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1 Qualifications and Experience 

1.1 My full name is Simon Andrew West. 

1.2 I am senior marine ecologist of Bioresearches Group Limited (‘Bioresearches’) that 

was established in 1972 and specialises in Ecological Consultancy Services.  I have 

a Bachelor of Science with Majors in both Biology and Earth Science, and a Master 

of Science with Honours in Zoology from the University of Auckland (1991). I have 

been in private practice for 26 years. 

1.3 During that time, I have undertaken ecological assessments in a wide range of 

habitats throughout New Zealand (Whangarei to Tiwai near Bluff) in a variety of 

habitat types (continental shelf and coastal subtidal and intertidal areas to north 

island rivers lowland forests). For the past 26 years, my principal area of 

responsibility regarding field assessments has been the marine ecology aspects of 

various development proposals. 

1.4 I have conducted and managed numerous ecological investigations on behalf of 

regional councils, district councils, private entities and others. Examples include: 

a) Annual intertidal ecological surveys in a Wharekawa Estuary effects of 

harvesting forest owned by Carter Holt; 

b) Subtidal monitoring of the effects of disposal of marine sediments at 

Beachlands from Pine Harbour Marina; 

c) Monitoring the effects of disposal of marine sediment on the continental shelf 

east of Great Barrier Island; 

d) Monitoring the effects of construction of Waterways at Pauanui, Whitianga and 

Marsden Cove; 

e) Monitoring the effects of the widening and raising of the Causeway section of 

the Western Motorway; 

f) Monitoring the effects of the return of the Watercare oxidation ponds at 

Mangere to the sea. 

2 Involvement with the Appeal 

2.1 I was contacted in early February 2017 and asked to provide my expert opinion 

regarding effects of the proposed rezoning of land in the Okura Catchment for 

residential development, on marine ecology.  I have subsequently reviewed the 

information available to me in relation to effects of sedimentation on Auckland’s 

small east coast estuaries. I first visited the Okura Estuary in 1993 through my 

previous surveys of the Seafood Resources of the Auckland Region, and have made 

one site visit during this year on 11 March 2017.  I have made numerous visits to 

the coastal environment adjacent to the Todd Long Bay development area.  I 

participated in expert conferencing on 6 June 2017 with Dr Michael Townsend 
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(OHL), Dr Drew Lohrer (OHL), Dr Sharon De Luca (OHL) and Prof Simon Thrush 

(Auckland Council).  A major point of disagreement in the marine ecology 

conferencing was whether the effects of proposed development were likely to be 

negligible and whether the analyses undertaken to date fully accounted for all risks.   

2.2 I have read evidence in chief of Professor Simon Thrush (marine ecology), John 

Oldman (modelling), Dr Tim Lovegrove (avifauna), Nicholas Vigar (stormwater), 

Michael Parsonson (erosion and sediment control), Sam Morgan (coastal process), 

Andres Roa (stormwater, erosion and sediment control) and Graham Don 

(avifauna). 

3 Code of conduct 

3.1 I have read and am familiar with the Code of Conduct for Expert Witnesses in the 

current Environment Court Practice Note (2014), have complied with it in the 

preparation of this evidence, and will follow the Code when presenting evidence to 

the Court.  I also confirm that the matters addressed in this statement of evidence 

are within my area of expertise, except where I rely on the opinion or evidence of 

other witnesses.  I have not omitted to consider material facts known to me that 

might alter or detract from the opinions I express. 

4 Scope of evidence 

4.1 My statement of evidence addresses the following matters: 

a) Values of Okura Estuary 

b) Effects of sediment runoff 

c) Comments on Models used 

5 Values of Okura Estuary 

5.1 The Long Bay-Okura Marine Reserve contains a considerable variety of intertidal 

and coastal habitats including sandy beaches, rocky reefs, estuarine mudflats and 

mangroves.  It is the only marine reserve that protects the coastal habitats in this 

part of the east coast of Auckland.  It protects extensive soft sediment habitats in 

the inner Hauraki Gulf that are different to other marine reserves in the region, 

such as the rocky reef habitats of the Cape Rodney to Okakari Point (Goat Island) 

Marine Reserve or the sandy habitats of the Motu Manawa (Pollen Island) Marine 

Reserve. 

5.2 The significance of the Long Bay-Okura Marine Reserve lies in the variety of habitats 

protected as well as its close proximity to urban Auckland. 

5.3 Policy 11 of the NZCPS 20101 sets out requirements for protection of biological 

diversity in the coastal environment.  The SEA-M1 overlay for the Long Bay–Okura 

                                                           
1  New Zealand Coastal Policy Statement 2010 
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Marine Reserve addresses the requirements in Policy 11 of the NZCPS 2010 for 

protection of coastal and marine indigenous biodiversity. 

5.4 Policy 11 of the NZCPS 2010 contains a hierarchy of protection, with Policy 11 (a) 

being more restrictive than Policy 11 (b).  Policy 11 (a) (vi) requires that the adverse 

effects of activities on areas set aside for protection of indigenous biodiversity are 

avoided.  

