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INTRODUCTION

Globally, human activities have disturbed the seabed for thousands of years. Over time, the
size and scale of seabed impact has increased with increasing technological developments
and dwindling marine resources. The scale and nature of these impacts are not obvious to
most people because they lie hidden beneath the waves. This report discusses the main
human activities that occur within Waikato’s Coastal Marine Area (CMA)e that physically
impact the subtidal seabed. Stressors that originate from outside of the CMA, but also, and
in some cases substantially, impact the seabed, e.g., inputs of sediment, nutrients, and
pollutants, and climate change are beyond the scope of this studyb. The report covers five
main activities:

Bottom-contact mobile fishing (e.g., trawling, seining and dredging).c
Sediment dredging and disposal.

Coastal developments (e.g., wharves, marinas, and other engineered structures).

Shellfish aquaculture.

o M W d R

Boat anchoring and swing moorings.
For each activity, the report discusses:

1. The direct and indirect effects on the seabed arising from the activity.
The marine species and habitats that are most affected.

The spatial scale and intensity of the impact in the Waikato CMA, and the areas that are
most affected.

4. The potential for recovery and probable recovery timeframes.

Infographics have been created to illustrate the main impacts of each of the five activities.
These are presented at the front of the report to quickly highlight and summarise key effects.

The report focuses on the immediate effects that arise when the activity is conducted.
Future, long-term effects from the ongoing presence of a coastal development or marine
farm are outside the scope of this report. For example, the effects of constructing a marina
on seabed communities and habitats are discussed, but longer-term impacts such as
increased biosecurity risk and the accumulation of copper in seabed sediments, are outside
the scope of this report.

The purpose of the report is to assist Waikato Regional Council’s policy development, and
therefore information provided is focused on the Waikato Region. However, relevant
information from other parts of New Zealand and from around the world are also referenced
where applicable.

a This covers the seabed out to 12 nautical miles from the shore.

b But see the following as an introduction to catchment effects: Coastal Sedimentation: What We Know and the Information
Gaps | Waikato Regional Council.

¢ Seabed impacts from static fishing gear e.g., pots and set nets are excluded from this study due to their limited spatial impact
and the lack of sufficient information on the topic to provide a robust assessment.

3


https://www.waikatoregion.govt.nz/services/publications/tr200812/
https://www.waikatoregion.govt.nz/services/publications/tr200812/

Bottom trawling and Danish seining impacts around 2000 km? of the
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Tipa / Scallop dredging

EFFECTS

Death or reduced growth of
uncaptured tipa.

Dredging damages & stresses
discarded or uncaptured tipa
that contact dredges. Damaged
tipa attract scavengers, which
kill more tipa.

Tipa dredging affects the seafloor. International reviews of the effects of bottom impact
fishing generally agree that dredging causes the most intense damage to seafloor

communities, but affects a smaller area than bottom trawling and seining.
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Stressed discarded
undersized tipa

Damaged
horse mussel

Damaged
sponge

Killing other plants and
animals. Dredging damages
or kills other large species
that grow on, or in the
seabed like kelp, horse
mussels, sponges, brittle
stars and large seasnails.

BEFORE

Reduced biodiversity
and abundance due to
less food and shelter.

Target
species

Changes to
communities that live
in the sediment.
Dredging changes the
abundance of
sediment-dwelling
animals like shrimps
and worms.

Changes in nutrient
cycling and oxygen
levels.
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Dredging is done for development and maintenance of ports,

S ed i m e nt d red g i n g a n d d is po Sa l marinas, shipping channels and other coastal developments.

Both excavation and disposal impact the seafloor.
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Coastal development

EFFECTS
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The development of ports, marinas, residential canal waterways,
wharves, boat ramps and seawalls impact the coastal environment.

Dirty water. Construction
and human activity near
these structures resuspend
sediments which can choke
filter feeding animals and
smother plants.

Retention of larvae creating
an increase in a local
population.

Fine sediment

build up

Changes in the community
composition

BEFORE Changes to currents.

Structures change water flow
and can cause sediment
coarsening in some places and
the build up of fine sediments
and pollutants in other places.

Losses of larvae
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Blocking the
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Aquaculture

EFFECTS

BEFORE

-
O
w
x
(=]
Z

e

Ba

Shellfish
spawn

Gains in habitat
complexity. Shellfish
and their shells fall to
the seafloor and may
build more diverse
and productive
marine communities.

There are over 270 marine farms in the Waikato Region. Most of these are Kutai /
Green-lipped mussel farms on the western side of the Coromandel Peninsula. Sea bed effects
may be positive or negative depending on the environmental conditions around the farm.

Sediment changes.

Biodeposits from farmed
shellfish fall to the seafloor
where they can smother
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change marine
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H H The majority of anchoring is likely to occur in waters less than 10 m deep.
A n C h O rl n g & m oo rl n g There are over 800 moorings in the Waikato Region.
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BOTTOM-CONTACT COMMERCIAL AND RECREATIONAL FISHING

BOTTOM TRAWLING & SEINING

Bottom trawling is the main method used to catch finfish commercially in New Zealand. In
northern New Zealand (FMA1 & FMA9), inshore bottom trawling mainly targets
shapper/tamure, tarakihi, gurnard/kumukumu and trevally/araara.t There are three main
types of bottom-contact nets used commercially in New Zealand:12

1. Bottom trawls (otter trawls)—have an opening comprising multiple floats attached to a
headline, and a weighted groundrope or chain at the bottom of the net to maintain
contact with the seafloor. Wire ropes (sweeps and bridles) connect the wings (sides) of
the net to heavy trawl doors (1-4 m2in size, and up to several tonnes in weight),1.34
which keep the mouth of the net open. The net narrows towards either a cod end or a
Precision Seafood Modular Harvesting Systemd that traps the fish at the tail end of the
net. A typical bottom trawl used in inshore waters in northern New Zealand has a door-
to-door distances of 70-200 m (max. = 350 m), and a net width of 10-30 m (max. =
100 m). Trawls are towed at a speed of around 3 kts and cover a typical distance of
12-15 km per tow.156

2. Bottom pair trawls—use the same type of net as bottom trawls, but each side of the net
is pulled by a separate vessel. Trawl doors are not used because the horizontal opening
of the net is maintained by the separation of the vessels. Nets are much larger than
those used by single vessel bottom trawls.”

3. Danish seines—have nets that are similar to bottom trawls but lack the trawl doors.
Instead, the wings of the net are attached to very long, weighted ropes that pull the net
over the seabed surrounding the fish. An area of several square kilometres may be
swept by a single Danish seine shot.>

In addition, beam trawls, which have a metal bar across the top of the net to maintain the
horizontal opening, and a weighted rope or chain at the bottom, are used for research
surveys in New Zealand.8 Beam trawls are not used commercially in New Zealand.”

