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Background

The Chatham Rise (CR) is an 800 km long and 300 km wide submarine ridge that extends
eastward from the Mernoo Bank on the east coast of the South Island towards the Chatham
Islands, rising steeply from water depths of 3000 m in the Hikurangi and Bounty troughs to
less than 500 m along the majority of its length (Figure 1-1).
The Chatham Rise bounds Subtropical (ST) and sub Antarctic (SA) water masses on the
East Coast of the South Island. Their convergence forms the Subtropical Convergence
(STC), a zone of mixing between the two water masses which is predominantly located along
the crest of the ridge. Relatively high primary production is associated with this zone. Areas
of high chlorophyll density are related to spatially and temporally variable localised upwelling
(Bradford-Grieve et al. 1999).

Figure 1-1: Location of Minerals Prospecting Licence 50270 area on the Chatham Rise. Mining
Permit area 55549 and Prospecting Permit areas (55971 and 55967) are exploration permits not
considered in this report.

The Subtropical Convergence (STC) supports diverse and productive pelagic and benthic
ecosystems on the Chatham Rise, driven by elevated levels of nutrients, and in-turn,
phytoplankton productivity. Additional components of this ecosystem include zooplankton
and mesopelagic fish, along with demersal and mid-water fish on the northern and southern
flanks of the ridge, some of which support valuable commercial fisheries (Bull et al. 2001).
Chatham Rock Phosphate Ltd (CRP) have been granted a license to prospect for nodules
within a defined area on the Chatham Rise (Licence 50270) covering approximately 4726
km2 in waters between depths of 350 and 450 m. CRP have also applied for a Mining
License covering an area of 850 km2 within the Prospecting License area. The licence area is
located within part of the mid-Chatham Rise Benthic Protected Area (BPA), protected from
fishing activities that involve trawling and dredging since November 2007 (Figure 1-1).
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Objectives

In August 2012, the National Institute of Water and Atmospheric Research (NIWA) Ltd was
contracted by Chatham Rock Phosphate (CRP) to undertake a review of the effects of total
suspended solids (TSS) on fish eggs to support the preparation of an environmental impact
assessment for CRP’s PL 50270 licence area on the Chatham Rise.
The objectives of this report are to; provide a broad overview of non-motile organisms in the
water column on the Chatham Rise and their role in the pelagic ecosystem, review existing
information on the effects of changes in total suspended solids on fish eggs, where possible
focussing on similar species and water depth and to comment on the effects of TSS in the
water column on the pelagic ecology using fish eggs/larvae as a (non-motile) pelagic model
organism.
This report does not assess the effects of incidents (spill from riser, Chapter 7 in Deltares
2014)) as the release occurs at 10-20 m above the bed and involves a volume of some 20 m3
of material. This amount is small by comparison with the operational discharge of sediment
following processing of dredged sediment aboard the mining vessel.
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Overview of non-motile pelagic organisms on the
Chatham Rise and their role in the pelagic ecosystem

For the purposes of this study, the definition of non-motile organisms in the pelagic
ecosystem are plants (phytoplankton) and animals (zooplankton, fish eggs and larvae) that
are unable to actively avoid a sediment plume by significantly changing their location through
locomotion. A broad discussion of information is provided, but the plume as described
elsewhere in this report, occurs predominantly in the water column just above the seabed
(the lower 20 m with some intrusion of low concentrations of suspended solids to 4-50 m).

