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EXECUTIVE SUMMARY
1.

My evidence provides an overall assessment and context for
potential ecological effects of Iron Sand Recovery (ISR) in
the South Taranaki Bight (STB). My evidence is based on the
raft of comprehensive peer reviewed studies completed for
Trans Tasman Resources Limited (TTR) including sediment
plume and optical modelling, descriptions of ecological
values from surveys in the region, information available on
effects of suspended sediments concentrations (SSC) and
sedimentation and extensive experience with oceanic and
coastal ecosystems.

2.

The project area within the STB is a high energy environment
subject to dynamic physical processes including large scale
circulation patterns, currents, waves, advection of upwelled
water, river inputs and tidal currents.

3.

The area directly impacted by the proposal encompasses up
to 5 km2 per year. This represents only around 0.04% of the
sediment model domain (SMD) and 0.02% of the STB per
year. It is accepted that most sessile and sedentary biota will
be removed from the immediate area during the recovery of
iron sands with some smaller biota possibly surviving
extraction and be returned to the seabed. Recovery of early
successional stages and smaller biota would occur at a
timescale
of
weeks-months
once
extraction
and
redeposition has ceased in that area, but up to several years
for late successional and larger biota.

4.

Background SSC can be very high close to the coast due to
wave, current and tidal activity, and together with riverine
inputs levels of SSC inshore are typically 10-20 mg/L in surface
waters and 100-200 mg/L in bottom waters. In the region of
ISR operations the median SSC is 0.05-0.40 mg/L in surface
waters and 1.5-6 mg/L near the seabed. Modelling predicts
that the sediment plume produced during ISR will have a
median and 99th percentile of 1.45 mg/L and 8.2 mg/L at the
source reducing as the plume moves away to 0.4 and 3.1
mg/L at 20 km away, with higher levels close to the seabed.

5.

Effects of light attenuation on primary production (PP) as a
result of the plume will be minor within 5 km of the coast and
minor to moderate for a small distance downstream of the
ISR site. Reductions in carbon flux to the benthos has been
conservatively estimated as up to 40% close to the source (<
2 km). Reductions in PP in the water column are predicted to
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be negligible when considered across the SMD and
indistinguishable when taking the high natural variability into
consideration. Overall apart from the potential for some very
localised effects the ISR would not cause a shift in wider
ecosystem structure or loss of productivity.
6.

The benthic community in the region impacted is dominated
by worm beds, characterised as low benthic abundance
and diversity, and a transient water column community.
Areas of higher benthic abundance and diversity do occur,
but the most diverse and productive areas are either well
offshore in a southerly direction or inshore where the
communities are well adapted to events with high SSC.

7.

Overall effects on abundance, production and diversity will
not be more than minor as a result of the small increase in
SSC, with increases typically less than 2 mg/L downstream
and inshore of the ISR site (including at high value areas such
as the Traps and other reefs downstream). These increased
levels would not be continuous and would depend on
prevailing currents and wind conditions with higher levels
occurring over a short duration and infrequently.

8.

Predicted suspended sediment levels in the plume are well
below levels shown to impact zooplankton or larval fish.

9.

Deposition of sediment from the plume could occur over an
extensive area (down as far as off Foxton) but at negligible
rates (<0.1 mm over 365 days). Levels would only be over 0.1
mm/y within a few kilometres of the ISR. Even close to the
source, effects would be negligible.

10.

The 99th percentile for SSC 20 km downstream in surface
waters is <3 mg/L. Acute or chronic effects on fish would
require much higher SSC. The area potentially where
foraging could be impacted is negligible to minor at the
scale of the quota management area (QMA) and STB.
Similarly, because of their mobility and wide foraging area
effects on seabirds and mammals will be negligible.

11.

Contaminant levels in the sediments are low and would be
rapidly diluted below ANZECC (Australian and NZ
Environment and Conservation Council) guidelines.

12.

A comprehensive real-time monitoring programme and set
of conditions are proposed to ensure effects are no more
than minor and no more than predicted, with management
actions required if natural limits are exceeded.
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INTRODUCTION
Qualifications and experience
1.

My full name is Mark Richard James.

2.

I am an aquatic ecologist holding a BSc, Victoria University,
Wellington; BSc (Hons) Victoria University, Wellington and PhD
(Aquatic Biology), University of Otago, Dunedin. My PhD was
on aquatic food web interactions including off the west
coast of the South Island.

3.

I have a background in basic and applied research in
marine and freshwater ecology and biology with 37 years'
experience including research, consulting and management
of science organisations. My specialist area is aquatic
ecosystems and in particular plankton and benthic ecology.

4.

Following two years with the Institute of Nuclear Sciences,
Department of Scientific & Industrial Research (DSIR) I was
employed in 1982 by the Taupo Research Laboratory, DSIR,
then moved to Christchurch in 1992 as a scientist with the
National Institute of Water & Atmospheric Research (NIWA).
In 1994 I was appointed as a Project Director and led large
multi-disciplinary government funded programmes including
“Sustainability of coastal ecosystems”. In 2000 I moved to
Hamilton as Regional Manager with NIWA and in 2002 was
appointed as NIWA’s Director Operations. In 2008 I retired
from this position taking up a brief position as Chief Scientist
for Environmental Information before leaving NIWA in late
2008 and setting up as an independent environmental
consultant.

5.

Since 1982 I have been involved in research on the ecology
of marine and freshwater ecosystems. These studies aimed
to gain a better understanding of ecological processes in
coastal and open ocean systems, lakes, and rivers. I was
involved in and led some of the multidisciplinary ecosystem
studies off the West Coast of the South Island and the
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Taranaki Bight carried out in the 1980s and 1990s. I have also
worked in Finland, Denmark, Australia and Antarctica. My
research has been published in over 45 papers in scientific
journals and books.

These publications and commercial

reports have included scientific papers in international
journals on marine foodwebs, nitrogen dynamics in coastal
systems

and

effects

of

anthropogenic

activities

and

sediments on marine and freshwater biota, as well as coastal
sustainability.
Code of conduct
6.

I confirm that I have read the Code of Conduct for Expert
Witnesses as contained in the Environment Court Practice
Note dated 1 December 2014. I agree to comply with this
Code. This evidence is within my area of expertise, except
where I state that I am relying upon the specified evidence
of another person. I have not omitted to consider material
facts known to me that might alter or detract from the
opinions that I express.

PURPOSE AND SCOPE OF EVIDENCE
7.

It is accepted that the recovery of iron sands will have some
impact on the physical and biological environment of the
immediate and at least the near-field seabed and water
column environment. My evidence puts these effects into
the broader context.

8.

My evidence addresses the following matters:
(a)

An assessment of the overall ecological effects and the
significance of and context for the effects of the
proposed ISR activities. This will include a brief
description of the sediment plume as background, and
then an assessment of effects covering:
i.

Direct physical disturbance on habitat and
biota at the extraction site;

ii.

Suspended sediments and effects of the plume
on biota downstream; and

iii.

Sedimentation effects on the habitats and
biota downstream.
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(b)

The assessment will include effects on:
i.

Benthic habitat and communities;

ii.

Primary producers;

iii.

Zooplankton
mammals;

communities,

fish,

birds

and

(Details of the existing environment and effects
on PP, fish, birds, mammals, fishing and kai
moana will be covered in detail by other
witnesses).
(c)

General recommendations on monitoring, trigger and
compliance levels.

9.

I have attached a list of references I refer to in Appendix 1.

10.

I have attached a list of the abbreviations I use in my
evidence in Appendix 2.

11.

All of the tables and figures referred to in my evidence are
attached as Appendix 3.

ASSESSMENT OF EFFECTS
12.

The physical environment of the STB is a high energy, highly
dynamic and complex environment with influences from
large scale circulation and current patterns, far-field
upwelling, river inputs, wind-driven waves, swells and tidal
currents (Dr Iain MacDonald’s statement of evidence
provides a detailed description of the physical environment).
As a result the habitats are characterised by biological
communities that are well adapted to regular disturbances,
particularly in the shallower regions.

13.

An assessment of the effects of the ISR operations proposed
by TTR needs to be (and is) based on a good understanding
of the biological and physical resources present, the type of
activity, the ecological consequences of those activities and
the sensitivities of the receiving environment, its habitats and
biological communities to those activities.

14.

The main potential impacts identified through a risk
assessment are:
(a)

Loss or physical disturbance of seabed habitat and the
communities associated with these habitats;

9

(b)

Impacts on physiological processes including clogging
of respiratory surfaces and feeding structures and
processes for animal biota;

(c)

Smothering of benthic habitats and communities;

(d)

Avoidance of areas of disturbance and sediment
plumes by fish, birds and mammals;

(e)

Reductions in PP in the water column (phytoplankton)
and on the seabed or reefs (microphytobenthos and
macroalage) through reduced light availability;

(f)

Reduced prey and prey detection for fish, birds and
mammals;

(g)

Release of contaminants
compounds); and

(h)

Noise effects on some fish and mammals.

(nutrients

and

toxic

15.

In my evidence I discuss the effects on biota on the seabed
and in the water column. Effects on PP are discussed in
detail in the evidence of Dr Lawrence Cahoon and noise
effects in the evidence of Dr Simon Childerhouse.

16.

A useful and accepted way to assess the effects such as
those from the proposed ISR activity is based on severity, and
the spatial and temporal extent, including recovery, of these
effects. The spatial effects will depend on the scale of the
impact, such as development of a sediment plume,
compared with the distribution of different communities and
their mobility, and their tolerance levels for SSC and other
effects.

