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Section 5A Assessments

The table shown below, lists the twenty-four (24) species of resident and migratory
shorebirds and seabirds listed under the TSC and/or EPBC Acts that are known to occur
or have been previously recorded at Penrhyn Estuary and thus have been assessed under
Section 5A of the NSW Environmental Planning and Assessment Act 1979 in relation to
the Port Botany Expansion.

Shorebird and Seabird Species Known to Occur and Previously
Recorded at Penrhyn Estuary requiring TSC/EPBC (Section 5A
Assessment) Consider ation

TSC Act Migratory/non JAMBA | CAMBA Bonn
(E=Endangered migratory
V=Vulnerable) Specieslisted

under EPBC Act

Scolopacidae
Curlew Sandpiper - X X X
Calidrisferruginea
Common Sandpiper - X X X
Tringa hypoleucos
Eastern Curlew - X X X
Numenius madagascariensis
Sanderling \Y, X X X
Calidrisalba
Sharp-tailed Sandpiper - X X X
Calidris acuminata
Great Knot \% X X X
Calidristenuirostris
Greenshank - X X X
Tringa nebularia
Grey-tailed Tattler - X X X
Tringa brevipes
Bar-tailed Godwit - X X X
Limosa lapponica
Black-tailed Godwit X X X
Limosa limosa
Broad-billed Sandpiper \Y, X X X
Limicola falcinellus
Marsh Sandpiper - X X X
Tringa stagnatilis
Red Knot - X X X
Calidris canutus
Red-necked Stint - X X X
Calidrisruficollis
Ruddy Turnstone - X X X
Arenariainterpres
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Section 5A Assessments

TSC Act Migratory/non JAMBA | CAMBA Bonn
(E=Endangered migratory

V=Vulnerable) Specieslisted
under EPBC Act

Terek Sandpiper
Tringa cinerea

Whimbrel
Numenius phaeopus

Haematopodidae

Pied Oystercatcher
Haematopus longirostris

Charadriidae

Large (Greater) Sand Plover
Charadrius leschenaultii

Grey Plover
Pluvialis squatarola

Mongolian (Lesser Sand) Plover
Charadrius mongolus

Double-banded Plover**
Charadrius bicinctus

Pacific Golden Plover
Pluvialis dominica

Laridae

Little Tern
Serna albifrons

* non migratory species
** trans Tasman migrant

Section 5A Assessments (8 Part Tests)

Descriptions of the ecology and biology of the 23 shorebird and 1 seabird species
(feeding, roosting, breeding, movement) are provided in Appendix F and are not
reproduced here. The Section 5A Assessments should be read in conjunction with these

descriptions.



Section 5A Assessments

Calidris ferruginea (Curlew Sandpiper)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species presently feeds and roosts at Penrhyn Estuary largely on intertidal
mudflats (feeding) and sandflats at the Estuary mouth and on the north side of the
channel (roosts). This species also roosts on steel barges and a wooden jetty near
Shell Point in Woolooware Bay (pers. comm., Phil Straw). Straw (1996) notes that
this species was formerly relatively abundant in Botany Bay prior to 1986 (counts
between 300 and 700 were regularly made) and that since then numbers have
declined significantly down to around 100 (NSW Wader Study counts 1994-2001;
NPWS Botany Bay Estuary Shorebird Action Plan 2001/2002 counts; pers.obs.).
Only small numbers of this species have been recorded on the southern shores of the
Bay during a 20 year count (Straw 1996) and are mostly used for roosting only.
Penryhn Estuary is thus a site of major significance for this species in the Botany
Bay estuary. The loss of foraging habitat at the northern end of Botany Beach as a
result of the Parallel Runway is certainly one factor contributing to this species
decline. Remaining areas of Foreshore Beach have not become significant feeding
areas for the species given the volume of pedestrian traffic (dog walking) on the
beach and the erosion and associated increasing steepness of the shoreline in this
area, which is unsuitable habitat.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waders and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilence and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
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energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat (such as for this speciesin Penrhyn Estuary and in
Botany Bayestuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies, including the Curlew Sandpiper, are in the order
of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.
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A change in lighting regime (predicted increase in ambient lighting at night) Estuary
in Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Boat Harbour and Taren Point.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuaryand on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel paralel to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary, which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuaryare currently being
undertaken although the results of these studies are not yet complete or available for
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review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC aso note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposal may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a species life cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

