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PReFACe

Ecosystems are groups of living organisms existing together with their environment, 
and functioning as a loose unit defined by a distinct area. Ecosystems are 

dynamic, involving complex biological, chemical, and physical interactions between 
organisms and their environment that provide ecosystem services and functions.

Worldwide, towed bottom-fishing gears such as trawls and dredges are 
one of the greatest sources of man-made disturbance to the seabed.  Other 
disturbances include pollution and sedimentation from land-based activities.

International efforts to better manage fisheries and their effects are focused toward 
ecosystem approaches to fisheries management (EAF). Resource managers and 
policy makers rely on scientists to provide information on marine ecosystems and 
their responses to the effects of fishing. Many marine ecosystems vary in their 
composition, and the relationships between living organisms over space and through 
time. Investigations of the effects of fishing need to be undertaken with experiments 
that account for this variability and to separate fishing effects from natural disturbance. 

Recent reviews of the effects of fishing on marine ecosystems found:

The direct effects are specific to both fishing gear and habitat type. 

Dredging and bottom trawling are generally considered the worst 
gear types, and long-lived biogenic communities such as sponge 
communities and deep-water corals the most sensitive.

Generally, habitats and communities in areas of high natural disturbance 
have greater resilience to other sources of disturbance.

The effects of fishing are not always predictable or detectable.

The characteristics of the seabed (sediment composition, stability, variation in 
structure, topography, and small-scale habitats) determine the composition and 
distribution of living organisms that inhabit them (benthic communities).

A reduction in the total area inhabited by benthic communities 
and decreased biodiversity and biomass is thought to reduce 
stability and productivity of marine ecosystems. 

❚

❚

❚

❚

❚

❚

This DVD outlines a study of the Foveaux Strait ecosystem and the effects of oyster dredging 
on that system. The study was conducted by NIWA in support of an ecosystem-based 
fishery plan for the Foveaux Strait oyster fishery. It includes results of experiments and 
puts these in the context of international studies on the effects of oyster dredging 
on marine ecosystems. It provides information for stakeholders to develop measures 
to assess and manage effects of fishing on the Foveaux seabed environment. 
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summARy
Chapter 1

In this DVD we summarise available 
data on the ecosystem within and 
around the Foveaux Strait oyster 
fishery area that forms part of the 
Southland Biogeographic Region 
(top of Fiordland to Otago Peninsula, 
including Stewart Island). We 
summarise the effects of oyster 
dredging on benthic seabed habitats, 
their benthic communities, and the 
services and functions they provide.

Foveaux Strait is a high-energy, 
dynamic environment where oceanic 
swells and tides shift sediments, and 
shape habitats and their benthic 
communities. The effects of dredging 
need to be assessed in the context of 
environmental disturbance, to identify 
any medium- to long-term effects. 

A commercial fishery for oysters has 
operated in Foveaux Strait for 140 
years and, over that time, less than 
a quarter of the stock area has been 
regularly dredged. The annual footprint 
of the fishery is relatively small.

Dredging for oysters changes the 
structure of the seabed, and affects 
benthic communities at the local 
scale of fishing. There are insufficient 
data to determine specific effects, 
or how long these effects persist, 

❚

❚

❚

❚

how they may change benthic 
communities, and to separate any 
long-term effects of dredging from 
environmentally-driven changes. 

Fishers dredge where oyster densities 
are highest and bycatch least to 
maintain high catch rates. Research 
surveys covering commercial and 
non-commercial areas found oysters 
mostly occur on sand and gravel 
substrates. Oysters were rarely found in 
areas of complex benthic communities 
such as sponge-dominated areas. 

Diverse communities of animals on 
the seabed (biogenic ‘reefs’) are not 
likely to play a direct role in oyster 
production, and could have negative 
effects on oyster settlement, post-
settlement survival, and growth.

Reports from the 1960s suggest 
groups of animals and substrate 
material known as ‘mullock’, were 
mostly sponge- and mussel-dominant 
communities.  There were some areas 
of bryozoans. 
A benthic video survey in 2006 
sampled similar communities, 
suggesting no change in the large-
scale community composition. There 
are insufficient data to determine 
how the distributions of these 
communities may have changed.

❚

❚

❚

Although bycatch data and 
fishers’ observations provide 
general descriptions of benthic 
animals encountered and retained 
by dredges, these data have 
limitations in determining the spatial 
structure of benthic communities 
and oyster populations, and any 
relationships between the two. 