3.1

Phytoplankton and zooplankton

The structure and dynamics of the planktonic ecosystem in the STC over the Chatham Rise
has been relatively well documented for phytoplankton (Chang and Gall 1998)
microzooplankton biomass and grazing (Safi and Hall 1997; James and Hall 1998); and
mesozooplankton biomass and grazing (Bradford-Grieve et al. 1998) through two research
cruises in 1993 as part of the principal goals the Joint Global Ocean Flux Study (JGOFS).
Phytoplankton assemblages on the STC are dominated in winter and spring by diatoms. A
spring bloom occurs 10 m from the surface to below the euphotic zone at approximately 30
m, or close to the bottom of the mixed layer at ~ 100 m depth (Chang and Gall 1998). In
winter, Lauderia annulata is the dominant taxa, whereas in spring L. annulata, Hemiculus sp.,
Nitzschia/Pseudo-nitzschia dominates phytoplankton assemblages (Chang and Gall 1998).
Picophytoplankton (< 2 µm in size) and bacteria also undergo a spring bloom and are
predominantly grazed by microzooplankton (flagellates and ciliates). Microzooplankton
biomass increases in spring and their grazing exceeds picophytoplankton production leading
to a spring bloom of the large diatoms. The growth of the larger phytoplankton in
spring/summer and grazing on by microzooplankton leads to a flux of carbon (faecal material
and phytoplankton) out of the surface waters to the seafloor on the Chatham Rise (James
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and Hall 1998). Microzooplankton plays a pivotal role in the transfer of carbon to higher
trophic levels as food for mesozooplankton (Bradford-Grieve et al. 1998).
The mesozooplankton of the STC in the 200‒500 µm size range are dominated by
herbivores or a combination of herbivores and omnivores, usually clausocalanid copepodites
(Clausocalanus and Ctenocalanus combined), Paracalanus indicus and Oithona sp. The
500‒1000 µm size class is dominated by copepods, copepodites and other groups such as
appendicularians and euphausids. Macrozooplankton (> 1000 µm size class) consist of
amphipods (Themisto australis), euphausids (Euphausia spp.), large calanoid copepods,
cheatognaths and some other groups (Robertson et al. 1978; Bradford-Grieve et al. 1998).
The mesozooplankton biomass is concentrated in the upper 100 m of the STC, the large size
class (> 1000 µm) represents the greatest biomass, followed by 500‒1000 µm and 200‒500
µm size classes respectively. Mesozooplankton distribution can be spatially patchy as a
result of tidal- and wind-induced mixing and vertical migration. However, overall the greatest
biomass of mesozooplankton occurs in spring for all water masses associated with the
Chatham Rise (Bradford-Grieve et al. 1998).

