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State of Knowledge of the “Dissolved oxygen conc. in estuary/coastal water” attribute: Excellent /
well established — comprehensive analysis/syntheses; multiple studies agree.

Part A—Attribute and method

Al. How does the attribute relate to ecological integrity or human health?

There is a strong record of evidence in New Zealand and globally to show that dissolved oxygen
content in seawater relates to ecological integrity of coastal waters [1-3]. Oxygen is required for
many chemical and biological processes in the ocean and even periodic declines in oxygen levels
cause changes in coastal productivity, biodiversity, and biogeochemical cycles [4]. Tolerance of
marine biota to oxygen depletion is well understood; some marine and estuarine species are more
tolerant to low oxygen levels than others [5], so changes in oxygen availability change which species
are present in coastal waters [1, 6]. Increased respiration during decomposition of organic material
tends to drive down oxygen levels. This process typically shows daily and seasonally cycles - oxygen
minima occur at times when respiration exceeds primary production (photosynthesis) [4].

A2. What is the evidence of impact on (a) ecological integrity or (b) human health? What is the
spatial extent and magnitude of degradation?

There is strong evidence of impact of seawater hypoxia on biological integrity of coastal waters
globally [2, 7, 8], and in New Zealand [3, 9, 10]. Recorded impacts include mortality events such as
fish kills but can include changes to growth, movement, and behaviour of marine organisms. It is well
documented that the magnitude of these impacts are not consistent spatially. Waters with the
greatest tendency to become hypoxic are those that receive high nutrient loads [11], and those that
stratify [12]. Relatively deep and poorly flushed hydrosystems have greater tendency to stratify [13]
and thus deep waters within these systems have a greater tendency to become hypoxic. However,
reductions in oxygen content of waters have also been observed in well-mixed estuaries receiving
high nutrient loads from land [14]. Reduced seawater oxygen concentrations are also common in
waters around intensive marine aquaculture, especially those that add large amounts of nutrients to
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confined areas such as fish farms [15, 16]. Reduced seawater oxygen concentrations are known to
impact aquaculture production in some species [17].

A3. What has been the pace and trajectory of change in this attribute, and what do we expect in
the future 10 - 30 years under the status quo? Are impacts reversible or irreversible (within a
generation)?

Reduction in dissolved oxygen in coastal waters is largely a result of increased flows of nutrients
(which increases growth of plants and algae) [18] and direct addition of labile organic matter from
land. These additions have increased due to land use change globally, including in New Zealand, with
worsening impacts to dissolved oxygen levels [3, 10, 11]. The number of hypoxic zones globally in the
coastal margin is approximately doubling every decade [19]. We would expect the trajectory of this
attribute to track the future pace and trajectory of loading of nutrients and organic material from
land to the ocean. However, several factors may affect that relationship. The susceptibility of
ecosystems depends on factors including warming of coastal waters, the depth of the water body,
and the tendency of waters within the water body to mix [20]. Water bodies that stratify will tend to
develop zones of low oxygen availability near the seabed, where declines in seawater oxygen levels
caused by respiration are not balanced by oxygen produced by photosynthesis (which occurs mostly
in surface waters). Increasing seawater temperatures are expected to exacerbate coastal de-
oxygenation by reducing the solubility of oxygen in seawater, increasing ecosystem metabolism
rates, and increasing the tendency of the ocean to stratify [20, 21]. The degree of reversibility of
hypoxia in coastal waters depends on flushing, as well as organic content of bottom sediments.

A4-(i) What monitoring is currently done and how is it reported? (e.g., is there a standard, and how
consistently is it used, who is monitoring for what purpose)? Is there a consensus on the most
appropriate measurement method?

Most monitoring of coastal waters carried out by regional council scientists uses in situ probe
measurement of dissolved oxygen concentration and saturation [22-26]. These samples are almost
always carried out during the day, in the top 30 cm of the water column, and are most commonly at
monthly frequency. This sampling is likely to miss most of the problems associated with de-
oxygenation of bottom water in sub-tidal parts of estuaries and, even in well-mixed estuaries may
miss oxygen minima that often occur at night. There is a standard for measurement of dissolved
oxygen in coastal waters [27]. Measurement of dissolved oxygen across depth profiles (e.g., using
boat-deployed instruments) is carried out more rarely [22]. Continuous monitoring, e.g., using
sensors deployed on moorings, or attached to submerged structures, is carried out by some councils
and the feasibility of this approach is being investigated by others [28].