Diverse benthic communities are well 
represented both within and outside 
the commercial oyster fishery area. 
These communities provide sources 
of reproductive propagules for 
regeneration. Habitat can regenerate 

❚

❚

within 20 months under some 
conditions. There are insufficient data 
to determine any long-term change 
in ecosystem function or services, or 
negative impacts on other species 
such as blue cod, at a fishery scale.
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oveRview
Chapter 2

The Foveaux Strait dredge oyster fishery 
has existed for over 140 years. Statistical 
areas to record catch and number 
of hours fished were established in 
1960, and the limits for the fishery area 
(stock boundaries) in 1979. Research 
surveys have covered the shaded 
area, encompassing almost all the 
commercial fishery. The seabed and 
habitats within this area are different 
to those beyond these boundaries. 

Since the 1960s, research has mainly 
focused on estimating the oyster 
population size, and the infection 
and mortality rates from bonamia, an 
oyster disease, to provide information 
for management. Recent attempts 
to determine the effects of fishing 
have largely relied on fishery data, 
bycatch data, and observations that 
have been inadequate to measure 
changes in benthic communities. 

❚

❚

What is known about the effects of 
fishing on benthic habitats, oyster 
production, and ecosystem function 
and services, is summarised here. 

Dredging for oysters affects 
seabed habitats and their benthic 
communities. The magnitude and 
persistence of these effects depends 
on the ability of the community to 
respond to disturbance. Benthic 
communities in high-energy, dynamic 
environments are generally resilient 
to disturbance. Scientists and fishers 
have long acknowledged the wide-
ranging effects of environmental 
disturbance from storms in changing 
the seabed, habitat landscapes, and 
oyster distribution in Foveaux Strait. 
However, these effects have not been 
considered in previous investigations 
into the effects of dredging. There 
are insufficient data to investigate 
long-term effects of both dredging 
and the effects of storms on benthic 
communities and the services they 
provide, or production in important 
fisheries such as oysters and blue cod. 

❚

This document provides information 
to enable stakeholders to develop 
measures to assess and manage 
any effects of fishing on the benthic 
environment within the Fishery 
Plan for Foveaux Strait oysters. 
This information includes:

❚ the physical nature of Foveaux Strait

habitats and their fauna 
(animals that inhabit them)

the vulnerability of habitats 
to disturbance

the distribution of dredging 
relative to habitats and natural 
disturbance regimes

limitations of these data.













Western Inner

Eastern Outer

Eastern Inner

Monitoring 
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and wind data.

Zoom
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Zoom
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the PhysiCAl And enviRonmentAl FACtoRs thAt shAPe seAbed 
hAbitAts And the AnimAls thAt live on them in FoveAux stRAit 

Chapter 3

inveRCARGill
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The western entrance to Foveaux Strait 
is the most exposed coastal area in New 
Zealand. Large oceanic swells travelling 
unimpeded across the Southern Ocean 
are dissipated into this high-energy 
environment, similar to swells pounding 
an exposed beach. Depth varies from 
west to east: the effect of wave energy 
is greatest in the northwest, but tidal 
currents are stronger in the east. These 
factors determine the composition 
of the seabed sediments and shape 
the habitats within the strait. [Click 
the red buttons on the swath map 
on the previous page to see data 
on swell and wind, and the boxes to 
enlarge areas of the swath map.]

The seabed is coarse gravel overlaid with 
fine gravel and sand that is formed into 
waves, banks, dunes, and scour channels 
by swells and currents. Water flow 
into the western entrance is relatively 
unimpeded, but is accelerated in the 
eastern strait by the increasingly shallow 
depth, and constrictions caused by the 
shoals, rocks, and islands that extend 
across much of the eastern entrance 
between Stewart Island and Slope 
Point. The flow of water within Foveaux
Strait is likely to be complex rather than 
a west to east net flow, and probably 
forms eddies in the central strait.

❚

❚

Severe southwesterly storms with 
large oceanic swells and high wind-
driven currents move vast amounts 
of sediment capable of changing the 
landscape of the seafloor. Sediment 
transport is greatest in the northwestern 
entrance to the strait, the northern 
strait, and eastern strait where the 
shallow depth accentuates these effects. 
These areas are characterised by highly 
mobile coarse sediments with little 
fine sand and usually no animals and 
plants living on the seabed. Generally, 
the central and southeastern strait 
become progressively more sheltered 
from swell and tide by Stewart Island. 
Seabed sediments in these areas 
become increasingly less mobile and 
the surface sediments are finer. Average 
current strengths in Foveaux Strait.