3.2

Distribution of fish eggs and larvae on the mid Chatham Rise

Despite phyto- and zooplankton being well documented on the Chatham Rise, there are few
published studies on the distribution and abundance of fish eggs and larvae in the vicinity of
the proposed mining area. All information comes from a study on the western portion of the
Chatham Rise (Robertson and Mito 1979) and for orange roughy on the northern Chatham
Rise (Zeldis et al. 1995).
Barracouta (Thyrsites atun) and gemlin (Maurolicus muelleri) eggs are found in surface
waters over the Mernoo Bank at the western end of the Chatham Rise. The Mernoo Bank
maybe an important spawning area for barracouta, but no eggs or larvae were found at
stations east of the Mernoo Bank (Robertson and Mito 1979). Oarfish (regalecus glesene)
and rockling (Gaidropsarsus novaezelandiae) eggs were less abundant (1‒10 per 10 minute
tow), but were distributed further to the east over the licence area. An orange roughy
(Hoplostethus atalanticus) spawning site occurs on the north-eastern side of the north
Chatham Rise, approximately 250 km from the mining licence site at depths ranging from
700‒1500 m (Zeldis et al. 1995). The eggs are positively buoyant, rising at >100 m/day to the
mixed layer where they become neutrally buoyant. As they develop they become negatively
buoyant and sink back down to depths of 600‒700 m. During this process they are advected
horizontally away from the spawners. The horizontal distance travelled from the spawning
grounds before they hatch as larvae is relatively small compared to the distance to the
licence area, and the presence of 0+ and 1+ annual cohort 50 to 175 km west of the
spawning aggregation also suggests limited dispersal distance (Mace et al. 1990).
Ontogenetic changes in buoyancy are common in marine fish eggs (Page et al. 1989). A
similar pattern occurs for hoki in Cook Strait where eggs are advected to inshore waters by
complex hydrodynamic conditions (Murdoch et al. 1990).
The presence of fish eggs in the water column over the mid Chatham Rise licence area may
also be inferred by the presence of running-ripe fish sampled during fisheries stock
assessment surveys and observer recordings. Running-ripe fish are likely to spawn in the
region of interest within hours to several days. The vertical and horizontal dispersal of eggs
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away from spawning aggregations is affected by hydrographic conditions and species
specific buoyancy/ascent rates. Currents measured during a transect over the Chatham Rise
were to the south over the crest of the rise, but to the north or north-east over the flanks
(Chiswell 2010). Therefore eggs spawned to the west and north of the permit area could
potentially be advected towards generated sediment plumes. The prediction of egg dispersal
distance is beyond the scope of this study and would require empirical data on spawning
locations, ascent rates and the influence of hydrographic conditions at the time of spawning
and during development.
O'Driscoll et al. (2003) summarized the distribution of deep-water and pelagic spawning fish
in New Zealand offshore waters. The locations of ripe and running-ripe (combined) and spent
females were plotted on distribution maps to determine areas of importance to spawning fish.
Running-ripe and spent black oreo (Allocyttus niger) occur around the 1000 m isobath along
the southern flank of the Chatham Rise from November through February (Figure 3-1); ling
(Genypterus blacodes) are running-ripe across the mid-Chatham Rise in depths shallower
than 1000 m during September and October (Figure 3-2); hake (Merluccius australis) are
common, running-ripe on the mid-Chatham Rise in depths less than 1000 m during
December (Figure 3-3); smooth oreo (Pseudocyttus maculatus) in spawning condition occur
along the 1000 m isobath on the southern flank of the Chatham Rise from October through
December (Figure 3-4); silver warehou (Seriolella punctata) have been recorded by
observers shallower than 1000 m in spawning condition on the mid-Chatham Rise from
September to December (Figure 3-5), but are generally concentrated to the east around the
Mernoo Bank; orange roughy (Hoplostethus atlanticus) form dense spawning aggregations,
particularly around features along the north Chatham Rise in May through to July (Figure 36); and hoki (Macruronus novaezealandiae), although an important commercial species on
the Chatham Rise, are thought to migrate off to spawn predominantly in canyon areas in
Cook Strait and the west coast of the South Island (Figure 3-7).
The potential for eggs and larvae of shallower species occurring in the water column on the
Chatham Rise should not be ignored. Giant stargazer (Kathetostoma giganteum) has also
been recorded in spawning condition on the mid-Chatham Rise from June through
December. Also barracouta (Thyrsites atun) are known to spawn around the Mernoo Bank
and the Chatham Islands (Hurst et al. 2000).

3.3

Overview

In summary, both commercial and non-commercial species are known to spawn pelagic eggs
on the Chatham Rise at various times throughout the year. However, release of the plume is
now planned to occur at or near the seafloor (see following sections). Total suspended
sediment impacts on the pelagic ecosystem, including fish larvae and eggs in the euphotic
zone are therefore unlikely to occur. Demersal and benthic species that lay their eggs on the
seafloor most likely to be affected are discussed in following sections of this report.
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Figure 3-1: Distribution of female black oreo (Allocyttus niger) in spawning condition and
spent. Solid circles are research stations, open squares scientific observer stations, and the grey
shading shows all positions where gonad stage information was recorded, and the licence area in red
(O'Driscoll et al. 2003).

Figure 3-2: Distribution of female ling (Genypterus blacodes) in spawning condition and
spent..

8

Effects of total suspended sediments: eggs and larvae

Figure 3-3: Distribution of female hake (Merluccius australis) in spawning condition and spent.

Figure 3-4: Distribution of female smooth oreo (Pseudocyttus macualtus) in spawning
condition and spent.
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Figure 3-5: Distribution of female silver warehou (Seriolella punctata) in spawning condition
and spent.

Figure 3-6: Distribution of female orange roughy (Hoplostethus atlanticus) in spawning
condition and spent.
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Figure 3-7: Distribution of female hoki (Macruronus novaezealandiae) in spawning condition
and spent.