() whether a threatened species, population or ecological community, or their habitats,
are adequately represented in conservation reserves (or other similar protected areas) in
theregion.
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No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aguatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(9 whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Common Sandpiper (Tringa hypoleucos)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

A total of two (2) individuals of this solitary species occur on the edge of mangrove-
lined creek channels in the Parramatta River estuary at Bicentennia Park,
Homebush Bay, roosting on broken barges. This species also occurs at Newington
wetlands. This species occurs most years in very low numbers in the bay (probably
lor 2) and presently roosts on a wooden jetty at Shell Point which illustrates the
severe lack of suitable high tide roosts for shorebirds in the bay. Whilst only 1 or 2
individuals probably use the bay, the NSW estimated population for the species is
80 and thus the bay is considered important habitat for this shorebird species.
Foraging habitat in the bay is unconfirmed. A single sighting of the species at
Penrhyn Estuary was recorded by the NSW Wader Study group in 1994 and thus the
site should not be discounted as a possible important foraging and roosting site for
the speciesin the bay.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.
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Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat (such asfor this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
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Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatstu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC aso note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).
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The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
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important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

The known roost site for the speciesin the bay is currently unreserved.

(9 whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in low numbers many estuaries on the north and
south NSW coasts and is thus not considered to be at its limit of distribution in the
Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Numenius madagascariensis (Eastern Curlew)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species presently feeds over much of the intertidal mudflats of the southern
parts of the Bay, including Woolooware, Quibray, Weeney and Stinkpot Bays and
Towra Point. Preferred roost sites on the southern shores of the Bay include sand
spits and shoals (Straw 1996; pers. comm., Geoff Ross; pers. obs.). Thick wooden
poles marking the limits of oyster leases are used as alternative roosts. Numbers of
this species in the Bay are presently around 200 and no significant decline of the
species in the bay has been noted to date. The species does not normally use the
northern shoreline of the bay to feed or roost but may do so on occasion.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Towra
Point for this species) and where disturbances force birds to shift to aternative
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feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat, disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies, including the Eastern Curlew, are in the order of
100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Penrhyn Estuary.
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The current design essentially encloses Penrhyn Estuary and thus may represent a
psychologica entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel paralel to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).
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Section 5A Assessments

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important occasional shorebird
habitat for the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
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important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(g) whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts and is thus not considered to be at its limit of distribution in the Botany Bay
estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Calidris alba (Sanderling)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

Single birds of this species are occasionally seen in Botany Bay estuary. This
species typically feeds in the wave zone of ocean beaches at Boat Harbour and will
generally flee to the northern shores of the Bay during rough weather for shelter and
feeding (Penrhyn Estuary). Straw (1996) notes that in the 1940s and 1950s the
species was regularly present in summer at Boat Harbour, in numbers of up to 15 or
more, with counts post 1970 revealing no more than one or two individuals.
Remaining areas of Botany Beach and the southern shores of the Bay (with the
exception of Spit Island) have not become significant feeding areas for the species
given the level of human disturbance (recreational fishers, dog walking) on the
beach and the erosion and associated increasing steepness of the shoreline in this
areawhich is unsuitable habitat.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.
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Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Boat
Harbour and Penrhyn Estuary for this species) and where disturbances force birds to
shift to aternative feeding areas, questions arise as to whether such areas are
adequate, whether they can accommodate displaced individuals and what effect
increased bird density has on intake rates and the fitness of those birds that move.
As bird density increases, average intake rates decline in many species as a result of
increased competition, increased prey depletion and a greater proportion of the
population feeding in sub-optimal areas. Where populations are limited, or are close
to limitation by the quality and availability of habitat (such as for this species in
Penrhyn Estuary and in Botany Bay estuary in total), disturbance can have a
negative impact on wader populations by affecting fitness, ability to fatten
adequately during pre-migratory periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
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Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary (possibly Spit 1sland).