17.

In making such an assessment the dynamic and complex
nature of the environment of the STB, the range of habitats
and the lack of defined boundaries for most physical and
biological processes needs to be acknowledged. This makes
the assessment of effects on ecosystem components more
challenging. However, these assessments have been
informed by the results of comprehensive studies and
modelling in the region, mostly carried out for TTR, as well as
a good understanding of the tolerance levels and recovery
rates for a range of biota from published and unpublished
studies in New Zealand and overseas. I consider these to
provide a realistic picture of the existing environment and
changes due to ISR from which it is appropriate to make an
assessment of effects.
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18.

19.

Various approaches can be used to assess the effects of
TTR’s operations. The following, as well as other published
and unpublished reports and publications (Appendix 1),
have been used as the basis for assessing the ecological
effects:
(a)

Assessments which I have undertaken for Port Otago
Limited’s dredging and disposal operation (James et al.
2009) which were based on a risk assessment
framework.

(b)

Evidence presented to the first TTR hearing by Dr
McClary (McClary 2014) which used risk analyses based
around a protocol adapted from “AS/NZS ISO
31000:2009 Risk Management” (AS/NZS 2009) as well as
an “Expert Risk Assessment of Activities in the NZ EEZ
and Extended Continental Shelf” (MFE 2011). The risk
scores were expressed as low, moderate, high and
extreme.

(c)

A more detailed assessment of effects on zooplankton,
fish, kai moana, sea birds and marine mammals for the
TTR consent application made by MacDiarmid et al.
(2015). This assessment was based on a risk assessment
approach for prospecting and exploration for seabed
minerals, developed for the Ministry for the
Environment. The case studies included ISR operations
off the west coast of the North Island (TTR’s earlier
proposal), the recovery of phosphorite nodules on the
Chatham Rise and sulphide deposits along the
Kermadec volcanic arc.

(d)

A new assessment undertaken for TTR (Cahoon et al.
2015) which includes consideration of the spatial and
temporal extent of a sediment plume, more information
on optical property relationships with suspended
sediments and closer examination of light-primary
producer relationships. These revised considerations
provide greater confidence in the results and constitute
the best information available for decision makers.

The assessment presented in the following sections uses and
in some cases builds upon the assessments for the previous
marine consent application on benthic fauna (Beaumont et
al. 2013 and McClary 2014) and scale of effects on
zooplankton, fish, bird life and mammals in MacDiarmid et al.
(2015). The assessment also includes more information on
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threshold levels, sensitivity of organisms to the potential
effects and recovery times from the proposed ISR operations.
This is an area identified by the Decision Making Committee
as requiring more information than was provided with the
previous application.
20.

21.

In his evidence for the previous marine consent application,
McClary (2014) identified 40 effects he considered to be
“low” environmental risk and the following four key effects as
“moderate” to “high” risk:


Effects on benthos within the direct extraction and
deposition area, particularly direct effects on the
tubeworm Euchone sp A (rated “High environmental
risk”);



Effects on benthos in the close vicinity of the
extraction and deposition area (rated “Moderate
risk”);



Potential impacts on biogenic offshore habitats due
to potential “choking” effect (“Moderate risk”); and



Potential effects of unplanned events including
biosecurity incursions and oil spills (“Moderate risk”).

Applying the same approach as I used for Port Otago
dredging (James et al. 2009 refer Appendix 1) would
produce a similar environmental risk outcome but with the
addition of potentially “moderate” to “high” risk for effects
on microbenthos PP and carbon flux to the seabed.

Physical environment and types of effects on that environment
22.

23.

There are three main effects of ISR on the physical
environment that need to be considered:


Physical disruption of the seabed during the recovery
and re-deposition phases;



The production of a sediment plume during recovery of
the iron ore and deposition back to the seabed; and



Effects on optical properties and flow on effects to the
primary producers and higher trophic levels.

Full descriptions of the existing environment and the effects
on the physical environment are provided by other witnesses
(Dr Iain McDonald and Dr Michael Dearnaley). For
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completeness I have summarised these environments and
effects in my evidence, based on that work.

24.

25.

Physical disruption
The area directly impacted by the recovery of iron sands will
be up to 5 km2 per year with blocks of ~900 m x 600 m
recovered over each 30 day period. The seabed in the area,
including on the surface and down to a depth of up to 11 m
below the surface, will be physically removed, processed
and redeposited back into the same relative area. A small
area along the margins will also be physically disturbed.
Sediment plumes
The production and dispersion of a sediment plume during
the recovery operations and re-depositing of material is one
of the main effects of the ISR operations. Considerable work
has gone into describing the characteristics of the
background conditions, and the spatial and temporal
extent, concentrations and sediment characteristics, and
behaviour of the plume at the ISR site and downstream. The
work has included additional characterisation and
behaviour of the source sediments to give greater certainty
in the model results. This work is described in detail in the
evidence of Dr Michael Dearnaley.

26.

The model runs are based on two source locations, one at
the inner (Location A) and one at the outer edge of the
area to be mined (Location B). The area considered is the
STB and the SMD (See Figure 1) with the latter being the main
area used in the discussion of the effects assessment and
where most effects are expected. The SMD covers an area
of 13,300 km2. The STB has no fixed boundaries but can be
considered to have an area approximately twice the SMD.

27.

As would be expected naturally occurring background SSC
are higher inshore and decline offshore away from the rivers.
Highest levels are found at river mouths. Table 1 (Appendix 3)
summarises typical background concentrations inshore and
offshore. Median surface levels are typically 0.4 mg/L at the
inshore end and 0.05 mg/L at the offshore end of the ISR site.

28.

Dispersion of the sediment plume and its effects will depend
on a range of physical processes as discussed above.
Depending on the conditions wind driven currents could
take the plume offshore or towards the north-east which is
the prevailing overall direction. The impact of the various
drivers means that there is considerable temporal variability
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in what will be experienced downstream as shown in Figure 2
(Appendix 3) for a number of key and sensitive sites
downstream and inshore site 20 km downstream to the northeast.

29.

30.

Optical properties
Modelling of the effects of the sediment plume on light
attenuation predict that the plume will have minor or less
than minor effects within 5 km of the coast, where
background SSC are high. Reductions in light reaching the
seabed over the modelled domain will average 1.9% and
1.6% for iron sand recovery at the inner and outer source
locations (Locations A and B respectively) though may be up
to 25% within the plume up to 20 km downstream.
The euphotic depth (defined as the 1% light depth) at the
Traps will potentially reduce by 11% (median reduced from
14.9 to 13.3 m depth) and 3% (14.9 to 14.4 m depth) for
extraction at Locations A and B respectively and 24%
(median reduced from 23.3 m to 17.6 m) and 12% (median
reduced from 23.3 m to 20.5 m) respectively for Graham
Bank (see Figure 3 (Appendix 3) for location of areas of
ecological significance). The degree of impact will be
variable depending on prevailing conditions for generation
of the plume.

Extent of effects of physical disturbance on biota
31.

32.

The main direct physical impact on aquatic communities will
be the physical removal of sessile and relatively immobile
taxa, within the ISR area. Larger, hard-bodied organisms will
be screened out but larger soft-bodied organisms will be
destroyed as they go through the extraction pump and will
be removed from the area of the extraction pit. Smaller
organisms such as bacteria and protozoa, and potentially
some polychaete worms, may survive the ISR process and be
redeposited on the seafloor.
Effects on the benthic environment
The soft-bottom benthic environment where ISR operations
will take place is characterized by rippled fine-medium sands
and a benthic community dominated by “wormfields” with
locally high but patchy tubeworms (suspension feeding
sabellid tubeworm Euchone sp A) (Beaumont et al. 2013).
Few other epifauna (animals living on the surface) were
found in this area apart from low numbers of hermit crabs,
small gastropods and an orange bryozoan. Total abundance
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and diversity were relatively low in the area around the ISR
site. Highest epibenthic abundance and diversity were found
at depths beyond 60 m and to the south of the ISR site
(Beaumont et al. 2013).
33.

For the infauna, polychaete worm diversity in the region
directly impacted was similar to the surrounding areas with
abundance relatively high in the area of ISR operations
mainly due to the presence of high numbers of Euchone.
Amphipods and other small crustacea (cumaceans, isopods,
copepods) were also relatively abundant and diverse in the
region where iron sands would be recovered. Echinoderms
and molluscs were low to moderately abundant in the ISR
operations area but with some taxa more abundant inshore
to the north-east or offshore to the south of the ISR site.

34.

The total area directly impacted will be 66 km2. However, in
any one year only 5km2 or a block 900 x 600 m (0.54 km2) per
month would have iron sand extracted. McClary (2014)
estimated that the area in the STB that falls between 20 and
40 m depth occupies approximately 1,860 km2. Thus to put
the extraction area, where most taxa would be lost, into
perspective, approximately 0.03% of this part of the STB per
month would be impacted or 0.3% per year. Ongoing ISR will
mean areas within adjacent 5 km2 blocks of the ISR
operation will be at different stages of recovery (discussed
later on my evidence).

35.

