an intact, intermontane wetland, lake and braided river system remaining in New Zealand.
· Awarua-Waituna (Southland) – New Zealand's first Ramsar site and one of the largest remaining coastal wetlands in New Zealand. The wetlands include extensive peat bog, swamp, coastal lagoon, estuary and stream habitats.

	[image: Map of Arawai Kakariki wetland restoration projects.]
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We have 10 national objectives to guide our conservation work and help us achieve the best possible outcomes.

Ecological restoration
1. Maintain or increase habitat extent
2. Enhance water regime and quality
3. Protect or restore ecosystem condition.
4. Enhance species diversity and protect threatened species

Mātauranga Māori
5. Work with iwi, hapū, and whānau to embrace Mātauranga Māori 

Work with others
6. Maximise partnerships and participation
7. Increase awareness and appreciation
8. Share scientific and technical knowledge 

Learning
9. Undertake research to improve wetland management
10. Develop best practice monitoring tools
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Science at our wetlands

Scientific research guides our management decisions to help protect and restore wetland ecosystems. Identifying the greatest threats to our wetlands assists managers to put effort in the right places. Arawai Kākāriki has led a national research programme to address knowledge gaps that are a barrier to freshwater conservation – the research covers the fields of ecohydrology, paleoecology, environmental economics, botany, zoology, ecology and conservation biology.

To manage our wetlands effectively, we need to understand the ecological processes that keep these areas healthy and resilient. Currently there is limited information of some threats to wetlands and this creates a ‘knowing–doing’ gap. By working together, scientists and wetland managers can describe sensible goals and guidelines for restoration. 

[bookmark: _Toc477964543][bookmark: _Toc477964958]Partnerships 

Arawai Kākāriki has developed research partnerships with a number of universities and research institutions. Working collaboratively has helped address gaps in our knowledge more rapidly than if we had worked alone. The Department acknowledges the in-kind and co-funding from our research partners, such as the MBIE Restoring Wetlands programme.
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This bibliography documents Arawai Kākāriki science outputs since the programme began in 2007, with the outputs organised under five themes. These are: 
· Enhancing native species – fauna
· Enhancing native species – flora
· Understanding wetland history and values
· Addressing catchment impacts
· Reporting

The bibliography tables are in the following format:

Theme
Project title
	Citation
	document link
	Output type
	Partnership?
	Output ID



Key to bibliography symbols:

	Output Type
	Report
	[image: Image result for clipart notebook and pen]

	
	Communication/Memo/Report card

	[image: Image result for clipart conversation speech bubbles]

	
	Presentation

	[image: Image result for clipart presentation silouette]

	
	Publication/thesis
	[image: Image result for clipart book]

	
	

	Partnership project (In-kind and co-funded) 
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The following table shows the number of the science outputs under the five themes. 

	Output type
	Number of outputs by theme
	TOTAL

	
	Enhancing native species – fauna
	Enhancing native species – flora
	Understanding wetland history and values
	Addressing catchment impacts
	Reporting
	