4

Existing information on TSS plumes and effects of
changes in TSS on fish eggs and larvae

4.1

Sediment plumes generated by proposed mining

Phosphorite nodule mining on the Chatham Rise will generate sediment plumes (Deltares
2014). The TSS in the plume is generated primarily by the return of sediment to near the
seabed following the processing of sediment to remove phosphorite nodules on a surface
mining vessel.
Deltares (2014) describes the results of modelling of sediment disposal at the seabed
following seabed mining as described in that document. Modelling described vertical and
horizontal distribution of silt and clay sized particles following mining. Deltares (2014)
describes plumes generated by a full cycle of dredging in a mining block (dredging and filling
the mining vessel ten times).
Modelling results presented by Deltares (2014) show that:


Within and immediately adjacent to the mining tracks, concentrations of TSS are at
their highest close to the point of discharge. Figure 4.6 in Deltares (2014) shows the
initial generation of a plume during the mining of the first tracks, and Figure 4.13
illustrates silt and clay concentrations at the end of mining in a block (24 tracks).
Concentrations of TSS at and near the seabed are up to 100 mg/L. The higher
concentrations are confined to the track locations and within the mining block for the
most part until the vessel mines the outer tracks towards the edge of the block.



The average vertical dispersion of clay and silt following discharge is typically less
than 50 m above the seabed for single cycle seasonal scenarios. Multiple dredge
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cycle modelling over the course of ten mining cycles (e.g. Figure 4.10; Deltares
(2014)) indicates that sediment extends vertically by approximately 20 m above the
seabed for silt, and 30 m for clay fractions. However, intrusions above 10 m are
occasional and concentrations of TSS are of the order of 10 mg/L, falling to below 0.1
mg/L.


The multiple cycle simulations in Deltares (2014) , also illustrate that following a
single cycle of mining, the maximum sediment concentration values reduce to below
0.01 mg/l for the silt fraction (within 24 hours) and below 0.01 mg/l for the clay fraction
(within 72 hours). Suspended clay concentrations could remain above ambient
concentration between mining cycles (e.g., above 0.1 mg/L and up to 5 mg/L). Ten
cycle modelling showed that suspended clay in suspension at the end of mining cycle
two could remain in suspension till the end of mining cycle four.



Horizontal spread of suspended sediment following discharge near the seabed
occurs over a large distance. Figure 4.13 in Deltares (2014) shows a clay plume (at
the end of track 24 in a single mining cycle) extending north-west with concentrations
of 0.1 to 10 mg/L TSS at the edge of the plume at a distance of about 15 km and
concentrations returning to <0.1 mg/L within 2-3 days following completion of mining.

Overall, plume modelling described by Deltares (2014) has shown that the maximum
predicted levels of suspended silt and clay rarely exceed 100 mg/L and are generally less
than 1 mg/L, but up to 10 mg/L outside the mining area, but within the modelling domain.
Horizontal dispersion varies seasonally and is greater in summer than in spring and winter. In
summer sediment is dispersed to the north-west and skewed to the south-east, the clay
fraction greater than 1 mg/L extending beyond 15 km from the dredging activity. In winter and
spring dispersion is less and to the north-west.
There are few published data on the ambient levels of water column total suspended solids
in the Chatham Rise region. Furthermore, there is no information on the composition and
size spectra of suspended particulate matter on the Chatham Rise (Nodder 2012).
Nephelometer profiles and suspended particulate matter measurements near the crest of the
rise do, however, show near-bed particulate maxima of ~0.55 mg/L, and mid-water
concentrations measured at 300 m on the northern slope vary 5-fold over a 12-hour sampling
period from 0.05 to 0.25 mg/L (Nodder 2012).

