BEFORE THE ENVIRONMENTAL PROTECTION AUTHORITY
AT WELLINGTON

IN THE MATTER

of the Exclusive Economic Zone and
Continental Shelf (Environmental Effects)
Act 2012

AND

IN THE MATTER

of

a

decision-making

committee

appointed to hear a marine consent
application by Trans Tasman Resources
Limited to undertake iron ore extraction
and processing operations offshore in
the South Taranaki Bight

EXPERT EVIDENCE OF ALISON MACDIARMID ON BEHALF OF TRANS
TASMAN RESOURCES LIMITED
15 DECEMBER 2016

Mike Holm/Vicki Morrison-Shaw
PO Box 1585
Shortland Street
AUCKLAND 1140
Solicitor on the record
Contact solicitor

Mike Holm
Vicki Morrison-Shaw

Mike.Holm@ahmlaw.nz
Vicki.Morrison-Shaw@ahmlaw.nz

(09) 304 0428
(09) 304 0422

2

Contents
EXECUTIVE SUMMARY ............................................................................... 4
INTRODUCTION .......................................................................................... 6
Qualifications and experience .................................................................. 6
Code of conduct ........................................................................................ 7
SCOPE OF EVIDENCE ................................................................................. 8
POTENTIALLY IMPACTED ECOSYSTEM COMPONENTS .............................. 9
Seafloor biota............................................................................................... 9
a) Patea Shoals region ............................................................................. 9
b) Nearshore region ............................................................................... 14
Zooplankton ............................................................................................... 16
Fish ............................................................................................................... 19
Cetacean habitat modelling .................................................................. 20
ASSESSMENT OF EFFECTS ......................................................................... 23
Impacts on and the recovery of benthic fauna within the PPA......... 23
Effects of iron concentration on seafloor recolonisation..................... 26
Spatial scale of ecological effects ......................................................... 28
Effects on commercial fish species ......................................................... 32
Effects on cephalopods ........................................................................... 34
RESPONSE TO SUBMISSIONS .................................................................... 36
Design of the NIWA benthic sampling programme ............................. 36
Recovery of benthic fauna in mining areas .......................................... 37
Effects of down-current deposition of sediment on benthic
biota ............................................................................................................ 37
Impacts on sensitive invertebrate species ............................................. 38
Sediment plume impacts on zooplankton............................................. 39
Fish spawning areas .................................................................................. 40
Effects of noise on fish ............................................................................... 41
Other effects on fished species ............................................................... 43
Unrecorded rocky reefs ............................................................................ 43
Marine mammal modelling ..................................................................... 43
Impacts on marine mammals.................................................................. 44
Cumulative effects of mining added to existing effects ..................... 47
CONDITIONS ............................................................................................ 48

3

CONCLUSIONS ........................................................................................ 49

4

EXECUTIVE SUMMARY
1.

I summarise the key findings from investigations into sea-floor
biota, zooplankton communities, reef fish, demersal fish,
pelagic fish, and marine mammals, and describe the results
of an experiment conducted in Wellington Harbour that
examined the influence of iron sand concentration on the
recolonisation of seafloor sediments.

2.

I describe the results of an assessment of the spatial scale of
ecological

effects

of

the

proposed

operations

on

zooplankton, fish, kaimoana and cetaceans.
3.

I describe commercial and customary fisheries in the South
Taranaki Bight (STB) and assess the potential impact of the
proposed iron sand extraction operations on commercial
fishing.

4.

The proposed iron sand recovery operations will, over a
period of 20 years, gradually and sequentially impact the
benthic fauna throughout the proposed project area (PPA).
It is likely that the vast majority of biota in the areas mined will
not survive the mining, processing, and re-deposition
process.

5.

Repopulation of the redeposited sediments will, for the
majority of species, occur via settlement of planktonic larval
stages that are likely to have originated many kilometres
away. Recovery for most species, predominantly short-lived,
opportunistic and early successional or colonisation stages,
should be relatively rapid and likely to be at the scale of
months to a year.

6.

A field

experiment conducted in Wellington Harbour

suggests that it is unlikely that iron concentration will be a key
driver in the re-colonisation of redeposited sediments in the
STB. This will need to be confirmed in a proposed monitoring
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programme which I note is required under the proposed
conditions.
7.

A review of the spatial and foraging ecology of the key
fauna occurring in the STB identified that for all zooplankton,
and marine mammal species, and most fish species, there
should be negligible effects of mining 50 Mt per annum
according to standard evaluation criteria. This is principally
because the scale of the mined area and the areas of
elevated suspended sediment concentrations (SSC) are
small compared to the area used by the populations of
these species. Consequently they are likely to be displaced
from, or experience a decrease in prey abundance or
availability over a very small part of their distribution.

8.

One species, eagle ray, may be affected to a moderate
extent by the proposed iron sand recovery activities.

9.

A comparison of the distribution of effort and catch for each
commercial fishing method in the STB over the period 2006 to
2015 with the distribution of SSC elevated above a fish
avoidance threshold of 2 mg/l, indicated that the effects of
the proposed iron recovery operations on commercial fish
species will be negligible.
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INTRODUCTION
Qualifications and experience
1.

My name is Alison Bronwyn MacDiarmid. I am a Regional
Manager and Science Programme Leader (Marine trophic
ecology) at the Wellington campus of the National Institute
of Water and Atmospheric Research (NIWA), where I have
been employed since 1987. I was awarded a Bachelor of
Science by the University of Auckland in 1979, a Master of
Science by the University of Auckland in 1981, and a PhD in
Zoology by the University of Auckland in 1988.

2.

I have 29 years of professional experience in marine ecology
and fisheries, particularly spiny or rock lobsters and other reef
associated species, and have previously served on fisheries
stock assessment working groups for several species, and on
the Ministry for Primary Industries Biodiversity Research
Advisory Group and Aquatic Environment Working Group. I
have broad interests and experience in marine biodiversity,
historical marine ecology, marine ecosystem goods and
services, the state of the marine environment, and human
impacts on marine ecosystems. In addition, over the last 10
years I have led many investigations for commercial clients
on a variety of research questions. I have authored 41
science journal papers, eight book chapters, 68 consultancy
reports and 118 conference presentations. In 2013 I was
presented the New Zealand Marine Sciences Society Award
for an outstanding contribution to New Zealand marine
science.

3.

For the Trans Tasman Resources Limited (TTR) project I helped
prepare several reports:
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•

South

Taranaki

Bight

Factual

Baseline

Report

(MacDiarmid et al., 2015)1
•

Benthic habitats, macrobenthos and surficial sediments
of the nearshore South Taranaki Bight (Anderson,
MacDiarmid & Stewart, 2015)2

•

Benthic flora and fauna of the Patea Shoals region,
South

Taranaki

Bight

(Beaumont,

Anderson

and

MacDiarmid, 2015)3
•

Zooplankton communities and surface water quality in
the South Taranaki Bight February 2015 (MacDiarmid et
al., 2015)4

•

South Taranaki Bight Fish and Fisheries (MacDiarmid,
Anderson and Sturman, 2015)5

•

Assessment of the scale of marine ecological effects of
seabed mining in the South Taranaki Bight: Zooplankton,
fish, kai moana, sea birds, and marine mammals
(MacDiarmid, Thompson and Grieve, 2015)6

•

South Taranaki Bight Commercial Fisheries: 1 October
2006 – 30 September 2015 (MacDiarmid and Ballara,
2016)7

Code of conduct
4.

I confirm that I have read the Code of Conduct for Expert
Witnesses as contained in the Environment Court Practice

1

Report 1-NIWA STB Baseline Environmental Report FINAL November
2015.pdf + Appendices 1-4.

2

Report 2-NIWA Benthic Habitats, Macrobenthos and Surficial Sediments
of the Nearshore South Taranaki Bight Report-FINAL November 2015.pdf

3

Report 3-NIWA Patea Shoals Benthic Ecology FINAL November 2015.pdf

4

Report 9_NIWA Zooplankton Communities and Water Quality Report
FINAL May 2015.pdf

5

Report 10-NIWA South Taranaki Bight Fish and Fisheries Report FINAL
November 2015.pdf + Appendices A-C

6

Report 17_NIWA Assessment of the scale of marine effects Report FINAL
September 2015.pdf

7

Report 18-NIWA South Taranaki Bight Commercial Fisheries Report FINAL
May 2016.pdf
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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.
SCOPE OF EVIDENCE
5.

This evidence focuses on the ecosystem components of the
areas likely to be impacted by the proposed iron-sand
extraction operations, on fisheries in the broader South
Taranaki Bight (STB), and on the spatial scale of ecological
effects of the proposed operations on zooplankton, fish,
kaimoana and cetaceans.

