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6.1 Feed-added species (salmon, kingfish,
hapuku)

6.1.1 Overview of seahird issues

In New Zealand, the generally perceived negative effects of
both feed-added aquaculture and filter feeder aquaculture
have centred on entanglement (resulting in birds drowning)
and habitat exclusion and displacement from feeding grounds
by physical structures, disturbance and changes to the food
web. Potential negative effects may also include disturbance
of breeding colonies and birds’ feeding, blockage of the
digestive tract following ingestion of foreign objects, injury or
death following collision with farm structures and the spread

of pathogens or pest species. In contrast, a potential beneficial
effect includes the provision of roost sites closer to foraging
areas, thus saving energy in flying to and from more traditional
roosting sites and so enabling more efficient foraging. Likewise,
the attraction and aggregation of small fish around marine farm
structures may provide enhanced feeding opportunities for
piscivorous seabirds.

A factor not considered in this summary is that of the effect
of seabirds on feed-added, filter feeder and lower trophic
level aguaculture through the addition of nutrients via bird
faeces. Some birds, especially gulls and shags, may roost on
aquaculture structures in considerable numbers and, during
their time there, may add large amounts of nutrients to the
surrounding water which, in turn, may affect the growth of
seaweeds, such as those encrusting upon farm structures.

The location of the farm within the range of seabirds and the
conservation status (which is a measure of the risk of extinction)
of those seabird species are the main factors that may lead to
issues of sustainability and conservation concern. Of particular
concern are the location of farms in relation to breeding and
feeding sites and the operational procedures of regular farm
activities. Siting of farms close to breeding and feeding sites
may lead to disturbance of the seabirds, the consequences of
which will depend upon the conservation status of the species
affected. For example, siting of a farm close to a breeding
colony of the nationally endangered king shag could lead to

total breeding failure for as long as the farm remains at that
site; this would have a significant detrimental effect on the king
shag population, and so increase the likelihood of its extinction.
Operational procedures can affect the likelihood of seabirds
becoming entangled or injured — again, the consequences of
this would depend upon the conservation status of the seabird
species affected.

Siting of a farm close to a seabird breeding colony is very
likely to have an immediate adverse effect that will continue as
long as the duration of the farm. In contrast, given the current
relatively small size of the aquaculture industry in New Zealand,
the overlap of farming activities with the feeding areas of
seabirds is unlikely to present significant issues. However, this
situation may change as the area occupied by marine farms
increases. Entanglement and injury due to collision with farm
structures may lead to the death of individual seabirds, the
significance of which, again, depends upon the conservation
status of the species involved.

At present, potential risks are identified on a case-by-case
basis. The most obvious is the choice of site for a farm to avoid
disturbance to sensitive breeding colonies of seabirds. The aim
of all aguaculture operations is to maximise financial return, so
each farm needs to optimise growth of its fish whilst minimising
costs. Farms must be managed sustainably so that impacts

on the environment are minimised. For example, feed-added
aquaculture requires that the finfish are contained in such

a manner that the farmed fish do not escape and predators
(such as shags and terns) are excluded. This is achieved by
adopting measures such as enclosing predator nets above

and below cages, keeping nets taut and using mesh sizes less
than 6¢cm. Such management practices also minimise the risk
of entanglement. Likewise, food falling through the cages is
not only a loss to the farm but can also smother the benthos
beneath. Consequently, good farm management aims to
maximise food intake by finfish whilst minimising losses to the
environment and so both benefit. Minimising the potential for
rubbish to get into the sea and ensuring that minimal lighting
occurs at night are easily managed on a farm-by-farm basis.

There are significant knowledge gaps concerning almost all
seabird species in New Zealand. While overall distribution of
most species is well documented, detailed information on the
time-specific distribution, abundance and critical habitats is
lacking. Associated with the identification of critical habitats



is the need to determine key prey species of seabirds in order
to identify whether these are affected by farms. Most marine
aquaculture farms are sited in sheltered, inshore waters, so
future research should focus on the seabird species inhabiting
these areas. In addition, there should be ongoing research
into the operation, design and maintenance of farm structures
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interactions are identified as a concern, then monitoring

of the presence and activities of seabirds around marine
aquaculture structures, along with observations of the time of
day and duration of such activities should be undertaken. Such
information can then lead to species-specific management
strategies.

that minimise disturbance and entanglement risks. If seabird

6.1.2: Descriptions of main effects and their significance

Table 6.1: Entanglement caused by feed-added species farms.

Diving birds become entangled in the underwater nets used to contain the farmed fish and so drown.
In addition, birds become entangled in above-water nets used to exclude potential predators (such as
seabirds and marine mammals) of the farmed fish, resulting in injury to wings and/or legs, which may
lead to the birds becoming incapable of flying and/or feeding, and so leading to death. There are no
New Zealand reports of seabird deaths as a result of entanglement.

Description of effect(s)

Spatial scale Local to regional — scale dependent upon the size of population.

Duration Shortto long term — minor injury to individual to death of critically endangered animal that can have
long-term consequences for vulnerable populations.
Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
ranges, critical breeding and foraging habitats and/or migration routes.

Management options

Adopting measures such as enclosing predator nets at the bottom, keeping nets taut, using mesh

sizes of less than 6 cm, and keeping nets well maintained (e.g., repairing holes).
Home ranges or location of important feeding and breeding habitats for most populations of seabird

Species.

Knowledge gaps Potential significance of entanglement on the various species.

Ongoing research into the types of design, maintenance features and operational procedures that
minimise entanglement risk.

* Italicised text in this table is defined in chapter 1 — Introduction.