4.2

Direct effects of suspended sediment on fish eggs and larvae

Relatively little research has been done on the effects of total suspended solids on marine
fish eggs and larvae. Most studies on the effects of TSS have been carried out on salmonid
fish that lay eggs in freshwater stream and river gravel environments. Much of the
information comes from empirical dose-response studies that measure acute responses and
require high concentrations of TSS to induce a measured response, usually mortality. Most
studies have used concentration as the test variable; exposure duration has only recently
been recognized as another important variable. Most relevant data that exist for nonsalmonid and estuarine fishes are summarized in reviews by Newcombe and Macdonald
(1991) and Wilber and Clarke (2001). However, a recent environmental impact study on a
proposed link across the sea between Denmark and Germany summarizes more recent
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studies relevant to the impacts of TSS on demersal and benthic fish eggs and larvae (Table
4-1).
Table 4-1: Threshold concentrations of suspended sediment and turbidity impacting eggs
and larvae of marine fishes.
Common name/
species

Life
stage

Threshold
concentration
(mg/L)

Effect (lethal/sub-lethal)

Source

Benthic spawners
Herring

Egg

250 mg/L

Significantly decreased larval
hatch

(Griffin et al. 2009)

Larvae

200 400
mg/L for 16 h

No Treatment effect

(Griffin et al. 2012)

Egg

500 mg/L

Embryonic development
unaffected

(Kiorboe et al.
1981)

Egg

7000 mg/L

No Deleterious effect on egg
hatch

(Messieh et al.
1981)

Egg

500 mg/L

Decreased fertilization rate
significantly

(FeBEC 2010)

Larvae

1000 mg/L

Decreased hatch rate
significantly

(FeBEC 2010)

Larvae

5 – 1000 mg/L

No effect on survival

(FeBEC 2010)

Post
yolk sac
larvae

Reduced light
intensity

Reduced food intake

(Blaxter 1969)

Larvae

Increased tidal
turbidity

No clear negative effect on
feeding success

(Fox et al. 1999)

Larvae

3 mg/L

Reduced feeding rate

(Messieh et al.
1981)

Larvae

540 mg/L

Significantly reduced growth
rates

(Messieh et al.
1981)

Egg

5 – 1000 mg/L

No significant mortality, but
more eggs survived in
sediment-free treatments

(FeBEC 2010)

Larvae

5 – 1000 mg/L

No clear trend in growth rate

(FeBEC 2010)

Egg

32 – 10,000
mg/L

No effect on buoyancy or hatch
rate

(Partridge and
Michael 2010)

Larvae
(newly
hatched)

150 mg/L

First observable concentration
effect

(Partridge and
Michael 2010)

Larvae
(newly
hatched)

2020 mg/L

50% mortality after 12 h

(Partridge and
Michael 2010)

Larvae
(mouth
open)

4 mg/L

First observable concentration
effect

(Partridge and
Michael 2010)

Larvae
(mouth
open)

157 mg/L

50% mortality after 12 h

(Partridge and
Michael 2010)

Cluepea pallasi (Pacific)

Herring
Clupea harengus
(Atlantic)

Flounder
Platichthys flesus

Pelagic spawners
Snapper
Pagrus auratus

Effects of total suspended sediments: eggs and larvae
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Common name/
species
Red Seabream

Life
stage

Threshold
concentration
(mg/L)
320 mg/L

Significant effect on egg
buoyancy

(Isono et al. 1998)

Larvae

320 mg/L

Adherence of sediment to body
wall after 60 min exposure

(Isono et al. 1998)

Larvae

1000 mg/L

50% mortality after 12 h

(Isono et al. 1998)

Eggs

320 mg/L

Significant effect on egg
buoyancy

(Isono et al. 1998)

Eggs

1000 mg/L

Significant effect on egg
buoyancy

(Isono et al. 1998)

Larvae

3200 mg/L

50% mortality after 3 h

(Isono et al. 1998)

Egg

5 – 40 mg/L

Decreased buoyancy
proportional to dosage and
exposure time

(Westerberg et al.
1996)

Egg

200 mg/L

Significantly increased mortality

(Westerberg et al.
1996)

Yolk-sac
larvae

10 mg/L

Significantly increased mortality

(Westerberg et al.
1996)

Egg

4 – 49 mg/L

Linear decrease in buoyancy
with concentration

(FeBEC 2013)