Effects on fish, birds and mammals
There is the potential for impacts on fish populations through
disturbance during the mechanical extraction and possible
entrainment during the removal of sediment. Most fish will be
able to avoid becoming entrained or will move away from
the physical disturbance. However, it is possible that
because of the intake water velocity occasional
entrainment of smaller fish near the suction point may occur,
but this is unlikely to be significant (McClary 2014). There will
be some physical disturbance during recovery of iron sand
due to the operation of the crawler but due to the slow
movement of the crawler (70m per hour) fish will be able to
avoid this and move away from the area. As with dredging
programmes elsewhere, the disturbance of the sediment
can enhance the availability of food for fish, at least initially,
as invertebrates are disturbed and potentially made
available.
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36.

The area of disturbance will be limited to 5 km2 per year thus
compared with the foraging area for fish, seabirds and
mammals the area affected is negligible.

Effects of suspended sediments
37.

38.

39.

An increase in suspended sediments and sedimentation is
expected at the site itself and downstream during the ISR
and release of the de-ored material. The effects are shown
schematically in Figure 4 (Appendix 3). The potential direct
effects will be through impacts on physiological processes
such as feeding and respiration by invertebrates (planktonic
and benthic) and fish. Indirect effects include potential
impacts on the availability of light for primary producers
(phytoplankton, microphytobenthos, and macroalge) and
the reduction of food resources for larger invertebrates, fish,
seabirds and mammals.
Effects on the benthic environment and communities
The existing habitat and communities have been described
earlier in my evidence and in more detail by Dr Alison
MacDiarmid. Because of their high energy and dynamic
nature ecosystems such as that in the STB are often in a state
of perpetual change with periodic disturbances due to
storms, rainfall and other events. The benthic communities
are often in a state of transition and can be represented by
both opportunistic early successional taxa, which are often
dominated by small polychaete worms, and taxa which
reproduce rapidly and disperse easily, as well as larger later
stage successional taxa (large gastropods and bivalves).
Adults tend to be more tolerant of higher SSC than larval
forms and deposit feeders and burrowers more tolerant than
suspension feeders. This perpetual change is not necessarily
a bad thing for benthic systems as it maintains diversity by
resetting communities.
Areas of high ecological value in the region of the proposed
ISR operations and the wider region, that could be
potentially impacted, are discussed in Anderson et al. (2013)
and Beaumont et al. (2013) and shown in Figure 3 (Appendix
3) and include:


The North and South Traps – “urchin burrows”, rocky
outcrops with sea urchin;(Evechinus chloroticus), red
and brown algae and a diverse invertebrate and fish
community (Beaumont et al. 2013, McClary 2014);
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The Graham Bank – coarse-sandy shelly habitat with
scallops and hermit crabs;
 Inshore and mid-shelf reefs off Patea and Hawera –
support very abundant and diverse algae,
invertebrate and fish communities, mostly close
inshore;
 Biogenic habitat off-shore:
o Bivalve rubble characterised by large
populations of the robust dog cockle, Tucetona
laticostata at depths of 26-83.5 m for live
specimens and 44-69 m for shell hash;
o Bryozoan rubble at depths > 60 m that support
diverse benthic assemblages (bryozoan,
sponges , ascidians etc.); and
 Coralline red algae on shell rubble inshore and at the
40-50 m contour (Beaumont et al. 2013).


40.

41.

Effects on the soft sediment benthic environment
As described earlier under physical disturbance, the region
where ISR operations would take place is dominated by a
“wormfield” benthic community. Although the direction of
the sediment plume will be variable, depending on
prevailing weather conditions, the prevailing direction will be
to the north-east. The benthic soft-bottom habitat and
communities to the north-east of the ISR operations area and
across the Patea Shoals is very similar to those described
above for the site itself in terms of epifauna, although some
bivalves such as Glycymeris modesta are more abundant as
well as a slightly more diverse echinoderm community being
common to the northeast. The substrate also tends to get
coarser to the east and northeast of the ISR operations site
with more medium-coarse sand and fine gravels.
The direct and indirect effects of suspended sediments on
the benthic communities is shown schematically in Figure 4
(Appendix 3) with impacts potentially being through:





42.

Clogging of gills and feeding apparatus and other
physiological processes such as respiration;
Loss or changes to food resources such as
microphytobenthos and organic fluxes to the seabed;
Indirect effects of light attenuation and PP of algae,
macroalgae and MPB; and
Impacts on larval supply and retention.

The potential for clogging of gills and feeding apparatus for
benthic biota which may be impacted by the sediment
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plume has been ranked as a “moderate” risk, particularly for
sensitive biogenic habitats.
43.

Comparisons of the predicted SSC and increases due to the
ISR operations with tolerance levels for benthic biota, allows
us to assess the significance of increased SSC and put the
effects into context.

44.

There is now a good body of information on tolerances of a
range of benthic biota to SSC in New Zealand and overseas,
including molluscs, polychaete worms, sea urchins, kelps and
other macroalgae. Studies have shown that some taxa
actually benefit from some suspended sediments as it helps
in processing food, while others can adapt their feeding
processes as SSC changes (Hawkins et al. 1999, Clarke &
Wilber 2000, Hewitt & Norkko 2007). The greenshell mussel
(Perna canaliculus), which is found on intertidal and shallow
subtidal reefs inshore, can adjust its filtering processes very
effectively and will continue filtering even at SSC of 1,000
mg/L (Hawkins et al. 1999). Some species are more sensitive
with the condition of horse mussels (Atrina) impacted at
levels over 80 mg/L (Ellis et al. 2002). Some deposit feeding
polychaete worms, heart urchins and pipis also show some
effects if concentrations are over 80 mg/L (Hewitt et al. 2001,
Nicholls et al. 2003).

45.

Polychaete tube worms dominate the community at the ISR
operations site itself and heart urchins are an important taxa
on reefs and in habitats at depths over 60 m to the south.
James et al. (2009) suggested that 100 mg/L over short
periods (days/weeks) was a reasonable level that would
prevent risk of impacts on the more tolerant taxa in Otago
Harbour and Blueskin Bay. Taking into account that the
communities in the project area may include some more
sensitive species then periodic levels of up to 35 mg/L could
be tolerated by the species present.

46.

The revised plume models indicate that it is only within a few
kilometres (<2kms) of the ISR operations and deposition area
that levels would be high enough to potentially have an
effect on benthic fauna. The areas of relatively high
ecological significance are either in deeper water to the
south or far enough away to be subjected to very small
increases in SSC. The sediment plume models predict that
SSC resulting from ISR operations would add less than 2 mg/L
of SSC in surface waters near the coast and most of the time
would add <0.2 mg/L in an area that is already subject to
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very high levels (>100 mg/L) at times. Thus the effects on the
inshore biota would be expected to be no more than minor
and indistinguishable from the effects of background SSC.
47.

The highest levels of SSC produced in surface waters at the
ISR operations site itself would be 1.45 mg/L as a median and
8.2 mg/L as the 99th percentile and 0.4 and 3.1 mg/L
respectively 20 km downstream (Table 2), thus effects, if they
were to occur in surface waters would be no more than
minor beyond the immediate area. Near the seabed, SSC
would be up to a median of 1 mg/L and 99th percentile of 5
mg/L up to 20 km away from the source and up to 14 mg/L
at the source itself. Again these levels would not be
expected to have more than a minor effect. Plots of time
series for SSC at 8 and 20 km from the ISR site show that
relatively high SSC as a result of the ISR (i.e. over 5 mg/L and
very occasionally up to 20 mg/L) occur sporadically and for
very short periods (less than 10 days (see Figure 2 (Appendix
3) for time series at 20 km downstream and at sites of high
ecological
value).
Such
short-term
increases
in
concentrations would have negligible, if any, impact on the
animal communities present, even at the site itself.

48.

In addition to the direct effects on benthic biota discussed
above the community can be impacted indirectly by effects
on their food resources. The benthic biological communities
cover a range of feeding modes including filter feeders,
suspension feeders, deposit feeders and predation. Animals
living on the seabed will rely on in-situ production on the
seabed as well as production that falls out of the water
column. Energy flow to the seabed averaged over the SMD
would reduce by 5.8% (range 3.1-11.9%) for Location A and
less than this for Location B

49.

Under the classification used by MacDiarmid et al. (2014)
such effects would be considered minor and occasionally
moderate. The overall conclusion from Cahoon et al. (2015)
was that there would be decreases in organic carbon flux to
the seabed and its communities locally in close proximity
(within 2 km) to the ISR operations that would exceed natural
variability. However, because of inherent variability at the
regional scale effects would be minor and indistinguishable
from variability experienced now for short lived biota.

50.

Effects at the local scale could be propagated more widely
through more mobile animal taxa but there will not be
changes in the communities or more than minor effects at
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the wider scale. Cahoon et al. (2015) were confident that
their conclusions regarding PP represent sound scientific
assessments that use the best available information. Based
on my experience I support their findings noting that a range
of factors drive productivity and transfer of carbon to high
trophic levels. Thus a reduction in light availability and
potentially PP at the levels predicted combined with natural
variability and biological processes will not cause
fundamental or measurable shifts in the community or overall
productivity, even in the longer term.

51.

Effects on biota of rocky reefs and outcrops
Small grazing and suspension-feeding invertebrates found on
rocky reefs are an important trophic link between primary
producers and fish.

52.