5.5 Benthic and marine surveys have been undertaken in the marine reserve from the 

1990s and describe the variety of habitats and species present.2  A wide range of 

marine animals are present in the Okura Estuary including large species, such as 

pipi and cockles, sensitive to increased sediment.  The outer Okura Estuary and 

Karepiro Bay, which are part of the marine reserve, are dominated by long-lived 

and large species sensitive to sediment.3 

5.6 Benthic biota have been assessed and monitored in the Okura Estuary frequently 

by Auckland Council and other agencies since April 2000.  Most recently, NIWA have 

completed a baseline assessment of the ecology of Okura Estuary in 2014.4  These 

studies have shown the estuary is ecologically divided into the muddier inner 

estuary, west of the sand bar and the sandy outer estuary to the east of the bar.  A 

few studies have also recorded the biota present in the sandy inner Karepiro Bay,3 

immediately adjacent to the north of the outer Okura Estuary. (Figure 5.1) 

5.7 The biota in the muddier inner estuary is dominated by a combination of ‘high-

density crustacean burrows’ and ‘mangrove’ habitats.  Low densities of cockles 

were present near the channel edge.4 

5.8 The biota in the sandy outer estuary is dominated by ‘Low-density deposit feeder’ 

habitat, which was present over the majority of the large intertidal flat on the 

northern side of the estuary.  Within this habitat, low densities of wedge shells, 

Macomona liliana and cockles, Austrovenus stutchburyi and a number of different 

species of polychaetes are common.  Within this large intertidal flat, there were 

also several patches of ‘high-density pipi’ habitat.  Adjacent to this area there were 

patches of ‘high-density cockle’ habitat, commonly close to the channel on both 

the northern and southern sides of the estuary.  Where the main estuary channel 

forks into two, there is a lone patch of ‘tubeworm’ habitat.  On both the northern 

and southern sides of the outer estuary, the upper intertidal areas have areas of 

‘mudstone’ habitat along much of the high tide boundary.  Along the southern side 

of the estuary, three small catchment drainage arms enter the main estuary from 

                                                           
2  http://www.doc.govt.nz/nature/habitats/marine/type-1-marine-protected-areas-marine-reserves/marine-reserve-

monitoring/long-bay-okura-marine-reserve-monitoring/ 
3  Hewitt, J.; (2008). Benthic ecology of Weiti Estuary and Karepiro Bay. Prepared by NIWA for Auckland Regional Council. 

Auckland Regional Council Technical Report 2008/019. 
4  Townsend, M., Hailes, S. F., Carter, R., Wadwha, S. (2015) Assessment of Potential Effects of Land Development on Okura 

Estuary: Baseline assessment of the ecology of Okura Estuary.  Report prepared by NIWA for Todd Property Group Limited 

http://www.doc.govt.nz/nature/habitats/marine/type-1-marine-protected-areas-marine-reserves/marine-reserve-monitoring/long-bay-okura-marine-reserve-monitoring/
http://www.doc.govt.nz/nature/habitats/marine/type-1-marine-protected-areas-marine-reserves/marine-reserve-monitoring/long-bay-okura-marine-reserve-monitoring/
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the development site.5  These are lined with ‘mangrove habitat’ beyond which the 

muddier sediments were typically ‘high-density crustacean burrow’ habitat, more 

similar to the inner estuary.4 

5.9 In the southern Karepiro Bay area the habitat is dominated by rippled fine sand 

with reasonably dense populations of adult Macomona (>100/m2 sized >20mm), 

and a high proportion of crustaceans (amphipods and cumaceans).  The most 

dominant taxa being the polychaete Magelona dakini, the amphipod Waitangi 

brevirostris and the cumacean Colurostylis lemerum.3  The latter two species and 

Macomona are sensitive to increased fine sediment, as discussed further below (in 

paragraph 6.33). 

 

Figure 5.1 Areas in Okura Estuary and wider receiving environment. 

6 Effects of Sediment Run-off 

6.1 While sediment run-off is a natural process, human activity in the catchment can 

dramatically increase the rate at which this occurs.  Land development has the 

potential to significantly increase the input volume of sediments and contaminants 

to streams, which then feed into the marine receiving environment.  The exposure 

of bare earth during the earthworks phase increases catchment runoff of water and 

sediment.  As the urban area matures (occupied dwellings) sediment runoff 

                                                           
5  Green, M.O. (2016) Assessment of Potential Effects of Land Development on Okura Estuary. Estimates of Metal Accumulation in 

the Estuary. Extension of Model and Review of Model Parameters. Report TOD1601–1, Streamlined Environmental, Hamilton, 
28 pp. 
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decreases but other contaminant loads (such as heavy metals) increase, all of which 

has the potential to alter the composition and quality of sediments in the estuaries 

over the short to longer term. 

6.2 In my opinion, and having regard to the evidence of the sediment and stormwater 

experts which I have read,6 of the two development options i.e. 26-30 small (4 ha) 

blocks, or between 1200 and 1900 dwellings in an urban zone,7 less dwellings is 

better in terms of scale of earthworks and ongoing contaminant loads. 

6.3 Biota in the marine receiving environment is affected by a number of factors 

associated with sediment run-off; 

a) increased suspended solids, reducing water clarity and quality, 

b) sedimentation, the accumulation of fine sediment on the seabed, 

c) sediment composition changes, either changes in grain sizes, or increases in 
contaminant concentrations. 