Egg

5 – 1000 mg/L

No significant mortality, but
more eggs survived in
sediment-free treatments

(FeBEC 2013)

Egg

5 – 1000 mg/L

No significant difference in
hatch rate, but was higher in
sediment-free treatments

(FeBEC 2013)

Larvae

5 – 1000 mg/L

No significant effect on larval
length

(FeBEC 2013)

Eggs

800 mg/L

Significant decrease in
development rate after 24 h
exposure

(Morgan et al.
1983)

Eggs

1000 mg/L

Reduced hatching success

(Auld and Schubel
1978)

Larvae

1000 mg/L

35% mortality after 68 h
exposure

(Auld and Schubel
1978)

Pagrus major

Black seabream
Acanthopagrus schlegeli

Striped beakperch
Oplegnathus faciatus

Atlantic cod
Gadus morhua

Stripped Bass

Source

Eggs

Pagrus major

Red seabream

Effect (lethal/sub-lethal)

Morone saxatilis

4.2.1 Total suspended sediment thresholds for fish eggs
Susceptibility of eggs to suspended sediments appears to be species-specific and highly
variable (Table 4-1). Vulnerability of eggs is most likely related to the structure or
adhesiveness of the egg chorion (FeBEC 2013). Suspended sediment in some species can
adhere to the outer surface of the egg chorion (Figure 4-1) causing eggs to aggregate and/or
sink as they develop in the water column. Sediment can also interfere with oxygen uptake,
developmental rates and hatching success (Morgan et al. 1983).
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Figure 4-1: Herring egg chorion after 15 minute sediment exposure to different sediment types.
Source FeBEC (2010).

Several studies have investigated the effects of sediment on eggs and larvae of the Pacific
herring (Clupea pallasi) and the Atlantic herring (Clupea harengus). Both species spawn
demersal eggs on the seafloor. The eggs of Pacific herring have an adhesive chorion for the
first two hours of development and treatment with dredged sediments at 250 and 500 mg/L
caused self-aggregation and led to lethal and sub-lethal effects (Griffin et al. 2009). After two
hours eggs were no longer susceptible to these effects. Larvae exposed to similar
concentrations for 16 hours appear to be unaffected (Griffin et al. 2012). However, in a
similar experiment, the Atlantic herring (C. harengus), eggs exposed to 300 and 500 mg/L
were unaffected by suspended sediment (Kiorboe et al. 1981).
For planktonic eggs, an inert suspended sediment treatment of kalonite at 10,000 mg/L for
24 h had no effect on hatching success and development of eggs of three species of marine
fish (Isono et al. 1998). However significant increases in the settlement, or sinking rate of
floating eggs of red seabream (Pagrus major) and black seabream (Acanthopagrus
schlegeli) at suspended solids concentrations above 320 mg/L occurred and complete
settlement out of the water column compared to untreated controls occurred at 10,000 mg/L.
The other species tested, striped beakperch (Oplegnathus faciatus) was less affected.
Effects of total suspended sediments: eggs and larvae
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However, a study in Australia found snapper (Pagrus auratus) eggs to be very tolerant of
suspended solids, and in contrast to the study by Isono et al. (1998) did not sink and were
unaffected by sediment concentrations as high as 10,000 mg/L (Partridge and Michael
2010).
Atlantic cod eggs are planktonic and appear more susceptible to total suspended solids.
Decreased egg buoyancy can occur at threshold concentrations of TSS as low as 5 mg/L
and significant mortality at 200 mg/L (Westerberg et al. 1996). A similar concentration
threshold of 4 mg/L and linear decrease in buoyancy with increasing sediment concentration
for Atlantic cod eggs was found in a study by FeBEC (2010). Benthic species eggs may,
however, be more tolerant than pelagic spawning species eggs to suspended sediment. In
the FeBEC (2010) dose-response study, flounder eggs showed no significant mortality in
response to TSS concentrations as high as 1000 mg/L (Table 4-1). Therefore FeBEC (2013)
set a threshold concentration of 2 mg/L for drifting eggs and yolk-sac larvae (FeBEC 2013,
table 4.10). For benthic eggs, they determined a threshold sediment settlement rate of 0.1
mm/d corresponding to 1 mm net settlement over an average hatching time of 10 days.
Most deep-water and pelagic fish species on the Chatham Rise spawn planktonic eggs. An
ontogenetic change in egg buoyancy is a common developmental feature of for example,
hoki (Macruronus novaezelanadiae), orange roughy (Hoplostethus atlanticus), hake
(Merluccius merluccius), mackerel (Scomber scombrus L.) and horse mackerel (Trachrurus
trachrurus L.) (Murdoch et al. 1990; Zeldis et al. 1995; Moser et al. 1997; Paredes and Bravo
2005). Developing eggs rise to the mixed layer and are advected vertically and horizontally
by tidal currents and oceanic fronts before hatching into larvae. Larvae start feeding
immediately after resorbing the yolk sac and need to be located at an adequate food source
to survive. Buoyancy is therefore important to the dispersal and survival of the species.
Adhesion of TSS to the chorion of developing eggs could cause them to sink prematurely to
sub-optimal depths away from their natural food source. There is, however, little information
on the structure, or vulnerability of fish eggs on the Chatham Rise to TSS effects.
In the only study in New Zealand for species relevant to the Chatham Rise, Robertson
(1981), suggests that chorionic sculpturing maybe correlated to adhesion and influence
ascent rate of the lightfish (Maurolicus muelleri) and rattail (Coelorhynchus australis).
Species vulnerability to adhesion of TSS may therefore be correlated to morphology of the
egg; eggs with an adhesive chorion would be more susceptible to smothering effects,
lowered oxygen uptake, and sinking through the water column. Differences in the response
of eggs to the effects of TTS may also be correlated with a combination of other potentially
lethal or sub-lethal factors such as the size distribution and angularity of particles, toxic
metals, H2S or other dissolved substances, high biological demand, and pathogenic bacteria
(O'Connor et al. 1976).