AA4-(ii) Are there any implementation issues such as accessing privately owned land to collect
repeat samples for regulatory informing purposes?

While depth profile sampling is the most appropriate method of monitoring coastal waters for
oxygen depletion, expense hinders its use. Depth profile sampling typically can’t be done from the
shore unless a suitable structure such as a bridge is in a useful position across an estuary. Because
most (but not all) regional council state of the environment (SoE) sampling for coastal water quality is
conducted from shore or helicopter [22], depth profile sampling of dissolved oxygen levels would
require considerable extra expense.
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A4-(iii) What are the costs associated with monitoring the attribute? This includes up-front costs to
set up for monitoring (e.g., purchase of equipment) and on-going operational costs (e.g., analysis
of samples).

Up-front costs differ depending on measurement method. For discrete sampling from land, a hand-
held dissolved oxygen sensor is required [27]. Deployable dissolved oxygen loggers are also available
and some offer both relative reliability and low cost (e.g., PME Minidot loggers cost ca. $5,000 per
unit). Upfront costs are markedly higher for depth-profile sampling performed from boats/ships. In
addition to purchase or hire of a boat and qualified crew, the instruments used (e.g., YSI EXO Sondes
with dissolved oxygen measurement capability) typically cost in the order of SNZ40,000. If sensors
for continuous long-term measurement are attached to moorings, the mooring itself requires
substantial additional up-front costs. All dissolved oxygen sensor options require periodic calibration,
as well as staff expertise for measurement and interpretation of data, databasing and reporting.
Deployed sensors for continuous long-term measurement in coastal environments require periodic
maintenance in the order of 1-2 months, including cleaning, batteries, and recalibration.

A5. Are there examples of this being monitored by lwi/Maori? If so, by who and how?

We (the authors and John Zeldis, also of NIWA) are not aware of any monitoring being carried out by
representatives of iwi/hapl/rinanga. The exception may be Maori-owned marine businesses (e.g.,
green-lipped mussel farmers) who may be required to monitor water quality including DO as part of
consent conditions.

A6. Are there known correlations or relationships between this attribute and other attribute(s),
and what are the nature of these relationships?

Eutrophication is a main cause of fluctuations in dissolved oxygen. Because of this, seawater
dissolved oxygen tends to co-vary with other seawater indicators of eutrophication. These include
chlorophyll a concentrations, and total nutrient concentrations (e.g., total nitrogen (TN), and total
phosphorus (TP))[29]. Seawater hypoxia and acidification also co-occur in coastal waters globally
because respiration of organic matter increases dissolved inorganic carbon (DIC) and drives down pH
and O3 [3, 30]. These respiration-driven reductions in pH can significantly outpace other drivers of
ocean acidification [31], and reach levels that cause substantial harm to marine life [32].

Part B—Current state and allocation options

B1. What is the current state of the attribute?

The current state of seawater dissolved oxygen in New Zealand’s deep (stratifying) estuaries is not
well understood because of practical issues associated with sampling. As described above, depth
profiles of seawater dissolved oxygen are expensive to measure and high frequency or continuous
monitoring is required to measure diel fluctuations in dissolved oxygen concentration. For these
reasons there is a lack of national-scale monitoring at the sites and times where problems are likely
to occur. However, limits/thresholds for life are well understood [5]. Measurement methods are well
established, and we have good understanding of state in a few areas of New Zealand [3]. Dissolved
oxygen could be used as a national indicator.
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B2. Are there known natural reference states described for New Zealand that could inform
management or allocation options?

Yes. Those systems with consistently high but not supersaturated oxygen saturation values provide
reference conditions. Reference conditions sit consistently near 100% saturation. Undersaturation
associated with other indicators of eutrophication (e.g., high TN, TP, chlorophyll-g, DIC) indicates a
problem.

B3. Are there any existing numeric or narrative bands described for this attribute? Are there any
levels used in other jurisdictions that could inform bands? (e.g., US EPA, Biodiversity Convention,
ANZECC, Regional Council set limit)

Yes, this is well understood. Metadata studies provide thresholds of dissolved oxygen concentrations
required for survival of various taxa across hundreds of estuaries [5]. The 2000 ANZECC guidelines
give maximum and minimum values for dissolved oxygen in estuaries at 110% and 80% saturation,
respectively [33]. Regional councils also provide site-specific standards for estuaries (e.g., [34]).

