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Executive Summary 

The Wharekawa coast encompasses significant ecological values associated with extensive intertidal 

flats and associated wetlands. Habitats and feeding grounds, including Mānawa/mangrove and 

intertidal flats, support vast numbers of resident and migratory birds, including nationally critical, 

declining and vulnerable species. Roosting sites for large numbers of shorebirds are provided by the 

nationally and globally rare chenier formations. Coastal habitats are threatened by a broad range of 

contemporary stressors and will be threatened in the future by stressors. Values in the future will be 

affected by the legacy of human activities in addition to the activities of the time. Future pressures on 

coastal habitats may include stressors, or combinations of stressors, that are yet to be identified. All 

stressors will be modified by changes in the physical-geochemical conditions associated with the 

changing climate. Climate change may have direct effects but will also modify the severity of all other 

stressors. Current stressors in the water column include elevated turbidity, suspended sediments and 

nutrient concentrations and low oxygen concentrations. Current stressors at the seabed include 

elevated sedimentation, contaminants (e.g. heavy metals and organic compounds), invasive species, 

overharvesting, disease, and physical disturbance. Future stressors associated with climate change 

include ocean acidification, changes to temperature, sea level rise, increases in the frequency of storm 

surge and changes to the wave climate. It is difficult to make confident predictions of the future state 

of the marine environment due to uncertainty around the present functioning of the system, how 

stressors will change in the future, and how the system will respond to change.  

 

We have considered the future state of three morphological units under eight scenarios. The 

morphological units, which represent the ecological values of the Wharekawa coast, are the intertidal 

areas, chenier plains and intertidal vegetation. Under future scenarios in which the intertidal area 

becomes muddier, there are likely to be changes in ecosystem functioning and macroinvertebrate 

community structure e.g. possible loss of several bivalve species. If the intertidal area were to reduce 

in extent but not change in granulometry, certain negative impacts may be tempered. Predicting 

specific effects on higher order taxa from the loss of intertidal habitat is complicated and depends on 

whether: predators are prey limited, which habitats might be lost, where on the shore higher order 



   
 

   
 

taxa are situated and the capacity of benthic taxa/habitats to migrate landwards. The greatest 

negative effects on intertidal flats would occur if the intertidal extent were to reduce in size and 

sediments become muddier. Predicting future outcomes for birdlife is difficult. Management of 

contemporary issues e.g. predator control, will play a key role in determining the future state of bird 

populations. If cheniers were to be inundated or erode, this would substantially reduce levels of 

protection provided to the shoreline, resulting in greater impacts from storm and wave action, 

affecting the persistence of fringing coastal vegetation. There would be significant disruption of 

species that utilise chenier ridges. If the areas of saltmarsh and Mānawa/mangrove were to be 

maintained, it is probable they would retain some of the ecological and anthropic values currently 

associated with these habitats. Reduction in these habitats will lead to a reduction in carbon storage 

and protection of the shoreline, and potentially increased effects of flooding.  

 

It is presently difficult to predict with certainty the ecological changes that will occur as the 

Wharekawa coastline responds to a changing climate. Managing contemporary issues and maintaining 

or restoring the integrity of coastal systems need to be a primary focus. There are still many issues 

that require pressing attention, including continued habitat loss and degradation, drainage and 

infilling disturbances, water quality and invasive marine species. Focusing efforts on maintaining and 

restoring the coastal area and minimising stressors may serve as the best insurance for facing an 

uncertain future. Under all of the scenarios, the intertidal environment will eventually be constrained 

by existing coastal defences and the East Coast Road unless these structures are abandoned or 

modified, and the foreshore is given opportunity to retreat. Over the long-term, the differences 

between the scenarios will thus be timing, onset and rate of change.  

  



   
 

   
 

Introduction  

The Wharekawa coast extends from Waharau in the north to Pūkorokoro/Miranda in the south along 

the western margin of the Firth of Thames/Tīkapa Moana (Fig. 1.1). The area is significant for its 

ecological and biodiversity values associated with extensive areas (9 km2) of intertidal flats and 

associated onshore wetlands. The coast supports habitat and feeding grounds for vast numbers of 

migratory wading birds, coastal and freshwater bird species, habitat for fish, nationally significant 

mangrove and mudflat communities, and is also the location of unique and globally rare landforms 

(cheniers). The significance of these environments is recognised in their importance to Hauraki iwi, in 

council policy and plans, and as part of an internationally recognised Ramsar site1.  This report provides 

a broad summary of the significant ecological features of the Wharekawa coast and considers the 

impact that projected changes in climate and associated sea level rise might have on the ecology. The 

analysis is predominantly from a western science perspective reflecting the expertise of the authors. 

The issues covered within this report would benefit from, and remain open to, the inclusion of 

mātauranga Māori to enrich our understanding of the intergenerational relationships between 

people, ancestral context and location.  

 

To understand the impacts of climate change and natural hazards in the Wharekawa Coast 2120 

project area, the following suite of reports has been compiled so far: 

• Coastal processes, drivers and hazards (coastal inundation, coastal erosion and tsunami) and 

climate change effects 

• River flooding of the Hauarahi Stream 

• Land stability 

• Social impact assessment for Wharekawa 

• Wharekawa Coast 2120 risk assessment 

• Wharekawa Coast 2120: ecological values impact assessment (this report) 

 
Significance and values 

The “significance” of ecological features e.g. species, habitats, functions and services, can be 

recognised through different means. ‘Value’ can be attributed by an individual, a community or 

specific group of stakeholders, and covers a vast range of ecological, social cultural and other 

considerations. Significant ecological features are recognised under regional and national policy and 

international conventions. For example, Pūkorokoro/Miranda and the surrounding areas meet eight 

of the eleven criteria used to determine significant indigenous biodiversity in the Waikato Regional 

 
1 https://rsis.ramsar.org/RISapp/files/RISrep/NZ459RIS.pdf 

https://rsis.ramsar.org/RISapp/files/RISrep/NZ459RIS.pdf


   
 

   
 

Policy Statement (2016) (Thompson et al. 2019). These include: having existing biodiversity protection; 

containing threatened or at-risk species; containing habitats that have reduced compared to historical 

extent; containing nationally uncommon habitats, wetland habitats and habitats large in extent (the 

large mangrove stand in the Southern Firth); being an estuary that is critical for life history stages; and 

being an ecological buffer (Thompson et al. 2019, Waikato Regional Policy Statement 2016). The 

Wharekawa coast is also part of an area recognised as having significant conservation value under the 

Waikato Regional Coastal Plan (2005) (ASCVs, Map 9, which covers Kaiaua to the Waihou River). For 

the Regional Coastal Plan, significance is recognised from: sites of cultural significance to Hauraki iwi; 

the internationally important wetland (Ramsar site); the rare and threatened national and 

international migratory waders and coastal and freshwater bird species; the nationally significant 

mangrove and mudflat communities; the unique and globally rare land forms  that include the 

Pūkorokoro/Miranda chenier plain, coastal flats and extensive shellfish beds (Waikato Regional 

Coastal Plan 2005). Within this plan, the criteria for defining areas of significant conservation value 

originate from the draft New Zealand Coastal Policy Statement (subsequently published in 2010). 

Significance outlined in policies and plans can restrict certain activities or require any proposed use or 

development to avoid or remedy any adverse effects on identified values (Waikato Regional Coastal 

Plan 2005). Here we provide a broad summary of several significant ecological features in the project 

area and consider the impact of future changes in climate and sea level rise.   

 

1.0 Significant ecological values of the project area  

Intertidal habitats:  

The Wharekawa Coastal area contains extensive intertidal flats. These are not flat, brown and boring, 

as casual observers might expect, but contain abundant life and webs of ecological interactions. 