4.2.2 Total suspended sediment thresholds for fish larvae
Fish larvae are generally much less tolerant to suspended sediment than eggs of the same
species (Table 4-1). Atlantic cod larvae and eggs simultaneously exposed to the same
conditions resulted in larval mortality three times greater than egg mortality Rönnbäck &
Westerberg (1996) in FeBEC (2013). Rönnbäck & Westerberg recorded significantly
increased mortality at a concentration of 10 mg/L. A similar threshold concentration was
recorded for snapper (Pagrus auratus) larvae by Partridge and Michael (2010). Snapper
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larvae were relatively tolerant to sediment at the yolk-sac stage, but the first observable
concentration effect occurred at 4 mg/L in the mouth open stage when larvae began feeding,
exposing fragile gills to sediment (Partridge and Michael 2010). Gill clogging, abrasion and
damage has also been previously described by Appleby and Scarratt (1989). Isono et al.
(1998) recorded a higher tolerance to sediment in red sea bream (Pagrus major) larvae with
over 50% mortality at 1000 mg/L. This concentration was, however, determined for more
tolerant closed-mouth larvae. Partridge and Michael (2010) concluded that the Australia and
New Zealand Environment Council (ANZECC) guideline trigger for turbidity in marine and
freshwater ecosystems of 2 – 3 mg/L is appropriate for snapper larvae. Similarly, FeBEC
(2013) have recommended a threshold of 2 mg/L suspended sediment for Atlantic cod,
herring, sprat and flatfish species larvae in the development of the Fehmarnbelt Fixed Link
construction between Denmark and Germany.