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatstu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC aso note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).
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Section 5A Assessments

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
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important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(g) whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts and is thus not considered to be at its limit of distribution in the Botany Bay
estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Calidris tenuirostris (Great Knot)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species is a mudflat feeder and is occasionally recorded roosting and feeding at
Penrhyn Estuary, particularly since it was displaced from its preferred habitat at the
former Pilots Embayment which was lost due the Parallel Runway construction. The
species is now restricted to Penrhyn Estuary in the Botany Bay estuary. The
numbers of this species using the Bay are low (probably less than 4 or 5) although
they are significant given the small size of the population on the east coast.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to aternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
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on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat (such asfor this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
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roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
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resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.
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(g) whether the development or activity proposed is of a class of development or activity
that isrecognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in some estuaries on the north and south NSW
coasts (particularly the Richmond and Clarence estuaries) and is thus not considered
to be at itslimit of distribution in the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Tringa nebularia (Greenshank)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species has been recorded on the mangrove lined shores of Woolooware Bay
and use to favour the pond site at H1 (former sand quarry at Kurnell) athough was
not recorded there last season. The numbers of this species in the Bay at present is
in the order of 7 or 8 although this may be an underestimate due the difficulty in
gaining access to Woolooware Bay by land or boat (due the number of oyster leases
in the area). This species may be an occasional visitor to Penrhyn Estuary.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas and where
disturbances force birds to shift to alternative feeding areas, questions arise as to
whether such areas are adequate, whether they can accommodate displaced
individuals and what effect increased bird density has on intake rates and the fitness
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of those birds that move. As bird density increases, average intake rates decline in
many species as a result of increased competition, increased prey depletion and a
greater proportion of the population feeding in sub-optimal areas. Where
populations are limited, or are close to limitation by the quality and availability of
habitat (such as for this species in Penrhyn Estuary and in Botany Bay estuary in
total), disturbance can have a negative impact on wader populations by affecting
fitness, ability to fatten adequately during pre-migratory periods and increased
mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies, including the Curlew Sandpiper, are in the order
of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Boat Harbour and Taren Point.
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The current design essentially encloses Penrhyn Estuary and thus may represent a
psychologica entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn fleeing from roosting on
the sandy point on the Penrhyn Road side of the channel to the sandy foothill of the
dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
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on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population islikely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposal may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
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within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(g) whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution at
Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.



Section 5A Assessments

Tringa brevipes (Grey-tailed Tattler)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species presently feeds on exposed mudflats on the southern parts of the Bay
and has been recorded roosting at a number of locations including the groynes at
Kurnell, the old rocky wharf at the mouth of Quibray Bay, in mature spreading
mangroves and on platforms in mangroves at Quibray Bay. This species may
occasionally feed in small numbers at Penrhyn Estuary. The numbers of the species
in the Bay in present times is around 180-190 maximum and do not seem to have
varied significantly since the 1950s. These numbers may as well be an
underestimate due to the difficulty in detecting the species at their roost sites.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas
(Woolooware Bay for this species) and where disturbances force birds to shift to
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aternative feeding areas, questions arise as to whether such areas are adequate,
whether they can accommodate displaced individuals and what effect increased bird
density has on intake rates and the fitness of those birds that move. As bird density
increases, average intake rates decline in many species as a result of increased
competition, increased prey depletion and a greater proportion of the population
feeding in sub-optimal areas. Where populations are limited, or are close to
limitation by the quality and availability of habitat (such as for this species in
Penrhyn Estuary and in Botany Bay estuary in total), disturbance can have a
negative impact on wader populations by affecting fitness, ability to fatten
adequately during pre-migratory periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Penrhyn Estuary.
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The current design essentially encloses Penrhyn Estuary and thus may represent a
psychologica entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have and open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
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on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population islikely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposal may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important secondary shorebird
habitat for the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples



Section 5A Assessments

within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(g) whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the east coast of NSW as
well as inland and is thus not considered to be at its limit of distribution in the
Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Limosa lapponica (Bar-tailed Godwit)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species presently feeds on intertidal sandflats at Penrhyn Estuary and at Rocky
Point in the Bay (prefers Rocky Point) and roosts on beaches at Penrhyn Estuary
and Sandringham Bay. The numbers of this species in the Bay in recent times are in
the order of 200-400 and have thus shown a moderate decline in numbers in the last
10 years (when numbers have been in the order of 600-800).

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturnance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
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average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
guality and availability of habitat (such as for this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may fedl they
are more visible to potential predators (feral dogs, cats, birds of prey). Increased
ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
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reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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Section 5A Assessments

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Limicola falcinellus (Broad-billed Sandpiper)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

Mostly single individuals of this species have been recorded in the Bay on an
occasional basis since the mid 1970s (northern shoreline) and up to 17 birds were
recorded on the northern shores of the Bay in 1953 (Straw 1996). No recent records
of the species in the Bay exist, nevertheless the species may occasionally feed and
roost at Penrhyn Estuary.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
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average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
guality and availability of habitat (such as for this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
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reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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Section 5A Assessments

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This speciesis occasionally recorded in some estuaries on the north and south NSW
coasts (including the Hunter and Shoalhaven) and is thus not considered to be at its
limit of distribution in the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Tringa stagnatilis (Marsh Sandpiper)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species presently feeds and roosts in the Hawkesbury Swamps and at the
waterbird refuge at Homebush and Newington Wetlands in the Parramatta River
estuary in relatively low numbers (up to 17 birds have been recorded in the
Hawkesbury Swamps). No recent records exist for this species in the Bay. One
historical record for this species in the Bay was identified (in 1983 at the old mouth
of the Cooks River). This species may feed on estuarine mudflats at Penrhyn
Estuary on an occasional basis.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas and where
disturbances force birds to shift to alternative feeding areas, questions arise as to
whether such areas are adequate, whether they can accommodate displaced
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individuals and what effect increased bird density has on intake rates and the fithess
of those birds that move. As bird density increases, average intake rates decline in
many species as a result of increased competition, increased prey depletion and a
greater proportion of the population feeding in sub-optimal areas. Where
populations are limited, or are close to limitation by the quality and availability of
habitat (such as for this species in Penrhyn Estuary and in Botany Bay estuary in
total), disturbance can have a negative impact on wader populations by affecting
fitness, ability to fatten adequately during pre-migratory periods and increased
mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Boat Harbour and Taren Point.
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The current design essentially encloses Penrhyn Estuary and thus may represent a
psychologica entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuarymay fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
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on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population islikely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposal may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.
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(g9 whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Calidris canutus (Red Knot)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species presently feeds on intertidal sand and mudflats (tactile probing) at
Penrhyn Estuary and at Rocky Point and roosts at Penrhyn Estuary (typically in
association with the godwits). Six individuals of the species have been recorded
feeding on bivalve molluscs at H1 lands in Woolooware Bay on the southern shores
of the Bay (pers. com., Phil Straw). Up to about 200 individuals of the species may
be present in the bay in present times.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to aternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
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on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat (such asfor this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Boat Harbour and Taren Point.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
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roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
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resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.
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(g9 whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Calidris ruficollis (Red-necked Stint)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species presently feeds and roosts at Penrhyn Estuary and occasionally at Boat
Harbour and Spit Island. The species aso roosts on barges at Shell Point which
demonstrates the general lack of adequate high tide roosts for shorebirds utilising
the Bay. Straw (1996) notes that the birds roosting at Boatharbour are likely a result
of the displacement of these birds from Penrhyn Estuary due to disturbance in the
area. The species used to roost on the end of the original runway but this habitat has
since been removed. Numbers of this species in the Bay have markedly declined
from several hundred (1940s — 1980s) to about 50-100 on average during the
summer period based on recent counts.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
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Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
guality and availability of habitat (such as for this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may baance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Boat Harbour.
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The current design essentially encloses Penrhyn Estuary and thus may represent a
psychologica entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
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on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population islikely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposal may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
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within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(g) whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well asinland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Arenaria interpres (Ruddy Turnstone)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species (about 20 individuals on average in the Bay) presently feeds and roosts
on rock platforms at Boat Harbour and also roosts on wooden barges at Shell Point.
This species is seldom seen on estuarine mudflats (more often on rocky platforms
and ocean beaches) and thus is considered to have a low likelihood of occurrence at
Penrhyn (athough the occurrence at Penrhyn Estuary for the species remains a
possibility).