	Report
	24
	24
	5
	15
	6
	74

	Communication/memo
	
	2
	1
	15
	11
	29

	Presentation
	10
	11
	8
	10
	
	39

	Publication/thesis
	8
	8
	11
	8
	
	35

	TOTAL
	40
	39
	23
	46
	17
	177
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Enhancing Native Species: Fauna
[bookmark: _Toc477964547][bookmark: _Toc477964962]Cryptic bird monitoring
	More, J.M. 2011: A survey for marsh crake in the Hakatere wetlands with the aim of gaining a better understanding of effective monitoring procedures. Department of Conservation, Christchurch
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	O’Donnell, C. 2010: Draft protocols for index counts of fernbird. Research and Development Group, Department of Conservation, Wellington.
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	O’Donnell, C. 2010: Draft protocols for index counts of Spotless Crake. Research and Development Group, Department of Conservation, Wellington.
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	O’Donnell, C. 2012: Standardised call play-back protocol for monitoring spotless crake at Whangamarino wetland in relation to predator control. Research and Development Group, Department of Conservation, Wellington.
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	O’Donnell, C. 2013: Draft protocols for index counts of Australasian Bittern. Research and Development Group, Department of Conservation, Wellington.
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	O’Donnell, C. 2013: Draft protocols for index counts of Marsh Crake. Research and Development Group, Department of Conservation, Wellington. 
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	O’Donnell, C. 2013: Standardised protocol for monitoring effects of predator trapping on fernbird populations at Whangamarino wetland. Research and Development Group, Department of Conservation, Wellington.
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	O'Donnell, C. 2008: Developing national inventory and monitoring standards for specialist swamp bird species. Presentation to research workshop. 
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	O'Donnell, C. 2014: Conservation and monitoring methods for threatened swamp bird species. Presentation to Department of Conservation. 
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	O'Donnell, C. 2016: Progress towards developing monitoring methods for fernbirds, spotless crake and marsh crake. Presentation to National Wetland Restoration Symposium, Nelson.
	https://doccm.doc.govt.nz/wcc/faces/wccdoc?dDocName=DOC-2757193
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	O'Donnell, C.; Williams, E. 2015: Protocols for the inventory and monitoring of populations of the endangered Australasian bittern (Botaurus poiciloptilus) in New Zealand. DOC Technical Series 38. Department of Conservation, Wellington. 
	http://www.doc.govt.nz/docts38entire.pdf
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	O'Donnell, C.F.; Williams, E. 2013: How to monitor a bird that thinks it's a blade of grass: Developing monitoring methods for Cryptic wetland species. Presentation to Department of Conservation.
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	O'Donnell, C.F.; Williams, E.M.; Cheyne, J. 2013: Close approaches and acoustic triangulation: techniques for mapping the distribution of booming Australasian bittern (Botaurus poiciloptilus) on small wetlands. Notornis (60): pp. 279-284.
	http://notornis.osnz.org.nz/system/files/O'Donnell%20et%20al.%202013.pdf
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	Williams E. 2016: How to monitor a bird that thinks it's Raupo: an update of findings. Presentation to National Wetland Restoration Symposium Nelson. 
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	Williams, E. 2012: How to monitor a bird that thinks it's a blade of grass. Presentation to National Wetland Restoration Symposium, Invercargill. 
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	Williams, E.; Cheyne, J. 2016: Pilot study: Characterising seasonal water levels and habitat requirements of Australasian bittern in Whangamarino wetland. Report prepared for Department of Conservation. 
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	Williams, E.; Plenderleith, L. 2010: Surveying for fernbird, Whangamarino Wetland, 2009. Department of Conservation, Christchurch. 
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	Williams, E.; Plenderleith, L. 2010: Trialling methods for marsh crake, Whangamarino Wetland, 2009. Department of Conservation, Christchurch.
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	Williams, E.M. 2016: Developing monitoring methods for cryptic species: A case study of the Australasian bittern Botaurus poiciloptilus. Unpublished PhD thesis. Massey University, New Zealand
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	Williams, E.M. 2016: Factors affecting calling rate and detectability in crake and rail species: A literature review. Unpubl. contract report to the Department of Conservation. Matuku Ecology, Christchurch.
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[bookmark: _Toc477964548][bookmark: _Toc477964963]Fish communities
	Atkinson, E. 2008: What’s lurking in the Waituna wetlands? A freshwater fish survey – Arawai Kākāriki Project. Department of Conservation, Southland. 
	http://www.doc.govt.nz/Documents/waituna-wetlands-fish-survey-report-2008.pdf
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	Funnell, E. 2016: Waituna catchment giant kokopu monitoring report. Department of Conservation. (In prep.) 
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	Hicks, A. 2001: Facultative amphidromy and the threatened giant kokopu: Benefits of larval retention may be compromised by artificially opening an estuary. Unpublished report for the Department of Conservation, Southland. 
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	Hicks, A.; Funnell, E.; Closs, G.; David, B. 2010: Giant Kokopu in Awarua/Waituna wetlands: A healthy population dependent on larval retention in Waituna Lagoon? Presentation at Freshwater Sciences Society Conference, Christchurch. 
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	Hicks, A.; Funnell, E.; David, B.; Closs, G.; Swearer, S. 2011: Waituna Lagoon is really, really, really important for giant kokopu. Presentation to community, Southland. 
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	48b