6.

I summarise the key findings from investigations into sea-floor
biota, zooplankton communities, reef fish, demersal fish,
pelagic fish, and marine mammals, and describe the results
of an experiment conducted in Wellington Harbour that
examined the influence of iron sand concentration on the
recolonisation of seafloor sediments.

7.

I describe the results of an assessment of the spatial scale of
ecological

effects

of

the

proposed

operations

on

zooplankton, fish, kaimoana and cetaceans.
8.

I describe commercial and customary fisheries in the STB and
assess the potential impact of the proposed iron sand
extraction operations on commercial fishing.

9.

I comment on the submissions relevant to my area of
expertise.

10.

I comment on the proposed conditions relevant to my area
of expertise.
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POTENTIALLY IMPACTED ECOSYSTEM COMPONENTS
11.

The proposed project area (PPA) is located within the STB, in
an area of seabed known as “Patea Shoals”, approximately
25-40 km offshore in water depths of 25-45 m. Excavation of
seabed sediments will result in large volumes of sediment
being extracted from the seabed and processed, and deored, sediments being deposited back onto the seabed.
Finer sediments have the potential to remain suspended in
the water column and carried down-current. This project has
direct

implications

for

benthic

(seafloor)

species

assemblages within the PPA, and potential implications for
benthic assemblages, zooplankton, reef fish, demersal
(seafloor associated) fish, pelagic fish, and marine mammals
within

the

broader

region.

Below

I

describe

these

communities.
Seafloor biota
12.

As very little was known about the types of seafloor (benthic)
habitats and organisms found in this region, NIWA was
contracted by TTR to survey and describe the benthic flora
and fauna on and in the sediments of the PPA, the broader
Patea Shoals region and the shallow inshore area from
Hawera to Foxton. The methods and results of these surveys
are described in Beaumont et al. (2015)3 and in Anderson et
al (2015)2 Below I report the key findings of these
investigations.

a) Patea Shoals region
13.

Video observations of the seabed identified seven major
habitat types (sand waves, rock outcrops, sand ripples,
wormfields, Tucetona beds, bivalve rubble and bryozoan
rubble) within the Patea Shoals region. Habitats varied
inshore-offshore (i.e. inshelf, midshelf and offshelf) and
alongshore (north to south).
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Seabed habitat types observed at each site within the Patea Shoals region,
STB. PPA = Proposed Project Area (captions are provided in Figure 2);
Coloured circles represent survey sites; Tucetona (NR) = sites with live T.
laticostata but little to no shell debris (i.e. No Rubble). Figure 7 from
Beaumont et al, (2015).

14.

The most common habitat was rippled sands, which
occurred across most of the inner to mid-shelf areas in
depths of 15-50 m, including inside and adjacent to the PPA.
In addition to rippled sands, a few inner shelf sites supported
more dynamic sand-wave bedforms or had small low-lying
rocky outcrops that were either surrounded by and/or
partially covered by rippled sands.

15.

Large areas of the seabed within and adjacent to the PPA
were

characterised

by

worm

communities,

termed

‘wormfield’ habitats. These habitats were dominated by the
infaunal tubeworm, Euchone sp A, which live in the upper
sediments where they bind sediments together to form their
tubes, and can occur in high but patchy densities (mean
1,137.52 ± 180.95 SE per m2) across the central and northern
mid-shelf

zone.

Overall,

inner

and

mid-shelf

habitats,

however, supported very few visible epifauna. The exception
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to this was a comparatively diverse epibenthic assemblage
on small and scattered inner shelf rocky outcrops.
16.

In deeper areas offshore, the seabed was characterised by
two types of low-relief biogenic habitat: bivalve rubble and
bryozoan rubble. Bivalve rubble were characterised by the
large robust dog cockle, Tucetona laticostata, both living
buried in the sediments and with relict shells that have
accumulated on the surface of the seabed. Live T.
laticostata were recorded in water depths of 26-83.5 m,
while the shell debris of this species – that formed the
dominant biogenic structure in deeper offshore areas occurred within a much narrow depth contour (44-69 m
depths).

In

deeper

zones

(>60

m),

bryozoan

rubble

combined with more generic shell debris became the
dominant habitat type. These biogenic habitats both
supported diverse benthic assemblages dominated by
sessile suspension-feeding taxa (e.g. bryozoa, sponges,
colonial ascidians, brachiopods and epiphytic bivalves), and
in turn provide structure to a plethora of motile species (e.g.
crabs,

ophiuroids,

holothurians,

gastropods,

and

nudibranchs).
17.

A dredge survey was used to verify habitat types and to
enable the detailed identification and quantification of
many of the organisms observed in the video footage, as
well as small organisms and communities buried within the
sand that could not be seen in the video footage. Sediment
and infaunal HAPS-core samples provided quantification of
smaller macrofauna and meiofauna not well sampled by the
dredge.

18.

Taxa distribution plots along with similarities/dissimilarities
analyses identified that the PPA and adjacent mid and inner
shelf habitats supported low numbers of organisms and
species, with no significant differences between the PPA and
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these adjacent-shelf habitats. This pattern of low abundance
and species richness is typical of highly disturbed shelf
sediments. Although the deeper areas of PPA supported
wormfield habitats dominated by high but patchy numbers
of Euchone sp A, wormfield habitats were also abundant in
sediments outside of the PPA area, particularly in midshelf
areas to the north. These habitats were correlated with
medium to fine sediment grains and flatter sediment
bedforms, although it is unclear whether Euchone sp A is
responding to pre-existing sediment conditions or are
potential drivers of these benthic conditions. Either way,
there was no evidence to suggest that the PPA was “unique”
with respect to benthic epifauna or infauna collected from
or observed on the seabed during this survey.
19.

The PPA and adjacent-shelf habitats, however, supported
comparatively

depauperate

compared

the

to

diverse

epifaunal
and

assemblages

abundant

epifaunal

assemblages recorded from the deeper offshore bivalve
rubble

and

biogenic

bryozoan

habitats

rubble

supported

habitats. These
abundant

and

offshore
diverse

assemblages dominated by suspension feeding taxa. The
shallower bivalve rubble habitat, however, supported early
successional species, dominated by encrusting coralline
algae and small encrusting invertebrates, while the deeper
bryozoan rubble habitat supported later stage successional
species,

dominated

by

small

branching

and

foliose

bryozoans, sponges, and higher mean densities of small
motile species. Bryozoan rubble habitats also supported
significantly higher abundances of infauna, although both
habitats were dominated by the foraminiferan Miniacina
miniacina, with much lower numbers of all other infaunal
taxa.
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20.

New species of bryozoan, sponge, annelids and algae, as
well as new records for many groups for the region were
identified during the NIWA survey of the Patea shoals region.
This was not surprising given the previous lack of detailed
sampling within this exposed region of New Zealand. None of
the species collected during the survey are listed as
threatened in the New Zealand Threat Classification System
lists.

21.

The percentage of iron in core sediments (by weight) was
strongly and positively correlated with very fine sands, and
strongly

negatively

correlated

with

increasing

depth

(Multiple Regression p<0.0001; Figure 12). Percentage iron,
however, does not appear to play a significant role in
structuring marine benthic communities within the Patea
Shoals region. Percent iron did vary significantly between
wormfield and non-wormfield habitats (all other habitats
combined) (One Way ANOVA p< 0.05).
22.

In summary, while several Patea Shoal habitat types
supported significantly different benthic assemblages, mining
sites did not differ significantly from non-mining sites in either
the video, epifaunal dredge or infaunal core datasets. This
was because the two habitat types present within the PPA
(i.e. wormfields and rippled sands) were also common in
non-mining areas. The majority of key epifaunal and infaunal
species/taxa were more abundant in non-mining sites, or
were absent from mining sites. In contrast, the Sabellid worm,
Euchone sp A - that characterised the wormfields - was
significantly more abundant in mining sites, but other than
higher abundances of this worm there was no evidence
within any of the datasets to suggest that the PPA is “unique”
with

respect

to

sediment

characteristics

or

benthic

organisms. Iron concentrations were positively correlated
with very fine sands, but did not appear to play a significant
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role in structuring marine benthic communities within the
Patea Shoals region.
b) Nearshore region
23.

Several soft-sediment and rocky outcrop habitats were
recorded within the nearshore region of STB. The exposed
areas in the north and central regions of the STB were
characterised by well-sorted fine sands in dynamic rippled
bedforms, while the more protected southern sites were
characterised by flat or subtly rippled bedforms with higher
proportions of mud. The amount of shell debris associated
with soft-sediment habitats also increased offshore, with
coarse-shell debris habitats recorded in water depths > 20 m.