In New Zealand, most bottom trawling occurs in deep waters. Bottom trawling and Danish
seining are prohibited from a large area of the inner Hauraki Gulf and Coromandel Peninsula
coastline, and trawling is prohibited within 7.5 km of the west coast of the Waikato Region
(Figure 1). However, bottom trawling still occurs in inshore waters, where a much higher
percentage of the available seabed is impacted compared to deep waters. Between 2008-
2012, about 59% of the seafloor less than 100 m deep in New Zealand was contacted by
bottom trawls.6 In the Waikato Region, the total bottom trawl footprinte has been around

d The traditional cod end is replaced with a cylinder made from PVC that has escape apertures of
varying sizes and densities along the cylinder and a solid end.

e The area of the seafloor estimated to have been contacted by trawl gear.
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2000 km?2 per year over the last decade, which is around 27% of the available seabed. This
has decreased by 23% from 2,353 km2in 2008-09 to 1807 km2in 2018-19 (Figure 2 &
Figure 3).9f

Danish seining has a smaller footprint than bottom trawling in the Waikato Region. The
seining footprint appears to have decreased slightly between 2008-09 and 2018-19
(Figure 4). However, due to the small number of vessels operating in the Waikato Region in
recent years, some information on Danish seining in the region is not available. Fishing
intensity from seining is also much less than bottom trawling, with around 280 seines
conducted in the Waikato Region in 2008-09 compared with around 13,400 bottom trawls
conducted in the same fishing year.

f Danish seine data was not included in this study.
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Figure 1. Areas within Waikato’s Coastal Management Area where trawling and Danish seining are
prohibited. (Data from the Ministry for Primary Industries (MPI)).g
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Figure 2. Total area of the seabed directly impacted by trawling gear (trawl footprint) in the Waikato
Region between 2008-09 and 2018-19. (Data provided by Fisheries NZ from ° and excludes Danish
seining and cells where there are 3 or fewer active fishers or vessels).
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Figure 3. Number of bottom trawls conducted in the Waikato Region in 2008-09 and 2018-19. (Data
provided by Fisheries NZ from © and excludes cells where there are 3 or fewer active fishers or
vessels).
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Figure 4. Number of Danish seines conducted in the Waikato Region in 2008-09 and 2018-19.
(Data provided by Fisheries NZ and excludes cells where there are 3 or fewer active fishers or
vessels).

0 15 30 60 km
T |

NIWA, Esri, GEBCO, DeLorme, NaturalVue

No. of tows No Danish seining
] 35 [ ] waikato boundaries
[ ] >5-10

B >10-15

B -15-20

B ->20-25

SCALLOP DREDGING

Scallops/tipa (Pecten novaezelandiae) are a popular delicacy and are commercially and
recreationally harvested in the Waikato Region. Commercial fishing for scallops in the
Coromandel started in 1968 and all commercial harvest is collected by dredge.1° The most
common commercial scallop dredge used by the Coromandel fishery is a self-tipping box
dredge. These dredges are around 1.5-2.5 m wide, weigh around 150-200 kg, and are
basically a three-sided mesh box on runners with a rigid tooth bar fitted to the lower leading
edge of the dredge.10-12 The tooth bar has tines that are spaced about 90 mm apart that dig
into the sediment to a depth of about 2-6 cm,13 dislodging scallops and any other
unattached, fragile, or loosely attached animals or seaweed within its path. Dredges are

15



typically towed for 5-30 mins (approximately 400 m to 3 kmh) depending on the fullness of
the dredge.14

Historically, scallops were harvested from many discrete beds scattered around the Hauraki
Gulf and eastern Coromandel, but over time, both the total commercial landings and areas
fished have been reduced due to dwindling populations.10.15 The total number of tows
conducted in commercially dredged areas that are within, or partially within, the Waikato
Region has decreased nearly 10-fold over the last 30 years from 1175 tows per year in 1990
to 121 tows in 2020 (no information is available on the length of each tow, which is likely to
increase as scallop densities decrease; data provided by Fisheries NZ). Most of the
commercial scallop dredging in the Waikato Region has occurred in three areas around the
Coromandel Peninsula (2L, 2W and 2X), though in recent years most of the harvest has
come from the Mercury Bay area (2L) (Figure 5 & Figure 6).

Recreational scallop dredges work on the same principle as commercial dredges but are
much smaller—typically 60-70 cm long and less than 10 kg, with either a net or metal cage
to catch the scallops. Around 37 tonnes (greenweight) of scallops were estimated to be
recreationally harvested from the Coromandel region in 2017 -18, which accounted for 60%
of the national recreational scallop harvest.16 However, most recreationally harvested
scallops in the Coromandel are collected by divers, with only around 12% of the recreational
catch estimated to be collected by dredging.14

Figure 5. Number of commercial scallop tows per year between 1990 and 2021 conducted in
statistical areas that fall wholly or partially within the Waikato Region (data provided by Fisheries NZ).
Note that the length of each tow (and the area impacted) are unknown.
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Figure 6. Commercial scallop dredging statistical areas that fall wholly or partially within the Waikato
Region, and number of scallop tows conducted in each area in 1990, 2000, 2010 and 2020 (data
provided by Fisheries NZ).
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EFFECTS OF BOTTOM-CONTACT MOBILE FISHING GEAR

The general effects of bottom trawling, Danish seining and scallop dredging are similar, and
are therefore discussed together. Bottom trawling and dredging were ranked as the 31 equal
and 7t greatest human-induced threat to marine habitats in New Zealand, respectively.1?

Scraping and ploughing of the seabed is caused by the entire lower surface of scallop
dredges, and the trawl doors, ground ropes, sweeps, lower bridles, and sometimes the cod
end of bottom trawls.” Trawl doors are particularly damaging due to their weight, and doors

17



may plough deep furrows up to 30 cm deep and 2 m wide, with penetration depth affected
by sediment type, gear type, and vessel usage.3.7.18.19

International reviews of the benthic effects of fishing generally agree that dredging causes
the most intense damage to benthic communities (per area) as dredges tend to penetrate
deeper into the sediment than trawls.20-22 However, while bottom trawling causes less
intense damage per area, it affects a substantially larger area than dredging in the Waikato
Region.

DIRECT EFFECTS

The scale and type of effects are dependent on the fishing method, gear configuration (e.g.,
dredge/trawl design, length of towing wire, tow speed, warp: depth ratio etc.), seabed
habitats and environmental conditions, and the sensitivity of the species present.® Direct
effects caused by bottom trawling and dredging include:

1. Loss of habitat complexity—trawling and dredging flattens the seabed removing physical
features such as ripples, mounds, and accumulations of shell or gravel, and erect
marine life such as sponges, horse mussels, bryozoans and seaweed.13.21-25 Sediment
that is resuspended by the trawl or dredge may also bury shell/gravel substrates. This
loss of habitat complexity may lead to indirect effects on the animals that use these
habitats (see section on Indirect Effects for more detail). The once highly productive
Tasman/Golden Bay scallop fishery has been closed since 2016, yet recruitment to this
area remains very low, and it is thought that the lack of recovery is due to the
degradation of the benthic habitat by sedimentation, dredging/trawling disturbance to
the seabed, and over-enrichment of nutrients.26-28

2. Mortality or reduced growth of discarded target animals—bottom fishing affects
discarded or uncaptured animals that encounter the trawl or dredge. Undersized target
fish that are landed by commercial trawling in New Zealand are currently returned to the
sea (alive or dead).i Discarded fish captured by bottom trawls with a traditional cod end
have a poor survival rate,2® though around 50% of commercial fishing vessels in north-
eastern New Zealand (FMA1) now use the Precision Seafood Modular Harvesting
System,® which has been shown to have a higher survival rate for discarded snapper.30

Scallops may be damaged by the dredge or stressed by being removed from the water,
which increases their mortality rate.22.31 Instantaneous mortality for damaged scallops
(undersized or not captured) in the Coromandel fishery was estimated to be up to 18%
depending on the size of the scallop.32 Injured scallops that are not killed immediately
attract predators and scavengers, which increases losses.31.3335 The abundance of
predatory crabs and fish has been found to markedly increase 15 hours after
dredging.3s Overall, estimated total scallop mortality from the Coromandel fishery one
month after dredging was between 14 and 52% for undersized, discarded scallops, and
between 1 and 25% for uncaptured scallops that were hit by the box dredge.36

The growth of animals may also be reduced as energy is diverted towards recovery from
stress and injury.22 For example, the growth rate of scallops captured or hit by a dredge

i A bill is currently under consideration at parliament to prohibit the discard of undersized fish
(https://www.mpi.govt.nz/dmsdocument/45763-Fisheries-Amendment-Bill-Strengthening-fishing-
rules-and-policies-landings-and-discards-Cabinet-paper).
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were found to grow 33-66% slower in the month after capture, compared to
undisturbed scallops.12:36