Schwarz et al. (2006) found epifaunal abundance; biomass
and productivity were 50% lower at turbid sites (up to 16
mg/l) than "cleaner" sites (undetectable to 7 mg/l) off the
Whitianga Harbour. Using a range of natural concentrations
they found a drop-off in mussel and oyster condition at SSC
over 26 mg/l and sponges at over 15 mg/l. Concentrations in
the plume reaching the inshore region off Patea or reef
communities downstream would be <2 mg/L and very
occasionally up to 15 mg/L (naturally and with mining) in
locations such as Graham Bank. As discussed above if the
plume did reach the coast, it would be for a short time and
the communities found inshore along this coast are presently
able to tolerate considerably higher SSC, since these occur
during natural storm events and often persist for an extended
period after.

53.

Macroalgae (large algae such as kelps) will be found
wherever there is a hard substrate and sufficient light
reaches the seabed (0.1-1% of surface light). Such areas
include rocky reefs, particularly inshore, the Traps area, areas
with high levels of shell debris and some cobbled areas on
the deeper margins of banks.

54.

Macroalgae and in particular kelp beds are a very important
habitat for a range of invertebrates (including the likes of
kina and paua) and fish. Using the best available information
it is predicted there could be some small reductions in
macroalgal growth and depth range but impacts will be no
more than minor in areas inshore where there are naturally
high SSC at times. At 20 km downstream and greater
(location of Graham Bank, Traps and other reefs) the
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increase in the median SSC would be from 0.9 to 1.4 mg/L or
less and 99th percentile from 10.5 to 10.8 mg/L. These effects
would be indistinguishable from background levels (refer
Figure 2).
55.

The larger kelps, such as Macrocystis pyrifera, are often
subject to die-off during winter storms and have “recruitment
windows” when light and temperature requirements allow
establishment of sporophytes. Time averaged background
SSC at inshore sites off New Plymouth in depths of <0.5 m,
where the common kelp Ecklonia radiata occurs, were
found to range from 3.4-150 mg/L naturally (Schwarz et al.
2006). The small increases in suspended sediments, if they
were to occur inshore, would be no more than minor and
indistinguishable from background levels.

56.

The sediment plume would only occasionally go offshore
from the ISR site and modelling results presented in Hadfield
& Macdonald (2015) indicate that the bryozoan beds
offshore at depths >60 m would rarely experience any
effects from a sediment plume and if they did SSC would be
< 1 mg/L. The seafloor in deeper areas is naturally a sediment
depositional zone because it is rarely disturbed by wave
activity.

57.

MacDiarmid et al. (2015) reviewed the spatial and foraging
ecology of key invertebrate fauna in the STB, to provide
some scale to the potential effects of the ISR operations.
Most of the invertebrate species gathered recreationally or
for cultural reasons are found inshore in the intertidal or
subtidal zone and include various mussel species, crabs,
mud-snails, pipis, surf clams (purimu), rock oyster (karaura),
paua, sea tulip (kaeo) and cats eyes (pupu). As discussed
above these species are common in coastal environments
and experience episodic periods of high SSC due to river
inputs and resuspension during storm events. I agree with the
conclusions of MacDiarmid et al. (2015) that if there was any
effect on these communities it would be negligible.

58.

Effects on the water column biota
There are a number of factors which drive PP in environments
such as that of the STB. For production in the water column
these drivers include physical processes such as major
currents, wind driven currents and waves, upwelling and
other nutrient sources, light availability and grazing pressure
by herbivorous planktonic animals (zooplankton). In the
oceanic waters off the top of the South Island and greater
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Cook Strait nutrient availability, zooplankton grazing and
advection are considered to be the most important drivers
of phytoplankton production along with light availability
(Bradford et al. 1986).
59.

An important factor to be considered is that the STB and subareas are not constrained by any fixed boundaries and
advection and dispersion are important processes which are
very dynamic with considerable spatial and temporal
variability. Nutrients and organic material advected into the
STB will be important as well as in-situ production.

60.

Propagation and dispersal of the sediment plume will result in
absorption and backscattering of light which in turn will
reduce light availability for phytoplankton production. Based
on the revised sediment plume and optical models, water
column primary productivity averaged over the SMD would
reduce by 1% and 0.8% when ISR operations are being
undertaken at Locations A and B respectively (Cahoon et al.
2015). Because of natural variability these effects would
essentially be indistinguishable at the SMD scale and would
not lead to any fundamental changes in the structure and
processes associated with production of phytoplankton.

61.

Neritic or coastal zooplankton contain a range of taxa
including copepods, salps, and larval crustacea, bivalves
and fish. The distribution of many benthic invertebrates
depends on dispersal by currents for recruitment and
colonization. Most species are able to tolerate relatively high
SSC, at least for a short period, and in the case of copepods
will have several generations a year. Thus populations are
able to rapidly recover following any disturbance.

62.

Suspension and filter-feeding zooplankton can be affected
by high levels of suspended sediments. Arendt et al. (2011)
found concentrations of fine sediment above 20 mg/l can
clog zooplankton respiratory surfaces and/or feeding
apparatus as well as impair prey detection. Considerably
higher levels would be required to have a significant impact
with Wilber & Clarke (2001) finding fish eggs and larvae were
only impacted if SSC was over 500 mg/L. Any impact if it
were to occur would be short-term as these populations will
move through the region with the currents and zooplankton
have generation times of days to months. SSC in near
surface waters are predicted to typically increase by less
than 2 mg/L and up to a maximum of 4 mg/L for very short
periods away from the source and in a well-defined plume.
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63.

64.

As discussed above, effects on primary producers can also
impact on higher trophic levels that depend on
phytoplankton as their major food resource. However these
indirect effects if they were to occur would be no more than
minor and not alter the zooplankton community or impact
on production or higher trophic levels.
Potential effects of SSC on fish
The potential effects of the sediment plume and associated
changes in turbidity and suspended sediments on fish
include:


Impacts on physiological processes such as respiration
and feeding;



Impaired visibility for prey detection;



Loss or changes in feeding area and food resources;
and



Loss or changes in spawning areas (dealt with in
evidence of Dr Alison MacDiarmid).

65.

The extent of the turbid plume that may cause avoidance
(defined as 2 mg/L for pelagic fish and 3 mg/l for demersal
fish (Lowe 2013, Page 2014)) was estimated as 60 km2 for
pelagic fish, sea birds and marine mammals and 47.5 km2 for
demersal fish (MacDiarmid et al. 2015). Based on the
distribution of each species in the local QMA and the area
with the SSC above avoidance thresholds, the effects of the
turbid plume would be negligible in spatial extent compared
with species distribution. Thus direct physical disturbance of
fish, seabirds, and marine mammals is expected to be
negligible. If only the SMD is used as the basis for assessment
then the area impacted at these levels represents 0.3% and
would still be negligible.

66.

The only exception in the study was the eagle ray where the
plume could affect a moderate amount of habitat. However
rays are often found in turbid environments and thus are
tolerant of higher SSC and would be unlikely to be impacted.

67.

The effects discussed above are for avoidance behaviour.
Acute and chronic impacts would only be expected to
occur at much higher SSC. In a recent study on juvenile
snapper in estuaries Lowe (2013) reported 35-40 mg/L as the
level that started affecting foraging strategies, and condition
declined. Page (2014) provides a very comprehensive list of
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published threshold concentrations with most species only
impacted beyond avoidance or a reduction in feeding, at
levels well over 500 mg/L. Such levels would not be
encountered even right at the source and near the seabed.
68.

69.

70.

71.

Potential effects of SSC on seabirds
Because of their mobility and wide foraging range, effects
on seabird species that have been recorded in the area and
potentially impacted by higher SSC due to ISR operations, will
be negligible.
The potential effects on seabirds is discussed in the evidence
of Dr David Thompson. In summary potential effects are
through displacement, reduced foraging because of the
sediment plume, avoidance of noise, release of oils and
nocturnal lighting. The evidence of Dr David Thompson on
effects can be summarised as:


Seabirds exploit large areas and have large distribution
ranges such that effects will be negligible;



Given their mobility, large distribution range and low
levels of SSC in the plume then the effects of the plume
and avoidance of noise will not have a significant
impact;



TTR’s spill contingency plan and mitigation measures will
reduce the risk of unplanned oil spoils to as low as
reasonably practical; and



Vessel lights would be highly unlikely to have a
measureable population effect on seabirds because of
the distance from breeding colonies and proportion of
populations that may be affected is small.

For the Port of Melbourne dredging programme the
threshold set to protect terns and gannets was 25 mg/L (Port
of Melbourne 2008). The SSC in the plume in surface waters
will be less than 4 mg/L 20 km downstream and even at the
ISR source itself will only be up to 8 mg/L. Thus the levels will
be well below those used elsewhere to protect such species.
Potential effects of SSC on mammals
Potential effects of increased SSC on mammals would be
through avoidance behaviour, reduced visibility for feeding
and impacts on food resources. The distribution of mammals,
use of the STB area and potential effects on mammals are
discussed in detail by Dr Simon Childerhouse. The effects on
mammals can be summarised as:

24



The effect of noise and avoidance behaviour will be
limited because of the small area affected relative to
the area occupied and used for foraging by individual
and populations of mammals, and their ability to
rapidly move away from the immediate area of the ISR;



A number of species may be present at times in the
area however the extent that species depend on the
proposed area is low;



Hector’s and Maui’s dolphins are potentially found in
the area but their main distribution is further north or
south;



Physical damage due to noise generated by recovery
equipment is unlikely because of the relatively low
levels produced by dredges compared with tolerance
levels; and



The conditions and monitoring will minimise any impacts
if they were to occur and are appropriate to the low
level of risk posed.