Intertidal habitats support a huge diversity of macrobenthic organisms living in, or on, the sediment, 

including shellfish, snails, crustacea and worms. The Kaiaua Coastal Compartment Management Plan 

(2010) lists key species and habitats found in the project area and includes: cobble shores, rocky reefs 

and platforms, gravel shores, sandy shores and muddy shores. Muddy habitats are the home of mud 

snails (Amphibola crenata), polychaete worms and burrowing mud crabs (Austrohelice crassa, 

Hemiplax hirtipes). Bivalves include the wedge shell (Macomona liliana), the nut clam (Linucula 

hartvigiana), and cockles (Austrovenus stutchburyi), which are most abundant on the mid to low 

shore. Gravel and sandy habitats host cockles and pipi (Paphies australis), which have attained edible 

size in certain beds in the past. Other taxa present include gastropods (Diloma sp., Cominella spp.) and 

crustacea (Isocladus sp., Hemigrapsus crenulatus). Information outlining the extent of different 

habitats, the location of significant shellfish populations and the sediment properties (percentage 



   
 

   
 

mud/sand) across the project area has not been found in the preparation of this report. Intertidal 

benthic fauna accelerates a raft of ecosystem functions and contribute directly to many ecosystem 

services (Thrush et al. 2013). Shell-forming bivalves sequester atmospheric CO2 and shellfish such as 

cockles and pipi filter particles from the water, which benefits clarity. Microscopic algae living in the 

surface layers of sediment (called microphytobenthos) can persist in vast numbers such that the 

benthic primary production can be many times that of the water column above in shallow coastal 

zones (Jones et al. 2016). Microphytobenthos primary, and subsequent secondary, production 

supports higher trophic levels and exports matter and energy away into other habitats. As such, the 

benefits derived from intertidal flats often extend well beyond their borders. Intertidal sediments and 

the burrowing animals that live within speed up the breakdown of organic matter and influence the 

fluxes of inorganic nutrients across the sediment surface, including denitrification pathways (Aller 

1988). One of the most easily recognisable ecosystem services supported by intertidal habitats is the 

provision of food. Different shellfish, fish and snails are important sources of food, and many are 

culturally significant. The state of intertidal habitats and the health of the benthic communities and 

the species that are able to persist, reflect the prevailing chemical and physical conditions. Waikato 

Regional Council has monitored two intertidal sites in the project area since 2001, at Kaiaua and 

Pūkorokoro/Miranda. Both sites are considered ‘moderately healthy’, having Traits Based Index (TBI) 

scores of between 0.3 and 0.4 (healthy = 1-0.4, moderately health = <0.4-≥0.3, unhealthy = <0.3) (Rodil 

et al. 2013).   

 

Supporting birds:  

The project area is an important part of the Tīkapa Moana/Firth of Thames Ramsar site which is 

recognised to be of international importance2. The Ramsar site comprises the intertidal area of the 

southern and western shores of Tīkapa Moana/Firth of Thames, between Kaiaua and the Waihou River 

mouth, and includes approximately 82 km2 of exposed intertidal feeding grounds and shell banks 

(Figure 1.2). This area is one of the three most important coastal areas for wading birds in New 

Zealand. The average number of waders present in the area over the year is c. 25,000 while the total 

number present may peak at as many as c. 40,000 migratory birds during the summer months3. 

Dowding (2019) notes that over the past 20 years, the site has held an average of about 32,700 birds 

(20,000+ in winter, 15,000+ in summer). The Ramsar site supports nationally critical species including 

the Matuku/Australasian bittern (Botaurus poiciloptilus), Tarāpuka/black-billed gull (Larus bulleri) and 

kāki/black stilt (Himantopus novaezelandiae) and is an important wintering site for national migrants 

including Poaka/pied stilts (Himantopus himantopus), the declining Tōrea/pied oystercatcher and the 

 
2 https://rsis.ramsar.org/RISapp/files/RISrep/NZ459RIS.pdf 
3 https://www.doc.govt.nz/nature/habitats/wetlands/wetlands-by-region/waikato/firth-of-thames/ 

https://rsis.ramsar.org/RISapp/files/RISrep/NZ459RIS.pdf
https://www.doc.govt.nz/nature/habitats/wetlands/wetlands-by-region/waikato/firth-of-thames/


   
 

   
 

nationally vulnerable Ngutuparore/wrybill (Anarhynchus frontalis)4. Other nationally vulnerable 

species present include tūturiwhatu/banded dotterel (Charadrius bicinctus) and Taranui/Caspian tern 

(Hydroprogne caspia). The Ramsar site is a terminal point for the East Asian-Australasian flyway which 

is used by shorebirds that migrate in the northern-hemisphere winter from Siberia and Alaska to feed 

during summer in the southern hemisphere, and later return between March and June to their 

northern breeding grounds. These birds include Kuaka/bar-tailed godwit (Limosa lapponica), 

Huahou/red knot (Calidris canutus), ruddy turnstone (Arenaria interpres), Pacific golden plover 

(Pluvialis fulva), sharp-tailed sandpiper (Calidris acuminata) and the whimbrel (Numenius phaeopus)3. 

Seventy-four species of birds have been recorded at the Ramsar site2. Similar to the Ramsar criteria, 

Dowding (2019) classified the project area as a ‘Priority 1’ site, meaning that it ”regularly holds 1% of 

the global population of one or more species or subspecies that are classified as threatened or at risk 

under the New Zealand Threat Classification System List for 2016”. Figure 1.3 shows the main high 

tide roosts from Dowding (2019).  

 

Cheniers: 

The project area between Kaiaua and Miranda/Pūkorokoro contains the nationally and globally rare 

land formations known as cheniers (Schofield 1960, Woodroffe et al. 1983). The Pūkorokoro/Miranda 

chenier (which extends 15 km north and 2 km south of the Shorebird Centre) is regarded as “the best 

example globally of a Holocene coastal strand plain” (Hayward 2013) and is the most extensive chenier 

plain in New Zealand. It is the only known example of a chenier plain that is aggrading (at a rate of 50 

m southwards per year). The Tīkapa Moana/Firth of Thames chenier plain comprises a succession of 

13 shell ridges, and the inter-ridge swales, on the 2 km-wide coastal plain that has built out from the 

old cliff-line around Miranda/Pūkorokoro. The individual ridges vary in size from less than 1 m to a 

little over 2 m in height, from 20 to more than 100 m wide, and 0.5 to 4 km in length (Thompson et al. 

2019). The chenier plain comprises a series of stranded ridges, composed principally of fossilised 

cockle shells and gravel running parallel to the shore. Ridges are formed when narrow bands of coarse 

material such as sand or shell hash are deposited over relatively flat layers of muddy seabed under 

specific geological, hydrological and meteorological conditions (Dougherty & Dickson 2012). Chenier 

ridges provide vital roosting sites for large numbers of shorebirds and are important as breeding sites 

for up to 1000 pairs of Tara/white-fronted tern (Sterna striata) at Taramaire and Tarāpuka/black-billed 

gull (Larus bulleri) at Pūkorokoro/Miranda (Battley and Brownell 2007). Other supported birds include 

Tōrea pango/variable oyster catcher (Haematopus unicolor) and Tūturiwhatu/New Zealand dotterel 

(Charadrius obscurus). 

 
4 https://rsis.ramsar.org/RISapp/files/RISrep/NZ459RIS.pdf 

https://rsis.ramsar.org/RISapp/files/RISrep/NZ459RIS.pdf


   
 

   
 

 

Figure 1.1: The project area and associated classifications. 



   
 

   
 

 

 

Figure 1.2: Outline of the Ramsar site (red line), taken from Brownell et al. (2008).  

 

 

 

Figure 1.3: High tide roost sites, taken from Dowding (2019). 



   
 

   
 

Wetland habitat:  

Saltmarshes and mangroves/Mānawa are recognised as wetland habitats that support indigenous 

flora and fauna that have significant ecological value (Thompson et al. 2019). Both of these habitats 

are present within the project area (Figure 1.4), adjoining the extensive mangrove forests in the 

Southern Firth (Swales et al. 2007). Saltmarsh habitat is a multi-species community in which three 

main sub-communities can be identified: Saltmarsh ribbonwood community, Sea meadow community 

and Rush/sedge community (Graeme 2006). All three have been identified in the project area and are 

recorded in Graeme (2006) (Figure 1.4). Saltmarsh communities tend to fringe the upper reaches of 

estuaries in an ecological sequence extending from marine to inland and riverine habitats. 