Mortality of other animals and plants growing on the seabed—trawling and dredging
damages or Kills other large species that grow on, or in the seabed, with the most
vulnerable species being those that grow on top of the seabed (e.g., horse mussels,
bryozoans, sponges and tube-building polychaetes), fragile species (e.g., sea urchins,
anemones and sea cucumbers), species that may get smothered (e.g., other bivalves
and rhodoliths) and species that become more vulnerable to predation after dredging
(e.g., brittle stars, large gastropods and hermit crabs).24.37-43

The main by-catch caught by dredges during a 2009 scallop survey of the key
Coromandel fishing areas were seaweed (11% of catch volume), starfish (Astropecten
sp., Coscinasterias sp. and Luidia sp.) (4%), and other live bivalves (4%), which included
large dog cockles/kuhakuha (Glycymeris laticostata), horse mussels/hururoa (Atrina
zelandica) and the clam Tawera sp. (Figure 7).44 Starfish and seaweed were caught in
over 85% of the tows. Various sponges were captured in 57% of the tows, but only made
up 0.4% of the catch volume. Horse mussels were only caught in 2% of the tows and
accounted for 0.3% of the total catch.44 Of these by-catch species, horse mussels and
sponges are particularly vulnerable to dredging.15

No information is available on the seabed species caught as by-catch by the New
Zealand inshore fisheries.4> Common species caught as by-catch by snapper research
trawls in the Hauraki Gulf include sponges (particularly Callyspongia ramosa and
Suberites affinis), starfish (Astropecten sp. and Coscinasterias sp.) and fan worms
(Sabellidae).46

Current by-catch species and amounts do not necessarily reflect historical by-catch, as
the current abundance of some species is significantly lower than historic levels,
particularly in frequently dredged areas. Historically, horse mussels were widespread
throughout the Hauraki Gulf, particularly around northwest Coromandel and south of
Great Mercury Island.47.48 Horse mussels were likely to have comprised a much higher
percentage of by-catch in the past, however, their large, fragile shells protrude above
the seabed, making them particularly vulnerable to dredges and trawls. A study on a
closely-related species, the fan mussel Atrina fragilis, found that scallop dredging
reduced their average abundance by 87%.3% Similarly, studies conducted in the Hauraki
Gulf and Tasman and Golden Bays found that the abundance of erect animals, including
horse mussels, decreased with increasing bottom-fishing intensity.3741

Sponges are commonly found in habitats that are dredged for scallops, and are one of
the most vulnerable species to trawling and dredging.4449 For example, effects on
sponges were demonstrated in a Mediterranean study, which found that sponge
abundance (-54%) and the number of sponge species (-30%) decreased substantially
after an area closed to bottom-contact fishing for three years was reopened for scallop
dredging.50 Similar comparisons of fished and non-fished areas have found higher
abundances of sponges, bryozoans and other fragile erect animals in the non-fished
areas.?9.51 Many sponges are slow-growing, particularly those found in deeper waters,
which prevents recovery between fishing events.52
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Rhodoliths (maerl) are slow-growing, unattached coralline algae that support highly
diverse seabed communities. Very few rhodolith beds are known to occur in the Waikato
Region—a relatively large bed has been recorded north of Ohinau Island and small beds
have been recorded west of Great Mercury Island.53 Trawling and dredging overturns
and buries rhodoliths. Dredging in previously unfished rhodolith beds in Scotland was
found to kill more than 70% of the rhodoliths present, with no sign of recovery after 4
years.24

Large, slow-moving animals are also vulnerable to trawling and dredging. A study
conducted in the Irish Sea found that a high proportion of uncaptured and by-catch
animals were immediately damaged or killed by scallop dredges, with the most affected
species being starfish (Luidia ciliaris (-74%) and Astropecten irregularis (-33%)), crabs
(Cancer pagurus (-63%) and Liocarcinus spp. (-50%)), and sea urchins (Echinus
esculentus (-47%)).38 Similarly, a study on the effects of trawling in 200-600 m deep
waters in the deeper portion of Waikato’s CMA found that trawling activity was
negatively associated with invertebrate species richness and diversity, with the
abundance of urchins (Ogmocidaris benhami and Phormosoma bursarium), basket
stars (Gorgonocephalus dolichodactylus), gastropods (Penion sulcatus and Alcithoe
lutea) and hermit crabs (Paguristes barbatus) negatively correlated to trawling activity.43

Changes in sediment-dwelling communities—trawling and dredging can also affect
small, sediment-dwelling animals (infauna) that are not likely to be crushed or captured.
A short-term study conducted in Coromandel found that dredging caused significant
reductions in the abundance of many common species including small crustaceans
(phoxocephalids, tanaid shrimps, and amphipods) and worms (polychaetes), both 2
hours and 3 months after dredging. Effects were greater in the site that was not
commercially dredged (Hahei), compared to the site that was regularly commercially
dredged (Opito Bay), which was probably because Opito Bay had a community that was
already adapted to dredge disturbance. Some polychaete and bivalve species showed a
significant increase in abundance 3 months after dredging, which may be due to
preferential settlement in the dredged area, or attraction of scavengers/predators.31

Similarly, higher trawling and dredging intensity in Golden and Tasman Bays was found
to be correlated to a decreasing number of sediment-dwelling species, with shellfish
(Corbula zelandica, Theora lubrica, Ennucula strangei and Nozeba emarginata), tube-
building polychaete worms and hermit crabs the most affected species.3”

These changes in community are likely due to changes in habitat, increased exposure to
predators, and suspension and transport away from the area by water currents.1331 Fine
nets placed behind scallop dredges have demonstrated that a large percentage of
sediment-dwelling animals are dislodged from the sediment by the dredges and briefly
suspended in the water column.13

Overall, trawling and scallop dredging removes habitat variability and makes seabed
communities more similar with lower species abundances. Trawling and dredging also
causes a community shift from one that is dominated by erect, slow-growing and/or fragile
species, to one dominated by small, encrusting and fast-growing species.2541.43,54,55
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Figure 7. Examples of by-catch caught by scallop dredging within the Coromandel fishery area. A)
Horse mussels. B) Dog cockles. Note that these images are from random stratified surveys15 so may
not represent the catch of the commercial fishery, and that many of the shells pictured did not contain
live animals (photos reproduced with permission from MPI).
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INDIRECT EFFECTS

Bottom trawling and dredging are also likely to cause a range of indirect effects, though
these effects are not well-understood. Likely indirect effects include:

1.

Reduction in reproductive success of the target animal—all fishing methods reduce
reproductive success by removing large numbers of breeding individuals from a
population. However, this impact is exacerbated for animals such as scallops that have
no, or limited mobility and require dense aggregations to achieve high fertilisation rates
during spawning.22 Commercial dredging targets dense scallop aggregations, causing a
disproportionally high reduction in reproductive success.

Reduction in shellfish and fish recruitment due to loss of biogenic habitat—biogenic
habitats are habitats that are created by plants and animals such as mussel reefs,
seagrass/karepo beds and sponge gardens. Biogenic habitats provide important
nursery areas for juvenile fish such as snapper and blue cod, and the loss of these
habitats is likely to reduce the subsequent fish population.56-58 For example, in Australia
closure of an area to bottom trawling for 5 years was found to increase the amount of
erect animals present and the catch rate of two shapper species, compared to a nearby
trawled area.5®

Scallops and mussels prefer to settle on plants and animals with fine, highly branched
growth forms such as hydroids and bryozoans.22.60 The removal of such features by
dredges has been shown to reduce the recruitment success and survival of juvenile
scallops.61t

Reduced diversity—areas of high habitat complexity and biogenic habitat tend to have
seabed communities with greater diversity (number of different species) and
abundance (number of animals),58.62:65 though some disturbed environments can have
very high abundances of a few species. Smothering of gravel/shell by disturbed or
resuspended sediment may prevent colonisation by animals that require a hard
substrate. 2451 Loss of these habitats results in lower fish and invertebrate diversity and
abundance, which leads to cascading changes in community structure and abundance
up the food chain.6¢

Increased predation—Trawling and dredging damages animals, which attracts predators
and scavengers to the area.3567.68 For example, one study found that average
abundances of predatory fish increased by 1.6 times shortly after trawling, and fish in
the trawled area were found to consume over twice the normal amount of food as fish
in nearby untrawled areas.é?