B4. Are there any known thresholds or tipping points that relate to specific effects on ecological
integrity or human health?

Yes, for ecological integrity there is consensus on the requirements for life for varying taxa [5, 21,
35]. This attribute relates to those species that take their oxygen from seawater so does not relate
directly to human health.

B5. Are there lag times and legacy effects? What are the nature of these and how do they impact
state and trend assessment? Furthermore, are there any naturally occurring processes, including
long-term cycles, that may influence the state and trend assessments?

Itis likely that lag-times to both hypoxia onset and recovery are site-dependent, and recovery of
ecosystems tends to be more linear in response to reductions in nutrients and labile organic matter
when the reductions are from point sources (such as sewage outfall diversion), rather than attempts
to reduce diffuse sources [36]. System flushing and muddiness are also likely controlling factors of
recovery lag times [37]. As described above, cyclical or long-term changes in climate that affect water
temperatures (and thus water column stratification and ecosystem carbon balance) are also likely to
affect seawater dissolved oxygen levels.

B6. What tikanga Maori and matauranga Maori could inform bands or allocation options? How?
For example, by contributing to defining minimally disturbed conditions, or unacceptable
degradation.

Mana whenua have long advocated for more holistic approaches to inform estuarine and coastal
health (e.g., ki uta ki tai) and this drive has seen for instance efforts towards understanding ecological
condition and the need for better protection of significant areas such as Oreti (New River Estuary;
e.g., [50]. A key example of how mana whenua have shaped the approaches to improving
management for land, freshwater and estuaries are evident within Murihiku (aka Southland). For
instance, having estuaries included within Freshwater Management Units (FMUs) have been strongly
advocated for by iwi, including Ngai Tahu ki Murihiku [51, 52]. The involvement of mana whenua
within decision-making, including the provisions of management policy statements (e.g., NPSFM),
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and the values set out within Iwi Environmental Management Plans is essential. It is therefore
advised that an approach towards developing bands and allocation is done more appropriately. The
requirement for engagement and collaboration with mana whenua is shared in the following
example, where a multi-disciplinary study (matauranga and Western science), co-lead with
kairangahau Maori (who have expertise within the economic, freshwater ecology, marine ecology
and matauranga Maori) within the National Science Challenge, have suggested expanding beyond
upstream, leading with three steps: (1) understanding iwi aspirations for place, (2) estuarine
ecologists being able to identify freshwater contaminant thresholds or load limits for achieving or
moving towards those aspirations, and (3) catchment modellers determining the necessary
mitigations or changes in land use to achieve the necessary loads [53].

Part C—Management levers and context

C1. What is the relationship between the state of the environment and stresses on that state? Can
this relationship be quantified?

Process relationships between loading of nutrients and organic matter to estuaries, eutrophication,
and impacts to seawater dissolved oxygen content are well understood [3, 39, 40]. The New Zealand
Estuarine Trophic Index gives an example of tools to quantify these relationships in a management
context [41, 42], however links within these tools between nutrient loading and seawater oxygen
levels are indirect (based on a Baysian belief network [43]) and tenuous due to lack of available data.
See https://shiny.niwa.co.nz/Estuaries-Screening-Tool-1/

C2. Are there interventions/mechanisms being used to affect this attribute? What evidence is
there to show that they are/are not being implemented and being effective?

Key mechanisms to affect this attribute are controls on nutrient loading initiated by councils to give
effect to the (central government initiated) National Policy Statement for Freshwater Management
(NPSFM), and resource consents on point sources of nutrients (e.g., wastewater).

C2-(i). Local government driven

Diversion of the Christchurch wastewater treatment plant outflow to the lhutai (Avon-Heathcote)
estuary provides perhaps the best example nationally of the potential to improve seawater oxygen
content by removing point source discharges. This diversion represented a reduction of around 90%
of the total nitrogen load to this estuary. Seawater and sediment chemistry, and indices of primary
production in the estuary were measured before and after the diversion [37, 44, 45]. The diversion
resulted in improvement in oxygen content of waters at the sediment/seawater interface at sites
near the outfall.