6.4 I now address each of these effects.  

Water Clarity and Quality 

6.5 Water quality is not monitored within the Okura Estuary as part of any Auckland 

Council study.  Therefore, there is no baseline with which to compare model 

predictions of suspended solids.  However, water quality from the base of 

catchments in Weiti and from the OHL land have been sampled during and post 

rainfall events.  Case studies of both of these catchments are presented in evidence 

by Mr Townend as appendices 1 and 2.  The data shows significant inputs of 

sediment rich water entering the estuary following less than 5 year return period 

rainfall events, particularly from areas with exposed earthworks, despite 

treatment.  

6.6 Mr Parsonson also details the modelled or predicted outputs (as determined by 

NIWA) assuming full chemical treatment of all sediment containing discharges, and 

reveals that significant ‘slugs’ of sediment are generated under the urban zoning 

scenario, particularly for larger rainfall events.8  Photographic and video evidence 

of such sediment ‘slugs’ from development in this area is also available.9 

6.7 Benthic communities are affected by increased suspended sediment 

concentrations, which increases turbidity.  Primarily increased turbidity reduces 

light penetration into the water column affecting primary production of pelagic 

phytoplankton and benthic microphytes and thus reducing a key food component 

to suspension feeders, herbivorous benthic grazers and deposit feeders. 

                                                           
6  Statements of evidence of Mr Parsonson and Mr Vigar (for Auckland Council, dated 19 July) and Mr Roa and Mr Morgan (in 

draft) for the Society. 
7  Refer Joint Witness statement of the Planning Experts, 15 June 2017. 
8  See paragraphs 7.54 to 7.58 of Mr Parsonson’s evidence. 
9  Refer Figures 2 and 3 to Mr Don’s evidence for example, and as produced in my evidence, as discussed below.  
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6.8 The degree to which organisms respond to different concentrations of suspended 

sediments varies between species.  Laboratory and in situ studies10 suggest that 

both the concentration and time exposed to these concentrations are important in 

determining the species response. 

6.9 The heart urchin, Echinocardium australe, a large burrowing deposit feeder present 

in the outer Okura Estuary subtidal habitats, has been shown to be adversely 

affected after 3 days exposure to suspended solids concentrations above 80 mg/ l.  

The Echinocardium showed sub lethal effects of increased burial times because of 

exposure to increased suspended sediment concentrations.  The studies also 

recorded deaths, however it is unlikely that deaths occurred directly from the 

suspended sediments.  Sub lethally stressed animals remaining on the sediment 

surface are nevertheless more vulnerable to predators.11 

6.10 The polychaete, Boccardia syrtis, a tubeworm likely to be present in the Okura 

Estuary area was also adversely affected at suspended solids concentrations above 

80 mg/l, but they tolerated the lower elevated suspended solids for longer, 

showing effects after 9 days.  Again, the effects were sub lethal with feeding rates 

for Boccardia decreased over time.  The higher the concentrations of suspended 

solids the greater the decreases in feeding rates. 

6.11 Studies on Scallops showed effects of differing concentrations of suspended solids, 

on their ability to remove particles from water.  The volume of water filtered per 

day by scallops was reduced as suspended solids concentrations were increased, 

and further reduced over time if the elevated suspended solids concentrations 

were maintained.  The variation in clearance rates suggested that suspended 

sediment concentrations higher than 100 mg/l affected their ability to process the 

particles.10 

6.12 Adult cockles, pipis, and scallops all exhibited the ability to continue feeding in high 

levels of suspended sediment over the short-term (< 1 week) but their condition 

was adversely affected by high-suspended sediment concentrations occurring for 

longer times.  Cockles had difficulties coping with suspended sediment 

concentrations higher than 400 mg/l over long periods.  The type of suspended 

sediment was also important, for example, suspended terrigenous sediment 

affected cockles more than resuspended marine sediment.12 

6.13 The wedge shell, Macomona liliana, a common inhabitant of soft sediments in the 

outer Okura Estuary and Karepiro Bay, was adversely affected at suspended 

sediments concentrations above 300 mg/l after 9 days.  After 14 days of exposure 

                                                           
10  Nicholls, P. E., Hewitt, J. E., & Halliday, J. M. (2003). Effects of suspended sediment concentrations on suspension and deposit 

feeding marine macrofauna. Auckland Regional Council. TP211 
11  Lohrer, A.M.; Hewitt, J.E.; Thrush, S.F.; Lundquist, C.J.; Nicholls, P.E.; Liefting, R. (2003). Impact of terrigenous material 

deposition on subtidal benthic communities. NIWA Client Report HAM2003-055 prepared for Auckland Regional Council. June 
(NIWA Project ARC03205) 

12  Gibbs, M. M., & Hewitt, J. E. (2004). Effects of sedimentation on macrofaunal communities: a synthesis of research studies for 
ARC. Auckland Regional Council.  TP264 
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to the highest suspended sediment concentrations, most of the Macomona had 

died or were lying exposed on the surface of the sediment.13 

6.14 These results highlight the potential for indirect and subtle sub lethal effects of 

elevated suspended terrestrial sediment concentrations on common soft sediment 

species in the Auckland region.  However, a characteristic response of benthic 

bivalves to environmental stressors such as suspended solids is to close their valves 

and stop feeding completely in unfavourable conditions.  Obviously if conditions do 

not improve over time this will eventually result in the death of the shellfish.   