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Boat
Harbour for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
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on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat, disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as southern shores of the Bay and possibly at Penrhyn
Estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
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roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
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resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.
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(g9 whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution at
Botany Bay estuary.

Section 5A Assessment Conclusion

This species is seldom recorded on estuarine mudflats and is considered a low likelihood
of occurrence at Penrhyn Estuary. Consequently, the proposal is not expected to have a
significant impact on the life cycle requirements of the species and thus an SIS is not
required.
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Tringa cinerea (Terek Sandpiper)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species (9 individuals in the Bay based on recent counts) presently feeds on
intertidal mudflats between Taren Point and Woolooware Bay on the southern
shores of the Bay and roosts on a disused jetty at Shell Point. This species may
occasionally forage at Penrhyn Estuary (although no recent records exist of. this
species on the northern shores of the Bay).

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas
(Woolooware Bay for this species) and where disturbances force birds to shift to
aternative feeding areas, questions arise as to whether such areas are adequate,
whether they can accommodate displaced individuals and what effect increased bird
density has on intake rates and the fitness of those birds that move. As bird density
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increases, average intake rates decline in many species as a result of increased
competition, increased prey depletion and a greater proportion of the population
feeding in sub-optimal areas. Where populations are limited, or are close to
limitation by the quality and availability of habitat (such as for this species in
Penrhyn Estuary and in Botany Bay estuary in total), disturbance can have a
negative impact on wader populations by affecting fitness, ability to fatten
adequately during pre-migratory periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
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reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in some estuaries on the north and south NSW
coasts and is thus not considered to be at its limit of distribution at in the Botany
Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Numenius phaeopus (Whimbrel)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species (about 50-60 species in the Bay in present times) presently feeds on
exposed mudflats near and under mangrove trees at Towra Point Aquatic Reserve
and roosts in mangrove trees at Woolooware, Weeney and Stinkpot Bays. This
species may occasionally feed at Penrhyn Estuary.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potentia entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbances.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (mangroves
on the southern shores) and where disturbances force birds to shift to aternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
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increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat, disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
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flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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Section 5A Assessments

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Charadrius leschenaulti (Large (Greater) Sand Plover)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This speciesis an occasional visitor to Penrhyn Estuary and Boat Harbour (often in
association with the Lesser Sand Plover) where it feeds on intertidal sand flats. Only
1 or 2 individuals are recorded in the Bay on an occasional basis (this is significant
given the NSW estimate population for this species is only 80 birds with the
majority occurring in the Clarence and Richmond estuaries).