Mangroves/Mānawa in New Zealand support a wide range of different species including lichens, 

insects, various geckos and birds, and other transitory species such as tuna/short-finned eels (Anguilla 

australis) (Anderson et al. 2019). The benthic macrofaunal communities in mangrove/Mānawa forests 

are not unique relative to the composition of other estuarine habitats and are influenced by multiple 

factors including age of mangrove stands and sediment loading (Morrisey et al. 2003). There are no 

New Zealand bird species found exclusively in mangrove stands but they nevertheless provide area 

for roosting, feeding or breeding for several species. In addition to ecological value, wetlands provide 

a wide array of ‘ecosystem services’ from which humans benefit (Townsend and Thrush 2010, Geange 

et al. 2019). Coastal vegetation such as mangroves/Mānawa and saltmarsh can help mitigate 

environmental disturbances by protecting shoreline and coastal property. They provide vertical 

structures that protrude into the water column modifying flow and dissipating energy, which can 

reduce coastal erosion and retain sediment5 (Barbier et al. 2011, Brampton 1992). Large stands of 

vegetation contribute toward climate regulation and carbon sequestration by affecting the balance of 

oxygen and carbon dioxide, the regulation of several greenhouse gases and the notable standing 

stocks that present long-term carbon storage (Thrush et al. 2013). Mangroves and saltmarsh both 

contribute to the production of large volumes of organic matter (Bulmer et al. 2020) and can act as 

nutrient sinks.  

 

 

 
5 Sediment retention can be an ecosystem disservice depending on the context.  



   
 

   
 

 

 

Figure 1.4: The extent of Wetland vegetation in the project area. Data from Waikato Regional 
Council, shown in the Sea Sketch layer.  
 

 

1.1 Identifying current and future stressors. 

Coastal habitats are affected by a broad range of stressors that are inflicted at a range of magnitudes 

and frequencies. When stressors occur in combination their interactions can result in greater-than-

expected effects, and the results can be difficult to predict (Thrush et al. 2008). Some disturbances 

will cause perturbation in the receiving ecological system, followed by recovery as the system returns 

to pre-disturbance conditions, whereas other changes can be long lasting or permanent. Cumulative 

and multiple stressors can lead to ecological systems being pushed past thresholds or ‘tipping points’, 

where large changes occur relative to small further increases in stress (Savage et al. 2018). This can 

lead to persistent or irreversible changes including the loss of ecosystem functions and changes in 

community structure. For intertidal habitats, stress can occur during tidal inundation (e.g. increased 

turbidity) or emersion (e.g. heat stress) or be continually present (e.g. change in sediment grainsize or 

elevated hydrogen sulphide).  



   
 

   
 

 

 

To speculate on changes in the future, it is important to consider current stressors and how they cause 

adverse effects. Needham et al. (2014) considered a range of common stressors affecting coastal 

ecosystems and the susceptibility of different habitat types (including cockles, pipi, wedge shells and 

mangroves/Mānawa). These included: increased turbidity, suspended sediments and sedimentation 

rates; increased nutrients; reduced oxygen in the water column; contaminants (e.g. heavy metals or 

organic compounds); invasive species; overharvesting; disease; and physical disturbance. Needham et 

al. also considered the specific effects of climate change including sea level rise, temperature rise, 

increase in storm frequency and ocean acidification. Their consideration was qualitative and did not 

pertain to a particular timescale. Key summary points included that shellfish and other species living 

close to the sediment surface may be susceptible to the effects of rising temperature and the impacts 

of thermal stress. Increases in storm severity were recognised as having possible effects on all coastal 

habitats, while acidification may affect a range of species, especially those creating shell material as 

calcium carbonate can dissolve under acidic conditions.  

 

Sediment Stress 

Increased sediment loading and sedimentation are a significant threat to estuaries and coastal 

habitats in many parts of the world (Thrush et al., 2004). While sedimentation is a natural process, 

sediment loading from the land has substantially increased since human habitation (Hunt, 2019a) 

through anthropogenic activity such as urbanisation, channelization, deforestation and intensification 

of livestock. In the coastal zone of the Tīkapa Moana/Firth of Thames sediment loading is dominated 

by fine particles (often <63 microns in diameter). Sediments deposited on the foreshore or held in 

suspension, have a number of negative ecological consequences including: changes to sediment 

porosity and sediment stability that influence biogeochemical fluxes; changes in animal movement 

and bioturbation; clogging the feeding structures of suspension-feeding animals; changes in sediment 

The values we derive from coastal ecosystems will be affected by the legacy of catchment practices 

and human actions, in addition to the activities of the time. Future pressures on coastal habitats 

may include stressors, or combinations of stressors, that have yet to been identified. The 

susceptibility of the future coastal system will depend upon complex interactions between drivers, 

pressures and state. All will be modified by changes in the physical-geochemical conditions 

associated with the changing climate. Climate change will have direct effects, but will also be a 

modifier of the severity of all other stressors.  

 



   
 

   
 

food quality;, and changes in the suitability of surfaces for recruitment (Norkko et al. 1999, Thrush et 

al. 2004, Townsend et al. 2014). The sensitivity or vulnerability of organisms to suspended and 

deposited sediments varies widely by species and stage in life history. Some species may be sensitive 

to both suspended and deposited sediments. Shellfish have limitations with respect to how muddy an 

environment they will tolerate. Species such as pipi have very limited tolerance and are rarely found 

in muddy environments. Norkko et al. (2001) found pipi to be highly sensitive to sediment mud 

content, preferring sediment with 0-5% mud. Cockles and the wedge shell are more tolerant of mud 

but were still regarded by Norkko et al. (2001) as sensitive taxa. Cockles are found in sediments with 

between 0-85% mud content but have an optimum range of 0-10%. The wedge shell is found in 

sediments with between 0-75% mud content but have an optimum range of 0-30%. Both cockles and 

pipi are sensitive to suspended sediment (Hewitt et al. 2001). The project area was formerly 

dominated by sandy intertidal environments and beaches, which have now been extensively displaced 

by muddy environments (Brownell et al. 2008).  

 

Nutrient Stress 

There have been substantial increases in the land-side delivery of nutrients into Tīkapa Moana/Firth 

of Thames over the past 200 years following the clearance of native forest and the intensification of 

horticulture and agriculture on the Hauraki Plains (Snelder et al. 2017, Swales et al. 2015). The supply 

of nitrogen into the Firth is now dominated by land-side (as opposed to ocean-side) loading, and 

monitoring has shown that over 95% of the nitrogen and phosphorus is discharged from the Waihou 

and Piako Rivers (Vant 2016). Nutrient stress can result in harmful agal blooms (HABs) and 

eutrophication with primary and secondary symptoms. Eutrophication can lead to changes in pH and 

increased turbidity associated with phytoplankton blooms. Ecological harm occurs when organic 

matter produced by excessive primary production is respired by secondary consumers, resulting in 

organic loading and decomposition that has high oxygen consumption. This can result in hypoxic or 

anoxic conditions in both the water column and at and within the seabed. Nuisance macroalgal blooms 

can originate from within eutrophic estuaries or be washed ashore as large wrack deposits associated 

with weather and storm events or tidal flows (Nelson et al., 2015). Blooms of Sea lettuce (Ulva spp.) 

and Gracilaria spp. can result in large changes in the abundance and diversity of benthic community 

structure, the loss of shellfish, anoxic conditions or the shallowing of oxic zones in the sediment and 

the associated production of hydrogen sulphide (Nelson et al., 2015). These ecological impacts also 

affect human activities and ecosystem services: decaying algae can be unsightly and smelly, affect the 

ability to swim or walk on the shore (amenity value) and diminish aesthetic qualities.   