Moving sediment may smother benthic 
communities, including oysters in 
commercial fishery areas. Mobile 
sediments may affect recruitment, 
and contribute to increased stress, 
and therefore susceptibility to disease 
and even mortality of oysters. Under 
some weather conditions, eddies may 
be formed that retain and concentrate 
the larvae (young) of oysters and blue 
cod and the reproductive propagules 
of benthic fauna to repopulate those 

❚

❚

areas. Under other conditions, strong 
currents may transport larvae and 
propagules out of Foveaux Strait. 
Where the effects of swell and tide 
are reduced and seabed sediments 
are relatively stable, oyster and other 
shellfish shells provide settlement 
surfaces for animals on the seabed.

Although environmental disturbances 
are not well described in Foveaux 
Strait, they are well documented in 
similar high-energy environments, 
such as Cook Strait, where the constant 
disturbance of the seabed by swells 
determines the composition of 
benthic communities, mainly animals 
living in the seabed (infauna). These 
communities are constantly in recovery 
mode from the last disturbance event. 

Foveaux Strait is considered a highly 
productive area. Warm subtropical water 
moving down the west coast of the 
South Island mixes with cool, nutrient-
rich water from the Antarctic Current 
moving up the west coast of Stewart 
Island, well out to sea of the western 
entrance to Foveaux Strait. Animation 
of sea surface temperature (SST) and 
water flow. These water masses form 
the origins of the Southland Current. 
The water flowing through Foveaux 

❚

❚

Strait is mainly of subtropical origin, and 
is highly productive, supporting high 
production of phytoplankton that is 
measured as chlorophyll a. The strong 
tides through Foveaux Strait ensure 
this water mass is well mixed, both 
vertically and horizontally. The annual 
primary production in Foveaux Strait 
can vary from year to year depending 
on a number of factors including the 
influence of the Southland Current. 
Variations in SST and chlorophyll a.

Of the physical and climatic factors, 
the most widely known is sea surface 
temperature, which varies from year 
to year and influences ecosystem 
production, including fisheries.  
Changes in SST 

Chlorophyll a

In summary, Foveaux Strait is a high-
energy, dynamic environment where 
the habitat landscapes and benthic 
communities are shaped by physical 
characteristics of the environment, and 
are subjected to regular disturbance 
by storms. These disturbances create 
gradients of seabed stability and 
habitat composition, and variation in 
the groups of species that inhabit them. 
Benthic communities over much of the 
oyster fishery area are dynamic, and 
probably well adapted to disturbance.

❚

❚

Chapter 3






8Back to contents page

Provisional habitat boundaries and  
sPecies assemblages

Chapter 4

Click buttons to see video of 
the seabed from 2006, and 
black & white images 
from 1961.
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Chapter 4

Habitat landscapes
The Foveaux Strait ecosystem comprises 
four main seabed types. 
These seabed types can be further 
subdivided based on their structure and 
the animals that live on the seabed: 

Mobile gravels 

Rocky reef habitat 

Mobile sand over stable 
sand dune structures

Stable seabed sediments comprising 
of a mixture of sands over gravels. 

There are three distinct groups of benthic 
fauna (animals on and in the seabed): 

Animals living in the sediments 

Infauna 

The most visible species in bycatch 
are shown. Many crustaceans such as 
amphipods are not retained in dredges.











Sessile benthic animals  
(that do not move) such as:

Bivalves

Sponges

Sea squirts 

Corals

Barnacles and Chitons

Mobile animals on the seabed  
such as:

Starfish and Sea cucumbers

Crabs 

Urchins–kina 

Gastropods

Octopuses 
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Chapter 4

Mobile gravels

Various epibenthic communities 
(attached to the seabed) mainly occur 
on stable substrates, while mobile 
sediments are characterised by their 
lack of life on the seabed surface 
(epifauna). Roughly north of a line 
from Saddle Point (Stewart Island) to 
North Head (Ruapuke Island), both 
within and outside the commercial 
fishery area, the seabed is generally 
gravels with little fine sediment. Where 
these gravels are regularly moved by 
swells, the dominant animals live in the 
seabed (infauna). Where the effects of 
the swell diminish, the seabed becomes 
flat (but still mobile), and shell debris 
that would have accumulated in the 
troughs of waves is distributed in long 
thin rows, oriented with the tidal flow. 
The main epifauna in these areas are 
kaeos (stalked ascidian or sea tulip), red 
algae (seaweed), and sponges growing 
on oyster shells or cobbles encrusted 
with small bryozoans (colonies of 
coral-like animals). Kaeos anchor 
themselves by binding sedimentary 
particles in the seabed (click to see). 
Deeper areas to the west and east 
in this region, where the effects of 
swell and tide diminish, have a flat 
seabed of gravels overlaid with sand. 