C2-(ii). Central government driven

There is currently little evidence to suggest that controls on nutrient loading initiated by councils to
give effect to the NPSFM are causing improvement in dissolved oxygen levels in estuaries; despite
long-term trends indicating strongly that dissolved oxygen levels in estuaries are increasing nationally
[22, 23]. This is because council sampling is carried out in surface waters during daylight hours,
where we would expect photosynthesis to drive oxygen saturation. As such, these increasing trends
in seawater dissolved oxygen are not necessarily reflective of improving ecological integrity of
estuaries, in fact, the opposite may be true if increasing daytime productivity is balanced by higher
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respiration/decomposition rates at night and in deeper waters [3]. Long-term, continuous sampling
of seawater oxygen content across depth gradients is required to infer changes in this attribute.
Conducting these measurements over timescales when changes in nutrient loads take place would
provide evidence to show whether load changes are effective in improving seawater oxygen
conditions.

C2-(iii). lwi/hapu driven

We are not aware of interventions/mechanisms being used by iwi/hapi/rinanga to directly affect
this attribute. However, there are many examples of where variables, such as oxygen/dissolved
oxygen (and indicated by for instance changes in colour and smell), are considered within a holistic
approach to supporting estuarine and coastal health (e.g., [54, 55]). For instance, within land to sea
management plans led and co-developed with hapd and iwi towards informing approaches towards
key indicators for supporting environmental health and associated culturally important ecosystems
(e.g., [54]). It is difficult to measure the improvements given the legacy issues in estuaries, and the
more recent collaborations that acknowledge a systems approach is required [53].

C2-(iv). NGO, community driven

We are unaware of initiatives to improve dissolved oxygen in coastal waters being carried out by
representatives of NGOs.

C2-(v). Internationally driven

We are unaware of international initiatives that are driving improvement of dissolved oxygen
conditions in coastal waters.

Part D—Impact analysis

D1. What would be the environmental/human health impacts of not managing this attribute?

Changes in the attribute state affect ecological integrity as described in A1l above. Not managing
eutrophication processes in coastal waters to provide sufficient oxygen for biota will likely lead to
degradation of inshore fisheries, including mahinga kai species, especially in already degraded
environments [46, 47]. Reduced oxygen will continue to contribute to species loss and displacement,
and stress ecological function of eutrophic waters [48]. Frequency of hypoxia-driven fish kills is likely
to increase [49].

D2. Where and on who would the economic impacts likely be felt? (e.g., Horticulture in Hawke’s
Bay, Electricity generation, Housing availability and supply in Auckland)

Impacts have long been acknowledged and addressed by hapi and whanau, for instance Ngai Tahu
whanau and hapi in relation to estuarine and coastal ecosystems, including inshore fisheries [55-58].

These impacts may be direct (e.g., via fatally hypoxic waters [5]), or indirect (e.g., via decreased food
availability for fisheries species [48]). Demersal and benthic species (those that live and feed on or
near the bottom of seas) are likely to be disproportionally affected [2]. Reduced seawater oxygen
concentrations are known to impact aquaculture production in some species [17].
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D3. How will this attribute be affected by climate change? What will that require in terms of
management response to mitigate this?

Even under current loading levels of nitrogen to coastal waters from land, increasing seawater
temperatures are expected to exacerbate coastal de-oxygenation both by reducing the solubility of
oxygen in seawater, increasing ecosystem metabolism rates, and increasing the tendency of the
ocean to stratify [20, 21]. An appropriate management response would be to manage loads of
organic material and nitrogen from land to levels that are unlikely to cause damaging hypoxia in
coastal waters, with sufficient tolerance to negate climate-change-driven effects.

References:

1. Breitburg, D., et al., Declining oxygen in the global ocean and coastal waters. Science, 2018.
359(6371): p. eaam7240.

2. Breitburg, D., Effects of hypoxia, and the balance between hypoxia and enrichment, on coastal
fishes and fisheries. Estuaries, 2002. 25(4): p. 767-781.

3. Zeldis, J.R., et al., Attributing Controlling Factors of Acidification and Hypoxia in a Deep,
Nutrient-Enriched Estuarine Embayment. Frontiers in Marine Science, 2022. 8.