6.15 The effects of elevated suspended solids are not restricted to benthic biota.  Lowe14 

used manipulative laboratory experiments to show that short-term pulses of 

suspended sediment can reduce foraging success of juvenile snapper.  If exposure 

to elevated suspended solids was prolonged, this would then ultimately impair 

fitness of juvenile snapper populations, and subsequent recruitment and survival 

would be affected.  Wild juvenile snapper were also found to have significantly 

lower condition indices in the more impacted estuaries characterized by lower 

water clarities and increasing urbanization than those in more ‘pristine’ clearer 

estuaries.  Lowe found suspended solids concentrations greater than 35 mg/l would 

result in sub lethal effects on juvenile snapper.  

Sedimentation 

6.16 Once sediment is discharged from a development site, usually as suspended solids, 

either it stays suspended in the water column moving around with wind and tides, 

or it settles to the seabed.  Larger particles generally settle to the seabed first in 

the nearby receiving environment while smaller particles are transported further 

afield.  This often results sediment fans or delta’s around a point source location, 

with thicker layers of sediment nearest the discharge point grading to thinner 

layers further away.  This settlement pattern is accentuated by differences in 

chemistry between the freshwater and saline estuary water, resulting in a process 

known as flocculation.  Flocculation is essentially the clumping together of charged 

sediment particles into larger particles, which then settle to the sea bed faster due 

to their large size.15  

6.17 Gibbs and Hewitt.12  Synthesised four general guidelines from the research 

conducted to 2004 on effects of sedimentation on macrofaunal communities in the 

Auckland and nearby regions: 

a) In general, the thicker the layer of mud, the more animals will be killed and the 
longer recovery will take.  This will affect both the number of species and the 

                                                           
13  Hewitt, J.; Hatton, S.; Safi, K.; Craggs, R. (2001). Effects of suspended sediment levels on suspension feeding shellfish in the 

Whitford embayment. Prepared for Auckland Regional Council. NIWA Client Report ARC00205 
14  Lowe, M. (2013). Factors affecting the habitat usage of estuarine juvenile fish in northern New Zealand (Doctoral dissertation, 

University of Auckland). 
15  Postma, H. (1980) ‘Sediment transport and sedimentation’ In: E. Olausson and J. Cato, (eds), Chemistry and Biogeochemistry of 

Estuaries, Wiley and Sons, Chichester, pp. 152–186. 
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number of animals within each species; however, some species are more 
sensitive than others are. 

b) If mud that has been washed down a stream to one of the tributary estuaries 
or the embayment results in a mud layer greater than 2 cm thick, remaining for 
longer than five days, then all the resident animals in that area (with the 
exception of mobile crabs and shrimp) will be killed due to lack of oxygen. 

c) A mud thickness of around 0.5 cm, persisting for longer than 10 days, will 
reduce the number of animals and the number of species, thereby changing 
the structure of the animal community. 

d) Frequent deposition of mud, less than 0.5 cm, may still have long-term impacts 
that can change the animal communities. 

6.18 These general rules apply to short-term events such as single storms or a series of 

storms events over a period of weeks with insufficient time for recovery between 

events. 

6.19 During the smaller less than catastrophic sedimentation events, large bivalves and 

mobile species were less affected than smaller ones.  Biota that dwell deeper in the 

sediment, were less affected than ones that live at the sediment surface. 

6.20 Lohrer et al reported in 200416 that manipulative experiments showed that 3 mm 

of terrigenous material was sufficient to significantly alter macrobenthic 

community structure after a 10-day period; the number of both individuals and taxa 

declined.  This is consistent with the general guidelines set out above.  However, 

they found that repeated depositional events did more damage than single ones.   

6.21 The extent and location of any effects and the frequency at which they would occur 

requires the prediction of the amount of sediment runoff for differing areas of 

earthworks in the catchment, rainfall events, the frequency of these events, and 

will depend on factors such as tide, wind, waves, flocculation and particle size, all 

affecting distribution of any discharges of suspended solids rich freshwater.   

6.22 A computer model has been used by NIWA171819 to simulate scenarios of rainfall, 

tide, wind and sediment runoff control.  However, these designed scenarios were 

restricted to single 24 hr period storm events and did not account for flocculation 

in the estuary, changes in wind strength or direction, or for storm events prior to 

or post the storm event.20 

                                                           
16  Lohrer, A.M., Thrush, S.F., Hewitt, J.E., Berkenbusch, K., Ahrens, M., Cummings, V.J. (2004) Terrestrially derived sediment: 

response of marine macrobenthic communities to thin terrigenous Deposits. Marine Ecology Progress Series, 273: 121–138. 
17  Green, M.O., Reeve, G. (2015) Assessment of Potential Effects of Land Development on Okura Estuary. Estuary Sediment 