❚

Rocky reefs

Extensive areas and patches of rocky 
reef and patch reef along the Stewart 
Island coast, the islands in Foveaux 
Strait, and especially the extensive area 
around Ruapuke Island, have rich and 
diverse benthic and fish communities. 
Video samples show numerous species 
of sponges, sea squirts, bryozoans, 
and algae, and abundant fish life. The 
differences in habitat and species 
diversity (number of species) and 
richness (the number of ‘rare’ species) 
provides for complex communities. 

Sand dunes

The sand banks and large sand dunes 
up to 8 m high appear to be stable 
structures, and may be influenced 
by topographical features such as 
rocky reef ridges on the seabed (Click 
to see video stn 11) and local water 
circulation. Patterns on the surface of 
these dunes suggest sand is moving 
along these structures. No epifauna 
or evidence of infauna was seen in 
this region, except in one isolated 
area where rocky reef was exposed 
with a number of kina present. These 
animals presumably rely on drifting 
seaweed for food. The transition zone 

❚

❚

between these dunes and the mobile 
gravels is characterised by a gradient 
of diminishing sand dune height, with 
layered sediments between the dunes 
that support benthic communities.

Stable seabed sediments

Areas of stable seabed sediments 
comprising a range of fine surface 
gravels, sand and shell hash, and 
sand, provide the most productive 
habitats for stable communities. The 
diminished effects of both swells 
and tide flows provide stable seabed 
structures for communities to develop, 
and there is less disturbance from 
environmentally-driven events such 
as sediment smothering (inundation) 
or scouring. The compositions of 
groups of animals in this habitat are 
varied and include many species, but 
are mainly dominated by sponges.

❚




11Back to contents page

Chapter 4

Attempts to describe  
community composition

Data on species composition and 
distribution of benthic communities 
comes mainly from incidental 
sampling of bycatch. There are only 
sparse data available from sampling 
these communities directly. 

Although we attempt to describe 
some of the larger animals that make 
up the benthic communities from 
bycatch data (those animals caught 
and retained in the dredge), these 
data have limitations that do not allow 
robust analysis. Bycatch data were 
incidentally recorded in logbooks 
used by a few commercial fishers, 
and during scientific assessments of 
the fishery. They give a general idea 
of the benthic habitats from the living 
and non-living animals in the dredge, 
but provide no information on how 
animals are distributed on the seabed 
over the 400–600 m dredge tows, at 
the small scales probably important 
to oysters and benthic communities. 

By inference, many of the species 
(based on presence-absence in 
the bycatch data) are distributed 
throughout the fishery area. Species 
that were consistently present in many 

❚

❚

❚

of the stations sampled in 2005 and 
resampled in 2006 were, in order of 
occurrence (click to see image):  

Five finger, Ophiopsammus maculata

Kina, Evechinus chloroticus

Sponge, Chondropsis topsentii

Hairy mussel, Modiolus areolatus

Circular saw, Astraea heliotropium

Starfish, Coscinasterias muricata

Kaeo, Pyura pachydermatina

Hermit crab, Pagurus novizealandiae

Orange sponge, Crella incrustans

Soft red bryozoans, 
Orthoscuticella fusiformis

Brown dipple star, 
Pentagonaster pulchellus

Triangle crab, Eurynolambrus australis

Staghorn coral, Tetrocycloecia 
neozelanica

Lions paw, Chlamys zelandiae

Heart urchin, Apatopygus recens

Crab, Metacarcinus novaezealandie

Little brown–green urchin, 
Pseudechinus novaezealandiae



































In 2007, four more species were found at more 
than half of the stations:

Eight-armed starfish, Coscinosteras muricata

Barnicle, Balanus decorus

Sea squirt, Pgura pulla

Nesting mussel, Modcolaca impasta

Benthic species are likely to be 
patchily distributed at a local scale of metres to 
tens of metres over the entire Strait. 

❚









❚
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vulneRAbility oF hAbitAts to distuRbAnCe
Chapter 5

There is a common perception that 
marine systems are stable through time 
and that they form climax communities 
that persist unchanged. Although 
that may be generally true for some 
marine systems in stable environments 
such as deepwater seamounts, it is 
not likely to be the case in Foveaux 
Strait, which is a relatively shallow, hard- 
substrate, high-energy ecosystem. 
Sources of disturbance include 
environmental disturbance that can 
cause global changes to habitats and 
the communities that inhabit them. 
Other effects such as selective or mass 
mortalities (that may be caused by 
biological agents or environmental 
factors), and over-colonisation 
(smothering) by other animals can 
change benthic communities. 