4.2.3 Species spawning in the region of the sediment plume
Spawning fish occur in areas of the Chatham Rise covered by the sediment plume as
modelled by (Deltares 2014). Spawning ling and hake have been recorded by O'Driscoll et al.
(2003) to the north-west of the mining license during spring (October – December, Figures 32 & 3-3) where the plume is predicted to occur. There is no relevant published information on
the spawning ecology and biology of the species likely to be in contact with the sediment
plume, and the sensitivity of their eggs and larvae to sediment is unknown. However, TSS
concentrations in the immediate vicinity of the mining area, and can reach greater than
thresholds of 2 mg/L for pelagic and demersal species eggs and larvae, recommended by
FeBEC (2013) and the ANZECC. The eggs of running-ripe ling have been observed to stick
together when removed from the fish, suggesting that they have an adhesive chorion and are
laid on the seafloor (P. Horn, pers. comm.). It is not known if ling eggs remain and develop
on the seafloor, or float up through the water column as they develop. Hake observed with
acoustic echosounders are thought to spawn higher (above 50 m) than ling (R. O’Driscoll
pers. comm.). This observation is confirmed by studies on other species of hake. Eggs of the
Pacific hake Merluccius productus and the Chilean hake Merluccius gayi are found 50 -150
m from the surface (Moser et al. 1997; Landaeta and Castro 2012). Deltares (2014) models
predict vertical dispersion of silt and clay to be no greater than 50 m high with concentrations
greater than 1 mg/L occurring principally below 10 m from the seafloor. Hake eggs may be
spawned above the predicted plume, but ling eggs may come into contact with suspended
silt and clay fractions greater than 25 mg/L (at times over 100 mg/L) during mining (Deltares
2014). The effect of the suspended sediment on the eggs and larvae of ling is unknown, nor
is the time that the eggs would be exposed in the water column. These effects can only be
determined experimentally. Other species in the mid-Chatham Rise region are less likely to
be affected as they spawn further to the west, east or south of the plume and higher in the
water column. There is no available information on egg distribution, dispersal direction or
distance to predict if advection of these eggs into the plume.
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Conclusions


The pelagic ecosystem on the Chatham Rise is driven by high primary
productivity of phytoplankton in the STC. The high productivity supports
valuable deep-water and demersal fisheries.



There is limited information on the abundance of fish eggs in the licence area.
Oarfish and rockling eggs are found in low density over the licence area,
barracouta eggs are found on the Mernoo Bank approximately 200 km west of
the licence area; and orange roughy eggs occur 250 km to the north east on the
Chatham Rise over the shelf slope.



Commercial species that spawn on the mid-Chatham Rise in the vicinity of the
permit area comprise; black and smooth oreo, ling, hake, silver warehou, giant
stargazer and barracouta.



Distribution maps of spawning species on the mid-Chatham Rise suggest that
ling and hake occur in the area of the predicted suspended silt and clay plume
modelled by Deltares (2014). Hake probably spawn above the 50 m maximum
predicted vertical height of the plume. Ling may spawn on the seafloor within
the predicted plume. It is unknown if ling eggs develop on the seafloor or
become planktonic.



There is little information on the effects of TSS on planktonic marine eggs and
larvae. Overseas studies on predominantly estuarine and near-shore fish
species show large variation in species and life-stage thresholds to total
suspended solids. Generally larvae are more sensitive to TSS than eggs.



The maximum predicted concentration of 100 mg/L suspended solids in the
water column within the active mining block is above the Australia and New
Zealand Environment Council (ANZECC) guideline trigger of 2–3 mg/L, and the
2 mg/L turbidity threshold set by FeBEC (2013) for fish eggs and larvae. Eggs
and larvae of ling are most likely to be affected by silt and clay fractions greater
than 25 mg/L, as this species is thought to lay benthic eggs and is known to
occur in spawning condition within the licence area. Hake is less likely to be
affected as this species is thought to spawn in the water column above the
plume. However, thresholds for hake and ling cannot be predicted with certainty
without experimental studies.



This review has outlined the paucity of studies on the effects of TSS on the
pelagic ecosystem in oceanic environments. The few relevant studies carried
out on marine species suggest thresholds of TSS for eggs and larvae are likely
to occur at or above 2 mg/L. Based on this information, ling and hake eggs, and
their larvae could be affected by TSS in the licence area. However, empirical
studies are required on both direct (sediment adherence to pelagic eggs and
larvae) and indirect (ecosystem) effects for accurate prediction of impacts.
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