Transport Modelling – Additional Scenarios. NIWA Client Report No. HAM2015–043, April 2015, NIWA Hamilton. 
18  Green, M.O. (2015) Assessment of Potential Effects of Land Development on Okura Estuary. Estuary Sediment Transport 

Modelling – Whole Catchment Sediment Runoff. NIWA Client Report No. HAM2015–115, September 2015, NIWA Hamilton. 
19  Reeve, G., Green, M.O. (2015) Assessment of Potential Effects of Land Development on Okura Estuary. Estuary Sediment 

Transport Modelling. NIWA Client Report No. HAM2014–113, May 2015 (2nd Amendment), NIWA Hamilton. 
20  Refer to Mr Morgan’s statement of evidence for the Society (and that of John Oldman for Auckland Council for a fuller 

discussion of these points).  
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6.23 The estuary sediment transport model19 indicates that the inner sand flats of 

Karepiro Bay are a sink for sediment discharged from the southern side of Okura 

Estuary in extreme weather events.   

6.24 On 11 March 2017, I visited Okura Estuary and Karepiro Bay during a 2-5 year return 

period storm.  At the time of the visit, the southeastern side of the Okura Estuary 

was undeveloped farmland.  The lower catchment west of Karepiro Bay was under 

development with significant areas of bare earth works (Figure 6.1) with Auckland 

Council approved storm water treatment systems in place.  The two streams that 

flow from the catchment were both discoloured with suspended solids as shown in 

Figure 6.2 and Figure 6.3.  Approximately 130 m offshore from the southern stream 

mouth was a small (approximately 50 m diameter) shallow (approximately 20cm 

deep) pooled depression in the shore which had accumulated a thin layer of fine 

terrigenous sediment (Figure 6.4).  Figure 6.5 shows that the fine sediment settled 

between the fine sandy ripple ridges.  Within these ripple troughs the layer of 

terrigenous sediment was approximately 1 mm thick.  Within this sedimentation 

area a number of shellfish, (pipi and cockles) were observed on the surface of the 

sediment, and showed no obvious sign of attempting to rebury themselves, a sub 

lethal effect.  The shore around the depressed area was apparently unaffected by 

sedimentation, however no detailed investigation was conducted. 

 

Figure 6.1 Image from Google Earth showing the extent of earth works in March 2017. 
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Figure 6.2 Karepiro Bay South stream discharging suspended solids rich water during 2-5 
year return period storm, 11 March 2017. 

 

Figure 6.3 Karepiro Bay North stream showing suspended solids rich discharges into 
Karepiro Bay, 11 March 2017. 
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Figure 6.4 Sedimentation in the shallow pooled depression 130 m offshore from Karepiro 
Bay South stream, 11 March 2017. (View to southeast) 

 

 

Figure 6.5 Sedimentation of silt and clay, in toughs between fine sand ripples, and 
showing thickness of sedimentation in the order of 1 mm, 11 March 2017. 

6.25 Appendix D in Reeve and Green19 appears to show deposition of greater than 3 mm 

of sediment is predicted to occur in Karepiro Bay under certain conditions following 

a 5-year rainfall event. 

6.26 The so called “worst case” model scenario addressed in that report, 100-year 24 hr 

rainfall storm event, predicts the short term deposition of sediment greater than 

1 mm thickness in a few areas of the Okura estuary for both treated and untreated 

earthworks.  The majority of these areas were in the inner Okura Estuary; however, 

sedimentation was predicted to occur in the three drainage embayments along the 

southern side of the Okura Estuary that drain from the OHL land.5  The model 5-

year storm event scenario data also shows additional sedimentation in the same 



12 
 

areas but not to the same extent.  The reports do not have sufficient detail to 

determine the specific values. 

6.27 There appears to be a contradiction between the data summarised at 6.25 and 6.26 

above, however a number of models appear to have been used by NIWA and 

published in a number of reports, some restricted to just Okura Estuary (hence 

6.26) and others predicting effects further afield (hence 6.25). 

6.28 I assume that the area of earth works,21 catchment, sediment types and sediment 

control measures in place at Karepiro Bay22 are likely to be similar to those planned 

for the urban Okura development.  The 11 March 2017 storm event (referred to 

above) was preceded by smaller events (31.5mm and 32mm 24 hr rainfall totals) 

2 and 3 days prior to the peak rainfall (78.5mm) on 11th March, with more smaller 

(39mm and 22.5mm) events on the days following.  Modelling of this kind of multi 

day event has not been conducted for the Okura site and clearly, the observations 

made mid event at Karepiro Bay show there is potential for sedimentation to occur 

in smaller than 5-year events.  This is not an isolated event as highlighted by details 

supplied in Appendix 1 of Mr Townend’s evidence which showed another 

sedimentation event occurred prior to 24th September 2016. 

6.29 The frequency of the 5-year return period events is significantly greater than the 

100-year return period events.  Therefore, the repeated occurrence of these small 

events has potential to trigger cumulative effects as shown by Lohrer et al16 in 

manipulative experiments. 