Trawling and dredging also removes habitat complexity, reducing available predator
refuge areas for juvenile fish and invertebrates. Juvenile fish and crustaceans have
been shown to take refuge from predators in complex and biogenic habitats, and
predation rates have been found to be lower in those habitats compared to areas of
bare sediment.69-73 For example, mortality rates of tethered juvenile scallops (15-30
mm) in Kawau Bay and Tasman Bay were found to be up to four times higher (15% vs
59%) in areas that had been commercially dredged and contained few biological
features, than undredged areas that contained higher numbers of sponges, horse
mussels and ascidians. Most of the mortality was attributed to predation by starfish and
gastropods, which mainly rely on their sense of smell to detect prey. It is unclear how the
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presence of biological features reduces predation, but it may be due to alteration of
boundary flows that transport chemical cues.23

5. Resuspension of sediments and release of contaminants—dredging and trawling,
particularly trawl doors, disturbs and resuspends sediments creating a plume behind
the fishing gear. The size and duration of this plume depends on the gear used, current
speeds, depth and substrate type, with fine, muddy sediments staying in suspension for
longer. Scallop dredging in sandy sediments in Port Philip Bay, Australia, was found to
increase the suspended sediment concentration by 2-3 times immediately behind the
dredge, with the concentrations returning to background levels within 30 mins. 7475 In
contrast, the effects of trawling in muddy sediment in a shallow sheltered area of the
Baltic Sea were much larger. A 12 m inshore vessel towing a bottom trawling net with
230 kg doors was found to create a 36 m wide track and resuspend 9.5 t of sediment
per km towedi. This suspended sediment remained in the water column for 3-4 days
and spread more than 1 km away from the trawl track.1® Resuspended sediments may
smother fauna living on the seabed or negatively affect the feeding and filtration
abilities of animals,67.76 however these effects depend on the species present and their
tolerance of high suspended sediment concentrations.

Flow-on effects on marine life are also poorly understood due to multiple complex
relationships between marine life and their environment. For example, the release of
nutrients from the sediment may increase growth of phytoplankton and seaweeds, but
this benefit may be counteracted by the increase in turbidity that decreases light
availability required for their growth.6?

6. Alteration to natural biogeochemical processes—bottom trawling and dredging have
been shown to:

a. Disrupt the natural exchange of nutrients, gases and particulates between the
seabed and the water—physical disturbance of sediments by trawls and dredges
also releases nutrients, gases and particulates that are contained within the
seabed. A Baltic Sea study found that trawling resulted in the short-term (hours)
release of a large pulse of dissolved nitrogen, phosphorus, manganese, and
methane, within a few hundred metres of the track. Two days after trawling, the
movement of nutrients and oxygen between the sediment and bottom water had not
completely returned to normal.1® At present, the implications of the release of
seabed nutrients and particulates are poorly understood. It is not known whether
trawling and dredging simply accelerates the release of nutrients from the sediment
that would have gradually occurred naturally, or whether it causes a long-term, step
change.19.77-79 The magnitude of impact is likely to be dependent on the frequency
of the impact, the organisms present, and the existing biogeochemistry of the
seabed. Effects of low disturbance frequencies were found to be similar to that of
natural bioturbatorsk but at high disturbance frequencies, disruptions were too
frequent to allow the system to reach an equilibrium.7®

I This is equal to a resuspension rate of 0.25 kg/m? across the whole trawl track.

k Burrowing animals that mix and oxygenate the sediment.
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b. Reduce the ecosystem services provided by benthic species—erect and sediment-
dwelling species provide a range of natural processes (ecosystem services) such as
stabilising the sediment, bioturbation, filter feeding to convert suspended nutrients
and plankton to seabed deposits, nutrient cycling, and alteration of the boundary
flow conditions near the seabed.18.66 Bottom trawling and dredging have been found
to decrease the abundance of benthic species that provide ecosystem services.
37,4180 For example, densities of heart urchins (Echinocardium cordatum), which are
one of the most vulnerable species to trawling and dredging, were found to be
positively correlated to nitrogen!' release from the seafloor.81 Nitrogen is important
for the growth of plankton, which forms the basis of the food chain, but the
implications of reduced nitrogen release by affected benthic species will depend on
the disturbance frequency and whether the affected community is nitrogen-limited.
The loss of species that provide these ecosystem services may have important flow-
on effects on the marine environment, but further research is required on the scale
of these impacts and their potential significance.

c. Change the remineralisationm rate of organic carbon from the seabed—bottom
trawling and dredging may affect the remineralistion rate of organic carbon stored in
the seabed through increased sediment resuspension, increased mixing and
oxygenation of the sediment, reduced bioturbation, reduced respiration of animals,
and increased primary production from resuspended nutrients. A recent review of
the impacts of bottom-trawling on carbon storage found mixed results: 61% of 49
studies found no significant effect; 29% of studies reported reduced organic carbon
storage; and, 10% of studies reported increased organic carbon storage.82 More
research is required to improve our understanding on the impacts of bottom-contact
fishing on the carbon cycle.

In general, the size of the fishing effect depends on several factors, with impacts generally
increasing with:

= increasing substrate hardness, with the least impact on sandy and muddy sediments
and the highest impact on reef, gravel and biogenic habitats;20.21,24,40

= increasing fishing intensity (in previously trawled areas),37:83 though the greatest
impact on biogenic habitats occurs on the first tow through a pristine area;2452

= increasing penetration depth of fishing gear;84

= decreasing waves and currents and storm disturbances due to the communities
present being less adapted to physical disturbance;40.83.85.86

= higher abundances of slow-growing, emergent and fragile animals, such as
rhodoliths, sponges and bryozoans;24

Ammoniacal nitrogen, NHas-N.
m The breakdown of organic carbon by bacteria and algae into dissolved inorganic carbon.
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= increasing distance between the impacted area and reproductive populations of the
species affected.85

RECOVERY

Complete recovery of a community is difficult to assess as there are no pristine reference
areas that provide a baseline. Recovery times also depend on the factors listed above that
influence the size of the effect, and there is a very wide range in estimated times. A global
meta-analysis of bottom-contact fishing studies that covered a gradient of fishing impact
found that the median recovery time for sedimentary seabed communities to return to
between 50-95% of the theoretical unfished abundance (assuming logistic population
growth) was between 1.9 and 6.4 years.87 Recovery time increased with increasing
percentages of gravel in the substrate. Note that the above recovery times excluded biogenic
habitats, and only measured recovery of total community biomass or abundance. Recovery
of individual species can be highly variable depending on their life history characteristics.
Small mobile fauna such as polychaetes and malacostracans can recover to unimpacted
levels within 1 year, while large, erect, and slow-growing species such as sponges and
bryozoans are likely to take more than 10 years to recover.1559.8485 Therefore, relatively large
gains in recovery may be made initially due to the recovery of small, fast growing species, but
there may be a long ‘tail’ period when the community is still recovering. For example, even
after 17 years of fishing closure around the Isle of Man, UK, several species were found to
be still increasing in abundance.88

If an area is impacted more frequently than the recovery time, then the community will
remain in a permanently altered state.66 Furthermore, if fishing results in the decrease of a
species or population to below the minimum density required for reproduction, or
dramatically changes the seabed substrate, then the original benthic communities may
never recover. There is evidence that rhodolith and soft-sediment mussel beds that have
been impacted by dredging are unable to recover in human-relevant time scales.22:24.89 For
example, soft-sediment mussel beds used to cover >500 km2 of the Firth of Thames and
inner Hauraki Gulf, but were dredged to near-extinction in the first half of the 20t century.8®
Despite the lack of commercial dredging or bottom-trawling in much of this area for decades,
soft sediment mussel beds have never returned. Fishing impacts were exacerbated by the
very high levels of terrestrial sediment inputs into the Firth, which is likely to be a major
factor in the lack of recovery of soft-sediment mussel beds. The dense mussel beds and
attached biogenic habitat that would have provided a favourable settlement surface for
mussel spat have been replaced by a deep layer of soft, muddy sediment that is
unfavourable for mussel settlement and survival, resulting in a fundamental shift in the
habitat in the Firth and inner Gulf.