Summary

One of the main perceived negative effects of both feed-added
and filter feeder aquaculture has centred on entanglement
(resulting in birds drowning). However, there are no reports

of seabird deaths as a result of entanglement in aquaculture
facilities in New Zealand (Butler 2003; Lloyd 2003). Drowning
of birds (mostly cormorants) after entering sea cages has
occurred overseas (lwama et al. 1997), but the deployment
of top nets over sea cages to exclude birds appears to be an
effective management procedure in New Zealand.
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Table 6.2: Hahitat exclusion caused by feed-added species aquaculture.

The habitat available for surface feeding seabirds, such as gulls, terns and shearwaters, becomes

Description of effect(s)

reduced because of the physical presence of farm structures.

Spatial scale Local scale — Including and within 50 metres of the farm.
Shortto long term — Exclusion may be temporary for migrating species or until resident species
Duration habituate to the structures and/or activities, or avoidance may be for the farms’ duration and so be
permanent.
. Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
Management options

ranges, critical breeding and foraging habitats and/or migration routes.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowledge gaps
el Species.

* Italicised text in this table is defined in chapter 1 - Introduction.

Summary

The potential effects of habitat exclusion are considered to

be insignificant given the small area occupied by feed-added
aquaculture in New Zealand in relation to the large total area
of suitable habitat available for foraging seabirds. Forrest et al.

(2007) noted that if any adverse effects of habitat exclusion
occurred, then their significance will depend on the spatial
scale of the aquaculture facility in relation to the distribution
and abundance of prey species. Effective management can be
achieved by careful site selection that avoids key foraging areas
of seabird species with restricted habitat requirements.

Table 6.3: Smothering of benthos beneath farm feed-added species farm.

The habitat available for benthic feeding seabirds, such as shags and penguins, becomes reduced

Description of effect(s)

because of the smothering of the benthos by food residues and faeces from farmed fish.

Spatial scale Local scale — Immediately underneath and within 200 metres of the farm.

Duration Long term — For the duration of the farm.
Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
ranges.

Management options Site selection in areas where marine currents and/or tidal flows disperse waste material from the farm,

and so reduce the area over which the impact occurs.

Adaptive on-farm management.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowledge gaps species.

Food and feeding behaviour of key seabird species.

* Italicised text in this table is defined in chapter 1 - Introduction.

Summary

The potential effects of smothering of the seabed by food
residue and faeces, leading to changes in the fauna available

to seabirds as prey are considered to be insignificant given the
small area occupied by feed-added aquaculture in New Zealand
in relation to the large total area of suitable habitats available for
foraging seabirds. Forrest et al. (2007) noted that if any adverse

effects of the smothering of the benthos occurred, then their
significance will depend on the spatial scale of the aquaculture
facility in relation to the distribution and abundance of prey
species. Effective management can be achieved by careful site
selection that avoids key foraging areas of seabird species with
more restricted habitat requirements.
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Table 6.4: Changed abundance of prey caused by feed-added aquaculture.

Description of effect(s)

Small fish are attracted to the farm to feed on food residue and to shelter under the farm structures.
These aggregations may become potential prey of birds such as terns, shags and penguins. In
addition, nutrients from the farm entering the water column may cause localised algal blooms that
affect the food chain or the ability or birds to obtain their usual prey.

Spatial scale Local scale — Within 100 metres of the farm.
Duration Long term — For the duration of the farm.

Minimise the amount of food residue from the farm both becoming available to small wild fish and
Management options enriching the water in the vicinity of the farms, and so causing algal growth. Site farms in areas with

strong marine currents that disperse additional nutrients.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

Food and feeding behaviour of key seabird species.

Effects of enhanced feeding opportunities on key seabird species.

* Italicised text in this table is defined in chapter 1 — Introduction.

Summary

Increases in the abundance and diversity of some small fish
species around aquaculture facilities have been documented
(e.g., Grange 2002), probably attracted by shelter under the

farm structures and to feed on food falling through sea cages.
Consequently, piscivorous seabirds, such as shags, terns

and penguins, may be attracted to, and benefit from, these
enhanced feeding opportunities.

Table 6.5: Provision of roosts by feed-added aquaculture.

Description of effect(s)

Floating structures may provide roosting sites for seabirds close to their foraging areas but away from
terrestrial predators.

Spatial scale Local scale — On floating farm structures.
Duration Long term — For the duration of the farm.

Ensure that nets are kept taut so that roosting birds do not become entangled.
Management options

Use of nets with mesh size less than 6¢cm to reduce likelihood of entanglement.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most population of seabird
Species.

Effects of nutrient input from faeces of roosting seabirds on phytoplankton and macro-algal growth in
the vicinity of aquaculture farm.

* Italicised text in this table is defined in chapter 1 — Introduction.

Summary

Both feed-added and filter feeder aquaculture facilities provide
new roosting sites (usually on buoys supporting sea cages or
ropes supporting predator exclusion netting). This may benefit
some seabird species (Lalas 2001), with shags, gulls and terns

most likely to benefit from additional roosting sites close to
enhanced feeding opportunities. Use of such new roosting sites
may reduce the energy expenditure of the birds because they
do not have to fly to and from their natural land-based roosting
sites, which may be some distance from their foraging area.
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Table 6.6: Disturbance cause hy feed-added aquaculture.

The presence of the farm and associated activities, plus the additional boat traffic, disturbs breeding

Description of effect(s) S ——

Spatial scale Local scale — Within 100 metres of the farm.
Duration Long term — For the duration of the farm.

. Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
Management options

ranges, critical breeding and foraging habitats.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowledge gaps
el Species.

* Italicised text in this table is defined in chapter 1 — Introduction.