Effects of sedimentation and recovery
72.

Sedimentation of material that is either disturbed during the
iron-ore recovery operations or settles out from the sediment
plume during the release of de-ored material can impact on
biota through smothering of the habitats and biological
communities and interference with physiological processes
and in some cases reproductive processes (e.g. macroalgae
recruitment) (shown schematically in Figure 4 (Appendix 3)).

73.

Sedimentation will be most significant at the ISR site as the
fine and medium sand is redeposited in the excavated
trench. Most taxa inshore will be exposed to naturally high
sedimentation events during heavy rainfall while offshore is a
general deposition zone for fine sediments originating from
land.

74.

There is now a reasonable body of information on the effects
of sedimentation on benthic communities, including a
number of New Zealand studies in harbour and coastal
environments.

75.

Effects on the soft-bottom benthic environment
Experiments in a range of studies, mostly on the Manukau
Harbour, have shown that generally most soft-bottom
species can escape a maximum burial depth of 2-10 cm
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depending on the species and type of material deposited
(Norkko et al. 1999, 2001). Some benthic taxa, such as the
bivalves Nucula (found in the STB) and Macomona and
some polychaete worms, can survive and escape burial
under at least 20-30 cm of sand while 50% of Zethalia
zelandica, a small trochid wheel shell, similar to some species
found off the Taranaki Coast, did not survive burial in 17 cm
of sand or 3.8 cm of mud (Paavo and Probert 2005). This
clearly demonstrates the difference in effects between
sandy versus muddy depositions.
76.

The deposition of clay material would have the greatest
effect, with experiments in the Auckland Region
demonstrating that layers as thin as 3-7 mm had some
impact on macrofauna and rapid accumulations of 20 mm
can smother entire benthic communities (Norrko et al. 1999).
The material being redeposited at the ISR operations site will
contain very little fine material. Less than 2.5% of sediment to
be extracted is fine material (<63um) thus I would not expect
this fine fraction to have an effect on sedimentation as it is a
small fraction and will be dispersed over a wide area.

77.

Cockles (tuaki), pipis and tuatua are important for
recreational and cultural harvesting in coastal environments.
Experiments have shown that cockles can survive burial
under several cm of sand but only up to 30 mm of fine silt.
Pipi are active burrowers and can be found buried in up to
100 mm of sand and larger ones can even tolerate up to 400
mm. Shrimps and some crabs can survive up to 9 cm of
deposition but cockles and other molluscs generally start
responding at levels of 20-30 mm, depending on the grain
size.

78.

In the pit area where the sediment is redeposited, initially
there will be no living benthic community (except maybe
some microbes) but as described later in my evidence the
community would rapidly start recovering through settlement
of larvae and transport of adults into the area. Animals
would not be able to migrate through the several meters of
deposited sediment in the pit area and thus the degree of
recovery will depend on the level of recruitment from outside
sources to surface areas, the way the material is deposited,
and the length of time since the seabed was excavated.

79.

Average sedimentation rates over the SMD are estimated to
be 0.5 - 1 mm/yr in the plume which is virtually
indistinguishable from background levels and will have
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negligible, if any, effect on benthic communities outside the
pit and immediate area.
80.

81.

The sampling of infauna commissioned by TTR focused on
organisms in the surface 5 cm. Holes from deep burrowing
mantis shrimps are commonly found in inshore sandy habitats
but NIWA saw very few surface holes/burrows and caught no
shrimps in dredge tows across the Patea Shoals. If they are
present then mantis shrimps and some crab species have
been shown to survive up to 9 cm of sediment deposition
(Norkko et al. 1999), thus would only be impacted at the
excavation site.
Effects of sedimentation on rocky reefs
Sedimentation can impact on macroalgae and rocky shore
communities through effects on settlement, recruitment,
growth, and survival. Indirect effects include loss of
photosynthetic capacity with a film of a few mm of sediment
potentially reducing photosynthesis of plants. While most
established alga can survive burial for short periods,
attachment of germlings can be impacted by a light dusting
of sediment (Schiel et al. 2006) and relatively heavy
settlement (2 mm) can prevent attachment altogether.

82.

Some intertidal algae can remain intact after 3 months of
burial but growth is inhibited, while others do not survive
burial under thick sediments for a month. Deposits of up to 37 mm can have a negative effect on microphytes
(microscopic benthic algae) and repeated additions over
several months have been found to have a cumulative
negative effect. Coralline crusts have been found to be
unaffected by burial in sand for a few months.

83.

Predictions of sedimentation rates on rocky reefs are well
below levels where there is a risk of impact on settlement of
macro-algae germlings. It should also be noted that with
such a dynamic environment fine material will constantly be
re-suspended and transported.

84.

Recovery from effects of suspended sediments and
sedimentation
The effects of sedimentation and increases in SSC will be
temporary and the benthic communities will recover once
the sediment has been redeposited and operations move to
the next block. The rate of recovery will depend on the type
of sediment present (mostly fine to medium sands),
extracted and deposited; severity of the effect; and the
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availability of larval and adult recruits. There is now a good
body of information available in New Zealand on recovery
rates following sediment plume and sedimentation events as
a result of dredging and other activities. This information is
based on experimental trials as well as following recovery
after dredging operations (e.g. Otago Harbour and Hauraki
Gulf dredging).
85.

Experiments carried out as part of studies around
maintenance dredging by Port Otago Limited used muddy
and sandy spoil from Dunedin Harbour which was deposited
off Aramoana and recovery followed. Surveys showed that
four months after depositing muddy spoil, the benthic
community was still depauperate (low population size and
number of species) compared with pre-disposal and it took
up to six months for the disposal site to recolonise and have
a similar community to a site protected from disposal.
Recolonisation of sand disposal, which is the main type of
material to be considered with the TTR application, was
much quicker with the community being similar to predeposition on a time scale of weeks.

86.

Surveys following dredging at the Port of Auckland and
disposal of 262,000 m3 in the Hauraki Gulf found there was an
initial increase in abundance and diversity of benthic
communities then a decline. Early successional communities,
which included the likes of tube-dwelling polychaetes, were
evident immediately after disposal followed by an increase
in longer lived successional stages, between eight and 11
months after disposal.

87.

A number of overseas studies have shown that while
communities associated with muds may recover within
months, communities in sand deposits will be in a transitional
stage and take up to two to three years to recover. Some
longer lived species in these communities, such as heart
urchins and large bivalves (which are found in the STB),
could take several years to fully recover in the actual area
where sands are extracted but there would be some
movement into the area immediately after the ISR activities
move to the next block.

88.

Monitoring at dredge disposal sites in 1992 off the Port of
Tauranga found that large scale irreversible changes in
benthic fauna had not occurred and there are no
documented cases I am aware of where large-scale
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irreversible changes have occurred with other dredging
operations in New Zealand.
89.

In terms of the proposed ISR there will be two zones that
need to be considered for recovery, the pit area where
material is redeposited, and downstream, where
sedimentation and increased SSC may impact the benthic
community. The redeposited material will be similar to that
extracted in terms of particle size which will aid recovery.
Recovery in the pit area as the sand is redeposited would be
expected to take longer as it would rely on recruitment and
advection from outside the area, although this recovery
would start as soon as the material is deposited.

90.

Immediately downstream of the ISR operations, where the
predominantly sandy material is deposited on top of the
existing communities, recovery would be expected to be
quicker because only a very thin layer would settle out from
the plume.

91.

Material from the STB was used by NIWA to experimentally
assess recolonization that would be expected to occur in the
STB. The experiments had to be conducted in Wellington
Harbour because of the exposed nature of the STB, and
although the focus was on assessing the effects of removing
iron from the sediments the results do provide some
indication of recovery. The experiment was run for seven
months after which time several “opportunistic species” (e.g.
copepods and small polychaetes such as Capitella
capitata) were found to have recolonized the sediments
(Beaumont et al. 2013).

92.

As discussed earlier, the existing community in the STB where
the ISR would take place is a very exposed, high energy,
highly dynamic sandy environment where much of the
benthic community will be exposed to episodic disturbances
from wave events and river inputs during high rain-fall events.
The existing community is dominated by short-lived,
opportunistic and early successional or colonisation stages.
The communities present, along with the low abundance of
longer lived organisms, is indicative of an environment that is
regularly disturbed.

93.

The benthic community to the south and further offshore (60
m water depth) is dominated by later successional stages
(certain bryozoans, sponges, larger gastropods and higher
numbers of motile taxa) while the bivalve rubble habitat in
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shallower waters supports early successional stages
(encrusting corraline algae, small encrusting invertebrates).
However, the impact of increased SSC in these areas, if it
does occur, will be very small and will not have an impact
because of the distance from the operations and the
direction of the main plume (north east).
94.

In summary the dominance by early successional stages in
the area potentially impacted suggests that recovery should
be relatively rapid and at the scale of months to a few years.
Recovery of some taxa such as small polychaete worms
would be expected to start within a few weeks of the ISR
operations moving elsewhere within the consent area.
However larger, long-lived biota could take months to
several years to fully recover in the excavation area. There
will be a gradation of recovery as the activity moves across
the area where sands are extracted and redeposited.

Contaminants
95.

Contaminants, such as heavy metals and PCBs
(polychlorinated biphenyls), can potentially affect offshore
biota through direct toxic effects and bioaccumulation into
the food web. Contaminants in the sediments of the STB,
such as heavy metals, were investigated by Vopel et al.
(2013) as part of the studies carried out for the earlier TTR
application.