SEDIMENT DREDGING AND DISPOSAL

DREDGING

Dredging of the seabed is often required for the construction of coastal developments such
as ports, marinas and wharves, and to allow and maintain ship access to these
developments. In shallow waters (<30 m) that are affected by wave action and land
sedimentation, repeated dredging is typically required to maintain the desired depths,
whereas, in deeper waters dredged areas are likely to be relatively stable features.®0.91
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Dredgers are either mechanical (grabs and excavators) or hydraulic (via suction). The four
main types of dredgers used are:

1.

Backhoe dredgers—have an open bucket at the end of the crane arm that scoops up
material and places it in a barge for transport off site. Backhoe dredges produce
relatively high turbidity as sediment is resuspended when the dredge hits the seabed
and lost as the bucket is pulled through the water column and drained above the
surface.92

Grab dredgers—have a closing clam shell bucket at the end of the crane arm that closed
around the sediment. They can produced relatively high turbidity, but specialised grabs
can be used that generate less suspended sediment than other types of dredgers.92

Cutter suction dredgers—have a rotating cutter at the end of a suction line that is
suitable for cutting a wide range of materials. The basket shaped cutter cuts the
material creating a cloud of dredged material in the water, which is then sucked up the
line to a barge. Suction is not 100% efficient and up to 5% of all disturbed solids are not
sucked up.93 Overflow from the barge can also generate high levels of turbidity.92

Trailing suction hopper dredgers—are suitable for relatively soft, unconsolidated
material. The dredge is pulled along the seabed by a vessel and the drag head loosens
the sediment, which is sucked up the pipe along with water and pumped into a hopper
where the water overflows out the top. The dredge generates relatively low levels of
turbidity, but suspended sediment in the overflow from the hopper can be high (5-30%
of the total volume pumped into the hopper), depending on the processing speed.91.93.94

Based on consenting information provided by WRC, over 45,000 m3 of sediment may have
been dredged from the Waikato Coastal Marine Area for coastal developments (capital
dredging), and up to approximately 18,000 m3 per year is currently authorised to be removed
for ongoing maintenance dredging, though the quantity dredged in any given year may be
much less than this. Most of the dredging activity that has been conducted in the Waikato
Region has been required for the construction of various marinas and waterway
developments, and for maintaining access to Sugar Loaf Wharf in Coromandel Harbour, and
Tairua Harbour (Figure 8).
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Figure 8. Locations where dredging has been conducted in the Waikato Region.
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DISPOSAL OF DREDGED MATERIAL

Dredged material is often disposed of in the sea due to disposal costs and logistics. Based
on consenting information provided by WRC, most dredge disposals that occur in the
Waikato Coastal Marina Area occur on beaches or in the intertidal area for the purposes of
beach replenishmentn. The only subtidal deposition was for approximately 40,000 m3 of
sand dredged from Tairua Harbour, which was consented to be deposited approximately 1
km offshore from Pauanui Beach.

n Description of the effects of sediment disposal on intertidal and beach habitats is outside of the
scope of this report.
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EFFECTS OF DREDGING & DISPOSAL

Dredging causes the unavoidable loss of surface sediment and marine life that are present
within the dredge footprint, while disposal may smother attached or sedentary marine life
present at the disposal site. Dredging and disposal were assessed as the 27t and 8t
greatest human-induced threats to marine habitats, respectively.1” Dredging often occurs in
harbours and estuaries that are important nursery and feeding areas for a range of fishes,
birds and other animals. The size of the impact caused by dredging and disposal depends on

the:

gquantity of material dredged and disposed;

frequency and duration of dredging;

dredging methods;

depth, current speeds, waves and water quality at the site;
sediment composition;

presence of any contaminants in the sediment;

distance from ecologically sensitive habitats and the tolerance of plants and animals
to suspended sediments.9

DIRECT EFFECTS

1.

Changes to the seabed—dredging lowers the seabed height while disposal may increase
the seabed height (depending on current speeds and the spread of material). Both
activities may change the sediment composition (if the sediment composition varies
with depth at the dredge site, or varies between the dredge and disposal site), which
leads to indirect impacts on the seabed community (see Section on Indirect Effects for
more details).

Removal of marine life—dredging removes all marine life present within the extracted
sediment. This marine life may not survive the dredging and transport process, or
conditions at the disposal location may be unsuitable for their survival.®1

Smothering by disposed or mobilised sediment—smothering of the seabed by the
disposed sediments is likely to cause the loss of marine life growing in or on the seabed
under the disposed sediment. Mobile animals such as worms may be able to burrow to
the surface, but attached and sedentary animals are likely to be smothered. A review of
the effects of dredge spoil disposal in New Zealand concluded that the majority of
studies found that any negative ecological effects caused by disposal were limited to
the disposal footprint and were short-lived. This conclusion is likely to be due (in part) to
the relatively uncontaminated spoil deposited, high currents at disposal sites, and
similarity between the dredged spoil and the sediment at the disposal site.%6

Monitoring studies generally indicate that disposal effects are relatively minor and short-
lived. Effects are generally related to minor changes in community composition,®7.98 and
are small compared with changes that occur over time.?8 For example, disposal of
muddy spoil in a high energy area off Otago was found to result in a change in
community composition and a decrease in abundance but, within a month, the fine
sediments were dispersed and the macrofaunal community recovered to the pre-
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existing state.?¢ Similarly, macrofaunal communities subjected to spoil disposal in
Nelson recovered within six months, and no long-term, cumulative effects were
discernible.®®

Many other dredge disposal studies have not found any significant difference between
disposal and control sites,98100-104 which may be due to the temporary nature of any
impact and the time elapsed between disposal and monitoring.

Disposal of spoil in nearshore areas sometimes occurs for beach replenishment, which
may affect intertidal and beach communities. However, monitoring of the effects of spoil
disposal in a nearshore site off Taranaki found no negative effects on intertidal
communities or kai moana species (paua, kina and Cook’s turban).104 Similarly, spoil
disposal off Westshore Beach, Napier, was found to only have a small, temporary effect
on the seabed communities, becoming indiscernible from control sites after a period of
months.98

Increased turbidity and suspended sediment concentrations—resuspended sediment
and increased turbidity generated by dredging and disposal have the potential to
negatively affect marine life across a broad area. High levels of suspended sediment
can cause several negative effects on marine life including:

= Reduced growth or mortality or a depth restriction of subtidal macro- and microalgae
and seagrass due to reduction in light levels.95:105,106

= Negative effects on health, behaviour, feeding ability and survival of fish by clogging
gills, elevating stress levels, promoting avoidance behaviour, and reducing feeding
success. For example, total suspended sediment (TSS) concentrations of >23 mg/I
were correlated with higher levels of gill deformation, lower body condition, and a
diet shift from swimming prey to prey living on/near the seabed in baby
snapper.107.108 Tolerance to suspended sediment depends on the species, with some
species experiencing increased mortality at TSS concentrations of 25 mg/L, while
other species can withstand concentrations of 28,000 mg/L with no increase in
mortality.199 In general, coastal species are more vulnerable to suspended solids
than estuarine species, and larval stages are particularly vulnerable.109-111

= Reduced filtration rates, growth and survival of shellfish and other filter feeders. For
example, adult pipis, cockles and scallops can continue to feed at high
concentrations of suspended sediment for short durations (<1 week) but. in the long
term, show negative effects at TSS concentrations of more than 60-70 mg/I, 300-
350 mg/I, and 100 mg/I, respectively.108.112-114 Horse mussels appear to be more
sensitive to suspended sediment and show negative effects at 80 mg/I.118

= Negative effects on deposit feeders. Concentrations above 300 mg/I for 9 days
negatively affected the intertidal wedge shell Macomona liliana. After 14 days of high
exposure, most wedge shells had died or were lying exposed on the surface.116

The size of the effect will depend on the increase in TSS generated by the activity, the
duration of the increased TSS, and the tolerance of animals present to suspended
sediments.