Dredging for oysters causes localised 
mechanical disturbance, the level of 
which depends on the extent and 
intensity of dredging. Although there 
is clear evidence of these effects, 
benthic habitats and communities 
can regenerate relatively quickly in 
some areas. However, there are no data 
on the direct effects of dredging on 
benthic processes, their persistence, 
and how regeneration processes vary 
through time and in different areas.  

❚

❚

To understand these processes, 
we need to be able to separate 
environmental effects from 
the effects of dredging. 

Dredge surveys sampling commercial 
and non-commercial areas between 
1995 and 2006 found 87% of tows 
where high oyster densities were 
sampled (400 or more legal sized 
oysters per tow, range 400–2369) 
were made on sediment and shell 
substrates with few other animals. 
This percentage increases to 96% if 
stations with bryozoan hash, mostly 
the skeletal remains of dead bryozoans, 
are included, leaving only 4% of 
catches on complex benthic habitat.

Fishers catch living and non-living 
bycatch in their dredges, but maintain 
they do not target diverse complex 
sponge-dominated communities 
because oyster densities there are 
low and sponges quickly fill their 
dredges, reducing their catches of 
oysters to near zero. Fishers are forced 
to move from within these areas,  
but at times fish along the edges. 

Dredging changes the structure 
of the seabed and affects benthic 
communities by destabilising and 
removing light and fragile animals 

❚

❚

❚

that are dispersed by the strong tidal 
currents. Mostly heavier animals, 
generally oysters and attached animals, 
remain on the seabed. Dredges are 
not efficient, catching large amounts 
of non-living material (mainly oyster 
shell) as well as living organisms, and 
the increased number of dredge tows 
required to catch oysters exacerbate 
these effects. Fishers ‘work the beds’ 
to increase catch rates (and growth 
rates of small oysters) by repeatedly 
dredging areas with moderate oyster 
catch rates and few other animals, to 
remove epifauna from commercial 
fishery areas. By inference, if catch rates 
were moderate (6–10 sacks of oysters 
per hour at that time) there could 
not have been a lot of live epifauna 
present to allow those catch rates. 
Research data show that this activity 
has not affected the productivity of 
oysters in those areas (at large spatial 
scales of fishery statistical areas). 
Oyster populations recovering from 
bonamia mortality have rebuilt on 
the same commercial oyster fishery 
areas fished for over 30 years.

There are insufficient data to 
determine the effects of dredging, 
how persistent they are, and how 
they may have altered community 

❚

structure and ecosystem function. 
Some understanding of the effects 
of dredging may be gained by 
reconstructing the distribution of 
habitats and the benthic communities 
they supported from historical data 
and information on the regeneration 
of communities. There are two main 
sources of data: direct observation 
and photographs, primarily from the 
1960s, and indirect data from fishers’ 
observations of bycatch and bycatch 
recorded in survey data. 



bryozoans so far identified. 
Box samples from six sites in 
1999 found C. elegans 
at one station and a median 
of 35 species (range 0–66). 

The patterns of habitat 
distribution and community 
assemblages in 1961 were similar 
at a large scale over most of 
Foveaux Strait to those sampled 
by drift video in 2006.
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Chapter 5

Direct sampling of the seabed

Direct sampling and observations of 
the seabed were made in the early 
1960s and occasionally in the 1970s 
when the fishery harvested 80 million 
oysters per year and much of the 
fishery area had yet to be fished. 

More than 100 photographs of 
the seabed from 20 stations were 
sampled by benthic camera in 1961 
throughout Foveaux Strait, including 
areas thought never to have been 
dredged before. Most were of gravel 
and sand substrates, few show 
any epifauna, and only one photo 
showed large bryozoans (Cinctipora 
elegans). The few biogenic reefs 
were sponge-dominated.

Photos of the seabed taken by divers 
rarely recorded biogenic reefs. Most 
research on oysters and dredge 
performance were on sand and 
gravel substrates that supported 
high densities of oysters. Click to see 
photos from the 1960s  and 1999.

Dive observations during an 
oyster survey between 1960 and 
1964 found commercial densities 
of oysters (~ 6–8 oyster/m2) 
almost entirely on gravel and 
sand substrates, and near sand 

❚







ridges, in depressions, and near 
mullock patches, in both fished 
and previously unfished areas. 
Mullock patches were described as 
small patchily distributed areas of 
sponges and nesting mussels. Many 
of the previously unfished areas 
in the central and southwestern 
strait had these mullock patches 
(click to see map). When oysters 
were present in mullock, they were 
stunted, weak (as indicated by 
gaping oysters that couldn’t close 
their valves), and of poor meat 
quality. There were no detectable 
spat and wings (small oysters, i.e. 
recruitment) on these oysters.