6.30 Repeated deposition of sediments, either small or significant catastrophic events 

in the long term will accumulatively cause changes in seabed level.  Changes in land 

use have been shown to change the rate at which sedimentation occurs.  The 

greatest changes usually coincide with mangrove habitats.  Both Mr Morgan and 

Mr Don have presented images of the extent of mangrove habitats in their evidence 

and shown how the area has changed over time.  Mangroves currently occur in the 

upper reaches of the Okura Estuary and there is a low to medium likelihood of 

large-scale mangrove expansion in the upper reaches under current conditions, 

noting that infilling has occurred in recent years.23  In Okura, increases in the area 

of mangroves have coincided with changes in land use.24  Increased sedimentation 

from the effects of development is therefore likely to impact on the cover of 

mangroves in the upper estuarine areas of Okura Estuary.  Based on the 

sedimentation patterns predicted by the model, mangroves are most likely to 

increase in extent along the southern shore west of the Okura township and on the 

northern shore opposite the township.  

                                                           
21  For example, as quantified in Mr Roa’s statement of evidence.  
22  Generally as discussed by Mr Parsonson.  
23  Swales, A.; Bell, R.G.; Gorman, R.; Oldman, J.W.; Altenberger, A. ; Hart, C.; Claydon, L.; Wadhwa, S.; Ovenden, R. (2008). 

Potential future changes in mangrove-habitat in Auckland’s east-coast estuaries. Prepared by NIWA for Auckland Regional 
Council. Auckland Regional Council Technical Publication Number TR 2009/079. 

24  Morrisey, D. et al (2007). The New Zealand Mangrove: Review of the Current State of Knowledge. Auckland Regional Council 
Technical Publication Number 325 
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Sediment Composition 

6.31 In addition to burial by sedimentation, the addition of terrigenous sedimentation 

to an environment can change the composition of the sediment, either by changing 

the proportions of different particle sizes or by adding various chemical 

contaminants.  

6.32 Using information on the distribution of species and communities in relation to 

sediment particle size characteristics, it has been shown some species are more 

tolerant of muddy conditions while some prefer sandy habitats.25  Using 

multivariate statistics Norkko et al. defined the species sensitivities to increased 

mud as shown in Table 6.1. 

6.33 Based on the predominately fine muddy sediment habitats recorded4 in the inner 

Okura Estuary, the species still found in this area are largely tolerant of fine 

sediment.  In the outer Okura Estuary, the habitats recorded4 are predominantly 

sandy, with the exception of the small inlets on the southern side.  The biota in 

these sandy habitats are most at risk from fine sediment input, as the species 

present are generally less tolerant of increased fine sediment proportions. 

6.34 Auckland Council has conducted six monthly sampling of the benthic biota 

communities in Okura Estuary since October 2004.  Analysis of this data between 

October 2004 and September 2013, is discussed in Hewitt et al. 2015.26  In 

summary, it shows that ecological trends consistent with increased sedimentation 

were detected at five sites (sites 1, 2, 4, and 9) (Figure 6.6).   

6.35 In the outer estuary at site 1, decreases in the abundance of the anemone, 

Anthopleura, the polychaete, Aonides, and large sized Austrovenus were detected; 

a possible decrease in the total abundance of Austrovenus was also detected.  At 

site 2, a possible decreasing trend in abundance was also detected for large sized 

Macomona bivalves.  At site 4, a decreasing trend in abundance was also detected 

for the crustacean, Colurostylis.  In the inner estuary at site 9, decreases in the 

number of taxa and the abundance of Colurostylis were detected, along with a 

possible decrease in the total abundance of the cockle, Austrovenus. 

6.36 This long-term Auckland Council monitoring data suggests that the biota in outer 

Okura Estuary is already starting to show signs of stress from increased fine 

sediment input.  This is supported by paragraph 10.6 in Mr Morgan’s evidence that 

suggests the estuary is in the advanced stages of infilling based on its morphology.  

The addition of more fine sediment, particularly in the outer estuary as this 

development site is, over and above that already entering the estuary will only 

worsen the stress on the biota in the outer estuary.  There is significant potential 

                                                           
25  Norkko, A.; Talman, S.; Ellis, J.; Nicholls, P.; Thrush, S. (2002) Macrofaunal sensitivity to fine sediments in the Whitford 

embayment. NIWA Client Report prepared for Auckland Regional Council.  Auckland Regional Council Technical Publication 
Number TR 2002/158. 

26  Hewitt, J E., Lohrer, A M and Cartner, K (2015). Auckland east coast estuarine monitoring programme: report on data collected 
2000 to October 2013. Prepared by NIWA for Auckland Council. Auckland Council technical report, TR2015/010 
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for the loss of the fine sediment intolerant species form the habitats in the outer 

Okura Estuary.   

Table 6.1 Sensitivity of macrobenthic taxa to increasing silt/clay content of the 
sediment using density gradients. Optimum range =the percent silt/clay were taxa exhibit their 

highest abundances. Distrib. range =total range of occurrence over different silt/clay concentrations. Curve fit 
=r2 and p-values for non-linear (exp) or linear (linear) curve fits. Na =not applicable. SS =highly sensitive; S 
=sensitive, I = no response; P =slightly positive response; PP =highly positive response. 