96.

As would be expected for such a dynamic exposed
environment, organic content and concentrations of
contaminants, such as heavy metals, were at low levels with
some metals below detection limits. No contaminants
exceeded ANZECC guidelines (ANZECC 2000) although
levels of nickel and copper in elutriate were slightly higher
and would require some dilution to get to the 99% protection
level (Vopel et al. 2013). Any contaminants that were
released into the water column during extraction of iron
sands would be rapidly diluted and dispersed at levels that
are below guidelines for protection of aquatic biota. Note
that no chemicals are used in the separation process.

97.

There is always the potential for oil spills from vessels and
recovery machines and it will be critical that best practices
are followed throughout and the Spill Contingency
Management Plans be put in place. This is required as part of
the conditions proposed.
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98.

Another source of contamination from the ISR operations is
the release of nutrients from pore water in the sediments
during extraction. In a study for the TTR application Cahoon
et al. (2015) used literature values and sediment
characteristics to assess the potential for increased nutrients
from the ISR operations which could lead to algal blooms.
They concluded that increases in the likes of ammonium-N
would be undetectable and insignificant. There could
potentially be a very slight increase in nutrient levels in the
downstream plume but in my opinion the nutrients would
disperse and dilute very quickly and would not be expected
to cause an increase in primary production, outside natural
variability.

RESPONSE TO EPA REVIEWS AND SUBMISSIONS
99.

TTR has received reviews carried out on behalf of the
Environmental Protection Agency (EPA), comments for
discussion from the Taranaki Regional Council (TRC),
Department of Conservation (DOC) and submissions from a
range of groups and individuals. Most of the points raised
have been discussed in my evidence and are reinforced
below.

GHD review of sediment transport for EPA
100.

The review of sediment mobilisation and transport work for
EPA by GHD concluded that the new source rates are
reasonable and considered a “best estimate”. Comments
on the lack of temporal changes in suspended sediments at
key locations downstream, has now been added to the
assessment and comments included in my evidence (also
see examples in Figure 2).

AECOM review of benthic ecology for EPA
101.

AECOM reviewed the assessment of effects on benthic
ecology for the EPA. They consider that the assessment of
potential impacts upon benthic ecology is based on “best
available information” and the information provided is
adequate to assess the effects. AECOM conclude that
provided there is adequate monitoring and mitigation put in
place there is a “low risk of significant adverse effects on
benthic ecology. AECOM particularly note the importance
of addressing frequency and duration of high SSC events
and detection of meaningful change for reef and subtidal
benthos.
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102.

The issue around frequency and duration of exceedances is
dealt with by comparing the predicted increases in SSC with
measured levels. If frequency or duration of high levels are
greater than predicted then this would require further
investigation and if necessary a management response. This
is covered in Condition 20 (b) which states:
“to ensure that the activities authorised by these consents:
……
b. Do not result in any adverse effects that were not anticipated
at the time of the granting of these consents. Without limiting the
requirement of b. above, an adverse effect will be deemed to
have occurred if the actual 25, 50, 80 and 95 percentile
Suspended Sediment Concentration values during any six (6)
month
period
(as calculated from observed turbidity
measurements) are, for that same period and in the opinion of
the EPA, significantly greater than the background (no mining)
percentile values predicted by the validated Operational
Sediment Plume Model (Condition 18) or the values specified in
Schedule 2.” A power analysis following the 2 years of baseline
monitoring of subtidal and intertidal reef communities will be
used to assess whether there are any ecologically meaningful
changes. However the most important compliance limit will still
be based on continuous monitoring of SSC at key locations.”

DHI review of effects on plankton, fish and marine mammals for EPA
103.

DHI undertook a review for EPA of information provided on
the effects on plankton, fish and marine mammals. DHI
conclude that the descriptions of the natural environment
and impact assessments provided are based on extensive
and more than adequate data sets. A number of comments
have been addressed in my evidence. The approach to
monitoring and setting of limits and conditions is endorsed by
DHI. They also support the assessment that effects on fish are
based on best practice and will be negligible, and effects
on zooplankton and mammals will be negligible based on
the information available. The main issues raised regarding
the assessment of effects and my responses are:
(a)

The assessment generally follows a risk based
approach but not formally - All the elements of the
risk assessment framework have been undertaken
and are discussed in my evidence. As required the
effects assessment focussed on ones that are
potentially of moderate risk or greater. Cumulative
effects include effects of the operations and other
activities. I do not consider that there will be
additional significant cumulative effects from other
activities as suspended sediment and sedimentation
are the major concerns and there are no other
activities within close proximity that need to be

32

considered. The cumulative effects of mining on top
of background levels, is addressed in my evidence.
The assessments have used a coupled model for
suspended sediment, optical properties and
reductions in light and I note most of the examples
provided in the review by DHI do not go beyond
such an approach.
(b)

Is the SMD used appropriate? Scale of effects and
context are important considerations - The SMD is
used in most of the assessment because it is the area
that will potentially be impacted at ecologically
meaningful levels and covers important areas of
ecological value such as the Traps and inshore reefs.
Areas closer to the ISR operations will be impacted to
a greater level as described in my evidence for
benthic fauna and MPB at distances < 2km, with MPB
being subject to intermittent exposure further
downstream but within natural variability. It is
important to capture these wider ecosystem-scale
effects. I consider this an appropriate approach, the
effects would be considerably smaller if the STB was
used in all the assessments and not appropriate in
my opinion unless considering large mobile taxa.

(c)

The assessment of effects on primary production
would have benefited from dynamic modelling of
the SMD and STB - This is by no means a trivial
exercise (several years of intensive monitoring at
appropriate
spatial
and
temporal
scales,
experiments and development of a 3-D model) and
having been involved in large multidisciplinary
studies around the New Zealand coast, including the
west coast of the South Island, and studied and
published papers on controlling factors such as
zooplankton grazing, I do not consider this would
improve the assessment or is warranted.

(d)

DHI were concerned that there was little
consideration of environmentally sensitive areas. However those which are part of the SMD have
been identified in my evidence and included in
assessments of reef and seabed communities. These
areas are also specifically included in long-term
monitoring and condition and limit setting (e.g. Traps,
Graham Bank).

33

Taranaki Regional Council
104.

A number of issues were discussed at meetings, in
correspondence and in the submission by the TRC. Following
earlier discussions agreement was reached over the
monitoring and types of conditions required, which should
be focused on controlling sediment as the major
management tool.

105.

In their submission TRC raise concerns over :


Localised effects on primary production and reefs;



Cumulative effects;



Increased smothering; and



Knock-on effects on the foodweb.

106.

There will be localised effects of SSC on benthic fauna within
a few kilometres of the site and effects on MPB PP will be
reduced by up to 40% and extend downstream but at lower
levels than at the site itself. The levels predicted to reach
ecologically sensitive areas such as the Traps and Graham
Bank (see Figure 5 for extent of plume and natural levels) will
have negligible, if any impact on benthic fauna and
potential impacts on macroalgae will be intermittent and at
a much lower level than close to the ISR operations.

107.

The reduction of PP in the water column and as fluxes to the
benthos is discussed in my evidence and that of Dr
Lawrence Cahoon. In the context of the SMD or STB the
effects will be negligible or no more than minor and within
natural variability (see Table 4 for area and percentage
impacted). Flow on effects to other parts of the food web
will be even smaller and influenced by other processes such
as advection through the area. I do not consider that the
predicted reductions in PP will lead to fundamental regime
shifts in the region or significantly reduce productivity or
diversity.

108.

As discussed in my evidence the impact of higher SSC on
benthic fauna will be no more than minor, except potentially
at the ISR site itself. The community will recover when
operations move to a new area. The reduced light reaching
MPBs will not have the same level of effect on herbivores
which feed on the MPBs. This is because MPBs are naturally
patchy and herbivores (and indeed most higher levels)
display considerable flexibility in food resources depending
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on what is available. As stated in my evidence these
communities are adapted to disturbances and thus variable
food resources.
109.

In their submission TRC raise concerns about the effects on
sensitive environments such as reefs and the offshore
bryozoan beds. The sensitive areas such as The Traps,
Graham Bank, inshore reefs and bryozoan beds have been
identified and form the basis for the monitoring programme
and limit settling. As is shown in Figure 2 of my evidence the
predicted levels of SSC at the North and South Traps as a
result of mining plus background are essentially
indistinguishable from background alone in terms of
concentrations, frequency and duration.

110.

The levels of sedimentation away from the ISR area will be
very low and predictions are that it will be < 1mm/y in the
SMD which will be indistinguishable from background and will
below levels that will impact on benthic and reef fauna and
macroalgae. These levels are below those found to impact
biota including in the references quoted by TRC (e.g. Schiel
et al. 2006). The levels of SSC and sedimentation in the area
of the offshore bryozoan beds and corals (found at depths
100 m plus) will be well below those that would have an
impact. It should also be noted that there will be transects of
SSC run offshore from the ISR operations as part of the
monitoring programme to ensure that the levels offshore are
as predicted.

111.