24.

Rocky outcrops occurred at five of the 36 sites surveyed, with
two types of rocky outcrops recorded. Hard rock outcrops of
low to moderate relief were recorded at three sites (Sites 5, 6
and 7) in the northern sections of the STB in water depths of
12-22 m, while two mudstone outcrops were recorded: one
south of Hawera (Site 14) as a low-lying outcrop at 14 m and
another offshore of Whanganui (Site CS-01) as a moderate
relief outcrop at 13.5 m.

25.

Video observations of the seabed along with dredge
collections at representative sites found that most softsediment sites supported very low numbers of surficial
macrobenthos (averages of 16.6 ± 6.2 (SE) specimens and
6.8 ±1.5 (SE) species per 150 m dredge). These assemblages
were characterised by deposit feeders (35%), predators/
scavengers (33%) and suspension feeders (22%) – mostly
hermit crabs, gastropods, and a few suspension-feeding
bivalves. These species are presently subjected to regular
sediment disturbances from storm events and river runoff.

26.

Rocky outcrops, although much rarer in spatial extent (8% of
available habitats), supported much more abundant and
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diverse macrobenthic assemblages (38.7 ± 18.3 specimens
and 22.9 ± 9.2 species per 150 m dredge), dominated by
suspension-feeders (66%) and primary producers (19%).
Outcrop assemblages were characterised by bryozoans,
macroalgae and sponges, as well as more motile species,
(e.g. crabs, amphipods, starfish, brittle stars, gastropods and
polychaetes worms). In contrast to mudstone outcrops,
which were covered in fine silt and biofilm and supported
low or negligible amounts of macrobenthos (<2.5% of
specimens), hard rock outcrops (dredges at Sites 5 and 6)
accounted for more than 25% of all specimens and 61% of all
species collected during the nearshore survey.
27.

Of the 94 species collected in the dredges, most (65%) had
been reported previously from the broader Patea Shoals or
STB region, of these six species were purported as common
within the STB. Six mollusc genera are listed as naturally
uncommon within the Department of Conservation’s list of
Threatened and At Risk New Zealand species, although it is
unclear

to

which

species

within

these

genera

this

classification applies.
28.

Based on the most recent sediment plume models (Hadfield
and Macdonald 2015)8, benthic organisms in all nearshore
soft-sediment and rocky reef/outcrop sites are predicted to
experience

mining-related

suspended

sediment

concentrations much lower than natural (“background”)
levels.

Hadfield, M; Macdonald, H. (2015). Sediment Plume Modelling. NIWA
CLIENT REPORT No: WLG2015-22, 117 p.

8
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Zooplankton
29.

Bradford-Grieve and Stevens (2015)9 reviewed the available
information about the zooplankton, and the processes
supporting it, in the STB. Their review indicates the following:
(a)

Zooplankton has been sampled at 90 stations in the
STB over a period of 13 years in the 1970s and 1980s.
Zooplankton biomass data were collected at 62
stations and zooplankton species composition data
were collected at 79 stations. Most of the sampling
stations (83%) were in waters deeper than 50 m.
About 17% of zooplankton sampling stations were in
coastal waters with an average depth of 38 m and
none were nearshore.

(b)

Little is known of the seasonal cycle or inter-annual
variability of plankton. The existing data has been
mainly collected in summer.

(c)

The STB region is impacted by several large-scale,
highly variable, physical phenomena that structure
the

distribution

mediated

by

and
the

biomass
pattern

of

of

zooplankton,
distribution

of

phytoplankton biomass and its primary production.
These large-scale physical processes include the
Kahurangi/Cape Farewell upwelling plume, tidal
mixing, river plumes and surf beach processes. Of
these the Kahurangi/Cape Farewell upwelling plume
is the best understood in terms of plant nutrient
renewal which impacts primary production and
dynamics and its downstream impact on the
zooplankton.

9

Report 19 NIWA Zooplankton and Processes, November 2015.
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(d)

Upstream in the

plume, near

Cape Farewell,

although nutrients were high there was evidence of
low

breeding

activity

among

copepods

and

zooplankton food requirements were not being met.
Omnivorous copepods were numerically dominant.
But the reverse applied downstream, extending
towards the STB. There, nitrate levels decreased,
ammonia levels increased, and concentrations of
copepod

nauplii,

herbivorous

copepods,

and

developmental stages of krill Nyctiphanes australis
were much higher than at the plume origin.
(e)

As this assemblage was transported north-eastwards,
further oceanic copepod species were entrained
which produced high species richness, but two
omnivorous copepods Acartia ensifera and Oithona
similis were present in very large numbers. Further
east

the

species

proportion
diversity

of

and

herbivorous
zooplankton

copepods,
biomass

increased. These are the populations that extend
into coastal waters of the STB.
(f)

The zooplankton populations of coastal waters in the
STB, when not dominated by salps, are likely to be
dominated numerically by the copepod Oithona
similis, and moderately large numbers of Acartia
ensifera,

Clausocalanus

jobei,

Paracalanus

c.f.

indicus and copepod nauplii. That is, omnivorous
copepods

should

dominate

(66%)

with

34%

herbivores and 0.1% carnivores.
(g)

Zooplankton species composition in the STB is typical
of coastal waters found around North Island, New
Zealand.
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(h)

The

Manawatu

River

appears

to

impact

phytoplankton biomass and production near shore.
Nutrient recycling on Waitarere Beach, south of the
Manawatu

River,

is

probably

related

to

the

measured high productivity of surf diatoms.
(i)

Knowledge

is

lacking

about

zooplankton

assemblages close to shore in Class 124 waters that
have a mean depth of 8m and are dominated by
very high orbital velocities.
30.

In February 2015 NIWA undertook further sampling of
zooplankton at 18 stations in the STB along the length and
across the width of the area potentially affected by the
sediment plume caused by the iron sand recovery process
(MacDiarmid et al., 2015).

31.

There was no obvious inshore-offshore spatial pattern in
biomass distribution but the highest biomasses occurred over
the Patea Shoals in the vicinity of the proposed iron sand
recovery operations, as well as further east towards
Whanganui. The largest biomasses were associated with high
catches of salps, particularly Thalia democratica, and with
juvenile

euphausiids.

At

all

other

stations

copepods

dominated numerically, comprising on average 77.5 + 2.5 %
(SE) of the zooplankton. Over all stations, 18 species of
copepods

were

sampled

with

omnivorous

species

comprising 81% of the copepod fauna (range 60-92%). Of
these

omnivorous copepods, two genera

dominated;

Oithona spp. especially offshore, and Paracalanus spp.
particularly
zooplankton

inshore.

Other

community

notable
were

the

elements

of

occurrence

the
of

appendicularia at offshore stations, mysids at stations in 30m
water depth, and polychaete larvae close inshore.
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32.

The zooplankton community sampled in the STB in February
2015 is typical of the nearshore zooplankton communities
found around the North Island, New Zealand. Its specific
composition closely resembles Zooplankton Geographic
Group III that occurred in the same area in the 1980s. This
group was comprised of 17 species of copepods, and was
also dominated by Paracalanus spp and Oithona spp with
the omnivorous copepods comprising 75% of the copepod
fauna.

Fish
33.

A range of marine habitats in the STB support a variety of
reef, demersal (bottom associated), and pelagic fish
species.

34.

Species occurrence models, based on field sampling of fish
combined

with

environmental

parameters,

were

interrogated to determine the occurrence and abundance
of fish within the region (MacDiarmid et al. 2015)5.
35.

The species richness of the reef fish assemblage in the STB is
moderate on a national scale. Regionally, reef fish species
richness tends to be higher on inshore reefs than elsewhere in
Taranaki, and lower than at Kapiti Island and the outer
exposed headlands in the Marlborough Sounds.

36.

The species diversity of demersal and pelagic fish in the STB is
moderate on a national scale and broadly similar to
assemblages along the whole of the west coast of the North
Island.

37.

None of the strictly marine species assessed are nationally
rare or threatened, although several diadromous species
(species with a phase in both marine and fresh waters)
occurring in the region are listed as “at risk – declining”.
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38.

Some species support locally important commercial and
customary fisheries. The extent or location of recreational
fisheries was not investigated.

39.

There is some evidence for spawning activity by 13 demersal
or pelagic fish species in the STB while larger juveniles of 24
species also occur in the region.

40.