The bryozoan Cinctipora elegans 
was thought to be the dominant 
species on epifaunal reefs (reefs 
made of living animals), and in 
mullock caught, by fishers. These 
data and fishers' observations 
do not necessarily support this 
view – see next section for 
details. Reanalysis of 28 benthic 
grabs taken in 1960 found live 
C. elegans present in 25% 
of the samples, and a median 
of 25 bryozoan species (range 
0–97), including many of the 
200 species of small encrusting 
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Chapter 5

Dredge contents are indicative of 
the whole area swept and not the 
patchy distribution of habitat, benthic 
communities, and oysters. Further, the 
volume of an oyster dredge (about 
6 m3) could not sample much of a 
dredge track once it encountered a 
moderately high amount of living 
and dead material on the seabed. 
Fishers’ observations of bycatch and 
research data can provide information 
about benthic communities and 
oyster density, but not necessarily 
about a relationship between 
the two at local patch scales.

Fishers report commercial oyster 
fishery areas in the western and 
southern strait associated with mullock. 
Fishers’ descriptions of mullock 
vary considerably from a general 
term to describe all bycatch in the 
dredge other than oysters, to specific 
components in the bycatch that vary 
in different areas and by compositions 
of the bycatch. Mullock has been 
specifically interpreted in recent reports 
as complex benthic communities 
dominated by the bryozoan Cinctipora 
elegans, which differs from earlier 
published descriptions and most 
fishers’ observations. Many fishers 
define mullock as a hash of fragments 

❚

❚

of C. elegans, sometimes mixed 
with sponges, and differentiate this 
from habitats with ‘trees’ of coral, 
whereas others describe mullock as 
synonomous with branching structures 
of C. elegans. Others describe mullock 
as being dominated by sponges. The 
eldest fishers describe mullock as 
containing a characteristic ‘treacle 
or golden syrup’ component that 
reportedly flowed from dredges when 
caught. This mucus-like mass probably 
originated from sponges or sea squirts 
(ascidians). 

Indirect observations of bycatch 
and the seabed

Flemming sampled one day of oyster 
dredging in 1950 (click to view location 
on map). The bycatch was shells of 
live and dead oysters, other molluscs, 
pebbles, and a little shell-sand (shell 
hash). The seabed was gravels with 
shell. Oysters dominated in the dredge 
contents, followed by urchins  
(four species including kina), 
brachiopods, mussels (mytilids), 
and other bivalves as ‘secondary 
characterising species’, but bryozoans 
and sponges were also present. 
Cinctipora elegans was present, but 
not in sufficient quantities to be 
recorded as a characterising species.

❚

Side-scan sonar surveys were carried 
out in parts of Foveaux Strait in 1977–79 
and again in 1998. These cannot be 
compared because the sample line, 
precision of navigation, and sonar 
technology, differed between surveys. 
Further, there was limited ground-truth 
sampling of the earlier survey. Published 
photographs are of sponge-dominated 
biogenic reef, similar to those sampled 
in 1998 (click to see images from 
1977    and 1998). The distribution of 
benthic structures and changes at large 
scales can be inferred, but not their 
composition and cause of change.

Survey data and photographs suggest 
groups of benthic animals were 
sponge-dominated, with some live 
Cinctipora elegans, and other bryozoans. 
Further, the clasts (broken skeletons 
of dead bryozoans) of C. elegans 
persist in the sediment much 
longer than those of other animals 
(except large molluscs), are bound by 
benthic animals overgrowing them, 
and are more likely to accumulate 
and dominate in dredge contents 
from previously unfished areas. These 
localised communities were patchily 
distributed at a scale of tens to 
hundreds of metres, and although their 
distribution may have been extensive 
in the west and south of the strait, the 
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total area occupied is likely to be a small 
proportion of their area of distribution. 
Although these assemblages do 
not appear to be different to those 
currently found in Foveaux Strait (click 
to see bycatch photos from oyster 
fishing in the 1960s and surveys in 
2005), we cannot determine how their 
distribution has been affected by fishing.  
(Changes in bycatch and oyster density 
1990–2005)

It is likely that regularly fished areas 
will be in a continual state of recovery, 
similar to areas regularly disturbed 
in high-energy environments. These 
areas may have changed from their 
original state, but the fact that they 
are still fished for oysters after many 
years suggests minimal effects on 
oyster production. Changes to the 
total area covered by mullock and 
the distribution of patches cannot 
be determined from available data, 
especially in central and western fishery 
areas. These habitats and assemblages 
are well represented within the oyster 
fishery area, especially around Ruapuke 
Island and the Stewart Island coast, and 
provide a source of propagules that 
could readily be transported by tides 
through Foveaux Strait, to dredged 
areas. These habitats are also found off 
Puysegur Point and the Otago shelf.