Summary

Increased human activity associated with feed-added and filter
feeder aquaculture facilities can have significant detrimental
effects on the feeding and breeding of seabirds. For example,
small boat traffic, or noise associated with aquaculture facilities,
may disturb birds that are feeding or breeding in the vicinity.
The easiest means of avoiding significant effects on colonial
nesting species, such as shags, gulls and terns, is careful site
selection.

Little is known about the distances over which foraging and
feeding seabirds may become disturbed. However, it is likely
to be species specific. In New Zealand, literature about
disturbance distances for king shags in the Marlborough
Sounds is ambiguous. For example, Davidson et al. (1995)
proposed buffer zones of 300m around roosting sites and
1000 metres around breeding colonies, but Taylor (2000)
recommended that small boats do not approach breeding
colonies closer than 100m. More recently, Lalas (2001) noted
that king shags resting ashore or on emergent objects only flew
off when approached to within 30 metres.

Table 6.7: Ingestion of and entanglement associated with foreign objects from feed-added aquaculture.

Impairment of the digestive tract of seabirds through the ingestion of rubbish, flotsam and jetsam
originating from farms; entanglement resulting in death.

Description of effect(s)

Spatial scale

Local to bay wide — A wide area downwind and down current of the aquaculture facility.

Duration

Long term — For the duration of the farm.

Can be controlled through management practices to minimise potential for rubbish from farms to end

Management options
g 4 up in the sea.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowledge gaps
owledge gap SPECIEs.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary

Ingestion of marine litter, particularly plastics, is common
among seabirds and can cause death by dehydration, blockage
of the digestive tract, or toxins released in the intestines. In
addition, large numbers of seabirds have been reported to
have died as a result of becoming entangled in plastic debris
(Derraik 2002). Among seabirds, the ingestion of plastics is
directly related to foraging behaviour and diet (Ryan 1987). For
example, species that feed on surface or near-surface dwelling
invertebrates are more likely to confuse pieces of plastic with
their prey than are piscivores, therefore, the former have a
higher incidence of ingested plastics (Azzarello & Van-Vieet
1987); although piscivores have been recorded to consume

plastic bags and food-handling gloves (P.M. Sagar pers. obs.),
both of which may have been mistaken for fish. Also, it should
be noted that the harm caused by the ingestion of plastics may
not be restricted to the individual seabird that consumed them
because adults that regurgitate food to their chicks could pass
them onto their offspring (Fry et al. 1987).

Entanglement in plastic debris, especially in discarded fishing
gear (nets), is also a very serious threat to seabirds. For
example, entanglement accounted for 13 percent to

29 percent of the observed mortality of gannets (Sula bassana)
in the German Bight (Schrey & Vauk 1987). However, marine
litter arising from marine aquaculture operations can be
minimised by management practices.
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Table 6.8: Attraction to lights from feed-added aquaculture facilities.

Description of effect(s)

Attraction of flying seabirds to lights, resulting in injury or death following collision with farm

structures.
Spatial scale Local — Within 100 metres of the farm.
Duration Long term — For the duration of the farm.

Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species” home

Management options

ranges, critical breeding and foraging habitats and/or migration routes.

Minimising the use of lights and using only downward-pointing shaded light sources.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowled
nowlergs gaps SPECies.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary

Seabirds flying at night may become attracted to artificial
lighting and have been recorded colliding with fishing vessels
and lighthouses (Montevecchi 2006). The attraction of seabirds
to artificial lighting appears to be more pronounced when mist
or light rain prevails (P.M. Sagar pers. obs.). The results of
such collisions include death as a result of injury. Feeding of
some seabirds, particularly species of petrels, shearwaters and
shags, is related to the phase of the moon. For example, shags
have been recorded foraging at night, with their absences from
breeding colonies (presumably on feeding trips) coinciding with
a half or full moon, although the greatest majority of feeding
occurs during the day (Saptoznikow & Quintana 2002; White et
al. 2008). Mitigation measures include site selection to avoid
being on the flight path between foraging areas and breeding
colonies, minimising the use of lights and using downward
shades.

6.2 Filter feeders (green-lipped mussels
and Pacific oysters)

6.2.1 Overview of seabird issues

In New Zealand, the generally perceived negative effects of
both feed-added aquaculture and filter feeder aquaculture
have centred on entanglement (resulting in birds drowning)
and habitat exclusion and displacement from feeding grounds.
Additional detrimental effects may include disturbance of
breeding colonies and birds’ feeding, blockage of the digestive
tract following ingestion of foreign objects, injury or death
following collision with farm structures and the spread of
pathogens or pest species. In contrast, a potential beneficial
effect includes the provision of roost sites closer to foraging
areas, thus saving energy in flying to and from more traditional

roosting sites and so enabling more efficient foraging. Likewise,
the attraction of aggregations of small fish around marine farm
structures may provide enhanced feeding opportunities for
piscivorous seabirds.

A factor not considered in this summary is that of the effect
of seabirds on feed-added, filter feeder and lower trophic
level aguaculture through the addition of nutrients via bird
faeces. Some birds, especially gulls and shags, may roost on
aquaculture structures in considerable numbers and, during
their time there, may add large amounts of nutrients to the
surrounding water which, in turn, may affect the growth of
seaweeds, such as those encrusting upon farm structures.

The location of the farm within the range of seabirds and the
conservation status (which is a measure of the risk of extinction)
of those seabird species are the main factors that may lead to
issues of sustainability and conservation concern. Of particular
concern are the location of farms in relation to breeding and
feeding sites and the operational procedures of regular farm
activities. Siting of farms close to breeding and feeding sites
may lead to disturbance of the seabirds, the consequences of
which will depend upon the conservation status of the species
affected. For example, siting of a farm close to a breeding
colony of the nationally endangered king shag could lead to
total breeding failure for as long as the farm remains at that
site, this would have a significant detrimental effect on the king
shag population and so increase the likelihood of its extinction.
Operational procedures can affect the likelihood of seabirds
becoming entangled or injured — again, the consequences of
this would depend upon the conservation status of the seabird
species affected.