 



   
 

   
 

Thermal stress 

Species have optimal temperature ranges; as temperature increases outside of the optimal range 

conditions become harmful and then lethal. Many species can withstand suboptimal conditions for a 

limited period of time but are negatively impacted the longer the exposure. Over a typical annual 

cycle, intertidal species will experience a large range in temperature: close to freezing during exposed 

winter conditions and upward of 30oC during summer. Temperature stress may be a significant 

additional pressure in already stressed systems. For example, in 2009 the Whangateau estuary 

experienced a significant mass-mortality event in the cockle population. An estimated 243 million 

cockles from a population of 386 million are thought to have died. An investigation found that the 

deaths were caused by the combined effects of a parasite infecting their gills and a mycobacterium 

(Tricklebank et al. 2020). It is suspected that extended period of thermal stress, topped off by high 

temperatures coupled with midday spring tides, may have left shellfish susceptible to the infection 

(Tricklebank et al. 2020). 

 

Specific threats identified for the Ramsar site. 

Brownell et al. (2008) summarised efforts of the ‘Muddy Feet’ project in which a group of authorities 

and stakeholders identified specific risks to the south-western coast and intertidal zone of Tīkapa 

Moana/Firth of Thames that could impact the integrity of the Ramsar site. This work highlighted 

significant stressors that included sediments, habitat loss, disturbance, invasive species, harvesting 

and exploitation, contaminants and nutrients (Table 1.1). Within these categories, the effects of 

predation, human recreation and disturbance, drainage and infilling and climate change were 

highlighted.  

 
Table 1.1: From Brownell et al. (2008), grouping the risks identified by Elmetri & Felsing (2006).   
 

Summary report Risk analysis 

Sedimentation Sediments 

Habitat loss and degradation Habitat loss 

Disturbance  

Invasive species 

Harvesting and exploitation 

Contaminants Contaminants 

Nutrients 

 
Invasion by exotic pest species poses risk through the displacement of native fauna and flora. Species 

such as saltwater paspalum (Paspalum vaginatum) and the Asian date mussel (Arcuatula senhousia) 



   
 

   
 

can outcompete natives in the intertidal zone and become a dominant feature across habitats. How 

this might impact prey choice and food availability to higher order taxa is a complex consideration.  In 

addition to diet, invasive species can impact habitat usage with several weeds affecting the roosting 

areas of bird species. Brownell et al. (2008) also posited that the threat of invasive exotic species could 

be exacerbated by climate change. This is a complex issue and requires further examination. Predation 

by introduced mammals e.g. cats, mustelids, rats and hedgehogs, is a critical threat to birdlife and 

management actions are required to minimise or eliminate the threat where possible, for example as 

action under a Regional Pest Management Plan. Birdlife is also disturbed through non-predation 

pathways, for example, by unfenced cattle disturbing nesting areas.  Brownell et al. (2008) emphasise 

that minimal disturbance and low predation rates are critical for successful breeding of bird species. 

Human activities result in different disturbance pathways. An increase in the human coastal 

population and recreational usage impacts roosting areas along the margin of the chenier coast from 

Miranda/Pūkorokoro to Kaiaua and, to a lesser extent, intertidal feeding sites. Infilling, drainage, stop 

banking and associated land uses (e.g. grazing and excavation) can result in both loss and degradation 

of intertidal and coastal habitat. Brownell et al. (2008) note that “Stop banks and drainage networks 

are being expanded without prior regard to sustainability, particularly with projected sea level rise 

and for very low-lying areas”, and also that the shell ridges are being progressively modified by 

earthworks and shell extraction. Other risks stem from a broad range of contaminants discharged into 

the marine environment including heavy metals, agricultural and industrial chemicals, bacteria and 

viruses. Waikato Regional Council monitors the sites at Kaiaua and Pūkorokoro/Miranda for a suite of 

contaminants which are currently below ANZECC interim sediment quality guideline (ISQG) values. 

Brownell et al. (2008) summarised high-priority actions for the Ramsar site that included restoration 

efforts, measures to prevent the incursion of harmful invasive species and fundamental research to 

improve the general understanding of ecosystem threats and cumulative effects.  



   
 

   
 

2 Physical forcing 

 

This section describes physical forcing and comments on likely changes under climate change6.  

 

2.1 Sea level 

MFE guidance issued in 2017 (MFE, 2017), based on the Intergovernmental Panel on Climate Change 

(IPCC) 2014 report, projects that, depending on the amount of future greenhouse gas emissions, global 

sea-level rise by 2120 will be between 0.5 metres and 1.4 metres above the 1995 level, (Figure 2.1). 

Over a shorter time frame (up to 2060), there is less uncertainty in the projections, and the IPCC 

projects a narrower range of sea-level rise of 0.3 to 0.5 metres. Sea level rise is not linear, and the rate 

will increase over time (Figure 2.1).  

 

Although not affected by climate change, subsiding land increases relative sea level rise; a sinking 

coastline will compound the effect of a rise in regional sea level under climate change. The rate of 

subsidence is not known along the Wharekawa coast but measurements in the Southern Firth of 

Thames/Tīkapa Moana mangroves and at the Tararū tide gauge (at Thames township) indicate rates 

of subsidence ranging between 7.7 ± 0.5 to 9.4 ± 0.5 mm/yin the mangrove forest and 3.6 ± 0.7 mm/y 

at the Tararū tide gauge (Swales et al., 2016a). These rates of subsidence were attributed mainly to 

sediment compaction with a smaller contribution from vertical land movement (Swales et al., 2016a). 

 
Figure 2.1. Four scenarios of New Zealand-wide regional sea-level rise with extensions to 2150 based 
on Kopp et al (2014) (Figure from MFE, 2017). 

 
6 There is a detailed description of coastal processes and drivers and climate change effects reported in Hume (2020) which focusses on 

hazards (coastal inundation, coastal erosion and tsunami). This report focusses on the ecology.   



   
 

   
 

 

2.2 Tidal currents and water circulation 

Tīkapa Moana/Firth of Thames has a semi-diurnal meso-tidal regime with a spring-neap cycle.  

Residual currents  and residual circulation describe the net movement of water, in Tīkapa Moana/Firth 

of Thames residual currents are weak and modified by wind (see next section) (Proctor and Greig, 

1989; Black et al., 2000; Zeldis et al., 2015). Future changes to residual circulation could occur due to 

modified tidal currents and are likely to occur due to changes in prevailing wind patterns. Changes in 

freshwater runoff can influence salinity and therefore also water density and patterns of circulation. 

These changes are complex and are at this time it is not possible to predict with any certainty. 

 

2.3 Storm surge and extreme water levels 

Elevated water levels occur as a result of low atmospheric pressure, which can raise sea level by 

“suction”, and by wind drag on the water surface, which can cause water to pile up against the coast 

(Pugh, 2004). At Tararū tide gauge, most extreme water levels occur in response to wind drag, with 

variations in atmospheric pressure being of secondary importance (Stephens et al., 2015). Tīkapa 

Moana/Firth of Thames is susceptible to strong and sustained winds from the northwest (Stephens et 

al., 2015) and the associated wind drag causes increased water levels downwind at the southern end 

of the Firth. Strong and sustained winds from the northwest generally occur in response to low-

pressure troughs passing over New Zealand. 

 
Increases in the frequency and magnitude of storm surge are possible, but predictions are not 

straightforward and are likely to be locally specific (MFE, 2017). Nonetheless, it is likely that storm 

surges will become more frequent and severe since, even without any change in frequency and 

severity of storms, ,  a rise in sea level will result in extreme water levels being reached during even 

relatively frequent, low-magnitude storms. 

 

2.4 Waves 

The wave climate is poorly studied. Hindcast data (https://metoceanview.com/) suggest that the wave 

climate is likely to be a combination of frequent short-period wind waves generated over the 

sometimes considerable fetch of the Firth of Thames/Tīkapa Moana basin and rarer longer-period 

waves that occasionally propagate into the basin from the outer Hauraki Gulf (Hunt, 2019b). Both 

rarer extreme waves and common smaller waves can be important in shaping morphological change, 

depending on the environment. 