Release of toxic contaminants—the impacts of dredging and disposal on marine life are
likely to be more severe if the dredged material contains contaminants such as heavy
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metals, polycyclic aromatic hydrocarbons or polychlorinated biphenyls. Agitation and
disposal of sediment can release contaminants back into the environment making them
available for uptake by marine animals.198 Monitoring of metal contaminants in marine
sediments from around the Waikato Region showed that several sites in the Firth of
Thames, Whitianga Estuary and Port Waikato exceeded default guideline valuest17 for
certain metals, while Tairua Estuary and Raglan Harbour did not.117.118

6. Introduction of new species—changes in community composition may occur if plants or
animals are present in the dredge spoil that are not present at the disposal site
(depending on whether they survive the dredging and disposal process). In particular,
the presence of marine pests in the dredge spoil poses a risk of transmitting pests to
the disposal site.

Some habitats, such as seagrass beds, are particularly vulnerable to the effects of dredging.
A global review of the impacts of dredging on seagrass found that over 21,000 ha of
seagrass was lost due to direct removal and increased turbidity from 45 dredging projects.9s

INDIRECT EFFECTS

1. Reduction in marine life—dredging and disposal will cause the loss of plants and
animals living on or in the seabed within the affected area. Those organisms provide
food and/or habitat for other animals, and their loss may result in cascading changes in
community structure and abundance up the food chain.

2. Changes to seabed community—dredging and disposal may alter the habitat causing
changes in the seabed community. These include:

a. changes in sediment composition (particularly if the dredge spoil has
a higher concentration of fine sediment, organic content or heavy
metals than the disposal site), which leads to a change in the
composition of sediment-dwelling animals;

b. changes to currents due to alteration of the seabed height, which
may affect the transport and settlement of sediment and larvae.

RECOVERY

Recovery times of benthic communities following the completion of dredging depends on the
substrates and communities present. The rate of recovery is highly variable and depends on:

= the size of the impact;

= the physical characteristics of the sites;

= the type of communities present in the dredged and disposal areas;

= the tolerance of marine life present to suspended and deposited sediment.®0

Reported rates of recovery for dredged communities following a single dredge event are: 6-8
months for muddy communities; 1-4 years for sandy/gravelly communities; and 5-10 years
for coarser sediment communities.20.91.119,120 However recovery rates are much longer for
high dredge intensity sites, such as those dredged for sand extraction, with reported recovery
times of 7-20+ years.91,121-123
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COASTAL DEVELOPMENTS

Coastal developments in the Coastal Marine Area include structures such as ports, marinas,
residential canal waterways, wharves, and seawalls. Coastal developments in the Waikato
Region include the Whitianga Marina, Whitianga Waterways, Pauanui Waterwayse, Tairua
Marina, Whangamata Marina, Thames Marina, and various wharves and boat ramps (Figure
9).

EFFECTS OF COASTAL DEVELOPMENTS

DIRECT EFFECTS

Coastal developments permanently occupy the seabed, cause temporary disturbance during
construction (which often requires reclamation and dredging), and can cause changes to the
hydrodynamics of an area. The scale and type of effects are highly dependent on the size of
the development, construction methods, current speeds and wave energy, and the
communities and habitats that are present in the area.124 Coastal development often occurs
in harbours and estuaries that are important nursery and feeding areas for a range of fishes,
birds and other marine animals. Effects associated with dredging and disposal are discussed
in the section above. Other direct effects include:

1. Occupation and reclamation—structures such as piles, reclamations, and seawalls that
directly occupy the seabed will destroy all sedentary or slow-moving marine life present
directly beneath them. In addition, the presence of elevated structures may cause
environmental changes that will affect seabed communities. For example, the
placement of a wharf or pontoon over a seagrass or seaweed bed will increase shading,
which may result in the reduction or loss of vegetation underneath.124-127

2. Increased sediment resuspension and turbidity—disturbance of the sediment during
construction causes sediment resuspension and increases in turbidity, which may result
in a range of impacts on marine plants and animals (see Direct Effects of Dredging and
Disposal for more information). These impacts are likely to occur mainly during the
construction phase, though on-going disturbances arising from the presence and use of
the facility may also cause increases in suspended sediments and turbidity e.g.,
disturbance caused by propeller wash or turbulence around artificial structures.128

3. Changes to water flow and wave energy—the placement of a large structure in the sea
will affect the hydrodynamics of the area. This may cause:

a. increased erosion and scour in high energy environments or down-current of the
structure, leading to a coarsening of the sediments;129-131

b. decreased currents and the creation of eddies, particularly up-current or shoreward
of the structure, resulting in the accumulation of fine sediments;129-131

c. retention of water within semi-enclosed structures such as marinas, resulting in
reduced flushing and accumulation of fine sediments and pollutants.128132.133

° Whitianga and Pauanui Waterways were constructed by excavating canals from the land, and
therefore did not directly impact the seabed apart from dredging of the access channel.
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Effects are highly site-specific and typically require hydrodynamic modelling and field
measurements to predict the size and nature of likely effects. 129,132,134

INDIRECT EFFECTS

Indirect effects arising from coastal development are mainly due to changes in the habitat
caused by developments. These include:

1.

Reduction in food and habitats—the loss or modification of large areas of the seabed
will reduce the area available for marine animals to utilise. In particular, the loss of
biogenic habitats or critical foraging areas may result in a reduction of invertebrate, bird
and fish populations.124,135

Changes in the seabed community—changes in the sediment composition due to the
deposition or erosion of sediments, or changes in water currents around a structure
may cause changes in the seabed community composition. These include:

a. changes in community composition resulting from a change in
grainsize and/or currents and wave energy;130.131,136

b. retention of larvae due to eddies or reduction of currents generated
by a structure, which may result in an increase in the population near
the structure (depending on whether suitable settlement habitats are
present);128.133

c. reduced transport of larvae to down-current areas due to interruption
of water flows, resulting in a decrease in populations in those
areas_125,137

Blocking movement—coastal developments can act as physical barriers, preventing or
hindering the movement of marine life around the coast. For example, groynes were
found to hinder the transport of fish larvae to favourable settlement areas.137 This can
result in a loss of connectivity between populations and lower reproductive success.

RECOVERY

Changes caused by coastal developments are generally permanent (with the exception of
construction-related effects) as long as the development remains in place. Recovery may be
possible following the removal of the structure from the sea, but removal rarely occurs.
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Figure 9. Large coastal developments in the Waikato Region: A. Whitianga Waterways and Whitianga
Marina. B. Pauanui Waterways. C. Tairua Marina. D. Whangamata Marina.

Eale Technology, Land Information New Zealand, GEBCO, Community maps contributors

33



SHELLFISH AQUACULTURE

Commercial aquaculture in New Zealand started in the 1960s and rapidly increased over the
following three decades. Today, the Waikato Region contains over 270 marine shellfish
farms that cover around 1,500 ha and produce 23% of New Zealand’s green-lipped mussels
and 28% of New Zealand’s Pacific oysters.138 The vast majority of these farms are located on
the western side of the Coromandel Peninsula (Figure 10), though a few spat catching farms
are present in Kawhia and Aotea Harbours.

Figure 10. Location of marine farms around the Coromandel Peninsula.

N NIWA, Esri, DeLorme, NaturalVue

A 0 5 10 km
I T T I T A |

[ marine farm

34



In the Waikato Region, green-lipped mussels are grown on longlines in subtidal areas, while
Pacific oysters are grown on sticks or in bags or baskets in intertidal areas. Currently, no
marine finfish farming occurs in the Waikato Region. The focus of this report is on impacts to
subtidal areas, therefore, this section focuses on the effects of mussel farming.