Any adverse effects of marine aquaculture on seabirds depend
upon the conservation status of the species affected and

AUGUST 2013



6-8

Literature Review of Ecological Effects of Aquaculture

the duration of the effect. Siting of a farm close to a seabird
breeding colony is very likely to have an immediate adverse
effect that will continue as long as the duration of the farm.

In contrast, given the current relatively small size of the
aquaculture industry in New Zealand, the overlap of farming
activities with the feeding areas of seabirds is unlikely to present
significant issues. However, this situation may change as the
area occupied by marine farms increases. Entanglement and
injury due to collision with farm structures may lead to the death
of individual seabirds, the significance of which, again, depends
upon the conservation status of the species involved.

At present, potential risks are identified on a case-by-case
basis. The most obvious is the choice of site for a farm to avoid
disturbance to sensitive breeding colonies of seabirds. The aim
of all aquaculture operations is to maximise financial return, so
each farm needs to optimise growth of its fish whilst minimising
costs. Farms must be managed sustainably so that impacts

on the environment are minimised, for example, reducing

the potential for rubbish to get into the sea and ensuring that

6.2.2 Descriptions of main effects and their significance

minimal lighting occurs at night are easily managed on a farm-
by-farm basis.

There are significant knowledge gaps concerning almost all
seabird species in New Zealand. While overall distribution of
most species is well documented, detailed information on the
time-specific distribution, abundance and critical habitats is
lacking. Associated with the identification of critical habitats

is the need to determine key prey species of seabirds in order
to identify whether these are affected by farms. Most marine
aquaculture farms are sited in sheltered, inshore waters, so
future research should focus on the seabird species inhabiting
these areas. In addition, there should be ongoing research into
the operation, design and maintenance of farm structures that
minimise disturbance and entanglement risks. Finally, there
should be monitoring of the presence and activities of seabirds
around marine aquaculture structures, along with observations
of the time of day and duration of such activities. Such
information can then lead into species-specific management
strategies.

Table 6.9: Entanglement caused by filter-feeder species farms.

Diving birds become entangled in underwater ropes, and so drown. There are no New Zealand
reports of seabird deaths as a result of entanglement.

Description of effect(s)

Spatial scale

Local to regional-scale — Depending upon the size of population.

Duration

Shortto long term — Minor injury to individual to death of critically endangered animal that can have

long-term consequences for vulnerable populations.

Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species” home
ranges, critical breeding and foraging habitats and/or migration routes.

Management options

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Species.

Knowledge gaps

Potential significance of entanglement on the various species.

Ongoing research into the types of design, maintenance features and operational procedures that

minimise entanglement risk.

* Italicised text in this table is defined in chapter 1 - Introduction.

Summary

The generally perceived negative effects of both feed-added
and filter feeder aquaculture have centred on entanglement
(resulting in birds drowning), habitat exclusion and

displacement from feeding grounds. However, there are
no reports of seabird deaths as a result of entanglement in
aquaculture facilities in New Zealand (Butler 2003; Lloyd
2003).
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Table 6.10: Habitat exclusion due to filter-feeder species farms.

Description of effect(s)

The habitat available for surface feeding seabirds, such as gulls, terns and shearwaters, becomes
reduced because of the physical presence of farm structures.

Spatial scale Local - Including and within 50 metres of the farm.
Shortto long term — Exclusion may be temporary for migrating species or until resident species
Duration habituate to the structures and/or activities, or avoidance may be for the farms’ duration and so be
permanent.
. Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
Management options

ranges, critical breeding and foraging habitats and/or migration routes.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

* Italicised text in this table is defined in chapter 1 - Introduction.

Summary depend on the spatial scale of the aquaculture facility in relation
The potential effects of habitat exclusion are considered to to the distribution and abundance of prey species, as noted for
be insignificant given the small area occupied by filter-feeder finfish aquaculture (Forrest et al. 2007). Effective management
aquaculture in New Zealand in relation to the large total area of can be achieved by careful site selection that avoids key
suitable habitat available for foraging seabirds. If any adverse foraging areas of seabird species with restricted habitat

effects of habitat exclusion occurred, then their significance will requirements.

Table 6.11: Smothering of benthos beneath filter-feeder aquaculture farms.

Description of effect(s)

The habitat available for benthic feeding seabirds, such as shags and penguins, becomes reduced
because of changed benthic fauna due to the settlement of shell and debris from ropes used to grow
filter feeders.

Spatial scale Local — Immediately underneath and within 200 metres of the farm.

Duration Long term — For the duration of the farm.
Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
ranges.

Management options Site selection in areas where marine currents and/or tidal flows disperse waste material from the farm

and so reduce the area over which the impact occurs.

Adaptive on-farm management.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

Food and feeding behaviour of key seabird species.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary significance will depend on the spatial scale of the aquaculture
The potential effects of smothering of the seabed by debris facility in relation to the distribution and abundance of prey
from ropes leading to changes in the fauna are considered to species, as noted for finfish farming by Forrest et al. (2007).

be insignificant given the small area occupied by filter feeder Effective management can be achieved by careful site selection
aquaculture in New Zealand in relation to the large total area of that avoids key foraging areas of seabird species with more
suitable habitat available for foraging seabirds. If any adverse restricted habitat requirements.

effects of the smothering of the benthos occurred, then their
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Table 6.12: Changed abundance of prey due to filter-feeder aquaculture operations.