4. Howarth, R, et al., Coupled biogeochemical cycles: eutrophication and hypoxia in temperate
estuaries and coastal marine ecosystems. Frontiers in Ecology and the Environment, 2011. 9(1):
p. 18-26.

5. Vaquer-Sunyer, R. and C.M. Duarte, Thresholds of hypoxia for marine biodiversity. Proceedings
of the National Academy of Sciences, 2008. 105(40): p. 15452-15457.

6. Baird, D., et al., Consequences of hypoxia on estuarine ecosystem function: energy diversion
from consumers to microbes. Ecological Applications, 2004. 14(3): p. 805-822.

7. Wong, V.N., S. Walsh, and S. Morris, Climate affects fish-kill events in subtropical estuaries of
eastern Australia. Marine and Freshwater Research, 2018. 69(11): p. 1641-1648.

8. Ram, A, et al., Nutrients, hypoxia and mass fishkill events in Tapi Estuary, India. Estuarine,
Coastal and Shelf Science, 2014. 148: p. 48-58.

9. Salmond, N.H. and S.R. Wing, Sub-lethal and lethal effects of chronic and extreme multiple
stressors on a critical New Zealand bivalve under hypoxia. Marine Ecology Progress Series, 2023.
703: p. 81-93.

10. Safi, K., et al., Microplankton interactions with decadal-scale nutrient enrichment in a deep
estuary, with implications for eutrophication—related ecosystem stressors. Estuaries and
Coasts, 2022. 45(8): p. 2472-2491.

11. Bianchi, T.S. and M.A. Allison, Large-river delta-front estuaries as natural “recorders” of global
environmental change. Proceedings of the National Academy of Sciences, 2009. 106(20): p.
8085-8092.

Attribute Information Stocktakes for Fifty-Five Environmental Attributes 685



12. Buzzelli, C.P., et al., Estimating the spatial extent of bottom-water hypoxia and habitat
degradation in a shallow estuary. Marine ecology progress series, 2002. 230: p. 103-112.

13. Lowery, T.A,, Modelling estuarine eutrophication in the context of hypoxia, nitrogen loadings,
stratification and nutrient ratios. Journal of Environmental Management, 1998. 52(3): p. 289-
305.

14. Verity, P.G., M. Alber, and S.B. Bricker, Development of hypoxia in well-mixed subtropical
estuaries in the southeastern USA. Estuaries and coasts, 2006. 29: p. 665-673.

15. Plew, D.R., Investigating benthic impacts at salmon farms using eddy covariance measurements
of benthic oxygen fluxes. Aquaculture Environment Interactions, 2019. 11: p. 337-357.

16. Burke, M., et al., Oceanographic processes control dissolved oxygen variability at a commercial
Atlantic salmon farm: application of a real-time sensor network. Aquaculture, 2021. 533: p.
736143.

17. Oldham, T., F. Oppedal, and T. Dempster, Cage size affects dissolved oxygen distribution in
salmon aquaculture. Aquaculture Environment Interactions, 2018. 10: p. 149-156.

18. Vitousek, P.M., et al., Human alteration of the global nitrogen cycle: sources and consequences.
Ecological applications, 1997. 7(3): p. 737-750.

19. Diaz, R.J. and R. Rosenberg, Spreading dead zones and consequences for marine ecosystems.
science, 2008. 321(5891): p. 926-929.

20. Statham, P.J., Nutrients in estuaries — An overview and the potential impacts of climate change.
Science of The Total Environment, 2012. 434: p. 213-227.

21. Vaquer-Sunyer, R. and C.M. Duarte, Temperature effects on oxygen thresholds for hypoxia in
marine benthic organisms. Global Change Biology, 2011. 17(5): p. 1788-1797.

22. Dudley, B.D., J. Zeldis, and O. Burge, New Zealand Coastal Water Quality Assessment, NIWA
report to Ministry for the Environment. NIWA Client Report No: 2016093CH. 2017, National
Institute of Water and Atmospheric Research: Christchurch, New Zealand. p. 84.

23. Dudley, B. and C. Todd-Jones, New Zealand Coastal Water Quality Update, NIWA report to
Ministry for the Environment. NIWA Client Report No: 2018096CH. 2018, National Institute of
Water and Atmospheric Research: Christchurch, New Zealand. p. 34.