Mussel farms have rows of double longlines or backbones that are typically around 100-
150 m long and are held up by a series of floats. The longlines are anchored to the seafloor
at either end by concrete or screw anchors. Grow ropes hang in loops from the longlines that
extend down to 7-10 m depth.13° Rows of longlines are typically spaced around 25 m apart.

EFFECTS OF SHELLFISH AQUACULTURE

DIRECT EFFECTS

Aquaculture has numerous physical and biological effects on the environment.140 Direct
effects of mussel farming on the seabed include:

1. Deposition of mussels, shell and fine particles—the benthic effects of mussel farming
are well understood and are mainly related to the ongoing deposition of mussels, shell,
biodeposits (mussel faeces and pseudofaecesr), and other marine life below the farm,
which alter the physical, chemical and biological characteristics of the seafloor. These
effects are well-described in other reports141-144 and are outside of the scope of this
report, so are only briefly summarised here. Typical responses include:

a. Increased sedimentation leading to reduced grainsize, minor enrichment and
changes to sediment chemistry within and slightly beyond farm boundaries (i.e., up
to 100 m). This may lead to smothering of the seabed community and changes in
the composition of sediment-dwelling communities. Minor enrichment typically
increases the abundance and diversity of sediment-dwelling communities. However,
increasing levels of enrichment causes decreases in diversity and the dominance of
a few tolerant species.

b. The accumulation of live shellfish and shell material under the farm, which can
provide food and a hard substrate for other animals (e.g., starfish, sea cucumbers,
crabs, sponges and tube worms), which typically leads to a more diverse and
productive community on top of the seabed than what was originally present.

c. The deposition of other marine life, including marine pests, that either fall naturally
to the seabed, or which are deliberately or incidentally removed during farm
operations (Figure 11).

These effects are dependent on the location of the marine farm, the environmental
conditions, and the intensity of farming conducted at the site.

2. Occupation—anchors placed at the end of each row will directly occupy the seabed,
destroying all sedentary or slow-moving marine life present under them. In addition,
disturbance of the sediment during construction or maintenance of the farm will
temporarily cause sediment resuspension and increases in turbidity, which may result in

P Filtered material rejected by mussels during feeding.
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a range of impacts (see Direct Effects of Dredging and Disposal for more information),
though these effects are likely to be very limited in extent, short-lived and infrequent.

3. Changes to water currents—the placement of a large structure in the sea will affect the
hydrodynamics of the area. Current speeds through the farm are generally reduced,
while current speeds around and underneath the farm may increase, depending on the
farm placement, layout and the environmental conditions (e.g., farms that occupy most
of the water depth in a high current area are likely to cause a larger increase in currents
beneath and around the farm).144.145 |n addition, anchor blocks will increase scouring
near the blocks in high current areas,144 while oyster racks reduce currents speeds
causing the build-up of sediment underneath the racks.146 These changes in water
currents will increase or decrease the accumulation of fine sediment, which will
indirectly lead to changes in sediment-dwelling communities.

4. Increased shading—shellfish farms increase shading, which may reduce the growth of
any seaweed or seagrass growing below the farm.145.147 For example, seagrass within a
subtidal oyster farm in the Kaipara Harbour was found to be less dense and less
abundant directly underneath the lines of baskets compared to between the lines.148

INDIRECT EFFECTS

The indirect effects of aquaculture mainly arise from the changes in the seabed community
caused by farm impacts. These effects may be positive or negative. Accumulation of live
mussels and associated marine life under mussel farms can provide important nursery
habitats, food and shelter for fish and invertebrates, which will lead to increases in
populations. For example, soft sediment mussel beds were estimated to support ten times
the density of small fishes such as juvenile snapper, and 2-8 times the density of
invertebrates such as crabs and sea snails.58 However, other mussel farms may result in the
loss of seabed communities due to smothering and enrichment, resulting in less food and
habitats.

RECOVERY

The seabed community and habitat would gradually recover upon removal of the marine
farm.141 Recovery times are highly dependent on the farm location and environmental
conditions, but biological recovery of sediment-dwelling communities to become similar to
those in the surrounding area is likely to take months to years,142.149 while physical recovery
of the substrate (i.e., the decomposition of shell and other debris) is likely to take
decades.146.150

36



Figure 11. Examples of seabed communities under Coromandel mussel farms: A & B. Dense live
mussels and sponges. C. A sea cucumber amidst live mussels. D. A sea shail and the clubbed tunicate
(arrow), a marine pest. E Dense mussel shells and the Mediterranean fan worm (arrow), another
marine pest. F. Bare soft sediment with crustacean burrows.

BOAT ANCHORING AND SWING MOORINGS

The Waikato/Taupo region is the second most popular recreational boating destination in
New Zealand, with 10% of Waikato’s population participating in recreational boating
activities.151 Many of the bays around the upper half of the Coromandel Peninsula are
popular anchorages (Figure 12), with the majority of anchoring likely to occur in waters less
than 10 m deep.152 There are also around 830 swing moorings in the Waikato Region.
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Figure 12. Locations of popular anchorages around the Coromandel Peninsula (Figure from Sea
Change - Tai Timu Tai Parid).
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Figure 13. Location of swing moorings in the Waikato Region (data from WRC).
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EFFECTS OF ANCHORING AND MOORING

Anchor and chain damage are caused by deployment and retrieval of the anchor and
movement of the rope/chain over the seabed. The process of anchoring may create an
anchor pit on the seabed and/or long furrows from anchor or chain drag. A 20 kg anchor
suitable for a large recreational vessel penetrates 10 cm into the sediment, while anchors
used by large commercial vessels penetrate 50-550 c¢m into the sediment depending on the
anchor size and substrate.153 Anchoring was assessed as the 30t largest human-induced
threat to marine habitats.2” The movement of the chain/rope from swing moorings can
cause similar damage to the seabed, though the mooring location is fixed, so the same area
of the seabed is repeatedly affected. For simplicity, these processes are collectively referred
to as ‘anchor scour’.
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DIRECT EFFECTS

Direct effects caused by anchor scour increase with increasing vessel size, and depend on
the habitats and communities present, with fragile plants and animals the most affected by
anchoring. The main studies on anchor scour in temperate regions have focused on impacts
on seagrass and horse mussels.

1.

Impacts on seagrass—Numerous international studies have shown that boat anchors
and swing moorings cause damage to seagrass beds by breaking or uprooting shoots
and creating anchor pits that contain few shoots and have damaged rhizomes (roots).
153-155 Individual recreational anchors were found to cause an anchor pit with an
average size of 0.16 m2(i.e., 40 x 40 cm) and up to 4 m2.156-158 Qver time, impacted
seagrass beds became less dense and fragmented. Comparison on anchoring and no-
anchoring areas found that seagrass beds were less dense in areas where anchoring is
allowed.159

Similarly, boat moorings located over seagrass beds were found to scour all the
seagrass from a circular area around the mooring within a radius of 1-10 m. 158,160,161
The sediment within this area was also excavated by 0.5-1 m by the chain.160 Estimated
seagrass losses from around the scour area of boat moorings in some bays was up to
13% over a decade.162

Anchor scour can also reduce the diversity and abundance of small animals that live in
and under the seagrass. In one study on Zostera marina in the United Kingdom, anchor
scour was found to reduce the abundance (number of animals) by 70% and reduce the
diversity (number of species) by 24% within the scoured area compared to adjacent
patches of unimpacted seagrass.158

Subtidal seagrass (Zostera muelleri) beds in New Zealand are a rare habitat, with only
three large subtidal beds known to occur in the Waikato Region: Huruhi Harbour (Great
Mercury Island), South Bay (Slipper Island) and Whangapoua Harbour.163 Both Huruhi
Harbour and South Bay are popular anchorages'63 and permanent swing moorings also
are present in both areas, near or within the seagrass beds (Figure 14). A recent survey
of the beds found that the seagrass around the moorings at South Bay had been
scoured off by the chains (Figure 15).163