The minor effects on benthic animals at distances greater
than 2 km from the ISR operations means that there will be
no more than minor, if any effect on higher levels in the food
web. In terms of fish, birds and mammals the assessment has
included reductions in foraging area which are negligible
and along with the low levels of impact on benthic fauna
mean knock-on effects on the food web will be within
natural variability and not measurable. The likes of the
polychaete suspension-feeding Euchone mentioned by the
TRC will be an important food source for demersal fish, such
as terakihi, but Euchone will depend on a range of food
resources including phytoplankton, detritus settling out and
MPB and are characteristic of regularly disturbed
environments.

112.

The TRC raised concerns about effects on the likes of little
blue penguin. However like other seabirds and mammals
these animals forage over wide areas, with penguins feeding
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mostly on surface schooling small fish, squid and
crustaceans. These resources will not be affected at the
levels of SSC and sedimentation predicted and as discussed
in MacDiarmid et al. (2016) the area impacted is negligible
compared with their foraging area, they are not very
common in the area of the ISR operation and there would
be no minor effects on food resources even 20 km away
from the ISR site.
113.

As stated in my evidence there would not be a fundamental
ecosystem shift in the area based on the effects on primary
producers and benthic fauna.

Other submitters
114.

A number of other submitters have raised concerns about
effects on marine ecology. Specific issues around birds,
mammals, fisheries and primary production will be dealt with
in more detail by other witnesses. The general issues raised
relate to:


Rocky reefs and sensitive habitats not being fully
documented or addressed;



The area of the ISR operations being higher in value
than acknowledged, threatened species being
present;



The plume will contain toxic elements and heavy
metals;



Effects on primary production is significant at local
and wider scale, including at the likes of Graham
Bank;



Effects on energy supply to benthic habitat will be
significant;



Effects of increased SSC on inshore habitats including
clam populations will be significant;



There will be significant mortality of zooplankton and
the overall pelagic food web including birds and
mammals due to SSC plume;



Sedimentation will
ecosystem health;



Lack of knowledge of regeneration times for benthos;

smother,

stress

and

reduce
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Cumulative effects over many years and combined
with other processes will be significant; and



Monitoring programme is inadequate.

115.

Most of the issues raised have been addressed in my
evidence or responses to EPA, EPA reviewers and TRC
above. Additional comments are provided below.

116.

The NIWA reports identified reefs inshore and further offshore
in two separate studies. There will be a few additional reefs
within 20 km of the ISR site (as identified in the submissions by
Nga Motu Marine Reserve Society, KASM, Karen Pratt and
others) but the predictions are that even the closest reefs will
receive less than 1 mm of sedimentation over five days and
will be unlikely to settle for long.

117.

The issue raised about reefs close to the ISR site receiving
very high SSC needs to be put into context. The time series
for a site at 2 and 8 km from the ISR site shows that the peaks
in SSC will be small and intermittent (see Figure 6a and b)
even where the reefs occur (5-10 km from the ISR site at the
closest point). Thus I would not expect significant impacts on
these closer reefs.

118.

Likewise the reef area associated with the South Taranaki
Reef Life Project, which is an excellent initiative, will be at
least 15 km away and receive low levels of SSC and
sedimentation. It is recommended that the final siting of
monitoring sites take the location of this reef into account.

119.

There is concern that the area of the ISR operations is more
highly valued than indicated in some TTR documentation. In
my evidence I have discussed the worm beds and along
with other taxa found on the sand seabed these will be
important for a range of bottom-feeding fish species.
However, there is nothing special identified compared with
the wider STB and the diversity and abundance is “relatively”
low compared with some other areas. The comment by the
Climate Justice Taranaki Inc that there are five threatened
invertebrate species in the region only applies to the whole
Taranaki Coast and they have been recorded at depths
greater than 50 m and 100 km offshore or outside the
Taranaki Coastal Marine Area (Johnston 2016). The corals
recorded well offshore (> 80 m depth) will be subject to very
low SSC and sedimentation.
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120.

The areas of high value and those which are potentially
sensitive have been identified earlier in my evidence and are
included in the assessment and time series of SSC provided in
Figure 2. The Traps are identified in the Coastal Management
Area A of the TRC Coastal Plan as an “Area of outstanding
coastal value”. The Traps are noted as having “large
seaweed forests, diverse and abundant sealife; an unusual
feature on sandy coast”.

121.

The plume will not be a constant feature and levels will vary
as shown in the time-series in Figure 2, 6a and 6B depending
on the strength and direction of the currents and winds. Thus
a particular location will only receive the higher levels for a
short time and intermittently. Although there are concerns
expressed over contaminant levels in the plume the
concentrations of metals are low in the sediments and
sometimes below detection. These would be rapidly diluted
when the sediment is discharged to well below guideline
levels.

122.

Primary production is dealt with in detail by Dr Lawrence
Cahoon. As discussed by Dr Cahoon the idea that a certain
percentage reduction in light relates to the same reduction
in primary production is not correct because of
photadaptation and other processes which reduce the flowon effect considerably. It is accepted that within a few
kilometres of the site there will be higher reductions in
production by MPB but as described in my evidence the
reduced levels of water column, benthic production and
primary production, will not change the ecosystem structure
or productivity.

123.

Flow on effects are raised by a number of submitters. The
food webs in such dynamic environments are very complex
and most biota, including invertebrates and fish, have to be
very flexible. Polychaete worms and other suspension and
deposit feeders and grazers rely on a range of food
resources such as phytoplankton, detritus settling out, and
MPB. The MPB also exists as a matrix of bacteria, other
microheterotrophs, detritus and settled phytoplankton thus
primary production by actual MPB is only one component.

124.

Most of the higher level consumers will be generalist feeders
and many have a wide foraging range. Thus I do not
consider the ISR operations will have an effect, except
temporarily in the region of the ISR operations and
immediately downstream, and this will not impact on overall
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productivity or functioning. These systems need to be
approached at an ecosystem scale because of the large
scale dynamic physical processes operating, particularly for
biota in the water column. Thus I consider the SMD approach
is valid. Impacts at the local scale (within a few kilometres of
the project site) will be higher but will not affect overall
productivity. There will not be significant mortality of
zooplankton which in any event are short-lived, carried
around by currents and can tolerate considerably higher
levels of SSC than predicted.
125.

The inshore biota will receive very low and intermittent levels
of SSC and sedimentation from the ISR operation and will be
well below natural levels that they experience. The likes of
clams are tolerant of dynamic environments and high SSC
(can tolerate at least 50 mg/L) that are commonly found in
inshore areas. Levels of SSC in the plume, if they were to
reach the inshore area will be very low and sedimentation
likewise very low and temporary.

126.

Regeneration times are discussed in my evidence and are
based on observations elsewhere including recolonization
after large dredging programmes and knowledge of life
cycles.

127.

The issue of cumulative impacts in food webs is discussed
above. The cumulative impacts in terms of SSC and
sedimentation are addressed by comparing the existing
environment and SSC with that with mining added. This takes
account of existing inputs from land-based and other
activities. There are no other activities offshore that I am
aware of that will further add to the levels of SSC used in the
assessment. As discussed earlier the SSC will be within natural
levels experienced by the existing biota.

128.

Tight environmental limits and extensive monitoring are
proposed as discussed in the next section. Monitoring
(including baseline for two years) will include real-time
measurements of SSC at key sensitive sites. The application of
percentiles (25, 50, 80 and 95th percentiles) for different levels
compared with those predicted will be continuously
monitored to ensure effects are no worse than predicted in
terms of severity, duration and frequency.

129.

The issue of whether turbidity provides an adequate
surrogate for SSC has been raised. However, this is the best
practical and accepted way to assess SSC continuously. The
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turbidity measurements will be calibrated for SSC based on
grab samples.
MONITORING AND CONDITIONS
Monitoring
130.

Critical elements of a monitoring plan include the
requirement for the plan to be practical, sufficiently robust to
detect changes if they were to occur, and take into
account the tolerances of important biota and natural
variability in time and space. Details of the monitoring plan
and conditions are covered in the evidence of Mr Daniel
Govier and detailed in the Baseline Environmental
Monitoring Plan (BEMP). A summary of my recommendations
is provided below.

131.

The overall approach for monitoring is to:

132.

(a)

Determine a robust baseline for physical and
biological parameters prior to mining;

(b)

Monitor the extent of the sediment plume in the
near-field to confirm that levels and extent are as
predicted;

(c)

Monitor turbidity and optical properties during the ISR
operations in the far-field to ensure that the effects
on total suspended solids (TSS) and optical properties
of the receiving environment are no worse than
predicted;

(d)

Set appropriate limits (and management responses)
for exceedance at key sites representative of
ecologically important areas; and

(e)

Survey the benthic communities to confirm recovery
rates in the consented area and that effects are no
more than predicted at the ISR sites and beyond.

The major driver of effects on the water column is the
development and dispersion of suspended sediment plumes.
A good understanding of the background levels of SSC and
optical properties have been derived from measurements insitu, from satellite imagery and modelling of changes in
space and time. Extensive modelling has been used to assess
the impacts of ISR operations and the changes in SSC and
optical properties from predicted plume development.
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Further background data is expected to be collected over
two years of baseline monitoring as proposed in the
conditions. It is important that there is monitoring in place
during ISR operations to demonstrate that effects are no
more than predicted in terms of increases due to the
operations for spatial and temporal effects.
133.

134.

135.

The major elements
programme are:

of

a

recommended

monitoring

(a)

Near field effects using synoptic surveys of key
physical attributes along transects emanating from
the ISR operation site and to areas of ecological and
cultural value; and

(b)

Far-field effects based on long-term moorings
installed at key representative sites in a gradient
away from the ISR site including the Traps, Graham
Bank, and at least one site inshore near shoreline
reefs (e.g. < 5 km off Patea).