Description of effect(s)

Small fish are attracted to the farm to feed on organisms growing on ropes and to shelter under the
farm structures. These aggregations may become potential prey of birds such as terns, shags and
penguins.

Spatial scale

Local - Within 100 metres of the farm.

Duration

Long term — For the duration of the farm.

Management options

None required.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

Food and feeding behaviour of key seabird species.

* Italicised text in this table is defined in chapter 1 - Introduction.

Summary

Increases in the abundance and diversity of some small fish
species around aquaculture facilities have been documented
(e.g., Grange 2002), probably attracted by shelter under the

farm structures and to feed on organisms inhabiting the ropes
and farm structures. Consequently, piscivorous seabirds, such
as shags, terns and penguins, may be attracted to, and benefit
from, enhanced feeding opportunities.

Table 6.13: Provision of roosts by filter-feeder aquaculture.

Description of effect(s)

Floating structures may provide roosting sites for seabirds close to their foraging areas but away from
terrestrial predators.

Spatial scale

Local - Floating farm structures.

Duration

Long term — For the duration of the farm.

Management options

Ensure nets are kept taut so that roosting birds do not become entangled.

Use of nets with mesh size less than 6 centimetres to reduce likelihood of entanglement.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
SPecies.

Effects of nutrient input from faeces of roosting seabirds on phytoplankton and macro-algal growth in
the vicinity of aquaculture farm.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary

Both feed-added and filter feeder aquaculture facilities provide
new roosting sites (usually on buoys supporting sea cages or
ropes supporting predator exclusion netting). This may benefit
some seabird species (Lalas 2001), with shags, gulls and terns

most likely to benefit from additional roosting sites close to
enhanced feeding opportunities. Use of such new roosting sites
may reduce the energy expenditure of the birds because they
do not have to fly to and from their natural land-based roosting
sites, which may be some distance from their foraging area.



Table 6.14: Disturbance by filter-feeder aquaculture.
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The presence of the farm and associated activities, plus the additional boat traffic, disturbs breeding

Description of effect
LI G 26 and feeding seabirds.

Spatial scale Local — Within 100 metres of the farm.
Duration Long term — For the duration of the farm.

. Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
Management options

ranges, critical breeding and foraging habitats.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowled
nowlerge gaps Species.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary

Increased human activity associated with filter feeder
aquaculture facilities can have significant detrimental effects
on the feeding and breeding of seabirds. For example, small
boat traffic, or noise associated with aquaculture facilities, may
disturb birds that are feeding or breeding in the vicinity. The
easiest means of avoiding significant effects on colonial nesting

species, such as shags, gulls and terns, is careful site selection.

Little is known about the distances over which foraging and
feeding seabirds may become disturbed. However, it is likely

to be species specific. In New Zealand, literature about
disturbance distances for king shags in the Marlborough
Sounds is ambiguous. For example, Davidson et al. (1995)
proposed buffer zones of 300 metres around roosting sites
and 1000 metres around breeding colonies, but Taylor (2000)
recommended that small boats do not approach breeding
colonies closer than 100 metres. More recently, Lalas (2001)
noted that king shags resting ashore or on emergent objects
only flew off when approached to within 30 metres.

Table 6.15: Ingestion of and entanglement associated with foreign objects from filter-feeder aquaculture.

Impairment of the digestive tract of seabirds through the ingestion of rubbish, flotsam and jetsam
originating from farms; entanglement resulting in death.

Description of effect(s)

Spatial scale Local to bay-wide — A wide area downwind and down current of the aquaculture facility.
Duration Long term — For the duration of the farm.
Management options Management practices to minimise potential for rubbish from farms to end up in the sea.

Home ranges or location of important feeding and breeding habitats for most population of seabird

Knowledge gaps
el Species.

* Italicised text in this table is defined in chapter 1 — Introduction.

Summary

Ingestion of marine litter, particularly plastics, is common
among seabirds and can cause death by dehydration, blockage
of the digestive tract, or toxins released in the intestines. In
addition, large numbers of seabirds have been reported to
have died as a result of becoming entangled in plastic debris
(Derraik 2002). Among seabirds, the ingestion of plastics is
directly related to foraging behaviour and diet (Ryan 1987). For
example, species that feed on surface or near-surface dwelling
invertebrates are more likely to confuse pieces of plastic with
their prey than are piscivores, therefore, the former have a
higher incidence of ingested plastics (Azzarello & Van-Vleet
1987); although piscivores have been recorded to consume
plastic bags and food-handling gloves (P.M. Sagar pers. obs.),

both of which may have been mistaken for fish. It should also
be noted that the harm caused by the ingestion of plastics may
not be restricted to the individual seabird that consumed them
because adults that regurgitate food to their chicks could pass
them onto their offspring (Fry et al. 1987).

Entanglement in plastic debris, especially in discarded fishing
gear (nets), is also a very serious threat to seabirds. For
example, entanglement accounted for 13 percent to

29 percent of the observed mortality of gannets (Sula bassana)
in the German Bight (Schrey & Vauk 1987). However, marine
litter arising from marine aquaculture operations can be
minimised by management practices.
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Table 6.16: Attraction to lights of filter-feeder aquaculture operations.

Description of effect(s)

Attraction of flying seabirds to lights, resulting in injury or death following collision with farm

structures.
Spatial scale Local — Within 100 metres of the farm.
Duration Long term — for the duration of the farm.

Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species” home

Management options

ranges, critical breeding and foraging habitats and/or migration routes.