	Lake, M.; Brijs, J.; Hicks B. 2008: Fish survey of the Whangamarino wetland 2007-2008. Department of Conservation Waikato Conservancy and University of Waikato Centre for Biodiversity & Ecology Research, Hamilton.
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[bookmark: _Toc477964549][bookmark: _Toc477964964]Invertebrate fauna
	Watts, C. 2009: The invertebrate fauna of Whangamarino wetland, Waikato. Landcare Research Contract Report LC0809/121.
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	Watts, C.; Ranson, H.; Thorpe, S.; Cave, V.; Clarkson, B.; Thornburrow, D.; Batlam, S.; Bodman, K. 2015. Invertebrate community turnover following control of an invasive weed. Arthropod-Plant Interactions 9(6): 585-597. 
	http://link.springer.com/article/10.1007/s11829-015-9396-6
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	Watts, C.; Thornburrow, D.; Cave, V. 2016. Responses of invertebrates to herbicide in Salix cineria invaded wetlands: restoration implications. Ecological Management and Restoration. 17(3): 243-249. 
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	De Winton, M.; Sutherland D.; Clayton, J. 2013: Kakahi (freshwater mussel) survey of the Ō Tū Wharekai Lakes. Prepared for the Department of Conservation. NIWA Client Report No: HAM2013-001. 
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	Lettink, M. 2008: Lizard survey of the Awarua/Waituna wetlands and Tiwai Peninsula: Murihiku/Southland Area. Prepared for the Southland Conservancy Office, Department of Conservation.
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	Lettink, M. 2008: Lizard survey of the Lake Heron Basin and upper Rangitata River catchment, Raukapuka Area. Report prepared for the Department of Conservation (Raukapuka).
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	Lettink, M. 2009: Lizard survey and monitoring in Ō Tū Wharekai wetland management area, mid Canterbury. Report prepared for the Department of Conservation (Raukapuka). 
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	Lettink, M. 2015: Rangitata skink survey in the mid Canterbury high country: 2015. Report prepared for Auckland Zoo and the Department of Conservation. 
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	Lettink, M. 2016: Rangitata skink survey in the mid Canterbury high country: 2016. Report prepared for Auckland Zoo and the Department of Conservation. 
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	Gillies, C.; Brady, M. 2011: Monitoring mammalian predators in the Whangamarino Wetland. Interim report: spring/summer 2011. Department of Conservation.
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Gillies, C.; Brady, M. 2016. Introduced mammalian predators in the Whangamarino Wetland. Presentation to Sanctuaries of New Zealand network meeting. 
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[bookmark: _Toc477964553][bookmark: _Toc477964968]Predator impacts on wetland birds
	O’Donnell, C. F.; Clapperton, B. K.; Monks, J. M. 2015: Impacts of introduced mammalian predators on indigenous birds of freshwater wetlands in New Zealand. New Zealand Journal of Ecology 39(1): 19-33.
	http://newzealandecology.org/nzje/3211.pdf
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	O'Donnell, C.F.; Clapperton, B.K.; Monks, J.M. 2015: The impacts of introduced mammalian predators on indigenous birds of freshwater wetlands in New Zealand: a review. Presentation to NZ Ecological Society Conference, Christchurch (2015) and National Wetland Restoration Symposium, Nelson (2016). 
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[bookmark: _Toc477964554][bookmark: _Toc477964969]Rare bird communities
	Craig, J.; Langlands, P.; Long, J. 2012: Productivity of South Island pied oystercatcher and wrybill in Upper Rangitata: Report on the results of baseline monitoring 'before predator control' - Season 1: 2011/12. Report prepared for the Department of Conservation. 
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	O'Donnell, C. F. 2011: Breeding of the Australasian bittern (Botaurus poiciloptilus) in New Zealand. Emu 111(3): 197-201.
	http://www.publish.csiro.au/?paper=MU10059
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	O’Donnell, C.F.J.; Robertson, H.A. 2016: Changes in the status and distribution of Australasian bitterns (Botaurus poiciloptilus) in New Zealand, 1800s-2011. Notornis 63: In press. 
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	Sullivan, W. 2011: Wrybill productivity in the Upper Rangitata River, 2008-2010. Department of Conservation internal report. 
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	Sullivan, W. 2013: Productivity and impacts on breeding of wrybill, Upper Rakaia River, season 2: 2012/13. Department of Conservation internal report, Raukapuka Area Office. 
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	Ure, G. 2016: Wrybill and Black Fronted Tern Nesting Success in the Upper Rangitata River for the 2015 – 2016 Season. Report prepared for the Department of Conservation. 
	