24. Dudley, B.D., J. Milne, and A. Semadeni-Davies, Review of coastal water quality monitoring in
the Northland Region. NIWA client report No: 2022059CH prepared for Northland Regional
Council. 56 p. 2022.

25. Dudley, B.D., et al., Canterbury coastal and harbour water quality investigation. NIWA Client
Report, 2019053CH. Report to Canterbury Regional Council. 51 pp. 2019.

26. Dudley, B.D., J. Milne, and J. Zeldis, Review of Estuarine Water Quality Monitoring for the
Horizons Region. NIWA report to Horizons Regional Council: 2018187CH. 2018.

27. NEMS, National Environmental Monitoring Standards for Discrete Water Quality, Part 4 of 4:
Sampling, Measuring, Processing and Archiving of Discrete Coastal Water Quality Data 2020,
New Zealand Ministry for the Environment.

686 Attribute Information Stocktakes for Fifty-Five Environmental Attributes



28. Gadd, J., et al., Water quality of Estuary of the Heathcote and Avon Rivers / Ihutai. NIWA Client
report prepared for Environment Canterbury. Report. 2020183AK 101 p. 2020.

29. Wallace, R.B., et al., Coastal ocean acidification: The other eutrophication problem. Estuarine,
Coastal and Shelf Science, 2014. 148: p. 1-13.

30. Gobler, C.J. and H. Baumann, Hypoxia and acidification in ocean ecosystems: coupled dynamics
and effects on marine life. Biology letters, 2016. 12(5): p. 20150976.

31. Provoost, P., et al., Seasonal and long-term changes in pH in the Dutch coastal zone.
Biogeosciences, 2010. 7(11): p. 3869-3878.

32. Gobler, C.J., et al., Hypoxia and acidification have additive and synergistic negative effects on the
growth, survival, and metamorphosis of early life stage bivalves. PloS one, 2014. 9(1): p. e83648.

33. ANZECC, Australian and New Zealand guidelines for fresh and marine water quality. Australian
and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand, Canberra, 2000: p. 1-103.

34. Griffiths, R., Recommended Coastal Water Quality Standards for Northland. Northland Regional
Council Report. . 2016.

35. Conley, D.J,, et al. Ecosystem thresholds with hypoxia. in Eutrophication in Coastal Ecosystems:
Towards better understanding and management strategies Selected Papers from the Second
International Symposium on Research and Management of Eutrophication in Coastal
Ecosystems, 20—23 June 2006, Nyborg, Denmark. 2009. Springer.

36. Kemp, W.M., et al., Temporal responses of coastal hypoxia to nutrient loading and physical
controls. Biogeosciences, 2009. 6(12): p. 2985-3008.

37. Zeldis, J.R., et al., Trophic Indicators of Ecological Resilience in a Tidal Lagoon Estuary Following
Wastewater Diversion and Earthquake Disturbance. Estuaries and Coasts, 2019. 43: p. 223-239.

38. Hale, R, et al., Hindcasting estuary ecological states using sediment cores, modelled historic
nutrient loads, and a Bayesian network. Frontiers in Marine Science, 2024. in press.

39. Zeldis, J.R. and D.P. Swaney, Balance of Catchment and Offshore Nutrient Loading and
Biogeochemical Response in Four New Zealand Coastal Systems: Implications for Resource
Management. Estuaries and Coasts, 2018. 41(8): p. 2240-2259.

40. Macdonald, H., et al., Modelling the biogeochemical footprint of rivers in the Hauraki Gulf, New
Zealand. Frontiers in Marine Science, 2023. 10: p. 1117794.

41. Plew, D.R., et al., Assessing the eutrophic susceptibility of New Zealand Estuaries. Estuaries and
Coasts https://doi.org/10.1007/s12237-020-00729-w, 2020.

42. Zeldis, J., et al. The New Zealand Estuary Trophic Index (ETI) Tools: Tool 1 - Determining
Eutrophication Susceptibility. 2017 17/11/2023]; Available from:
https://shiny.niwa.co.nz/Estuaries-Screening-Tool-1/.

43. Zeldis, J.R. and D.R. Plew, Predicting and Scoring Estuary Ecological Health Using a Bayesian
Belief Network. Frontiers in Marine Science, 2022. 9.