Demersal

and

pelagic

fish

species

with

predicted

distributions in the STB that particularly coincide with the TTR
proposed

project

area

(i.e.

those

species

with

an

occurrence > 50%) include barracouta, blue cod, carpet
shark, eagle rays, john dory, golden mackerel, kahawai,
leather jacket, lemon sole, red cod, red gurnard, rig, school
shark, snapper, spiny dogfish, tarakihi, trevally, common
warehou, and witch. Species that are predicted to be
particularly abundant (> 50 kg per hour standard trawling) in
the TTR proposed project area include barracouta.
Cetacean habitat modelling
41.

NIWA was commissioned to undertake habitat modelling of
three threatened species of whale and dolphins, southern
right

whales

(Eubalaena

australis),

Hector’s

dolphins

(Cephalorhynchus hectori and the sub-species Maui’s
dolphin C.H. maui), and killer whales (Orcinus orca). This was
undertaken on a New Zealand wide scale, using all available
sightings data to date, in order to determine the suitability of
marine habitats in the STB, specifically the areas likely to be
affected by mining activities, for these three species. The
approach and findings are reported in Torres et al. (2015)10.
42.

Habitat modelling uses environmental information from sites
where a species has been sighted, to predict the suitability of
habitats for that species over a broader area. In this case

10

Report_4_NIWA_Cetacean_Habitat_Models_2_September_2016
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Torres et al. (2016) generated distribution models of the three
species around New Zealand using incidental presence-only
sightings data. Maximum entropy modelling (Maxent) was
used

to

relate

species

distribution

to

a

variety

of

environmental predictor variables including bathymetry,
dissolved organic matter concentration, winter sea surface
temperature, sea surface temperature gradient, suspended
particulate matter concentration, primary productivity levels,
tidal current strength, and the 95th percentile of wave height
(representing extreme wave/storm events).
43.

Distribution models were created for habitat within the 350 m
isobath of the New Zealand mainland coast for southern
right whales and Hector’s dolphins as a function of their
coastal distribution patterns. The killer whale model extent
included the New Zealand extended continental shelf due
to the broad distribution of this species. Seasonality was not
incorporated into these models due to the lack of sufficient
data across seasons, so results represent a yearly average for
Hector’s dolphins and killer whales. The southern right whale
model was limited to winter months when this species uses
coastal habitats.

44.

The data incorporated into the models were not collected
through standardized surveys. Therefore, the distribution of
these incidental sightings were subject to observer bias
(more sightings where more people were looking for them).
Observational bias can negatively impact model accuracy
and predictive capabilities. Bias was detected in the spatial
distribution of Hector’s dolphin and killer whale incidental
sightings. Therefore, a bias grid was incorporated into the
models of Hector’s dolphin and killer whale distribution that
down-weighted areas with increased presence locations. No
bias was detected in the spatial distribution of incidental
southern right whale sightings.

22

45.

Model results of southern right whale distribution patterns
determined that the most influential predictor variables of
habitat use patterns were bathymetry, dissolved organic
matter, and the 95th percentile of wave height. The spatial
predictions of southern right whale habitat based on this
model identified sheltered coastal habitats as having the
highest habitat suitability during winter. Low habitat suitability
for southern right whales was predicted at and adjacent to
TTR’s proposed project area. A coastal strip within 5 km of the
shoreline, had low to moderate suitability for this species
suggesting that individuals may use this area as a migration
corridor.

46.

The results from the Hector’s dolphin model identified that
suspended particulate matter, dissolved organic matter, the
95th percentile of wave height, and winter sea surface
temperature were the most important predictor variables of
their habitat use patterns. The spatial predictions of Hector’s
dolphin distribution based on model results demonstrated a
relatively good match with known areas of sub-population
distributions and identified one area from which Hector’s
dolphins

may

have

been

historically

extirpated.

The

modelling established that habitat suitability for Hector’s
dolphins in the proposed project area was low. However,
coastal areas inshore of the proposed project area were
predicted to have average to above average suitability as
habitat for Hector’s dolphin.
47.

The model of killer whale habitat use patterns determined
that sea surface temperature gradient was the most
influential determinant of distribution, followed by primary
productivity, dissolved organic matter, and suspended
particulate matter. Low habitat suitability for killer whales was
predicted in the proposed TTR project area. A band of
average to above average habitat suitability for killer
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whales, corresponding to an area of increased sea surface
temperature gradient, begins approximately 8 km seaward
of the proposed project area.
48.

In summary, the proposed project area in the STB appears to
be of low suitability for all three species of threatened
cetaceans. Areas of increased habitat suitability for Hector’s
dolphins and southern right whales lie close inshore and may
be increasingly used as the New Zealand populations of
these species recover. An area of average to above
average

habitat

suitability

for

killer

whales

begins

approximately 8 km seaward of the proposed project area.
ASSESSMENT OF EFFECTS
Impacts on and the recovery of benthic fauna within the PPA
49.

It is clear that the proposed iron sand recovery operations
will, over a period of 20 years, gradually and sequentially
impact the benthic fauna throughout the PPA. It is likely that
the vast majority of biota in the areas mined will not survive
the mining, processing, and re-deposition process.

50.

Repopulation of the redeposited sediments will, for the
majority of species, occur via settlement of planktonic larval
stages that are likely to have originated many kilometres
away.

Mobile

benthic

invertebrate

species

are

very

uncommon in the proposed mining area and immigration
from immediately adjacent areas to the strip being mined
and sediment re-deposited is expected to be equally low.
51.

Benthic communities are expected to recover to pre-mining
levels, but, the time it will take is not able to be stated with
precision as recovery rates need to be inferred from studies
undertaken in

more

sheltered

locations. The

benthic

community in the STB where the iron sand recovery would
take place occurs in a very exposed, high energy, highly
dynamic sandy environment and is thus subjected to
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episodic disturbances from wave events and river inputs
during high rain-fall events. Consequently, the existing
benthic community in the PPA is dominated by short-lived,
opportunistic and early successional or colonisation stages,
with a very low abundance of longer lived organisms.
52.

There is information available in New Zealand and overseas
on benthic community recovery rates in more sheltered
locations following sediment plume and sedimentation
events as a result of dredging and other activities. For
example, Port Otago studies have shown that it took up to six
months for a disposal site in Blueskin Bay outside the harbour
entrance to recolonise and have a similar community to a
site protected from disposal11.

53.

Recolonisation following 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. This is consistent with
experimental studies undertaken in Menai Strait, North Wales
that showed clean sand communities had the most rapid
recovery rate following disturbance, whereas communities
from muddy sand habitats had the slowest physical and
biological recovery rates (Dernie, et al. 2003)12.

11

James, M.; Probert, K.; Boyd, R.; Sagar, P. (2009). Biological resources of
Otago Harbour and offshore: assessment of effects of proposed
dredging and disposal by Port Otago Ltd. NIWA Client Report HAM2008152, Project: POL08201.

12

Dernie, KM; Kaiser, MJ; Warwick, RM (2003). Recovery rates of benthic
communities following physical disturbance. Journal of Animal Ecology
72: 1043–1056.
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Schematic diagram of the recovery rates within disturbed sediments. Figure from
Dernie et al (2003)12.

54.

Generally, communities associated with sand in high energy
environments are very frequently disturbed and are likely to
be continually in an early transitional stage. The longer lived
species in these communities, such as large starfish (which
were found at low densities of six per ha in the proposed
mining area), could take several years to fully recover in the
area where sands are extracted and re-deposited. But there
is the potential for some movement of these mobile species
into the area immediately after the iron sand recovery
activities move to the next block.

55.

In summary, the dominance by early successional stages in
the area where the actual excavation and sand redeposition takes place means that recovery should be
relatively rapid and likely to be at the scale of months to a
year. Recovery of some taxa such as small polychaete
worms would be expected to start within a few weeks of the
iron sand recovery operations moving elsewhere within the
consent area. However larger, long-lived biota could take
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months to several years to fully recover in the excavation
area.
56.

Confirming these details is an integral part of the proposed
monitoring programme.

Effects of iron concentration on seafloor recolonisation
57.

The proposed iron sand recovery operations will return
substrates depleted in iron to the seafloor. This raises the
possibility that species recolonising these substrates will differ
from those originally present.

58.

Pilot studies off the south coast of Wellington and in the STB
(both exposed coasts), proved that it was not possible to
conduct experiments into re-colonisation of sandy substrates
on wave-exposed coastlines due to scour/replacement of
the experimental sand surface.

59.

As a result, a re-colonisation experiment was carried out at
two sites (Mahanga Bay and Evans Bay) within Wellington
Harbour to determine the effects of iron concentration on
the reestablishment of benthic communities3.

60.