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
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average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
guality and availability of habitat (such as for this speciesin Penrhyn Estuary and in
the Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night)
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
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reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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Section 5A Assessments

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts (magjority in the Clarence and Richmond estuaries on the north coast) and is
thus not considered to be at its limit of distribution in the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Pluvialis squatarola (Grey Plover)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

1 or 2 individuals of this species are occasionally recorded feeding on intertidal sand
and mudflats at Penrhyn Estuary, Quibray Bay and west of Taren Point. One known
roost of the speciesin the Bay is on the sandy points on either side of the channel at
Penrhyn Estuary. The species was historically recorded from the origina mouth of
the Cooks River.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
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average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
guality and availability of habitat (such as for this speciesin Penrhyn Estuary and in
the Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary, such as Boat Harbour and Taren Point.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very



Section 5A Assessments

reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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Section 5A Assessments

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Charadrius mongolus (Mongolian (Lesser Sand) Plover)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species roosts every year on intertidal sand flats at Boat Harbour (up to about
10 individuals) and feeds occasionally at Penrhyn Estuary and possibly elsewherein
the Bay.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’'s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary and Boat Harbour for this species) and where disturbances force birds to
shift to aternative feeding areas, questions arise as to whether such areas are
adequate, whether they can accommodate displaced individuals and what effect
increased bird density has on intake rates and the fitness of those birds that move.
As bird density increases, average intake rates decline in many species as a result of
increased competition, increased prey depletion and a greater proportion of the
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population feeding in sub-optimal areas. Where populations are limited, or are close
to limitation by the quality and availability of habitat (such as for this species in
Penrhyn Estuary and in the Botany Bay estuary in total), disturbance can have a
negative impact on wader populations by affecting fitness, ability to fatten
adequately during pre-migratory periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the Botany Bay estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
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flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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Section 5A Assessments

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.
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(g9 whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well asinland and is thus not considered to be at its limit of distribution at
Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Charadrius bicinctus (Double-banded Plover)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

About 50-60 species of this trans Tasman winter migrant presently feed on intertidal
sand flats at Penrhyn (Penrhyn Road side of channel). The species aso roosts at
Penrhyn Estuary, Boat Harbour and reportedly at Molineux Point and on the end of
the Parallel Runway (pers. comm., Geoff Ross). This species is thus quite
vulnerable to disturbance due to recreational fishers, dogs and beach walkers given
its key habitat at Penrhyn Estuary and Boat Harbour. This species used to feed at the
former stockpile site and northern sections of Foreshore Beach which were both lost
due to the Parallel Runway construction and have thus experienced a critical decline
in their Bay habitat. Based on counts since the 1970s, Botany Bay is one of the three
most important estuaries for the species in NSW (along with the Hunter and
Shoahaven River estuaries).

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.
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Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat (such asfor this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
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Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel paralel to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC aso note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).
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The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Botany Beach. The predicted impact on shorebirds however is considered
to be negligible due to the volume of pedestrian traffic and dog walking on the
beach (disturbance issue) and due to the increased beach erosion and resulting
steepness in the elevation profile which has drastically reduced the suitableness of
the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
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important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(g) whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well asinland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.



Section 5A Assessments

Pluvialis dominica (Pacific Golden Plover)
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in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species regularly feeds on intertidal mudflats at Penrhyn Estuary and roosts in
saltmarsh at Penrhyn Estuary and on wooden barges at Shell Point (up to 6 birds use
the barges on the southern side). Straw (1996) notes that small number of birds also
feed and roost at Boat Harbour which may be the result of disturbance to the birds at
Penrhyn Estuary. Key feeding habitat of the species at the mouth of the Mill Stream
and Runway Beach have been lost due to the Parallel Runway construction and may
explain, in part, the marked decline in numbers of this species in the Bay since the
mid 1980s. The erosion of intertidal sands off Towra Beach and increased usage of
the Boat Harbour area for 4WD usage may similarly explain the marked decline in
usage of the southern part of the Bay by the species.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
alternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
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therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to alternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat (such as for this speciesin Penrhyn Estuary and in
Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness, ability to fatten adequately during pre-migratory
periods and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnally in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
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displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the estuary, such as Boatharbour.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel paralel to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).
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The proposal will aso result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (less intertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
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important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