Attribute Information Stocktakes for Fifty-Five Environmental Attributes 687


https://doi.org/10.1007/s12237-020-00729-w
https://shiny.niwa.co.nz/Estuaries-Screening-Tool-1/

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Vopel, K., P.S. Wilson, and J. Zeldis, Sediment—seawater solute flux in a polluted New Zealand
estuary. Marine pollution bulletin, 2012. 64(12): p. 2885-2891.

Barr, N., et al., Macroalgal Bioindicators of Recovery from Eutrophication in a Tidal Lagoon
Following Wastewater Diversion and Earthquake Disturbance. Estuaries and Coasts, 2019: p. 1-
16.

Hondorp, D.W., D.L. Breitburg, and L.A. Davias, Eutrophication and Fisheries: Separating the
Effects of Nitrogen Loads and Hypoxia on the Pelagic-to-Demersal Ratio and other Measures of
Landings Composition. Marine and Coastal Fisheries, 2010. 2(1): p. 339-361.

Morrison, M.A,, et al., A review of land-based effects on coastal fisheries and supporting
biodiversity in New Zealand. New Zealand aquatic environment and biodiversity Report, 2009.
37: p. 100.

Eby, L.A,, et al., Habitat degradation from intermittent hypoxia: impacts on demersal fishes.
Marine Ecology Progress Series, 2005. 291: p. 249-262.

Adams, J., et al., Nutrient enrichment as a threat to the ecological resilience and health of South
African microtidal estuaries. African Journal of Aquatic Science, 2020. 45(1-2): p. 23-40.

Te Ao Marama Incorporated 2008 Te Tangi a Tauira. The Cry of the People. Ngai Tahu ki
Murihiku Natural Resource and Environmental Iwi Management Plan 2008. Waihopai. 320p.

Queenstown Lakes District Council, 2016 Statement of evidence of Dr Jane Kitson on behalf of
Te Rinanga o Oraka-Aparima and Te Ao Marama Inc. In the matter of the Proposed District Plan.
Part 1 0817-te-ao-marama-inc-t0la-jane-kitson-evidence-16-03-08.pdf (gldc.govt.nz)

Queenstown Lakes District Council, 2016 Statement of evidence of Dr Jane Kitson on behalf of
Te Rinanga o Oraka-Aparima and Te Ao Marama Inc. In the matter of the Proposed District Plan.
Part 2 Report 2 Stream 1A (qgldc.govt.nz)

Lohrer D, Awatere S, Paul-Burke K, Kitson J, Schwarz A-M (2024)Ki uta ki tai: matapono me te
pltaiao, nga korero whakamahuki ma te kaitiaki — From mountains to the sea: values and
science for an informed kaitiaki / guardian. Report for Sustainable Seas National Science
Challenge project Ki uta ki tai: Estuaries, thresholds and values. 24p.

Whakaraupo/Lyttelton Harbour Catchment Management Plan 2018. Te Hapd o Ngati Wheke,
Canterury Regional Council, Lyttleton Port Company Ltd, Christchurch City Council and Te
Rdnanga o Ngai Tahu with Tangata Tiaki.

Kainamu-Murchie, A., Williams, A,, Kitson, J., Dallas, R., Ratana, K., May. K. (2021) Nga taonga
waimataitai: Co-developing appropriate tangata whenua approaches to improve estuarine
mahinga kai management. Technical report for Te Rinaka o Oraka-Aparima. 55p

Waitangi Tribunal. 1987. Wai 27. Ngai Tahu claim to Mahinga Kai. Part one: Report on Ngai Tahu
Fisheries Evidence. Waitangi Tribunal, Department of Justice, Tahi o te Ture, and Southpac
Fisheries Consultants 566 p

Tau T, Goodall A, Palmer D, Tau R. 1992. Te Whakatau Kaupapa: Ngai Tahu resource
management strategy for the Canterbury Region. Wellington: Aoraki Press

688

Attribute Information Stocktakes for Fifty-Five Environmental Attributes



58. Dick J, Stephenson J, Kirikiri R, Moller H, Turner R. 2012. Listening to the Kaitiaki: consequences
of the loss of abundance and biodiversity of coastal ecosystems in Aotearoa New Zealand. MAI
Journal. 1(2):14.

Attribute Information Stocktakes for Fifty-Five Environmental Attributes 689