At each site, three replicates of each of the three
experimental treatments were deployed, using treatments of
high-iron,

medium-iron

and

low-iron

(de-ored

sand)

concentrations. The sand used in the experiment was
collected from within the PPA, in the STB.
61.

Several sampling events were undertaken to help determine
the end point of the experiment. On each event, divers
collected two sediment cores (30 mm diameter x 110 mm
deep) from each replicate treatment. Three cores were also
taken

from

sediment

the

core

surrounding
was

analysed

natural
for

sediments.

benthic

Each

community

structure, concentration of iron (by weight) and particle size
of sediments.
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62.

At the last sampling event, seven months since deployment
at each site, at the more sheltered of the two sites, the
experimental surface appeared to have remained relatively
undisturbed. However, at Mahanga Bay the experimental
surfaces had been noticeably scoured. Despite these
apparent differences, at the end of the experiment both
sites had very similar concentrations of iron within the three
experimental treatments (approximately 3 % within the low
iron treatments, approximately 20 % iron in the medium
treatments and approximately 30 % iron in the high iron
treatments).

63.

Multivariate analyses of the data identified significant
differences in benthic community structure between sites but
little effect of iron concentration, which explained less than
4% of the variation in species composition despite the highly
contrasting iron-ore treatments. There was also no significant
interaction between site and treatment. Further analysis
identified that the relatively small differences in sediment
properties among treatments (the maximum contrast was a
19% difference in fine sands, other sediment components
varied less) had a larger influence on community structure
than the much greater differences in the concentration of
iron.

64.

Direct extrapolation of results from the relatively sheltered
experimental site to the exposed STB is not possible as
environmental conditions, and the potential supply of settling
organisms are different between regions. However, the lack
of

a

strong

relationship

between

treatments

(iron

concentration) and community structure after seven months
of re-colonisation at both experimental sites (Mahanga Bay
and Evans Bay) suggests that it is unlikely that iron
concentration will be a key driver in the re-colonisation of
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redeposited sediments in the STB. The monitoring proposed in
the conditions will confirm if this conclusion is correct.
Spatial scale of ecological effects
65.

NIWA undertook an overview of the effects of the proposed
mining activities on key zooplankton, fish, kaimoana, seabird
and marine mammal species (MacDiarmid et al. 2015)6. This
overview took into account the spatial and temporal scales
relevant to different components of the ecosystem, with a
particular focus on addressing uncertainty relating to those
effects. Dr Thompson will be addressing the effects on sea
birds in his evidence.

66.

The effects or consequences of the proposed mining
activities were evaluated for each component of the
ecosystem

being

considered

and

scored

using

a

standardised set of prepared consequence descriptions,
ranging from negligible to catastrophic (Table 2-2 in
MacDiarmid et al. 2015). These take into account the
proportion of habitat relevant to the species or group in
question affected by mining activities, the severity of the
impact on the population, community, or habitat, and the
recovery period once the impact ceases.
67.

The effects taken into account in this study were clogging of
respiratory surfaces and feeding structures of marine
organisms, avoidance of the discharge area by mobile
species, and reduced availability of prey due to either
reduced underwater visibility or a reduction in prey numbers
or biomass.

68.

The scale of effects will depend on the spatial distribution of
ecologically consequential concentrations of suspended
sediment compared to scale of distribution of the species or
group in question and the capacity of different organisms to
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move. This will influence the duration that different organisms
will experience the event.
69.

To determine ecologically consequential concentrations of
suspended sediment we examined recent reviews of species
responses to suspended sediment concentration (SSC).
(a)

Reviews undertaken by Lowe (2013)13 and Page
(2014)14 identified 2 mg/l as the lowest SCC avoided
by pelagic fish and 3 mg/l as the as the lowest SCC
avoided by demersal fish.

(b)

Non-lethal and lethal impacts on fish occur at much
higher SSC. For instance Lowe (2013) found that for
juvenile snapper fish condition was poorest and gill
damage highest in estuaries where SSC was 37 mg/l,
and that prolonged exposure to SSC greater than
about 170 mg/l can result in adverse growth and
developmental effects from physiological stress (e.g.
respiratory distress/disease). Lethal SSC thresholds
have not been conducted on any New Zealand
marine fish; the only local fish data are for freshwater
species not normally occurring in areas of high SSC.
For these fish, lethal SSC levels were at or above
1,000 g per m3 (Rowe et al., 2009)15 and may be
indicative of the sensitivity of offshore species not
normally encountering high SSC. Many New Zealand
marine fish species occur in the frequently turbid

13

Lowe, M.L. (2013). Factors affecting the habitat usage of estuarine
juvenile fish in northern New Zealand. Doctor of Philosophy in Marine
Science. University of Auckland, Auckland: 238.

14

Page, M. (2014). Effects of total suspended solids on marine fish: pelagic,
demersal and bottom fish species avoidance of TSS on the Chatham
Rise. NIWA Client Report No: WLG2014-7, 25 p.

15

Rowe, D.K.; Hicks, M.; Smith, J.P.; Williams, E. (2009). Lethal concentrations
of suspended solids for common native fish species that are rare in New
Zealand rivers with high suspended solids loads. New Zealand Journal of
Marine and Freshwater Research 43: 1029-1038.
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near shore waters of the South Taranaki Bight,
indicating they must have a degree of tolerance to
moderately elevated SSC.
(c)

Filter feeding bivalves, especially those occurring in
naturally

turbid

environments

can

compensate

efficiently for a decrease in food quality over a wide
range of SSC by maintaining an effective preingestive

mechanism

of

selection

for

organic

particulate matter, as well as increasing filtration and
rejection rates (Navarro and Widdows 1997)16.
(d)

A laboratory experiment has indicated that SSC of 80
mg/l or higher have adverse effects on the condition
of the horse mussel Atrina zelandica (Ellis et al.
2002)17.

(e)

Green-lipped mussels, Perna canaliculus, decline in
filtration rate only when SSC is above about 1,000
mg/l (Hawkins et al. 1999)18.

(f)

Concentrations of fine sediment greater than 20
mg/l can clog zooplankton respiratory surfaces
and/or feeding apparatus as well as visually impair

16

Navarro, J.M.; Widdows, J. (1997). Feeding physiology of Cerastoderma
edule in response to a wide range of seston concentrations. Marine
Ecology Progress Series 152: 175–186.

17

Ellis, J.; Cummings, V.; Hewitt, J.; Thrush, S.; Norkko, A. (2012). Determining
effects of suspended sediment on condition of a suspension feeding
bivalve (Atrina zelandica): results of a survey, a laboratory experiment
and a field transplant experiment. Journal of Experimental Marine
Biology and Ecology 267: 147– 174.

18

Hawkins, A.J.S.; James, M.R.; Hickman, R.W.; Hatton, S.; Weatherhead M.
(1999). Modelling of suspension-feeding and growth in the green-lipped
mussel Perna canaliculus exposed to natural and experimental variations
in seston availability in the Marlborough Sounds, New Zealand. Marine
Ecology Progress Series 191: 217–232.
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the ability of zooplankton predators to find prey
(Arendt et al. 2011)19.
(g)

There are no similar data available for sea birds or
marine mammals.

70.

Thus we used the 2 mg /l as a conservative minimum
threshold for all pelagic species of fish and invertebrates, sea
birds, and marine mammals, 3 mg/l as a conservative
threshold for all demersal and benthic species of fish and
invertebrates.

71.

The size of the area where the proposed iron sand mining
activity

is

estimated

to

elevate

suspended

sediment

concentration above 2 and 3 mg/l s in surface and nearbottom parts of the water column are summarised in Table 21 in MacDiarmid et al. (2015). For pelagic species the
affected area was estimated based on the average of the
surface and near bottom values (60.5 km2). For demersal
and benthic species we used the near-bottom value (47.5
km2).
72.

This review of the spatial and foraging ecology of the key
fauna occurring in the STB identified that for all zooplankton,
and marine mammal species, and most fish species, there
should be negligible effects of mining 50 Mt per annum
according to standard evaluation criteria. This is principally
because the scale of the mined area and the areas of
elevated SSC are small compared to the area used by the
populations of these species. Consequently they are likely to
be displaced from, or experience a decrease in prey
abundance or availability over a very small part of their
distribution.

19

Arendt, K.E.; Dutz, J.; Jonasdottir, S.H., ; Jung-Madsen, S.; Mortensen, J.;
Møller E.F.; Nielsen, T.G. (2011) Effects of suspended sediments on
copepods feeding in a glacial influenced sub-Arctic fjord. Journal of
Plankton Research 33: 1526–1537
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73.