Taxa 
Faunal 
group 

Optimum  
range (%) 

Distribution 
range (%) 

Curve fit Sensitivity 

Aonides oxycephala  Polychaete 0-5 0-5 0.997 (exp); p<0.0001 SS 

Travisia oIens  Polychaete 0-5 0-5 Na SS 

Paphies australis  Bivalve 0-5 0-5 Na SS 

?Waitangi sp. aff. W chelatus  Amphipod 0-5 0-5 Na SS 

Notoacmea helmsii  Gastropod 0-5 0-10 0.974 (exp); p<0.0001 SS 

Cominella glandiformis  Gastropod 5-10 0-10 Na SS 

Anthopleura aureoradiata  Anemone 5-10 0-15 Na SS 

Diloma subrostrata  Gastropod 5-10 0-15 Na SS 

Macomona liliana  Bivalve 0-5 0-40 Na S 

Orbinia papillosa  Polychaete 5-10 0-40 Na S 

Colurostylis lemurum  Cumacean 0-5 0-60 0.812 (exp); p=0.0005 S 

Boccardia syrtis  Polychaete 10-15 0-50 0.360 (exp); p=0.0547 S 

Nucula harvigiana  Bivalve 0-5 0-60 0.780 (exp); p<0.0001 S 

Scoloplos cylindrifer  Polychaete 0-5 0-60 Na S 

Austrovenus stutchburyi  Bivalve 5-10 0-60 0.784 (exp); p=0.001 S 

Syllid  Polychaete 25-30 0-40 Na S 

Waipirophoxus waipiro  Amphipod 0-5 0-70 0.684 (exp); p=0.0006 S 

Macroclymenella stewartensis  Polychaete 10-15 0-60 Na S 

Paracalliope ?novizealandiae  Amphipod 35-40 0-50 Na S 

Goniada emerita Polychaete 50-55 0-60 Na S 

Cirratulid  Polychaete 10-15 5-70 Na S 

Aricidea sp.  Polychaete 35-40 0-70 Na S 

Arthritica bifurca  Bivalve 55-60 5–70 Na S 

Cossura sp.  Polychaete 20-25 5-65 Na S 

Musculista senhousia  Bivalve 55–60 0-60 Na S 

Tanaid  Crustacean 10-15 0-100 0.240 (exp); p=0.2880 S 

Glycerid  Polychaete 10-15 0-95 0.205 (exp); p=0.2252 I 

Heteromastus filiformis  Polychaete 10-15 0-95 Na I 

Aquilaspio aucklandica  Polychaete 65-70 0-95 Na I 

Nemertina  Nemertean 55-60 0-95 Na I 

Macropthalmus hirtipes  Crab 45-50 0-95 Na I 

Lumbrinereid  Polychaete 30-35 0-65 0.344 (linear) P 

Theora lubrica  Bivalve 45-50 5-65 0.242 (linear) P 

Nereid  Polychaete 55-60 0-100 Na P 

Oligocheate  Oligochaeta 95-100 0-100 Na PP 

Scolecolepides sp.  Polychaete 25-30 0-100 Na PP 

Helice crassa  Crab 95-100 5-100 0.676 (exp); p=0.0006 PP 

Paracorophium excavatum  Amphipod 95-100 40-100 0.791 (exp); p=0.0008 PP 
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Figure 6.6 Location of sites in Okura Estuary.  Sites are colour coded to show average sediment mud 

content: <5% green, 5 to 10 blue, 10 to 20 orange, 20 to 30 brown, and 30 to 40% red. Core sites are circles 

6.37 Urban development increases catchment runoff of water and sediment during the 

earthworks phase.  Contaminant loads increase as the urban area matures, which 

alters the composition and quality of sediments in the estuaries. 

6.38 There are a number of sediment quality guidelines that pertain to concentrations 

of heavy metals in sediments (See ARC 200427, McDonald et al. 199628, Long and 

Morgan 199029, ANZECC 200030, for full details on these guidelines).  Auckland 

Council currently uses the Threshold Effect Level (TEL) to define the sediment heavy 

metal contaminant concentrations, below which the chances of ecological effects 

are presumed to be low or rare.  It is important to recognise that toxicity occurs 

along a contaminant continuum.  Consequently, sediment quality guidelines do not 

provide absolute concentration thresholds that can be used to accurately predict 

the onset of toxicity.  Other stressor factors, such as other contaminants, sediment 

stress and habitat factors may influence the toxicity of a contaminant.  Two New 

Zealand studies have documented changes to macrofaunal community 

                                                           
27  ARC (2004) Blueprint for Monitoring and Assessing Coastal Marine Receiving Environments. TP168 revised edition – August 

2004, Auckland Regional Council, Auckland. 
28  MacDonald, D. D., Carr, R. S., Calder; F. D., Long, E. R., Ingersoll, C. G. (1996) Development and evaluation of sediment quality 

guidelines for Florida coastal waters. Ecotoxicology, 5: 253-278. 
29  Long, E. R., Morgan, L. G. (1990) The potential for biological effects of sediment-sorbed contaminants tested in the National 

Status and Trends Program. National Oceanic and Atmospheric Administration, NOAA Technical Memorandum, NOS OMA 52, 
Seattle, Washington: 175. 