 



   
 

   
 

Strong and sustained winds from the northwest generally occur in response to low-pressure troughs 

passing over New Zealand; this wind direction is coincident with the longest fetch (~100 km) and 

therefore likely to generate the largest wind waves. The occasional longer-period swell waves 

originate from intense low-pressure systems, often ex-tropical cyclones, that track south-southeast 

across the north of New Zealand. Although swell events are rare, usually short in duration and 

restricted to the summer months, they can still be significant. Increases in wave height and the 

frequency of extreme waves is possible with climate change, but predictions are not straightforward 

and are likely to be locally specific (MFE, 2017). Here it has not been possible to quantify changes to 

the wave climate but an increase in wave height and frequency of extreme waves has been considered 

as a possible scenario. 

 

2.5 Atmospheric temperature  

Changes to air temperature have been predicted by downscaling output from the IPCC fifth 

assessment global climate models for New Zealand (MFE, 2018).  Predictions from statistically 

downscaled data and averaged for the entire Waikato region  (Table 2.1) indicate that the mean 

temperature increase will be slightly larger in summer and that the ensemble average increase could 

be as high as 4.2 °C by 2090 (2101 – 2120).  While predicted temperature changes specific to the study 

area are not available, dynamic downscaling using regional climate models indicates that the rise in 

temperature will be less in coastal regions (MFE, 2018). 

 

High-temperature extremes will also become more common and low-temperature extremes will 

become less common (MFE, 2018).  For example, in the Waikato, the average number of hot days per 

year (> 25 °C) is currently 23.6 and this is predicted to increase to between 40.9 and 84 by 2090 

depending on the emissions scenario (MFE, 2018). 

 

Table 2.1.  Predicted changes in seasonal and annual mean temperature for the Waikato region 
between 1986 – 2005 and 2101 – 2120.  The values in each column represent the ensemble average, 
and in brackets the range (5th percentile to 95th percentile) over all models within that ensemble. 
 

Emissions 

scenario 

Summer Autumn Winter Spring Annual 

RCP8.5 4.2 (2.9, 6.2) 4.0 (3.0, 5.8) 3.7 (2.8, 4.7) 3.3 (2.6, 4.3) 3.8 (2.9, 5.2) 

RCP4.5 1.8 (1.0, 3.1) 1.8 (1.2, 2.4) 1.6 (1.0, 2.2) 1.5 (0.9, 2.2) 1.7 (1.1, 2.3) 

RCP2.6 0.7 (-0.1, 1.6) 0.8 (0.3, 1.4) 0.7 (0.4, 1.1) 0.7 (0.4, 1.1) 0.7 (0.4, 1.3) 

 

 



   
 

   
 

3 Effects of climate change by “morphological unit” 

This section describes three main morphological units and how they are likely to change under climate 

change. The units are: 

i. Intertidal flats 
ii. Chenier ridges 

iii. Intertidal vegetation 
 

3.1 Intertidal flats  

3.1.1 Present situation 

Extensive areas of intertidal flats occur seaward of beaches backed by storm ridges (Figure 2.2). The 

intertidal flats generally comprise sandy and muddy sediments with some shell and are greatest in 

extent (c. 2 km wide) towards the south. The rate of sediment accumulation on intertidal flats results 

from a balance between sediment supply and waves and currents which variously accrete and erode 

the available sediment. Sedimentation has been monitored by WRC at Kaiaua and 

Pūkorokoro/Miranda since 2003; see Hunt (2019b) for monitoring locations and methodology.  

 

It is difficult to draw conclusions about the wider patterns of morphological change as the monitoring 

is spatially limited and the data are collected at a different depth at each. When the data between 

2003 and 2015 were analysed it was noted that sedimentation in the intertidal area is typical of an 

estuarine shoreline dominated by small, short-period waves, with sediment deposition occurring over 

the lower intertidal flat and erosion occurring over the upper-mid intertidal flat (Hunt, 2019b). When 

the wave fetch is fully developed at high water, the orbital velocities under the short-period waves 

can mobilise sediment in the middle-upper intertidal area causing erosion, but are attenuated over 

the deeper intertidal area resulting in accretion (e.g. Fagherazzi et al., 2006; Mariotti and Fagherazzi, 

2013; Hunt et al., 2017) (Figure 2.5). The erosion suggests that there has been a change in 

waves/currents and/or sediment supply from the catchment; an increase in the former will cause 

erosion, as will a decrease in the latter. A change in sea level could also be involved.    

 

Analysis of sediment from Tīkapa Moana/Firth of Thames indicates that most of the fine sediment 

depositing on the intertidal areas is sourced from the catchment and comprises either modern eroded 

sediments or legacy catchment sediments, which are sediments that have been eroded from the 

catchment in the past and subsequently reworked in the marine environment (Swales et al., 2016b). 

The proportion that is reworked legacy sediments has increased since the 1960s showing that historic 

catchment sediments are still a significant source of sediment for the intertidal flats (Swales et al., 

2016b). A basic sediment budget for the southern Tīkapa Moana/Firth of Thames (Zeldis et al., 2015) 



   
 

   
 

indicates that 228,000 t/yr of fine sediment accumulates in the mangrove forests and on the adjacent 

intertidal flats between the Piako and Waitakaruru Rivers. Modelled estimates of suspended-sediment 

loads indicate that 160,000 t/yr is currently supplied by the Piako and 30,000 t/yr is supplied by the 

Waihou (Hicks et al., 2011). Therefore, although the contemporary sediment volume entering Tīkapa 

Moana/Firth of Thames from the Piako and the Waihou is considerable, it is not enough to sustain the 

estimated accretion over the southern Tīkapa Moana/Firth of Thames, let alone the wider system. 

This sediment deficit reinforces the notion that reworked and deposited legacy sediments form an 

important part of the sediment budget.  

 

The beaches landward of the intertidal flats are formed from coarse shell, sand and gravel sediments, 

which become progressively finer in a southerly direction. These sediments are derived from reworked 

relict chenier material transported from the north by longshore drift and from offshore during large 

wave events.  There are two sources of catchment sediment from the north: rivers and cliff erosion. 

The relative size of the two sources is not known with certainty.  The beaches are backed by a gravelly 

ridge which is supplied with sediment by wave uprush and overwash during occasional large wave 

events. 

 

3.1.2 Future change 

When sea level rises the land is flooded and the intertidal flat migrates inland (Figure 2.3a and b).  

However, if the migration is constrained (by, for instance, a cliff or man-made coastal defences) (Figure 

2.3c) a proportion of the intertidal flat will be lost (Figure 2.3d) in a process termed “coastal squeeze” 

(Pontee, 2013). Coastal squeeze can be offset to some degree if sedimentation occurs at a sufficient 

rate allowing the intertidal flat to rise vertically, despite being constrained to landward (Figure 2.3e 

and f).  

 

As sea levels rise along the Wharekawa Coast, the low-elevation coastal land will begin to flood, and 

the intertidal area will initially migrate landwards.  The sediment forming the  new intertidal flats will 

be derived from:  (i) flooded terrigenous topsoil, (ii) coarser reworked sediments transported onshore 

from the lower intertidal flat and alongshore from the north, and (iii) fine suspended sediment from 

fluvial sources and re-suspended from elsewhere in the estuary. There will be a lag between the 

flooding of the land and the establishment of the intertidal flats. The size of the lag will depend on the 

rate of sediment deposition, the amount of sediment available and the rate of sea level rise. Both the 

speed at which the intertidal flat will establish and the composition of the intertidal-flat sediments are 

difficult to predict. 



   
 

   
 

Constrained by coastal defences, the East Coast Road and/or rising topography, the ability of the 

intertidal flats to accrete vertically depends on a sufficient supply of sediments and a hydrodynamic 

regime that favours deposition (Orford and Pethick, 2006).  The main source of intertidal sediment is 

likely to be fine-grained sediments discharged by rivers and fine sediments resuspended by waves and 

currents elsewhere in the estuary (Swales et al., 2016b).  There could also be occasional pulses of 

coarser sediments washed onto the intertidal flat by large waves from the former intertidal area to 

seaward and delivered by longshore transport from the north.  Continued rapid deposition of these 

predominantly fine sediments may offset coastal squeeze to a certain extent, resulting in enhanced 

sedimentation rates and a muddy intertidal area.  The observed erosion at Pūkorokoro/Miranda, the 

deficit in the sediment budget (Zeldis et al., 2015) and the importance of legacy sediments (Swales et 

al., 2016b) indicate that a sufficient supply of sediments to offset coastal squeeze is not guaranteed. 