For coastal kaimoana species, the proposed mining activity
should not add significantly to the levels of suspended
sediments currently experienced inshore in frequently turbid
waters.

74.

One species, eagle ray, may be affected to a moderate
extent (p. 24 in MacDiarmid et al. 2015). Although the area
potentially impacted by mining 50 Mt per annum comprises
less than 1% of the area of distribution of eagle ray in Fisheries
Management Area 8 (FMA8), about 8% of its core area of
distribution (>50% occurrence) overlaps with the area of SSC
elevated above 3 mg/l due to mining activities. Using this
threshold, a minor to moderate proportion of the stock could
be affected by mining through displacement of fish, or
decrease in prey abundance or availability. During summer
and autumn eagle rays tend to concentrate inshore in water
less than 10 m deep where background SSC may reach over
100 mg/l. This suggests that eagle rays may be tolerant to
SSC significantly higher than the threshold of 3 mg/l used to
assess the impact of SSC elevated by the proposed mining
activities.

Effects on commercial fish species
75.

MacDiarmid and Ballara (2016)7 summarised the effort and
catch for each fishing method over the period 2006 to 2015
and for the principal methods of capture indicated the
spatial distribution of the fishery in the STB. The spatial
distribution of the effort and catch was then compared to
the estimated area in which the SSC derived from seabed
iron sand recovery operations would be above a 2 mg/l
threshold avoided by marine fish, 50% and 1% of the time
(see figure below).
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Distribution of commercial fishing restrictions in the South Taranaki Bight from Figure
1-1 in MacDiarmid and Ballara (2016). The light blue line represents the 50 m contour
and the dashed black line the offshore boundary of the Territorial Sea. Also shown is
the proposed mining area, and the contours where the suspended sediment
concentration (SSC) is above the threshold at which marine fish avoid sediments
(2mg / l) 50% (median) and 1% (99th percentile) of the time when mining occurs at
the innermost (A) and outermost (B) points of the mining area.

76.

Midwater trawling (mainly for jack mackerel), bottom
trawling (for a variety of species), and set netting (mainly for
rig, school shark, flatfish, and blue warehou) account for 98%
of all commercial fishing events recorded in the STB with
position data, over the nine fishing years examined from
2006/07-2014/15. Purse seining, bottom longlining, handlining, trolling, potting, drop lining, fish trapping, and some
minor catch methods together account for the remaining 2%
of catch.

77.

The lowest levels of overall fishing effort were in the offshore,
central-south regions of the study area and in shallow areas
along the Taranaki coast north of Opunake and north and
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south of Whanganui (see Figure 3-1 in MacDiarmid and
Ballara 2016). The highest levels of fishing effort (mainly
bottom trawling and set netting) were between New
Plymouth and Cape Egmont, relatively close to the shore,
along the coast south of Hawera, and south and east of the
proposed mining area near the 50 m contour.
78.

The distribution of set-netting catch and effort in the STB does
not appear to have changed much before and after the
introduction of set-netting restrictions in 26 July 2012 but
overall catch by this fishing method decreased by about
20% since 2012.

79.

The fisheries with the greatest overlap with the proposed iron
sand extraction operations are the bottom trawl fisheries for
leather jackets and trevally, and the set-net fisheries for rig,
carpet sharks, trevally, school shark, snapper, and spiny
dogfish. Between 5% and 17% of the total catches in the
study area for these species occur in the area where SSC
exceeds the 2 mg/l threshold for fish avoidance 1% of the
time. However, the area where SSC exceeds the 2 mg/l
threshold for fish movement 50% of the time is negligible
compared to the scale of these fisheries. In addition, the
greatest effort and catch in these fisheries in the STB is to the
south and east of the area where iron sand extraction is
proposed.

80.

In my opinion, the effects of the proposed iron recovery
operations on commercial fish species will be negligible.

Effects on cephalopods
81.

New Zealand has a diverse cephalopod (octopus and squid)
fauna comprising 119 reported species representing 34
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families in five orders (MacDiarmid 2007)20 with many
additional species awaiting description. About 25% of
reported species occur only in New Zealand waters (i.e. they
are endemic to New Zealand).
82.

Most cephalopods have a short lifespan, typically 12-18
months, growing very rapidly from egg to adult, spawning
once, then dying. This makes for a difficult group to manage
from a fishery or impact point of view because the biomass
of each species naturally increases rapidly each year and
then decreases to low levels as the animals spawn and die
(Ministry for Primary Industries 2016)21.

83.

Cephalopds are potentially highly mobile. Tagged arrow
squid range 0.14- 5.6 km per day21.

84.

One species, the arrow squid (Nototodarus gouldi) is a minor
by-catch species in the jack mackerel mid-water trawl fishery
in the STB with a total catch of 149 t over the years 2007-2015.
In 2015 the mid-water trawl catch of arrow squid in the STB
was 15 t. This catch history is reported in Table 3-5 in
MacDiarmid and Ballara (2016)7. Almost all of this midwater
catch of squid occurred in deeper water to the south-west
of the proposed mining site. Nationwide (excluding the
southern Islands and Kermadec QMAs) the trawl catch of
arrow squid (Nototodarus gouldi and N. sloanii) in the 2014-15
fishing year was 9,668 t21.

85.

In the 1980s there was a significant squid jig-fishery in the
south-western Taranaki Bight which was largely driven by
upwelled water and temperature fronts that advect into the

20

MacDiarmid, A. (ed) (2007). The treasures of the sea: Nga Taonga a
Tangaroa. A summary of the biodiversity in the New Zealand marine
ecoregion. WWF-New Zealand, Wellington, 193 p.

21

Ministry for Primary Industries (2016). Fisheries Assessment Plenary, May
2016: stock assessments and stock status. Compiled by the Fisheries
Science Group, Ministry for Primary Industries, Wellington, New Zealand.
1556 p.
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Bight from Kahurangi shoals. However, for market and
commercial reasons jig fishing for squid in New Zealand
waters has dramatically declined with just 513 t captured
around mainland New Zealand during the 2014-15 fishing
year21. In the STB the squid jig catch since 2007 is:
Year

2007

2008

2009

2010

2011

2012

2013

2014

2015

Catch
(t)

2229.4

536.1

536.1

526.5

790.6

0

230.0

0

0.6

86.

Because the centre of distribution of arrow squid in the STB is
in deeper water to the south-west of the iron sand mining
area and the associated plumes, and because of the
potential for squid populations to regenerate very quickly
each year, and their mobility, arrow squid is unlikely to be
adversely affected by the proposed iron sand recovery
operations.

RESPONSE TO SUBMISSIONS
87.

Rather than respond individually to the large number of
submissions concerning issues in my area of expertise, below I
respond to each key concern raised by submitters.

Design of the NIWA benthic sampling programme
88.

Several submitters required clarification about the design of
the NIWA benthic sampling programme. I can confirm that
the Patea Shoals sampling programme was designed and
took place before the results of the initial sediment plume
modelling were available. This was because of the long leadtime required to carry out the survey, identify the biota,
analyse the results, and write the report. Part-way through
the sampling programme the occurrence of biogenic fauna
on the flanks and around the base of the Patea Shoals was
discovered and the survey was extended into deeper water
to define the extent of this area.
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89.

After the results of initial sediment plume modelling were
available it was decided that further sampling close inshore
from Hawera to Foxton was required to characterise the
benthic community as no data for this shallow area was
available from any other source.

90.

While the benthic sampling programme does not cover
every part of the area potentially affected by the sediment
plume, it is very extensive and sufficient on which to base a
decision on whether to grant a consent.

91.

If a consent is granted then the benthic monitoring
programme

should

include

hitherto

unsampled

areas

potentially affected by the sediment plume.
Recovery of benthic fauna in mining areas
92.

Many submitters were concerned that the recovery times of
benthic biota in the PPA was unknown and considered that
it may take many years or decades. The sampling
undertaken by NIWA indicates that the benthic fauna
occurring in the PPA, are typically short-lived fast-growing
species, adapted to the frequent physical disturbance
caused by storm waves. It is highly likely that the surface
layers of the sandy material redeposited into the mining pits
will recolonise within a period of months to a year once
mining moves to another strip. The exact timing is unknown
but from studies conducted elsewhere in New Zealand and
overseas it will occur faster in these sediments than in
sediments with a higher silt and clay content. As previously
mentioned, documenting the recovery time of benthic
communities is an integral part of the proposed monitoring
programme.

Effects of down-current deposition of sediment on benthic biota
93.