The ISR process will almost entirely extinguish the fauna and
flora living on and in the shallow seafloor sediments in the
immediate consent area. Monitoring of this biota in the
consent area using sediment cores and underwater imaging
is recommended every three months for two years before
and for four years after ISR operations commence to
establish:
(a)

Background seasonal and inter annual variation in
the composition and abundance of this biota; and

(b)

The trajectory of recovery after ISR operations cease.

These monitoring recommendations are all provided for in
the conditions proposed by TTR.

Thresholds and conditions
136.

Biota in the water column and the benthic environment of
the STB are adapted to this dynamic and high energy
environment which includes river inputs and regular strong
wave activity. Thus background levels and natural variability
in SSC and the underwater light environment are high and
need to be taken into consideration when analysing the
monitoring data.
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137.

The primary mitigation for the effects of increased SSC is that
the management levels are based on never exceeding the
95th percentile of SSC already being experienced in the area
at key locations. Thus the approach recommended is to set
response and compliance limits based on maximum levels at
which management actions are required. For a response
limit (80thpercentile) this would initiate further investigation of
data and if necessary further sampling to identify the cause
of the exceedance and if a result of ISR, then specific further
actions required. If a compliance limit is exceeded and it is
found that this is due to ISR, then activities will cease while an
acceptable management response is developed. Such an
approach would be based on telemetered data from
moorings in near-real time. Frequency distribution of SSC
limits are provided to maintain SSC within predicted limits
and ensure higher levels are not occurring in frequency or
duration any longer than for baseline.

138.

The limits to be applied to the ISR operations will be based on
predictions of background SSC at different locations in the
modelled domain (listed in Table 3 (Appendix 3)), to be
confirmed following the two years baseline monitoring and
will be included in the EMP for the different locations. In
addition to the limits the monitoring will be used to confirm
that the effects, if they were to occur, were no more than
those predicted under high and low natural background
levels. This would include the frequency and duration of high
levels measured versus those predicted.

139.

Although the limits will be based on model predictions they
are well below the limits for SSC applied elsewhere to protect
bird and benthic biota. An absolute SSC limit of 25 mg/L as a
rolling average has been used in other cases to ensure that
levels would not affect sea-bird foraging and would protect
benthic fauna. There would only be short periods of time
when the levels would be high enough to cause avoidance
by fish but would always be well below levels that have
been found to impact directly on fish species.

140.

An Operational Sediment Plume Model will be run
continuously to assist with identifying the cause of
exceedances and to demonstrate that the effects are as
predicted in terms of frequency of occurrence for different
SSC.

141.

All of these recommendations are captured in TTR’s
proposed conditions.
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142.

Best practice for avoiding effects of noise, effects on
mammals and dealing with oil spills is covered by other
witnesses.

CONCLUSIONS
143.

The STB is a high energy dynamic environment subject to a
range of currents, waves and riverine inputs that can
introduce high levels of suspended sediments. The seabed in
the ISR area is dominated by rippled sand and a benthic
community dominated by worm beds, low benthic
abundance and diversity.

144.

Risk analyses have shown that the main effects of concern
are the physical disruption during excavation and redeposition of sediments; and the development of a plume of
suspended sediment.

145.

The extraction process will mean most of the biota in the
excavated area will be lost in the short-term. However the
area impacted is small at less than 5 km2 per year, there are
no rare or unique species or assemblages present and the
community will recover on a time scale of weeks to months
for the dominant worm beds and months to several years for
larger long-lived taxa. There will be a gradient of effect and
recovery as the operations move across the area.

146.

The extent, direction and severity of the plume of suspended
sediment will vary temporally depending on prevailing
physical conditions. The increases in suspended sediment
beyond the immediate vicinity, including high value reefs
inshore, the Traps and Graham Bank will be less than 2 mg/L
with very rare periods over 2 mg/L; thus will not impact on
benthic animal biota. There will be an area of reduced
water column productivity but in terms of the SMD this will be
negligible and indistinguishable from natural variability.

147.

Effects on phytoplankton primary and energy flow to the
benthic environment are predicted to be higher with
localised effects (< 2km from the extraction site) but no more
than minor effects at the SMD and STB scale. These effects
will be restricted in extent and within the envelope of natural
variability and will not cause an ecosystem shift.

148.

Compared with foraging areas and distribution of fish,
seabirds and mammals the sediment plume will have a
negligible effect as concentrations away from the site are
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below those expected to trigger avoidance behaviour or to
impact on food resources.
149.

This assessment is based on the best available information
and new work which I consider provides a good basis for a
realistic assessment of effects. A robust and comprehensive
monitoring programme and set of conditions is proposed
with management responses if limits are exceeded. I
consider the monitoring programme and conditions provide
the confidence which will ensure effects are no more than
minor in the region, and as predicted.

Mark Richard James
15 December 2016
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APPENDIX 2 – LIST OF ABBREVIATIONS













BEMP - Baseline Environmental Monitoring Plan
DoC - Department of Conservation
EPA – Environmental Protection Authority
ISR – Iron sand recovery
PP – Primary production
QMA – Quota management area
SSC – Suspended sediment concentration
SMD – Sediment model domain
STB – South Taranaki Bight
TRC – Taranaki Regional Council
TSS – Total suspended solids
TTR – Trans Tasman Resource Limited
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APPENDIX 3 – TABLES AND FIGURES REFERRED TO IN MY EVIDENCE
Table 1. Background SSC levels
Inshore

Offshore

Median

10-20 mg/L

<0.1 mg/L

99th
percentile

Up to 100 mg/L (max <1 mg/L
>200 mg/L)

Surface

Seabed
Median

Can be over 100 <1 mg/L
mg/L

99thpercentile

Can be over 1000 <10 mg/L
mg/L

Table 2. Predicted increases in SSC at different distances downstream. (Increases in
brackets)
Distance
downstream

2 km
8 km
20 km

Median SSC
Background

0.4
0.5
0.9

(mg/L)
Plus
mining
1.5 (1.1)
1.3 (0.8)
1.4 (0.5)

99Th
percentile
SSC
Background
5.5
6.9
10.5

(mg/L)
Plus mining

6.8 (1.3)
7.1 (0.2)
10.8 (0.3)
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Table 3. Background 50th (median), 80th and 95th percentiles of surface and nearbottom suspended sediment concentration (SSC) at 11 sites in the STB. Data
extracted from the predictive models of Hadfield and Macdonald (2015).
Background percentiles (SSC mg/L)

STB sites (in order of
increasing 95th percentile
background SSC in surface
waters)

50th

80th

95th

50th

80th

95th

Rolling Grounds

0.1

0.3

1.1

0.6

3.5

15.3

Graham Bank

0.6

1.7

4.5

12.6

32.8

84

0.9

2.3

5.9

11.0

29.0

76.6

South Traps

3.1

6.3

11.1

16.0

37.7

97.4

North Traps

3.7

7.2

12.4

20.7

46.5

115.0

Tuteremoana

4.6

8.5

13.6

8.8

23.7

62.5

Source
20km

A to

Surface

Bottom

Whanganui
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Table 4. Predicted changes in photosynthesis due to light attenuation due to
mining at site A and at site B. Changes are shown in terms of the area (km 2) of
the seabed in the sediment model domain (Hadfield & Macdonald, 2015)
with a change in the given range, and with this area expressed as a
proportion (%) of the total area of the sediment model domain.
Water column primary production
Changes

Mine A

Mine B

km2

km2

<1%

9956

10,374

1-5%

2705

2710

5-20%

704

282

20-60%

1

0

>60%

0

0

Total

13,366

13,366

%

%

<1%

74

78

1-5%

20

20

5-20%

5

2

20-60%

0

0

>60%

0

0

Total

100

100
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Figure 1. The South Taranaki Bight (STB) region showing the Sediment Model
Domain (SMD) (oblique black rectangle).The approximate iron-sand mining
location is shown in red and the 12 nm boundary of the Territorial Sea is shown in
yellow.
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Figure 2. Surface SSC time series at key sites from mining source A.Panels (a) to (c)
are for background, mining and background plus mining respectively. See Figure 3
for locations. Sites are:
A. Patea River Mouth customary fishing area
B. South Traps
C. North Traps
D. Rolling Grounds
E. Graham Bank
F. 20 km from the ISR site
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(A)
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(B)
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(C)
.
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(D)
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(E)
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(F)
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Figure 3. Map showing location of continuous monitoring sites for suspended
sediments. Sites are based on important ecological areas.
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Figure 4. Schematic diagram of how effects from the ISR operations may be manifest

Bioaccumulation,
toxicity

Fish and birds

Note that primary production
will also be driven by nutrient
supply, advection and grazing
which will not be impacted by
the ISR operations
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Figure 5. Median near-surface concentration of suspended sediment
from mining (50 Mt/a) at source location A. a) Background SSC; b)
mining-derived SSC; c) background plus mining-derived SSC. An
open circle of 2 km radius in panels (b) and (c) indicates the source
location.
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a)

b)

c)

Figure 6a. Surface SSC time series at 2 km from mining source A.
Panels (a) to (c) are for background, mining and background plus
mining respectively.
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a)

b)

c)

Figure 6b. Surface SSC time series at 8 km from mining source A.
Panels (a) to (c) are for background, mining and background plus
mining respectively.