Minimising the use of lights and using only downward-pointing shaded light sources.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowled
nowlergs gaps SPECies.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary

Seabirds flying at night may become attracted to artificial
lighting and have been recorded colliding with fishing vessels
and lighthouses (Montevecchi 2006). The attraction of seabirds
to artificial lighting appears to be more pronounced when mist
or light rain prevail (P.M. Sagar pers. obs.). The results of such
collisions include death as a result of injury. Feeding of some
seabirds, particularly species of petrels, shearwaters and shags,
is related to the phase of the moon. For example, shags have

been recorded foraging at night, with their absences from
breeding colonies (presumably on feeding trips) coinciding
with a half or full moon, although the great majority of feeding
occurs during the day (Saptoznikow & Quintana 2002; White
et al. 2008). Mitigation measures include site selection to avoid
being on the flight path between foraging areas and breeding
colonies, minimising the use of lights and using downward-
pointing and shaded lights.



6.3 Lower trophic level species (Undaria
and sea cucumbers)

6.3.1 Overview of seahird issues

Lower trophic level aquaculture is taken to include sea horses,
seaweeds, sea cucumbers, sea urchins, sponges and paua.

A factor not considered in this summary is that of the effect
of seabirds on feed-added, filter feeder and lower trophic
level aquaculture through the addition of nutrients via bird
faeces. Some birds, especially gulls and shags, may roost on
aquaculture structures in considerable numbers and, during
their time, there may add large amounts of nutrients to the
surrounding water which, in turn, may affect the growth of
seaweeds, for example Undaria.

The location of the farm within the range of seabirds and the
conservation status (which is a measure of the risk of extinction)
of those seabird species are the main factors that may lead to
issues of sustainability and conservation concern. Of particular
concern are the location of farms in relation to breeding and
feeding sites and the operational procedures of regular farm
activities. Siting of farms close to breeding and feeding sites
may lead to disturbance of the seabirds, the consequences of
which will depend upon the conservation status of the species
affected. For example, siting of a farm close to a breeding
colony of the nationally endangered king shag could lead to
total breeding failure for as long as the farm remains at that
site, this would have a significant detrimental effect on the king
shag population and so increase the likelihood of its extinction.
Operational procedures can affect the likelihood of seabirds
becoming entangled or injured — again, the consequences of
this would depend upon the conservation status of the seabird
species affected.

Any adverse effects of marine aquaculture on seabirds depend
upon the conservation status of the species affected and

the duration of the effect. Siting of a farm close to a seabird
breeding colony is very likely to have an immediate adverse
effect that will continue as long as the duration of the farm.

In contrast, given the current relatively small size of the
aquaculture industry in New Zealand, the overlap of farming
activities with the feeding areas of seabirds is unlikely to present
significant issues. However, this situation may change as the
area occupied by marine farms increases. Entanglement and
injury due to collision with farm structures may lead to the death
of individual seabirds, the significance of which, again, depends
upon the conservation status of the species involved.
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At present, potential risks are identified on a case-by-case
basis. The most obvious is the choice of site for a farm to avoid
disturbance to sensitive breeding colonies of seabirds. The aim
of all aquaculture operations is to maximise financial return, so
each farm needs to optimise growth of its fish whilst minimising
costs. To do so, the farm has to be managed sustainably so it
minimises the impacts on the environment.

Consequently, farm management maximises food intake by
finfish whilst minimising loses to the environment so both
benefit. Minimising the potential for rubbish to get into the sea
and ensuring that minimal lighting occurs at night are easily
managed on a farm-by-farm basis.

There are significant knowledge gaps concerning almost all
seabird species in New Zealand. While overall distribution of
most species is well documented, detailed information on the
time-specific distribution, abundance and critical habitats is
lacking. Associated with the identification of critical habitats

is the need to determine key prey species of seabirds in order
to identify whether these are affected by farms. Most marine
aquaculture farms are sited in sheltered, inshore waters and so
future research should focus on the seabird species inhabiting
these areas.

In addition, there should be ongoing research into the
operation, design and maintenance of farm structures that
minimise disturbance and entanglement risks. Finally, there
should be monitoring of the presence and activities of seabirds
around marine aquaculture structures, along with observations
of the time of day and duration of such activities. Such
information can then lead into species-specific management
strategies.
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6.3.2 Descriptions of main effects and their significance

Table 6.17: Entanglement in lower trophic-level aquaculture facilities.

Description of effect(s)

Diving birds become entangled in underwater nets and ropes and so drown. There are no
New Zealand reports of seabird deaths as a result of entanglement.

Spatial scale Local to regional scale — Depending upon the size of seabird population.

Duration Short to long term — Minor injury to individual to death of critically endangered animal that can have
long-term consequences for vulnerable populations.
Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
ranges, critical breeding and foraging habitats and/or migration routes.

Management options

By adopting measures such as enclosing predator nets at the bottom, keeping nets taut, using mesh
sizes of less than 6 centimetres, and keeping nets well maintained (e.g., repairing holes).

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

Potential significance of entanglement on the various species.

Ongoing research into the types of design, maintenance features and operational procedures that
minimise entanglement risk.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary grounds. However, there are no reports of seabird deaths as a
The generally perceived negative effects of lower trophic level result of entanglement in aquaculture facilities in New Zealand
aquaculture have centred on entanglement (resulting in birds (Butler 2003; Lloyd 2003).

drowning), habitat exclusion and displacement from feeding

Table 6.18: Habitat exclusion caused by lower-trophic level aquaculture.

Description of effect(s)

The habitat available for feeding seabirds, such as shags, gulls, terns and shearwaters, becomes
reduced because of the physical presence of farm structures.

Spatial scale Local — Within 50 metres of the farm.
Duration Long term — for the duration of the farm.

. Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
Management options

ranges, critical breeding and foraging habitats and/or migration routes.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

* ltalicised text in this table is defined in chapter 1 — Introduction.