NIWA plume modelling indicates that the mining deposition
footprint, as indicated by the maximum 5-day and 365-day
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increments in sediment thickness (Figures 5-30 and 5-31 in
Hadfield and Macdonald 2015)8, is extensive but at very low
values, 0.01 to 0.1 mm.

Maximum 5-day (top panel) and 365-day (bottom panel) increment in
sediment bed thickness for mining sediments derived from mining at
source B. (Figures 5-30 and 5-31 from Hadfield and Macdonald 2015).

These levels of deposition are highly unlikely to clog the
respiratory

or

feeding

surfaces

of

benthic

organisms.

Organism growth and movement is sufficient to ensure that
smothering will not occur at these rates of deposition over
the lifetime of the operations. The NIWA modelling indicates
that mining derived sediments suspended in the water
column or deposited on the seafloor surf are highly unlikely to
affect surf clams along the Manawatu coast or aquaculture
aeas in the Marlborough Sounds.
Impacts on sensitive invertebrate species
94.

NIWA modelling8 and Dr. Dearnaley’s evidence indicate that
the sediment plume is predominately carried by currents in
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an

easterly

direction

towards

Whanganui

and

then

southwards down the coast past Foxton. This will largely carry
suspended sediments away from the areas of sensitive
biogenic habitats occurring on the flanks and around the
base of the Patea Shoals. Modelling indicates that brief
incursion of suspended sediments to these areas may occur
when iron sand extraction occurs at the deepest part of the
PPA during periods of sustained strong northerly winds. In my
opinion these infrequent events will have little impact on this
fauna.
Sediment plume impacts on zooplankton
95.

Impacts on zooplankton were assessed by MacDiarmid et al
(2015)6 who concluded that the proposed mining activities
will have a negligible impact on zooplankton, including krill,
populations given that:
(a)

The mesozooplankton community in the STB is typical
of the nearshore zooplankton communities found
around the entire North Island;

(b)

The Kahurangi / Cape Farewell upwelling and its
downstream propagation is a large scale process
operating over a considerable but variable area of
the STB, possibly 20,000 km2;

(c)

The area potentially affected by levels of suspended
sediments elevated above background levels in the
surface waters by mining 50 M t per annum (Table 21) occupies about 0.3% of the area affected by
upwelling and lies on its northern margin;

(d)

The water column light levels in the sediment
modelling domain will on average be reduced by
mining activities by about 1.6-1.9% (Pinkerton and
Gall 2015); and
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(e)

The proposed mining operations will rarely increase
suspended sediment concentrations sufficiently high
to clog copepod feeding apparatus.

96.

Addition of suspended sediments nearshore from mining
activities is unlikely to alter
presently

responding

to

the

zooplankton communities
background

suspended

sediment loadings caused by river and coastal runoff
combined with active re-suspension of seafloor sediments
due to wave turbulence.
Fish spawning areas
97.

Some submitters were concerned that the iron sand
recovery operations could interfere with fish spawning
activities. There is some evidence for spawning activity by 13
demersal or pelagic fish species in the STB while larger
juveniles of 24 species also occur (Hurst et al. 2000)22. The
maps provided by Hurst et al. (2000) showing the locations of
catches of running ripe mature fish and juveniles in the STB
should be interpreted cautiously as they indicate only where
trawls took place on trawlable ground deeper than
approximately 20 m. Shallow areas and areas with bottom
features too rough to trawl were not sampled. It is likely that
spawning by fish occurs throughout the STB; the PPA and
areas affected by the sediment plume are no more or less
likely to be fish spawning areas than other areas.

98.

Effects of SSC on fish egg survival appear low at the
concentrations expected to occur due to the proposed iron
sand recovery operations. Laboratory experiments indicate
that concentrations of up to 1,000 mg/l did not significantly

22

Hurst, R.J.; Stevenson, M.L.; Bagley, N.W.; Griggs, L.H.; Morrison, M.A.;
Francis, M.P. (2000). Areas of importance for spawning, pupping or egg
laying, and juveniles of New Zealand coastal fish. Final Research Report
for Ministry of Fisheries research Project ENV1999/03, Objective 1. NIWA,
200 p.
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affect the hatching success of eggs of four fish species in
Chesapeake Bay, USA23.
Effects of noise on fish
99.

Several submitters were concerned about the effects of
underwater noise on fish. I draw attention to recent New
Zealand based research on vocalisations and hearing in
New

Zealand

fish species.

Ghazali

(2011)24

describes

vocalisations in red gurnard (Chelidonichthys kumu) and
bigeye

(Pempheris

adspersa).

Red

gurnard

produce

vocalisations exceeding 60dB over a frequency range of
100-500Hz,

while

peak

sound

output

by

bigeye

is

115.8 ± 0.2 dB re 1µPa at 1m, at a peak frequency of 405 ±
12Hz (Radford et al. 2015)25.
100.

The sensitivity of red gurnard to sound has not been
described but presumably they are sensitive to the same
frequency range as they produce. Radford et al. (201126 and
2013)27 describe the hearing mechanism in bigeye and
determined they detected sound up to 1,000Hz but were

23

Auld, A.H.; Schubel, J.R. (1978). Effects of suspended sediment on fish
eggs and larvae: A laboratory assessment. Estuarine and Coastal Marine
Science 6: 153-164.

24

Ghazali S. (2011). Fish vocalisation: understanding its biological role from
temporal and spatial characteristics. Unpublished PhD Thesis, University of
Auckland, Auckland, New Zealand.167 p.

25

Radford, C.A.; Ghazali, S.; Jeffs, A.G.; Montgomery, J.C. (2015).
Vocalisations of the bigeye, Pempheris adspersa: characteristics, source
level, and active space. Journal of Experimental Biology
http://jeb.biologists.org/content/early/2015/01/15/jeb.115295.abstract.

26

Radford, C.A.; Caiger, P.; Ghazali, S.; Higgs, D.M. (2011) A new
connection: Enhanced hearing ability in the New Zealand bigeye,
Pempheris adspersa. Journal of the Acoustical Society of America 129,
2472, http://dx.doi.org/10.1121/1.3588128.

27

Radford CA, Montgomery JC, Caiger P, Johnston P, Lu J, Higgs DM.
(2013). A novel hearing specialization in the New Zealand bigeye,
Pempheris
adspersa.
Biology
Letters
9:
20130163.
http://dx.doi.org/10.1098/rsbl.2013.0163
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most sensitive at lower frequencies (100–400Hz)28. Caiger et
al. (2013)29 found hapuka (Polyprion oxygeneios) hearing
ability increased with age to reach a bandwidth of 100–
1000Hz and with greatest sensitivity to 100-600Hz one year
after hatching. Caiger et al. (2012)30 found juvenile (about
55mm fork length) snapper (Pagrus auratus) had bandwidths
of auditory sensitivity ranging from 100 to 2000Hz but were
most sensitive to lower frequencies (100–400Hz). However,
exposure of juvenile snapper to a noisy underwater
environment (120dB re 1 µPa) for two weeks decreased
sensitivity to the lower frequencies by up to 10dB re 1 µPa.
Recovery of sensitivity was not investigated.
101.

Given the sensitivity of fish, it is possible that there may be
some masking of individual fish calls in the near vicinity of the
iron sand recovery operations. Fish movement away from
the areas of SSC above 2 mg/l should reduce the risk of
individuals from being exposed long-term to damaging
levels of sound. From a population perspective, given that
the known principal sound producing or responsive fish in the
project area (red gurnard) is mobile and is widely distributed,
the effects of underwater sound produced during iron sand
recovery operations on the gurnard population in the STB is
likely to be negligible.

28

Although bigeye don’t occur within the PML area I have included
information about their sensitivity to underwater sound to assist in
describing hearing in NZ fishes generally.

29

Caiger, P.E.; Montgomery, J.C.; Bruce, M.; Lu, J.; Radford, C.A. (2013). A
proposed mechanism for the observed ontogenetic improvement in the
hearing ability of hapuka (Polyprion oxygeneios). Journal of Comparitive
Physiology A 199:653–661.

30

Caiger, P.E.; Montgomery, J.C.; Radford, C.A. (2012). Chronic lowintensity noise exposure affects the hearing thresholds of juvenile
snapper. Marine Ecology Progress Series 466: 225–232.
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Other effects on fished species
102.

Many submitters raised concerns about the effects of the
iron

sand

recovery

operations

on

species

fished

commercially, recreationally and/or customarily. Effects on
fished species were assessed by MacDiarmid et al (2015)6
and MacDiarmid and Ballara (2016)7. Their findings are
summarised above in paragraphs 63-78 and will not be
repeated here.
Unrecorded rocky reefs
103.