The amount of fine sediment available in the future will depend on the legacy sediments already in 

the system and the future sediment loads from the land. The latter will change in response to factors 

such as changes in rainfall patterns, vegetation cover and catchment management, all of which are 

unknown.  Changes to the wind and wave climate will also impact on the intertidal morphology and 

potentially cause large deviations from the idealised scenario described above. As sediment is eroded 

and accreted within an estuary, the morphology changes and further modifies the wave climate and, 

potentially, patterns of tidal currents; this feedback is non-linear and is presently difficult to predict 

with certainty. In general, larger and more frequent waves will hinder sediment deposition and 

prevent vertical accretion of the intertidal flat. 

 

Although ecologically distinct from the intertidal morphological unit, the location of the beach and 

gravel ridge system situated to landward could control the extent and character of the intertidal area, 

and therefore requires consideration.  The location of the beach is controlled by water levels and 

waves; as water levels rise, sediment in the beach will be reworked and the beach will migrate 

landwards until constrained. More frequent waves will increase uprush and overwash and associated 

reworking of sediment, and could either build up the beaches and gravel ridges given a sufficient 

sediment supply, or cause the beaches to become eroded and inundated if there is insufficient 

sediment. Increased wave activity may increase sediment supply from the north and from offshore, 

although the quantities are unknown.  Importantly, the likely future rate of beach migration is not 

known, and it is possible that the land behind the beaches will inundate faster than the beach 

migrates.  If sea level rise is particularly rapid compared to building, then the beaches may become 

inundated and effectively submerged and stranded seaward of the future intertidal zone. 

 



   
 

   
 

 

 
Figure 2.2. Intertidal flat, WRC monitoring stations at Miranda, looking seaward (a) and landward 
(b). 



   
 

   
 

  

  

  

Figure 2.3.  Schematic showing theoretical effect of sea level rise on the extent of intertidal area (thick black line) with no constraint (a) and landward 
migration and preservation of intertidal area (b); a landward constraint (c) and loss of some intertidal area (i.e. coastal squeeze) (d); and a landward 
constraint (e) and sediment deposition and landward and vertical migration and preservation of intertidal area (f). 

a b 

c d 

e f 



   
 

   
 

3.2 Chenier Plains   

3.2.1 Present situation 

The cheniers are well-studied (Schofield, 1960; Woodroffe et al. 1983; Dougherty and Dickson, 2012), 

and the Pūkorokoro/Miranda chenier plain is considered to be a site of global significance for 

understanding chenier evolution (Dougherty and Dickson, 2012). Of most relevance are the modern 

cheniers that formed over the last 1000 years during a period of sea level rise; the evolution of these 

features is discussed here.  

 

Chenier development is thought to be initiated by large waves associated with storms arising from 

sub-tropical depressions (Dougherty and Dickson, 2012) accumulating a coarse sediment bank that 

forms a base for the chenier (Woodroffe et al, 1983; Dougherty and Dickson, 2012). Over following 

years and decades, waves cause the bank to migrate shoreward, and a shell ridge – that is, the chenier 

– is built-up on top of the bank over time as the feature enters shallower water (Figure 2.4a) 

(Dougherty and Dickson, 2012). Sediment is deposited (Figure 2.4b) and intertidal vegetation is able 

to grow in the shelter of the chenier (Figure 2.4c) but can be smothered and then exposed (to seaward) 

as the chenier continues to migrate landwards (Figure 2.4c, 2.5). The chenier migration will eventually 

halt when another chenier forms to seaward (Dougherty and Dickson, 2012).  This process is currently 

causing accretion of the shoreline. 

 

3.2.2 Future change 

Sea level rise could cause the cheniers to migrate further landwards. The rate of migration will increase 

with accelerated sea level rise, but migration will eventually be constrained by any defences or the 

East Coast Road. If large waves associated with storm events occur more frequently in the future then 

more frequent chenier formation is possible, but this would be dependent on there being sufficient 

shell and sand material available. If the intertidal areas are predominantly made up of deposited fine 

sediments in the future, then the supply of sand and shell material required to initiate and maintain 

cheniers will be depleted.  Over longer timescales, the supply of shell material may also be dependent 

on the ability of the intertidal area to maintain shellfish beds and this may not be possible with 

enhanced fine sedimentation rates.  It is possible that relict cheniers that are currently above sea level 

may be re-worked and contribute coarse sediment to the contemporary chenier system. 



   
 

   
 

  

 
 
Figure 2.4.  Chenier at Pūkorokoro/Miranda showing seaward looking south(a) and landward sides looking south (b) and north (c). 
 



   
 

   
 

3.3 Intertidal vegetation and mangrove forest  

3.3.1 Present situation 

There are three distinct morphological units of intertidal vegetation. Firstly, mangroves/Mānawa are 

present at the river mouth at Kaiaua. These form in the fine sediment that has accumulated in the 

relatively sheltered area between the bridge and the river mouth.  Secondly, mangroves/Mānawa and 

other intertidal vegetation occur in fine sediment deposited in the swales between cheniers 

(Dougherty and Dickson, 2012) between Kaiaua and Pūkorokoro/Miranda. As the cheniers migrate 

landwards, the vegetation in each swale is first smothered under the immediately-seaward chenier 

ridge and then stranded to seaward of the chenier and exposed to erosion by waves as that chenier 

progresses (Figure 2.5). Finally, the mangroves/Mānawa in the south of the study area are part of the 

rapidly expanding mangrove forest that extends from Pūkorokoro/Miranda to the Waihou River 

(Figure 2.6). The mangroves/Mānawa have colonised the intertidal area that has been rapidly 

accreting from sediment that is resuspended by waves over the adjacent unvegetated intertidal flat 

and transported landwards into the mangrove forests. Vertical accumulation rates measured from 

2009 - 2016 (monitored outside the Wharekawa 2120 study area along a transect between the 

Waitakaruru and Piako Rivers) vary between 13 – 47 mm/yr (Swales et al., 2019). Sedimentation and 

intertidal flat elevation are reduced during periods of warmer temperatures due to desiccation and 

compaction of the mudflat surface, with greater rates of sedimentation occurring at mean 

temperatures between 13-15°C (Swales et al., 2019). Subsidence is also significant in the southern 

mangrove/Mānawa forest and ranges between 7.7 ± 0.5 to 9.4 ± 0.5 mm/yr (Swales et al., 2016a). 

 

Overall, the intertidal vegetation and mangrove forests north of Pūkorokoro/Miranda are poorly 

studied, with research to date mainly focusing on the southern Thames mangrove forest (e.g. Swales 

et al., 2007; Swales et al., 2015; Swales et al., 2016a; Swales et al., 2019). Patterns of intertidal 

vegetation development and demise are partially cyclical where the mangroves/Mānawa are situated 

behind the mobile cheniers, which contrasts with the ongoing progressive growth of the 

mangrove/Mānawa forests in the south of Tīkapa Moana/Firth of Thames and possibly also at Kaiaua.   

 

–3.3.2 Future changes 

As sea level rises, intertidal vegetation is likely to migrate landwards until eventually constrained by 

sea walls, the East Coast Road or rising topography. At that point, the intertidal flat, with its 

surmounting vegetation, could accrete vertically if the conditions were right (Figure 2.3). Monitoring 

of the mangrove forest south of Pūkorokoro/Miranda indicates that short-lived, episodic extreme 

water levels have little impact on accretion rates (Swales et al., 2019) and therefore the ability of the 



   
 

   
 

intertidal vegetation to migrate landwards, or maintain its position, will most likely depend on the 

long-term rate of relative sea level rise, including the effects of subsidence, waves and currents, and 

supply of fine sediment.  As discussed previously, although the supply of fine sediment to the study 

area is considerable, there is no guarantee that it will be sufficient in the future to drive continued 

accretion of intertidal flats as sea level rises. Increases in air temperature may also reduce 

sedimentation rates and intertidal elevation due to desiccation and compaction of the mudflat surface 

(Swales et al., 2019). 