❚
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Chapter 6

Benthic habitat in Foveaux Strait 
can recover from environmental 
disturbance and dredging. Factors 
that determine the speed 
and composition of regenerating 
benthic communities may include:

seabed stability, that may 
differ from area to area 

habitat and surfaces for settlement

source of propagules and 
a delivery mechanism

opportunity to establish 
benthic communities between 
disturbance events

over-settlement and 
colonisation processes

primary productivity to support 
diverse filter-feeding communities.

A simplified model of habitat 
regeneration was developed that 
incorporated some of these factors, 
but it doesn’t consider the dynamics 
of the environment or over-settlement 
processes. Regeneration of habitat and 
recolonisation probably varies from 
area to area, in time, and with the key 
species involved. (Habitat regeneration)

Stability allows settlement surfaces 
to remain locally (compared to being 
swept away by the tide), providing the 
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ReGeneRAtion oF hAbitAt

basis for colonisation by epifauna.  
In many areas, tidal currents are strong 
enough to transport sedimentary 
particles as large and heavy as 
oysters. Areas with relatively stable 
sediments and lower tidal current 
flows generally contain an abundance 
of settlement surfaces that can 
be colonised relatively quickly. 

Stable sediments provide greater 
opportunity for settlement, and 
minimal risk to post-settlement 
mortality by fine sediments and 
abrasion. In high-energy areas, oyster 
shell provides the best settlement 
surface for the settlement of benthic 
organisms, and the settlement and 
post-settlement survival of oysters 
is highest on live oysters and oyster 
shell. Trials of returning oyster shell to 
enhance benthic habitat showed areas 
with little benthic fauna regenerated 
to a diverse groups of species within 
20 months, and attracted large 
numbers of juvenile and larger blue 
cod. (Click here to see transition)

Regeneration of disturbed areas 
requires sources of reproductive 
propagules and delivery mechanisms. 
Extensive areas with diverse benthic 
communities occur on the broken 
rocky patch reefs surrounding 
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Ruapuke Island, and along the Stewart 
Island and Southland coasts. These 
areas potentially provide sources 
of reproductive propagules. The 
strong tides in Foveaux Strait ensure 
good vertical and horizontal mixing 
of the water mass. Current-driven 
water circulation patterns are the 
primary delivery mechanism for 
propagules, and the high current 
speeds ensure widespread dispersal. 

Regeneration is a dynamic process: 
once foundation species have become 
established, stabilising sediments, new 
habitat niches are created and species 
diversity increases. Colonisation in time 
and space probably depends on the 
availability of settlement surfaces and 
supply of reproductive propagules. 
Over-settlement is common in 
developing communities and adds to 
both their structure and complexity 
(click to see images of succession). The 
rate at which communities continue 
to grow and become diverse partly 
depends on primary productivity 
influencing growth and reproductive 
processes, and on disturbance, both 
environmental and from dredging. 

Long-lived communities are likely to be 
sponge-dominant, as sponges produce 
a chemical preventing over-settlement.

❚
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Available data suggest that the species 
composition of benthic assemblages 
is not likely to have changed 
significantly since the 1960s. Many of 
the key species that contribute to the 
composition and structure of benthic 
communities have relatively high 
turnover rates, that is, they are highly 
reproductive, fast growing, and have 
relatively high mortality rates. Dredging 
could assist the dispersal of animals 
capable of asexual reproduction 
(growth from broken colonies or 
fragments), such as bryozoans, 
ascidians, and sponges, which are 
particularly effective colonisers. 

Insufficient data exist to determine 
changes in the patch size of 
biogenic structures and their 
spatial distribution, or how the 
abundance of species in benthic 
assemblages may have changed.

❚
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We need a good understanding of the 
biology and ecology of the species 
inhabiting benthic communities 
and their complex relationships 
with other species and the services 
they provide, to understand the 
functional roles of species or groups 
of species. However, we can make 
some assumptions from our limited 
understanding of the Foveaux Strait 
ecosystem and ecological theory.

Infauna in mobile gravels are mainly 
bivalves and crustaceans. The shells 
of bivalves may provide settlement 
surfaces for benthic fauna. Crustaceans, 
shellfish, and worms are important 
food sources for blue cod and probably 
other bottom-feeding fishes. 