The distribution of rocky reefs in the STB was based on the
Department of Conservation fairings database and modified
according

to

ground-truthing

during

other

sampling

operations, including multi-beam acoustic swath mapping
carried out by NIWA for TTR. Low-lying reefs may be
intermittently smothered by surrounding sediments. The
occurrence of small unmapped reefs does not change my
conclusions.
Marine mammal modelling
104.

A number of submitters were concerned that the habitat use
models did not make use of whale and dolphin stranding
data. These data were not used because they indicate only
very approximately where cetaceans occur. A dead or
dying animal ashore tells us nothing about the usual
distribution of a species.

105.

Other submitters were concerned that the cetacean habitat
models are invalidated by the sightings of a species in an
area identified as low preference for that species. This is not
the case. The model used sightings from around New
Zealand to develop a mathematical algorithm relating
sightings to the environmental conditions where a species
occurs and then applied this relationship to all the waters
around New Zealand. This gets over the problem of limited
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sightings in remote areas. Importantly, the models provide a
regional and national context for sightings such as those
provided by submitters.
106.

Other submitters were concerned that the models relied on
data collected up to 30 years ago. This would be a concern
if there were changes in the relationship between species
occurrence and the environmental parameters used to
model distribution. This is unlikely.

Impacts on marine mammals
107.

Many submitters were concerned about the impacts of TTR’s
proposed operations on marine mammals, particularly blue
whales, Hectors/Maui dolphin, killer whales and southern
right whales. These impacts were assessed by MacDiarmid et
al (2015)6. They concluded that:
(a)

Blue whales have been predominately sighted in the
western entrance to the STB between the 50 and 150
m

bathymetric

contours.

A

dedicated

aerial

cetacean survey over two years failed to detect any
blue whales in the vicinity of the proposed mining
areas which at most may represent the edge of the
blue whale feeding grounds in the STB. The potential
feeding

area

of

blue

whales

in

the

STB

is

approximately 29,930 km2 if areas shallower than 25
m are excluded. Given that that the areas of SSC
elevated above 2 mg/l due to the proposed mining
of 50 Mt per annum represents only 0.2% of this
potential feeding area, and lies on the margins of
blue whale feeding grounds, any displacement of
blue whales or decrease in krill abundance or
availability due to mining should have negligible
effects on blue whales while in the STB.
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(b)

Given that southern right whales are unlikely to be
feeding on locally available prey during the period
they transit through the inshore waters of the STB,
and that modelling suggests that the majority of the
STB is unfavourable habitat for southern right whales
during the winter calving, suckling and migration
period, the proposed mining activities are unlikely to
affect this species through any ecological effect.
Ship strikes and underwater noise remain a possible
threat but these can be mitigated through adoption
of standard procedures, such as those proposed in
the conditions.

(c)

Modelling suggests killer whales are distributed over
a very large proportion of the exclusive economic
zone (EEZ) and extended continental shelf (ECS),
and the most favoured habitats lie well away from
the region. The majority of the STB is only moderately
favourable habitat for killer whales, and its prey
species occur over a wide area in the STB; therefore
the proposed mining activities are unlikely to cause
significant or measurable displacement, or decrease
prey abundance or availability during the periods
that killer whales visit the region.

(d)

Given that modelling suggests that the majority of
the STB is unfavourable habitat for Hector’s dolphins,
the present-day near absence of sightings of
Hector’s dolphins in the region, the preference of
Hector’s dolphin for areas of low water clarity, and
the likely negligible effects of mining activities on
stocks of prey species, mining 50 Mt per annum is
likely to have negligible effects on this species in the
near future.
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(e)

Common dolphins have a wide distribution and wide
ranging movements around New Zealand. The area
of distribution of Jack mackerels, their common prey
species, in JMA7 is 171 times the size of the area
potentially

impacted

by

the

proposed

mining

activities. Any displacement of common dolphins, or
decrease in prey abundance or availability due to
proposed mining is highly likely to have negligible
effects on the status of the common dolphin
population in the STB.
(f)

Pilot whales have a wide distribution and wide
ranging movements around New Zealand, but the
area of SSC elevated above 2 mg/l due to mining 50
Mt per annum is relatively small. Any displacement,
or decrease in prey abundance or availability due to
mining activities is highly likely to have negligible
effects on the status of the pilot whale populations.

(g)

Following historical extirpation around the mainland,
New Zealand fur seals are rapidly recovering their
former range, including the STB. They feed on a
variable range of squid and pelagic fish species
depending on local availability. The proposed
mining activities are within foraging range of the
closest breeding colonies on Stephens Island and on
the Sugar Loaf Islands. Lactating females are the
most at risk to threats as their foraging range is
restricted because they must return to their colony to
suckle their pups at frequent intervals. If lactating
females from Stephens Island and the Sugar Loaf
Islands forage a mean maximum distance of 100 km
from their rookery, they would be displaced from, or
experience a decrease in prey abundance or
availability over <1% of their foraging area due to
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overlap with the area of SSC elevated above 2 mg/l
due to mining 50 Mt per annum. This is a negligible
impact

according

to

the

criteria

used

by

MacDiarmid et al. (2015). As males and nonlactating females are not obliged to return to shore
at frequent intervals, and potentially forage over
much greater areas, the impact of the proposed
mining activities will also be negligible on these
animals.
Cumulative effects of mining added to existing effects
108.

Numerous submitters raised the potential for the cumulative
effects of iron sand recovery operations on top of other
human impacts including oil and gas drilling operations,
fishing, and land derived sedimentation, and the more
generic impacts of pollution and climate change including
ocean acidification.

109.

Cumulative effects of human activities on the environment is
an issue which is the subject of active scientific inquiry at
both a national and global level. At present there are no
clear general answers as to how different threats interact
and which is more important in determining overall impact –
local contingencies appear important. At this more local
level, there is no apparent overlap between the proposed
activities with day-to-day drilling operations at the Maari and
Maui A and B rigs, and the mining operations appear to not
add significantly to the background SSC nearshore. Although
fishing occurs throughout the region, the impacts of the
proposed iron sand activities on the stocks of fished species
are negligible and would not add any additional pressure.

110.

The impacts of climate change over the life span of TTR’s
operation may be more significant than the relatively small
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scale and local effects of the proposed iron sand recovery
operations. Recent analysis by Law et al. (2016)31 indicates
that due to climate change the oceanic waters around New
Zealand and in the STB over the next 80 years are expected
to rise in temperature by about 2.5o C and decrease in pH
(become more acidic), with concomitant declines in primary
production of about 6% and declines in food availability to
fish of between 2% and 25%.
CONDITIONS
111.

TTR’s application includes a full set of proposed conditions. I
concur with those relevant to my evidence, specifically
conditions relating to marine mammals (11), underwater
noise (12 and 13), baseline monitoring (14) and postextraction monitoring (24).

112.

It is not clear to me in the condition on environmental
monitoring (20) why intertidal biology will be monitored.
Impacts of the proposed activities in these habitats will be
negligible

and

below the

capacity of

a

monitoring

programme to detect their influence.
113.

Condition 20 should require monitoring of the benthic
community in the initial strips to be mined as soon as they are
backfilled. This is important as the rate of recovery of the
benthic community was not able to be studied on-site at an
experimental scale, and extrapolation of recovery rates from
more sheltered localities was uncertain. The initial information
on benthic recovery will be invaluable in shaping the
environmental monitoring programme over the duration of
mining and the post-extraction monitoring (24).

31

Law, C.S., Rickard, G.J., Mikaloff-Fletcher, S.E., Pinkerton, M.H., Gorman,
R., Behrens, E., Chiswell, S.M., Bostock, H.C., Anderson, O. and Currie, K.
(2016) The New Zealand EEZ and South West Pacific. Synthesis Report
RA2, Marine Case Study. Climate Changes, Impacts and Implications
(CCII) for New Zealand to 2100. MBIE contract C01X1225. 41pp.
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CONCLUSIONS
114.

The proposed iron sand recovery operations will have local
obvious deleterious effects on seafloor assemblages within
the PPA, but the recovery of most species in each mining
strip is likely to be rapid and complete within a year of
sediments

being

redeposited.

Reestablishment

of

populations of longer–lived invertebrate predators (such as
star-fish) may take longer.
115.

Monitoring of the benthic community in the initial strips to be
mined should commence as soon as they are backfilled so
as to provide evidence of actual recovery rates.

116.

Impacts on almost all other groups are likely to be
insignificant at the stock or population scale.

117.

One species, eagle ray, may be affected to a moderate
extent by the proposed iron sand recovery activities.

Alison MacDiarmid
15 December 2016