 

Between Kaiaua and Pūkorokoro/Miranda, the viability of the intertidal vegetation will also depend 

on continued sheltering by chenier ridges. If sea level rises rapidly and if cheniers migrate shoreward 

at an increased rate, then intertidal vegetation might not have sufficient time to become established.  

Once constrained, the ability of the mangrove forest to survive will depend on fine sediment supply 

being sufficient to enable vertical accretion in the face of sea level rise and on the existence of a 

chenier to seaward. It is possible that even if there is sufficient supply of fine sediment, the cheniers 

will no longer provide shelter, thereby exposing the intertidal vegetation to erosive waves and 

currents and preventing further development. 



   
 

   
 

  

  

  

 
Figure 2.5. Photos showing chenier progression and the resultant smothered and exposed 
intertidal vegetation and fine sediments between Kaiaua and Pūkorokoro/Miranda. 
 



   
 

   
 

 
 
Figure 2.6. Mangrove forest in southern Tīkapa Moana/Firth of Thames. 



   
 

   
 

3.4 Limitations of analysis 

There are three main sources of uncertainty: 

i. Uncertainty around how the physical processes controlling the future state of the marine 

environment (e.g. waves and currents, sediment supply) will change in the future in response 

to climate change. 

ii. Uncertainty around the present functioning of the marine environment. 

iii. Uncertainty around how the marine environment will respond to future changes. 

 

Due to these uncertainties it is only possible to provide a qualitative review of geomorphological 

change as a result of climate change. It is not possible to quantify any changes or associate a likelihood 

with these changes. 

 

It is likely that (i) will always exist, as this uncertainty depends on the magnitude of global emissions, 

the assumptions made in modelling emission scenarios and the complexity of scaling global 

predictions to a meaningful local scale to inform predictions of geomorphological change. In contrast, 

(ii) and (iii) can be reduced through scientific investigations and monitoring.  Possible approaches to 

reducing uncertainty are as follows: 

 

1. An analysis of waves in Tīkapa Moana/Firth of Thames and how they transport sediment over 

the intertidal flats. 

2. A detailed spatial analysis of habitat areas (e.g. mangrove, intertidal, subtidal) using aerial 

photographs and LiDAR to determine: 

a. Accommodation space to allow landward migration of habitats with sea level rise. 

b. Volumes and areas of morphological features to refine a sediment budget and 

determine required future sediment volumes. 

c. Changes in intertidal morphology and spatial patterns of sedimentation. 

d. The relationship between chenier and mangrove forest development. 

3. Measurement of sediment fluxes from the Waihou and Piako rivers into the Firth of Thames 

to understand contemporary quantity of fine sediment. 

4. Ongoing monitoring to track habitat change as the climate changes. 

 

 

 

 



   
 

   
 

3.5 Summary 

3.5.1 Intertidal flats 

Intertidal flats are likely to migrate landwards until constrained by either higher topography, coastal 

defence structures or the East Coast Road. Once constrained, the viability of the intertidal flats 

depends on there being a sufficient sediment supply and a hydrodynamic environment that will 

facilitate sediment accretion. Understanding of the sediment budget is rudimentary but the evidence 

indicates that predominantly fine sediment deposition is likely, although a sufficient supply of 

sediment in the future is not guaranteed. More frequent and larger waves will reduce the elevation 

of the intertidal area. 

 

3.5.2 Cheniers 

Cheniers are likely to migrate further and more rapidly landwards as sea level rises until constrained 

by either higher topography, coastal defence structures or the East Coast Road. Once constrained, the 

viability of the cheniers depends on there being a sufficient sediment supply to maintain sediment 

accretion.  More frequent waves and storms could increase the frequency of chenier generation, but 

this is also dependent on there being a sufficient sediment supply. If sufficient sediment supply is not 

available, then increased wave activity is likely to erode the cheniers. Very little is known about the 

supply of coarse sediments and shell material which is sourced from the north and from the lower 

intertidal flats, but if the adjacent intertidal flats become muddier then the supply of coarse sediments 

and shell material will be reduced. Relict cheniers may become re-activated by sea-level rise, and 

therefore could be re-worked into modern features. 

 

3.5.3 Intertidal vegetation 

Intertidal vegetation is likely to migrate landwards until constrained by either higher topography, 

coastal defence structures or the East Coast Road. Once constrained, the viability of the intertidal 

vegetation depends on there being a sufficient fine sediment supply and a hydrodynamic environment 

that will facilitate sediment accretion.  Understanding of the sediment budget is rudimentary but the 

evidence indicates that a sufficient supply of sediment in the future is not guaranteed. The intertidal 

vegetation north of Miranda also depends on the continued existence of the cheniers; , if these break 

down or migrate landwards rapidly then the intertidal vegetation will either become exposed to 

erosive waves and currents or will not establish in the first place. 

 

 

 



   
 

   
 

3.6 Development of scenarios 

The above qualitative analysis can be summarised as a series of morphological scenarios. Due to lack 

of data and the variety of controlling variables, the scenarios cover a wide range of possibilities. 

Furthermore, other scenarios are possible due to unexpected or unknown factors. Nevertheless, the 

following scenarios are considered the most likely based on the current available evidence. 

 

1. The intertidal area is maintained but sediments become muddier. 

2. The intertidal area does not become muddier but reduces in area. 

3. The intertidal area reduces in size and becomes muddier. 

4. Cheniers migrate further onshore (possibly at a faster rate) and are generated more 

frequently, while chenier area is maintained or possibly slightly increased. 

5. Cheniers become inundated or erode and reduce in size. 

6. Intertidal vegetation area is maintained. 

7. Intertidal vegetation area is reduced. 

 



   
 

   
 

4  Impacts on ecological values 
 
Here we consider the impacts on ecological values of the scenarios outlined in 3.6.   

4.1 Intertidal area – Scenarios 1-3 

In the scenario in which the intertidal area is maintained but sediments become muddier (Scenario 1), 

there are likely to be significant negative impacts on the macrobenthic community and ecological 

functioning, as outlined in section 1.1. This is evident from studies that have either manipulated mud 

content/sediment deposition or assessed changes in community structure and functioning over sand-

mud gradients (Norkko et al. 2002, Hewitt et al. 2003, Lohrer et al. 2004, Pratt et al. 2014a). Given 

that several bivalve species present in the intertidal zone have optimal bed-sediment mud content 

<30%, and in the case of pipi <5%, increases in mud content could lead to decreases in the abundance 

of bivalves across the project area. Taxa that feed on shellfish will be affected, e.g., birds, and the 

severity of that effect will depend on factors including i) whether predators are limited by prey 

availability, ii) whether there are taxa-specific effects related to habitat usage and foraging behaviour 

(e.g. some birds may be unaffected, others could be severely affected), iii) whether there are impacts 

on the energetics of foraging behaviour, for example if bivalves become less dense, smaller or harder 

to find (MacArthur and Pianka 1966). As sediments become muddier, there will be changes in 

ecosystem functioning and possibly lower rates of denitrification as the sediment surface becomes 

capped and interstitial spaces between larger sediment grains are blocked (Pratt et al. 2014a, 2014b). 

Lower rates of denitrification would result in the coastal environment having less capacity to deal with 

anthropogenic nitrogen loading associated with human activities (e.g. farming, wastewater 

discharges). Assuming waves become more frequent, larger and persist for longer durations, 

resuspension of muddy sediments by wave orbital motions will result in increased suspended-

sediment concentrations and more time when suspended-sediment concentration is above 

background levels, both of which are known to have negative impacts on a range of taxa, especially 

filter-feeders like pipi (Hewitt and Norkko 2007). The above illustrates why Brownell et al. (2008) 

considered sediment to be a current and key stressor for the Ramsar site that could be exacerbated 

by climate change.  