Animals on the seabed (epifauna) are 
likely to play key roles in structuring 
benthic communities. Kaeos, small 
encrusting bryozoans, and mussels 
bind sedimentary particles and shells 
together to stabilise the sediments 
and allow colonisation by other 
organisms such as sponges and sea 
squirts (click to see images). Bivalves 
and marine snails (gastropods) provide 
further settlement surfaces, adding 
to the structure and complexity of 
the habitats. Sponges and bryozoans 
facilitate the colonisation and survival 
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of other animals by modifying the 
environment. These modifications 
may include reducing the effects of 
strong tides, and providing shelter 
to live in and protect from predators, 
small niches where fine sediment can 
accumulate to support worms, and 
dark spaces for light-sensitive species. 
Oysters are the most important species 
in structuring benthic communities in 
other ecosystems, known as ‘ecosystem 
engineers’, and are likely to be so in 
Foveaux Strait. The shells of recently 
dead oysters remain attached together 
for up to three years and are generally 
the heaviest non-living component 
on the seabed, and are therefore least 
likely to be moved by swells and tide. 
They provide many of the facilitation 
roles above and thus provide niches 
for a large number of animals.

Mobile predatory animals, such as 
starfish, crabs, snails, and octopuses, 
influence the relationships between 
prey and other species, and allow 
less competitive species to coexist.

The diversity of animals on the seabed 
should increase as the increasing 
complexity of habitat provides a 
greater number of niches, but species 
composition is likely to be dynamic 
and subject to major shifts from 
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disturbance and over-colonisation. 
Diversity is likely to increase until 
benthic communities are disturbed 
by fishing or environmental factors.

FunCtionAl Roles oF benthiC sPeCies

Species diversity is thought to maintain 
ecosystem function and stability, 
but there is evidence that ‘dominant’ 
species, such as oysters in Foveaux  
Strait control ecosystem function 
rather than biodiversity per se. 

❚
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Chapter 8

The Foveaux Strait oyster stock area 
(OYU 5) is some 3300 km2; although 
the fishery operates in an area of 
less than 1054 km2 within the stock 
boundaries. Only a small proportion of 
this fishery area supports commercial 
densities of oysters and has been 
historically fished. In 1975, the oyster 
survey area encompassed almost 
all the commercial fishery at that 
time and covered some 374 km2, but 
commercial oyster areas covered only 
12 km2. Although it is likely that all 
commercial fishery areas in Foveaux 
Strait have been fished, the location, 
extent, intensity, and frequency of 
fishing at the scale of oyster patches 
or beds is not recorded in catch 
and effort data nor well captured by 
logbook data. However, the footprint 
of the fishery is likely to be small: less 
than 10% of the stock area. Catch 
and effort in the oyster fishery is 
recorded by large statistical areas 
(see Chapter 2) and at spatial scales 
too large to allow an investigation of 
the effects of fishing at local scales.

Most of the commercial oyster catch 
has come from areas with relatively 
stable sediments, in an area south 
of the line between Saddle Point 
and North Head, Ruapuke Island. 
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Fishers tend to employ a casual 
rotational fishing strategy when 
oysters are abundant, allowing areas 
to rest when other areas offer better 
catch rates. When the number of 
fishery areas and overall catch rates 
are reduced by bonamia mortality, 
fishers increasingly target remaining 
fishery areas. Research data show this 
strategy does not affect recruitment 
or rebuilding of the stock. (click to see 

Percent annual catch by area

Catch rates by area

Dredging effort by area

Oyster beds are thought to be 
discrete patches of oysters that 
persist through time, usually on sand 
and gravel substrates. This feature 
has been particularly evident in the 
rebuilding of oyster populations 
after bonamia mortality in 1986–92. 
The processes that maintain these 
patches are not well understood. 

(Click to see) 

Oyster larvae settle and survive almost 
exclusively on live oysters and oyster 
shell, with the large, heavy, circular 
saws (Astraea heliotropium) providing 
the next most important settlement 
surface. Initial mortality is high, but 
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is greatly reduced after two years. 
Mortality from bonamia (Bonamia 
exitiosa) is the principal driver of oyster 
population abundance in Foveaux 
Strait, mostly affecting sexually mature 
oysters. Survey data show no links 
between dredging and bonamia 
infection. (Click to see the impact of 
bonamia on the oyster population).

There is a consensus amongst 
most past and present fishers that 
mullock enhances oyster production; 
however, there is greatly varying 
opinion of what mullock is and 
the nature of the relationship with 
oyster production. A specific point 
of difference in this divergence of 
opinion is the extent to which benthic 
communities reportedly dominated 
by the reef-building bryozoans 
Cinctipora elegans contribute to 
oyster production. Direct and 
indirect data on benthic community 
structure and its relationship to oyster 
production conflict, primarily due 
to the interpretations of ‘mullock’. 
Research data show no direct 
relationship between complex benthic 
communities and oyster production. 

❚
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