	[image: Image result for clipart notebook and pen]
	
	62a




[bookmark: _Toc477964555][bookmark: _Toc477964970]Enhancing Native Species: Flora
[bookmark: _Toc477964556][bookmark: _Toc477964971]Drivers of macrophytes (Ruppia)
	Atkinson, E. 2009: Condition of the Ruppia dominated macrophyte beds in Waituna Lagoon: Monitoring Results. Presentation to community, Southland. 
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	Atkinson, E.; Robertson, H.;2009: Status and Vulnerability of Macrophyte Populations in Waituna Lagoon: Finding the right balance. Presentation at Freshwater Sciences Society Conference, Whangarei. 
	http://www.wetlandtrust.org.nz//Eatkinson_Ruppia.pdf?ts=635893059153654429
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	Robertson H.A.; Funnell, E. 2012: Aquatic plant dynamics of Waituna Lagoon, New Zealand: trade-offs in managing opening events of a Ramsar site. Wetlands Ecology and Management 20: 433-445.
	http://link.springer.com/article/10.1007/s11273-012-9267-1
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	Robertson, B.; Stevens, L. 2009: Waituna Lagoon 2009: Macrophyte (Ruppia) monitoring. Prepared for Department of Conservation, Wriggle Coastal Management, Nelson.
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	Robertson, H.A. 2014: Evidence prepared for Resource Management Act Hearing - Proposed Southland Regional Policy Statement. Department of Conservation, Wellington. 
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	Ryder Consulting, 2008: Waituna Lagoon - review of existing information relating to opening regime. Prepared for the Southland Conservancy Office, Department of Conservation. Ryder Consulting, Dunedin.
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	Stevens, L.; Robertson, B. 2010: Waituna Lagoon 2010: Macrophyte (Ruppia) monitoring. Prepared for Department of Conservation, Wriggle Coastal Management, Nelson.
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	Sutherland, D.; Taumoepeau, A. 2015: Macrophyte monitoring in Waituna Lagoon - Summer 2015. Prepared for Department of Conservation, Southland. NIWA Client Report: CHC2015-054
	http://www.doc.govt.nz//wetlands/waituna-lagoon-report-2015.pdf
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	Sutherland, D.; Taumoepeau, A. Stevens, E. 2014: Macrophyte monitoring in Waituna Lagoon - Summer 2014. Prepared for Department of Conservation, Southland. NIWA Client Report: DOC14206
	http://www.doc.govt.nz/wetlands/macrophyte-monitoring-waituna-lagoon.pdf
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	Sutherland, D.; Taumoepeau, A.; Wells, R. 2016. Macrophyte monitoring in Waituna Lagoon - Summer 2016. Prepared for Department of Conservation, Southland. NIWA Client Report: DOC16206
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	Waituna Lagoon Technical Group (LTG) 2011: Interim recommendations to reduce the risk of Waituna Lagoon flipping to an algal-dominated state. Report prepared for Environment Southland. 
	http://es.datacomsphere.co.nz/media/14061/waituna_lagoon_guidelines.pdf
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	Waituna Lagoon Technical Group (LTG) 2013: Ecological Guidelines for Waituna Lagoon. Report prepared for Environment Southland. 
	http://www.es.govt.nz/media/46677/waituna_lagoon_ecological_guidelines.pdf
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[bookmark: _Toc477964557][bookmark: _Toc477964972]Lake SPI
	de Winton, M. 2008: LakeSPI assessments for the lakes of the Ashburton River Basin. Prepared for the Department of Conservation. NIWA Client Report: HAM2008-017. NIWA, Hamilton. 
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	de Winton, M. Clayton, J. Sutherland, D. 2013: Ecological conditions of the Ō Tū Wharekai Lakes based on LakeSPI. Prepared for the Department of Conservation. NIWA Client Report: HAM2013-003. NIWA, Hamilton. 