Summary exclusion occurred, then their significance will depend on
The potential effects of habitat exclusion are considered to be the spatial scale of the aquaculture facility in relation to
insignificant given the small area occupied by lower trophic level the distribution and abundance of prey species. Effective
aquaculture in New Zealand in relation to the large total area of management can be achieved by careful site selection that
suitable habitat available for foraging seabirds. Forrest avoids key foraging areas of seabird species with restricted

et al. (2007) noted that if any adverse effects of habitat habitat requirements.
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Table 6.19: Changed abundance of prey caused by lower trophic-level aquaculture.

Description of effect(s)

Small fish are attracted to the farm to feed on organisms growing on ropes/nets/cages and to shelter
under the farm structures. These aggregations may become potential prey of birds such as terns,
shags and penguins.

Spatial scale

Local - Within 100 metres of the farm.

Duration

Long term — For the duration of the farm.

Management options

None required.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

Food and feeding behaviour of key seabird species.

* ltalicised text in this table is defined in chapter 1 - Introduction.

Summary farm structures and to feed on organisms inhabiting the ropes
Increases in the abundance and diversity of some small fish and/or farm structures. Consequently, piscivorous seabirds,
species around aquaculture facilities have been documented such as shags, terns and penguins, may be attracted to, and
(e.g., Grange 2002), probably attracted by shelter under the benefit from, these enhanced feeding opportunities.

Table 6.20: Provision of roosts by lower trophic-level aquaculture.

Description of effect(s)

Floating structures may provide safe roosting sites for seabirds close to their foraging areas and away
from terrestrial predators.

Spatial scale

Local - Floating farm structures.

Duration

Long term — For the duration of the farm.

Management options

Ensure nets are kept taut so that roosting birds do not become entangled.

Use of nets with mesh size less than 6 centimetres to reduce likelihood of entanglement.

Knowledge gaps

Home ranges or location of important feeding and breeding habitats for most population of seabird
SPecies.

Effects of nutrient input from faeces of roosting seabirds on phytoplankton and macro-algal growth in
the vicinity of aquaculture farm.

* Italicised text in this table is defined in chapter 1 — Introduction.

Summary from additional roosting sites close to enhanced feeding
Aquaculture facilities provide new roosting sites (usually on opportunities. Use of such new roosting sites may reduce
buoys supporting sea cages or ropes supporting predator energy expenditure of the birds because they do not have to fly
exclusion netting). This may benefit some seabird species to and from their natural land-based roosting sites, which may
(Lalas 2001), with shags, gulls and terns most likely to benefit be some distance from their foraging area.
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Table 6.21: Disturbance caused hy lower trophic-level aquaculture.

Description of effect(s)

The presence of the farm and associated activities, plus the additional boat traffic, disturbs breeding
and feeding seabirds.

Spatial scale

Local scale — Within 100 metres of the farm.

Duration

Long term — For the duration of the farm.

Management options

Site selection to minimise or avoid the likelihood of spatial overlap with limited species’ home ranges,
critical breeding and foraging habitats.

Home ranges or location of important feeding and breeding habitats for most populations of seabird

Knowled
nowlergs gaps SPECies.

* Italicised text in this table is defined in chapter 1 — Introduction.

Summary

Increased human activity associated with aquaculture facilities
can have significant detrimental effects on the feeding and
breeding of seabirds. For example, small boat traffic, or noise
associated with aquaculture facilities, may disturb birds that
are feeding or breeding in the vicinity. The easiest means of
avoiding significant effects on colonial nesting species, such as
shags, gulls and terns, is careful site selection.

Little is known about the distances over which foraging and
feeding seabirds may become disturbed. However, it is likely

to be species specific. In New Zealand, literature about
disturbance distances for king shags in the Marlborough
Sounds is ambiguous. For example, Davidson et al. (1995)
proposed buffer zones of 300m around roosting sites 1000
metres and around breeding colonies, but Taylor (2000)
recommended that small boats do not approach breeding
colonies closer than 100 metres. More recently, Lalas (2001)
noted that king shags resting ashore or on emergent objects
only flew off when approached to within 30 metres.

Table 6.22: Ingestion of and entanglement associated with foreign objects from lower trophic-level aquaculture.

Description of effect(s)

Impairment of the digestive tract of seabirds through the ingestion of rubbish, flotsam and jetsam

originating from farms; entanglement resulting in death.

Spatial scale Local - Bay-wide downwind and down current of the aquaculture facility.
Duration Long term - for the duration of the farm.
Management options Management practices to minimise potential for rubbish from farms to end up in the sea.

Home ranges or location of important feeding and breeding habitats for most population of seabird

Knowledge gaps
el Species.

* Italicised text in this table is defined in chapter 1 - Introduction.

Summary

Ingestion of marine litter, particularly plastics, is common
among seabirds and can cause death by dehydration, blockage
of the digestive tract, or toxins released in the intestines. In
addition, large numbers of seabirds have been reported to
have died as a result of becoming entangled in plastic debris
(Derraik 2002). Among seabirds, the ingestion of plastics is
directly related to foraging behaviour and diet (Ryan 1987). For
example, species that feed on surface or near-surface dwelling
invertebrates are more likely to confuse pieces of plastic with
their prey than are piscivores, therefore, the former have a
higher incidence of ingested plastics (Azzarello & Van-Vieet
1987); although piscivores have been recorded to consume

plastic bags and food-handling gloves (P.M. Sagar pers. obs.),
both of which may have been mistaken for fish. It should also
be noted that the harm caused by the ingestion of plastics may
not be restricted to the individual seabird that consumed them
because adults that regurgitate food to their chicks could pass
them onto their offspring (Fry et al. 1987).