Impacts on horse mussels—Horse mussels are large fragile bivalves that protrude well
above the seabed making them vulnerable to anchor scour. Experimental anchoring off
Kawau Island using a 20 kg anchor was found to increase the number of damaged
horse mussels and decrease the total number of horse mussels present. Predators
were attracted to the scent of damaged shellfish and the number of starfish (Patiriella
regularis) and predatory whelks (Cominella sp.) also increased with increasing numbers
of damaged horse mussels.164

Similarly, densities of the closely related fan mussel, Pinna nobilis, was found to be
significantly higher in areas around the Mediterranean where anchoring is not allowed
compared to areas where anchoring is permitted.159.165

Impacts on sediment-dwelling animals—most anchoring and mooring occurs over bare
soft sediment that is inhabited by small sediment-dwelling animals, however, very little
information is available on the effects of anchor scour on soft sediment communities.
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Infrequent anchoring is unlikely to cause detectable changes to soft sediment
communities at broad scales, however moorings have more of an impact because they
repeatedly affect the same area. A UK study on intertidal moorings found that those
impacts included the chain scraping away finer sediments leaving greater percentages
of gravel and shell fragments, and a significantly different community composition from
the surrounding area.166

Figure 14. Overlap between 2019 subtidal seagrass beds and swing moorings in A) Huruhi Harbour,
Great Mercury Island, and B) South Bay, Slipper Island (data from WRC).

Eagle Technology, Land Information New Zealand, GEBCO, Community maps contributors
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Figure 15. Scouring of the seagrass around swing moorings at South Bay, Slipper Island (Figure from

163),

INDIRECT EFFECTS

1.

Reduction in fish recruitment due to loss of biogenic habitat—biogenic habitats provide
important nursery areas for juvenile fish. For example, the abundance of juvenile fish,
particularly snapper and trevally, were much higher within seagrass beds and horse
mussel beds around northern New Zealand than the surrounding unvegetated
areas.56.57.65167 Presumably juvenile fish favour these areas because they confer some
competitive advantage (i.e. more food, shelter, or protection from predation), so the
reduction of these habitats by anchor scour is likely to reduce the subsequent fish
population, though the relationship between habitat loss and reduction in recruitment
has not been measured.

Increased predation—seagrass beds provide a refuge from predation for small fish and
invertebrates, reducing predation rates.168 The reduction and fragmentation of this
habitat by anchor scour has the potential to reduce subsequent fish populations.

Increased sediment resuspension and turbidity—seagrass acts as a sediment trap,
reducing water currents and sediment resuspension within the bed, which reduces
turbidity.169.170 The loss of seagrass can indirectly increase erosion, resuspension of
sediments and organic material, and turbidity,158 which has negative effects on
seagrass and seaweed, filter feeders such as bivalves and sponges, and visual
predators such as baby snapper.107
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RECOVERY

Little is known about the recovery rates of seabed communities from anchor scour, but at
popular anchorages the rate of damage is likely to exceed the recovery rate for fragile and
slower growing plants and animals.153

1. Seagrass—recovery rates of seagrass depend on the species present and their growth
rates.1%3 For example, the fast-growing Caribbean species, Halodule wrightii, was found
to recover within 9 months from simulated anchor scour, whereas the slower growing
Thalassia testudinum had not recovered after 7 months, and Posidonia spp. had only
partially recovered after 12 months, and may take years to decades to fully recover.15%
157,171,172 |ntertidal beds of the New Zealand seagrass, Zostera muelleri, recovered from
small-scale seagrass transplants after 9 months,173 but no studies have been
conducted on the recovery of subtidal beds following anchor damage.

1. Horse mussels—no specific studies have been conducted on the recovery rates of horse
mussel beds from anchor scour, however this is likely to take years as New Zealand
horse mussels are estimated to take around 3 years to grow to around 25 cm in
length.174

2. Sediment-dwelling animals—recovery of soft sediment communities from mooring
impacts may take years, depending on the substrate, wave energy and tidal currents.
For example, communities within the scour zone of mooring chains had not recovered
15 months after the moorings had been removed.166

SUMMARY & CUMULATIVE EFFECTS

All the activities discussed can cause a range of negative effects on seabed habitats and
communities, many of which are similar. These include:

= Joss of complex habitats and communities;
= direct loss of marine life and reduced biodiversity;
= changes to sediment-dwelling communities;

= reduced reproduction and recruitment of some species (although some benefits for
scavengers and opportunistic species);

= negative effects from increased suspended sediments;
= changes in sediment chemistry and natural processes; and
= changes in water currents and the dispersal of sediment and larvae (Table 1).

The area of seabed affected by these activities varies greatly. The total footprintr of bottom-
contact fishing in the Waikato Region is around 2000 km=2 per year, with some areas
repeatedly trawled each year. Cumulatively, the area impacted is much greater than this, as
there are differences in the areas trawled between years, and some areas around the
northern Coromandel Peninsula are impacted by both bottom trawling and scallop dredging.
Recovery from trawling and scallop dredging is estimated to take up to 8+ years, depending

r The area of the seafloor estimated to have been contacted by trawl gear.
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on the habitats and communities impacted. Therefore, it is likely that certain areas of the
seabed are impacted too often to allow for recovery and these are in a permanently altered
state.

The scale bottom-contact fishing impact dwarfs the area affected by all other activities in the
Waikato Region, with shellfish aquaculture occupying around 15 km2, and dredging,
disposal, and coastal developments each estimated to impact less than 1 km2 of the
subtidal seabed. The spatial extent of anchoring and mooring is unknown but it is unlikely to
be large (Table 1).

For the most part, the area impacted by bottom-contact fishing does not overlap with areas
impacted by other activities—bottom trawling is prohibited from most of the nearshore areas
directly adjacent to the coast, while the other activities currently occur very close to the
coast. Apart from dredging and coastal development, which often occur together, there is
also unlikely to be much direct overlap in the areas affected by dredging, disposal, coastal
development, aquaculture, anchoring and mooring.

Despite the relatively small area affected by dredging, coastal developments, aquaculture,
anchoring and mooring on a regional scale, the impacts of these activities can be significant
in certain locations. These activities are often concentrated in harbours, bays and estuaries
that contain biogenic habitats that provide important nursery and feeding areas for a wide
range of fishes, birds and invertebrates. Added together, these impacts can collectively
cause negative impacts that may be substantial on an estuary or bay scale. For example,
Figure 16 shows the biogenic habitats present in Tairua Harbour and the range of activities
conducted in the harbour that disturb the seabed. Management of these impacts should
consider the wider cumulative impacts on the bay or estuary, as well as the localised impacts
of a particular activity.
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Figure 16. Biogenic habitats present in Tairua Harbour and activities conducted in the harbour that
disturb the seabed. (Data on biogenic habitats from DOC,53 data on consented activities provided by

WRQ).
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Table 1. Summary of the main effects of activities in the Waikato Region that disturb the seabed.

Activity Approximate Loss of Direct Changes to Reduction in Increased Effectsfrom Changesto Changesto Recovery
Waikato area complex loss of sediment reproduction predation suspended sediment currents time
impacted and marine dwelling and sediments chemistry and (years)
(km2) biogenic life communities recruitment dispersal
habitat
Bottom-contact 2000s v v v v v v v 2-10+
fishing
Dredging <1 Possible v v Possible v v v 2-10+
Disposal <1 Possible v v v v v <1
Coastal <1 Possible v Possible 4 v Unlikely
developments
Shellfish 15 Possible, v'from v Possible, may v v 1-10+
aquaculture may also anchors also enhance
increase only
Anchoring and ? Possible v v v v 1-3
mooring

s Trawl footprint per year.
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