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[bookmark: _Toc477964558][bookmark: _Toc477964973]Peatland regeneration
	Burge, O. 2014: Regeneration and conservation in Waituna-Awarua wetland complex. Presentation to Waituna Landcare AGM, Southland. 
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	Burge, O. 2014: Research looking at ways to conserve NZ wetlands. Ucan Newsletter Item, University of Canterbury. 
	http://www.comsdev.canterbury.ac.nz/rss/news/?feed=news&articleId=1183
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	Burge, O. 2015: Fragmentation, fire and the kereru: reforesting a wetland. Presentation to NZ Ecological Society Conference, Christchurch. 
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	Burge, O. 2016: Abstract only - Facilitating forest recovery in Awarua Wetland, Southland, New Zealand. PhD Thesis. University of Canterbury (under embargo until March 2017). 
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	Burge, O. 2016: Facilitating forest recovery in Awarua Wetland, Southland, New Zealand. PhD Thesis. University of Canterbury (under embargo until Mach 2017). 
	http://ir.canterbury.ac.nz/handle/10092/11890
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	Burge, O. 2016: Protective edge effects? Pest species monitoring using chew cards in Awarua Wetland. Presentation at National Wetland Restoration Symposium, Nelson. 
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[bookmark: _Toc477964559][bookmark: _Toc477964974]Rare plant communities 
	Davis, M. 2006: Ephemeral wetlands of Clent Hills Conservation Area. Draft report prepared for the Department of Conservation. 
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	Davis, M. 2008: Ephemeral wetlands of the Clearwater Moraines. Draft report prepared for the Department of Conservation. 
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	Davis, M. 2011: Hakatere Basin ephemeral wetland turfs 2005-2010. Draft report prepared for the Department of Conservation. 
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	Ledgard, G. 2011: Donatia novae-zelandiae in the Awarua–Waituna wetland complex: current research, results and future management considerations. Department of Conservation, Invercargill. 
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	Wildland Consultants. 2009: Whangamarino threatened plant surveys 2008-2009. Report No. 2090 prepared for the Department of Conservation, Wildland Consultants, Rotorua.
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	Bodmin, K.A.; Champion, P.D. 2010: Response of Whangamarino Wetland vegetation to the willow control programme. Prepared for the Department of Conservation, Waikato Conservancy. NIWA Client Report: HAM2010-010. NIWA, Hamilton.
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	Burge, O.; Bodmin, K.; Clarkson, B.; Bartlam, S.; Watts, C.; Tanner, C. 2016. Glyphosate facilitates native sedgland recovery in Whangamarino wetland following willow invasion. Presentation at Ecological Society Conference, Hamilton. 
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	Champion, P.; Bodmin, K. 2010: Assessment of willow control and environmental factors affecting the vegetation of Whangamarino Wetland. Prepared for the Department of Conservation. NIWA Client Report: HAM 2010-097. NIWA, Hamilton.
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	Griffiths, J. 2013: Managing ecological impacts of naturalised willow in New Zealand. Presentation to Waihora Ellesmere Trust, Canterbury. 
	http://www.wet.org.nz/James-Griffiths
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	Griffiths, J.; Armstrong, H.; Innes, R.; Terry, J. 2016: Ecological outcomes of large-scale Salix cineria control. Presentation at National Wetland Restoration Symposium, Nelson. 
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