Entanglement in plastic debris, especially in discarded fishing
gear (nets), is also a very serious threat to seabirds. For
example, entanglement accounted for 13 percent to

29 percent of the observed mortality of Gannets (Sula bassana)
in the German Bight (Schrey & Vauk 1987). However, marine
litter arising from marine aquaculture operations can be
minimised by management practices.
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Table 6.23: Attraction to lights from lower trophic level aquaculture.

Frf Attraction of flying seabirds to lights, resulting in injury or death following collision with farm
Description of effect(s) ying g g in injury g

structures.
Spatial scale Local — Within 100 metres of the farm.
Duration Long term — For the duration of the farm.

Site selection to minimise or avoid the likelihood of spatial overlap with range restricted species’ home
Management options ranges, critical breeding and foraging habitats and/or migration routes.

Minimising the use of lights and using only downward pointing shaded light sources.

Home ranges or location of important feeding and breeding habitats for most populations of seabird
Species.

* |talicised text in this table is defined in chapter 1 — Introduction.

Knowledge gaps

Summary have been recorded foraging at night, with their absences from
Seabirds flying at night may become attracted to artificial breeding colonies (presumably on feeding trips) coinciding with
lighting and have been recorded colliding with fishing vessels a half or full moon, although the greatest majority of feeding
and lighthouses (Montevecchi 2006). The attraction of seabirds occurs during the day (Saptoznikow & Quintana 2002; White
to artificial lighting appears to be more pronounced when mist et al. 2008). Mitigation measures include site selection to avoid
or light rain prevails (P.M. Sagar pers. obs.). The results of being on the flight path between foraging areas and breeding
such collisions include death as a result of injury. Feeding of colonies, minimising the use of lights and using downward
some seabirds, particularly species of petrels, shearwaters and shades.

shags, is related to the phase of the moon, For example, shags

AUGUST 2013



6-18

Literature Review of Ecological Effects of Aquaculture

References

Azzarello, M.Y.; Van-Vleet, E.S. (1987). Marine birds and plastic
pollution. Marine Ecology Progress Series 37: 295-303.

Butler, D. (2003). Possible impacts of marine farming of
mussels (Perna canaliculus) on king shag (Leucocarbo
carunculatus). DoC Science Internal Series 111. Department of
Conservation, Wellington, New Zealand.

Davidson, R.J.; Courtney, S.P.; Millar, I.R.; Brown, D.A.; Deans,
N.A.; Clerke, P.R.; Dix, J.C.; Lawless, P.F.; Mavor, S.J.; McRae,
S.M. (1995). Ecologically important marine, freshwater,

island and mainland areas from Cape Soucis to the Ure River,

Marlborough, New Zealand: Recommendations for protection.

Occasional Publication 16. Nelson/Marlborough Conservancy,

Department of Conservation, Nelson, New Zealand.

Derraik, J.G.B. (2002). The pollution of the marine environment
by plastic debris: A review. Marine Pollution Bulletin 44(9):
842-852.

Forrest, B.M; Keeley, N.; Gillespie, P.; Hopkins, G.; Knight, B.;
Govier, D. (2007). Review of the ecological effects of marine
finfish aquaculture: Final report. Prepared for Ministry of
Fisheries. Cawthron Report 1285. Cawthron Institute, Nelson,
New Zealand.

Fry, D.M.; Fefer, S.1.; Sileo, L. (1987). Ingestion of plastic
debris by Laysan albatross and wedge-tailed shearwaters in the
Hawaiian Islands. Marine Pollution Bulletin 18: 339-343.

Grange, K.R. (2002). The effects of mussel farms on benthic
habitats and fisheries resources within and outside marine
farms, Pelorus Sound. Prepared for Mussel Industry Council.
Unpublished NIWA Client Report NEL2002-003.

lwama, G.K.; Nichol, L.; Ford, J. (1997). B.C. salmon
aquaculture review interim draft report: Key issue D: Aquatic
mammals and other species. Environmental Assessment Office,
Victoria, British Columbia, Canada.

Lalas, C. (2001). Evidence presented for Kuku Mara
Partnership, Forsyth Bay. Environment Court Hearing,
Blenheim. Statements of evidence Volume 1. October.

Lloyd, B.D. (2003). Potential effects of mussel farming on
New Zealand's marine mammals and seabirds: A discussion
paper. Department of Conservation, Wellington, New Zealand.

Montevecchi, W.A. (2006). Influences of artificial light on
marine birds. In: Ecological consequences of artificial night
lighting, pp. 94-113. Rich, C.; Longcore, T. (eds.). Island Press,
Washington DC, United States of America.

Ryan, P.G. (1987). The incidence and characteristics of plastic
particles ingested by seabirds. Marine Environment Research
23: 175-206.

Sapoznikow, A.; Quintana, F. (2002). Evidence for Rock Shags
(Phalacrocorax magellanicus) and Imperial Cormorants P,
atriceps leaving their nests at night. Marine Ornithology 30:
34-35.

Schrey, E.; Vauk, G.J.M. (1987). Records of entangled gannets
(Sula bassana) at Helgoland, German Bight. Marine Pollution
Bulletin 18: 350-352.

Taylor, G.A. (2000). Action plan for seabird conservation in
New Zealand. Part A: Threatened seabirds. Threatened Species
Occasional Publication 16. Department of Conservation,
Wellington, New Zealand.

White, C.R.; Butler, P.J.; Grémillet, D.G.; Martin, G.R. (2008).
Behavioural strategies of cormorants (Phalacrocoracidae)
foraging under challenging light conditions. /bis
150(Supplement): 231-239.