30  ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water Quality. National Water Quality 
Management Strategy. Australian and New Zealand Environment and Conservation Council. Agriculture and Resource 
Management Councils of Australia and New Zealand. Canberra, Australia. 
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composition at heavy metal contaminant concentrations below the TELs (Hewitt et 

al. 200931; Thrush et al. 200832).  

6.39 The contaminants of most concern in urban stormwater are copper and zinc.  The 

TEL for copper is 18.7 mg/kg, and the TEL for zinc is 124 mg/kg. 

6.40 Green5 modified the original contaminant model33 with the aim of improving 

confidence in the predictions.  He defines three depositional basin areas 

corresponding to the base of the catchments draining the proposed development 

land.  The model now predicts that the sediment quality TEL guidelines will not be 

exceeded within 100 years in the three depositional basins that are adjacent to the 

proposed development area for copper or zinc. 

6.41 However, the model assumes a uniform distribution of sediments and thus 

contaminants in the receiving basins.  Based on numerous investigations into 

contaminants from point source sites it has been my experience that the majority 

of sediments settle out nearer the point of discharge into the marine receiving 

environment and the depth of deposition decreases with distance, thus creating a 

gradient.  The distribution of contaminants also follows a similar gradient as the 

contaminants are attached to sediment particles.  Thus, there is potential for 

contaminants to be present in higher concentrations than predicted by the model 

in small areas, around the mouths of the streams that flow of the development site.  

This is discussed in more detail in evidence by Mr Oldman. 

6.42 As Mr Vigar also notes in his evidence, it is also not clear if the updated model 

predictions include the revised development potential for up to 1900 dwellings and 

hence the increased contaminant loads associated with higher density of 

occupation. 

7 Comments on Models used 

7.1 There is a very high reliance on the outcomes of computer models (as prepared by 

NIWA) to predict the scale and location of any effects of sedimentation, all of which 

are based on assumptions of conditions, which may or may not reflect the real 

world conditions.   

7.2 The estuary hydrodynamic model used may be the best available, but is lacking a 

number of factors: 

 
a) It does not consider flocculation in the estuary; 

                                                           
31  Hewitt, J. E., Anderson, M. J., Hickey, C. W., Kelly, S. and Thrush, S. F. (2009) Enhancing the Ecological Significance of Sediment 

Contamination Guidelines through Integration with Community Analysis. Environmental Science & Technology, 43(6): 2118–
2123. 

32  Thrush, S.F., Hewitt, J.E., Hickey, C.W., Kelly, S. (2008) Multiple stressor effects identified from species abundance distributions: 
Interactions between urban contaminants and species habitat relationships. Journal of Experimental Marine Biology and 
Ecology, 366: 160–168. 

33  Green, M.O. (2015) Assessment of Potential Effects of Land Development on Okura Estuary. Estimates of Metal Accumulation in 
the Estuary. NIWA Client Report No. HAM2015–114, September 2015, NIWA Hamilton. 
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b) It has been limited to either no wind or a single wind speed and direction; 

c) Wave activity is not considered by the model; 

d) Each scenario is restricted to a single isolated 24-hour rainfall event. 

7.3 All of these assumptions add up to the model not simulating the real world 

conditions.  Storm rainfalls are often spread out over extended periods, as stated 

by Mr Morgan and others.  This is combined with the real world, less than optimal, 

performance of the sediment treatment systems 100% of the time (as explained by 

Mr Roa) but nevertheless assumed by the model.  This would tend to suggest the 

effects, particularly on suspended solids concentrations would also be extended, 

leading to higher concentrations for longer periods in the estuary, potentially 

triggering adverse effects on sensitive biota. 

7.4 The level of detail in the model output reports is insufficient to comment on fine 

scale effects.  For example, the model output suggest higher sedimentation along 

the estuary channel edges in the same area as high density pipi populations 

however the level of detail is not sufficient to estimate the level of sedimentation 

or the proportion of the pipi bed affected. 

7.5 Therefore, the model provides a “picture” of what may happen, but it is not the 

complete picture, as part of the picture is obscured.  This has the potential to result 

in false level of comfort.  

8 Summary 

8.1 There is a very high reliance on the outcomes of computer models to predict the 

scale and location of any effects of sedimentation. 

8.2 The model’s design and assumptions do not consider the real world conditions that 

are likely to occur. 

8.3 Therefore, there is a real risk that the NIWA model does not predict effects when 

under real world conditions adverse effects will occur as a result of regular storm 

events.  Even at the level of sedimentation and heavy metal concentrations 

predicted within the (generally unrealistic) assumptions of the model, there is (in 

my opinion) potential for adverse effects to the ecology of the Long Bay-Okura 

Marine Reserve.  On a more realistic basis, and whether through one catastrophic 

event, a series of smaller events over a short time frame, or the continued small 

discharges over a long period, the potential for adverse effects to the biota is 

certainly present. 

8.4 In my opinion, the level of risk to biota and habitats protected by the Long Bay-

Okura Marine Reserve are significantly lower when land use is restricted to the 

current 26-30 small blocks, as opposed to the high density urban zone proposed. 

Simon West - 28 July 2017 