 

In the scenario in which the intertidal area does not get muddier but reduces in area (Scenario 2), 

negative impacts associated with muddying of the foreshore under Scenario 1 may be tempered. The 

loss of intertidal habitat could have impacts on higher order taxa and, as above,  the severity of the 

impacts will depend on whether predators are prey limited, whether specific taxa are affected e.g. 

those using habitat lower on the shore, whether foraging behaviour is affected,  and the rate of sea-

level rise (and thus the ability of benthic taxa/habitats to migrate landwards). The loss of intertidal 



   
 

   
 

habitat could be offset if the benthic communities are able to persist in shallow subtidal habitats. 

Cockles and pipi are found in shallow subtidal environments; preferentially for pipi, and cockles being 

recorded down to 20 m depth. Shellfish are found predominantly on the mid to lower shore, which is 

also where fine sediments are currently depositing (Figure 2.3), so these taxa may be more affected. 

As outlined in Section 2, there is uncertainty around how the intertidal area will respond to sea-level 

rise.  

 

The scenario in which the intertidal area reduces in size and becomes muddier (Scenario 3) combines 

the negative effects of Scenario 1 with the loss of habitat of Scenario 2. In this scenario, it is likely we 

will see the greatest impact on significant ecological values and on the coastal environment. Under all 

scenarios, extended periods of thermal stress may have negative on benthic habitats and intertidal 

fauna. Habitats and fauna that are in better condition/under lower stress will be more resilient 

(Gladstone-Gallagher et al. 2019), given that mass mortality events can stem from multiple stressors 

(Tricklebank et al. 2020).  

 

The ability of the project area to support birdlife under the above scenarios is a complex issue. More 

detailed consideration could focus on specific bird species, diet/prey choice, feeding strategy and 

current habitat usage to aid in an assessment of vulnerability (outside the range of the current study). 

However, as there is high uncertainty around how the intertidal area will change (grain-size, 

area/emersion, habitat coverage), a more detailed consideration will not necessarily provide any more 

certain predictions. As noted already, the effect of storms and extreme water levels is difficult to 

predict, but a recent inundation event provides a useful illustration. A storm tide in January 2018 had 

most impact on the Tara/white-fronted tern (Sterna striata) and Tarāpuka/black-billed gull (Larus 

bulleri), which were nesting in colonies on the outer shell spit that was completely inundated. Also, 

spur-winged plover (Vanellus miles) were not seen again near Pūkorokoro/Miranda until the end of 

2018, possibly due to the impacts of saltwater inundation on pastures (Keith Woodley pers. com.).  

 

While future changes in the environment have the potential to impact birdlife and should not be 

ignored, it is also important to focus on contemporary issues. Current management practices will 

affect future pressures and the state of bird populations. Predation of shorebirds has been 

documented, and feral cats are commonly observed in the coastal area between Pūkorokoro/Miranda 

and Kaiaua (Brownell et al. 2008). They way cats, mustelids, rats and hedgehogs are managed by 

predator control and monitoring will have a significant bearing on the future state of bird populations, 

as will the management of marine invasive species, human disturbances, habitat loss and degradation, 



   
 

   
 

and sediments.  Table 3.1, which looks at current and future influences on coastal stressors, shows 

that all stressors will be modified by climate change but, nearly all stressors are also modified by 

current local or regional activities and management practices. Managing contemporary issues and 

maintaining or restoring the integrity of coastal systems need to be a primary focus. Healthy coastal 

systems that are not impeded from migrating shoreward may show the greatest resilience in the face 

of climate-modified stress. Under all of the scenarios, the intertidal environment will eventually be 

constrained by current coastal defences and the East Coast Road, unless these structures are 

abandoned or modified, and the foreshore is given opportunity to retreat. Over the long-term, the 

differences between the scenarios will thus be timing, onset and rate of change.  

 

Table 3.1. Current stressors for coastal systems, their ability to be managed by local/regional actions 
and whether they will be affected by climate change.  

 

Stressor category Modified by current 
local/ regional activities 

Affected by Climate 
Change 

   

Temperature  No Increased 
SLR (possible loss of Intertidal area) No Increased 

Acidification Yes Increased  

Habitat loss and degradation Yes modified 
Sediments Yes modified 

Disturbance  Yes modified 

Invasive species Yes modified 

Contaminants Yes modified 

Nutrients Yes modified 

Predation  Yes modified 

Harvesting and exploitation pressure Yes modified 

human recreation and disturbance Yes modified 

drainage and infilling Yes modified 

 
 
4.2 Cheniers - Scenarios 4-5 

The scenario in which cheniers are generated more frequently and their area is maintained (Scenario 

4) will preserve, either partially or fully, the significance of the features. In addition, the continued 

migration of cheniers across the coastal zone will maintain the succession and sequence of coastal 

features: the deposition of sediment and persistence of intertidal vegetation on the leeward side of 

the chenier (Figure 2.7 b,c). If the area of chenier ridges is maintained then adequate habitat should 

be available, providing other aspects of habitat suitability are maintained.  

 

The alternative scenario, in which cheniers become inundated or erode and reduced in size (Scenario 

5), may have a range of impacts. This includes substantially reduced levels of protection provided to 



   
 

   
 

the shoreline, exacerbating the impacts of storm and wave action, and affecting the persistence of 

fringing coastal vegetation if shorelines become more exposed. The mangroves/Mānawa north of 

Miranda depend on the continued existence of the cheniers. If the cheniers break down or migrate 

landwards rapidly, intertidal vegetation will either become exposed or will not establish. There may 

be significant disruption of species that utilise cheniers such as Tarāpuka/black-billed gull, Tōrea 

pango/variable oyster catcher, Tūturiwhatu/New Zealand dotterel, and other bird species that 

frequent and utilise this feature.  

 

4.3 Intertidal vegetation - Scenarios 6-7 

If the areas of saltmarsh and Mānawa/mangrove are maintained (Scenario 6), it is probable that there 

will be some retention of the ecological and anthropic values associated with these habitats. The 

relative importance of this and the ecosystem services generated may increase under future scenarios 

in which coastal flooding becomes more probable and storm surges become more frequent and 

severe. Other services such as sediment retention and habitat provision are complicated because they 

are also dependent on other factors e.g. sediment supply, population dynamics and life-traits. 

Ecosystem services and ecological value are not purely dependent on area, as the quality and integrity 

of habitats also play a role (Geange et al. 2019). However, because area is such a key driver in scenarios 

where intertidal vegetation reduces in extent (Scenario 7), there is likely to be a loss of ecological 

value. This would include a loss of bird roosting and nesting areas and habitat in which they feed. This 

may also reduce the extent of habitat that supports taxa including insects, geckos, and other transitory 

species (Anderson et al. 2019). Under Scenario 7, there would likely be a reduction in carbon storage, 

given the significant that coastal vegetation has relative to other habitats. Bulmer et al. (2020) 

measured the storage of organic carbon in saltmarsh (90 t C ha-1) and mangroves (46 t C ha-1) which 

compares favourably to cropland and grassland ( 3 and 19 t C ha-1) and unvegetated estuarine habitat 

(26 t C ha-1). This study also demonstrated that coastal vegetation provides subsides and was 

contributed to the organic carbon stored in other habitat types. The combination of primary 

production and the subduction of organic material demonstrates the services that may be lost if 

intertidal vegetation reduces in extent. Under scenario 7 there will likely be reduced protection of the 

shoreline and potentially increased effects of flooding.  

 
4.4 Conclusions  
 
It is difficult to predict with certainty the ecological changes that will occur as the Wharekawa coastline 

responds to a changing climate. Nonetheless, we can say with certainty that new stressors will emerge, 

interactions between stressors will change, and surprises will occur. Historically accepted guidelines 



   
 

   
 

or practices will require modification if no longer appropriate or sustainable under future conditions. 

Management action is needed: firstly, to consider different future scenarios and the effects of possible 

intervention and, secondly, to address contemporary issues and disturbances that are impacting 

ecological values today. There are still many issues that require pressing attention, including continued 

habitat loss and degradation, drainage and infilling disturbances, water quality and invasive marine 

species. Focusing efforts on maintaining and restoring the coastal area and minimising existing 

stressors may serve as the best insurance for facing an uncertain future.  
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