(g) whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

(h) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well asinland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Haematopus longirostris (Pied Oystercatcher)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This Australian resident wader presently occurs in relatively large numbers (up to
60 individuals) in the Bay at Sandringham Bay where it feeds and roosts and at
Penryhn Estuary where it occasionally feeds on intertidal sandflats. Presently 5 or 6
pairs nest at H1 lands at Woolooware Bay, Towra Spit Island and at the airport. The
volume of pedestrian traffic on Foreshore Beach would be expected to preclude this
from being used by the species for its life cycle requirements, particularly nesting
activity.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying).

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas (Penrhyn
Estuary for this species) and where disturbances force birds to shift to aternative
feeding areas, questions arise as to whether such areas are adequate, whether they
can accommodate displaced individuals and what effect increased bird density has
on intake rates and the fitness of those birds that move. As bird density increases,
average intake rates decline in many species as a result of increased competition,
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increased prey depletion and a greater proportion of the population feeding in sub-
optimal areas. Where populations are limited, or are close to limitation by the
quality and availability of habitat (such asfor this speciesin Penrhyn Estuary and in
the Botany Bay estuary in total), disturbance can have a negative impact on wader
populations by affecting fitness and increased mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird’s flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide).

A change in lighting regime (predicted increase in ambient lighting at night) at the
Estuary may result in an increase in vigilant behaviour (area scans) at the expense of
foraging as many shorebirds, particularly those that have been observed to forage
nocturnally in “relatively dark” areas (such as sand plovers), may feel that they are
more visible to potential predators (feral dogs, cats, birds of prey). Increased
ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the estuary, such as Boat Harbour and Taren Point.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
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roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).

in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposal may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.
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It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts and is thus not considered to be at its limit of distribution in the Botany Bay
estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
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to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Black-tailed Godwit (Limosa limosa)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species feeds on intertidal mudflats and on muddy margins of wetlands. The
species occurs in very small numbers (1 or 2 individuals) in the Parramatta River
estuary at Homebush Bay and may occasionally forage and roost at Penryhyn
Estuary athough no recent sightings of this species have been recorded in Botany
Bay in recent years. The speciesis regularly recorded in the hundreds in the Hunter
River and north coast estuaries (eg, Clarence River).

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated tothe disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas and where
disturbances force birds to shift to alternative feeding areas, questions arise as to
whether such areas are adequate, whether they can accommodate displaced
individuals and what effect increased bird density has on intake rates and the fithess
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of those birds that move. As bird density increases, average intake rates decline in
many species as a result of increased competition, increased prey depletion and a
greater proportion of the population feeding in sub-optimal areas. Where
populations are limited, or are close to limitation by the quality and availability of
habitat, disturbance can have a negative impact on wader populations by affecting
fitness, ability to fatten adequately during pre-migratory periods and increased
mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
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reluctant to enter an area that does not have an open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Tarenand Shell
Points) are predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specieslife cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(i) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts (albeit in scarcer numbers further south) and is thus not considered to be at
its limit of distribution in the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Sharp-tailed Sandpiper (Calidris acuminata)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This species typically feeds and roosts in saltmarsh at the Barton Park (Eve Street)
wetland and may occasionaly forage and roost in the upper reaches of Penrhyn
Estuary in mudflats and saltmarsh. The species has been recorded at Penrhyn
Estuary in 1995, 1996 (68 individuals) and 1997 (32 individuals). This species is
regularly recorded in the low thousands in the Hunter estuary (Kooragang) and is
abundant inland west of Bourke.

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and little understanding of the extent of such impacts. Disturbance is
defined as a disruption to normal activity patterns. Disturbances to waders may vary
in their intensity, frequency, duration, coverage and predictability and there is often
inter-specific and intra-specific variation in susceptibility of birds to disturbance
which is likely to vary with age, season, weather, location and the degree of
habituation to disturbance. There are two potential consequences of sustained,
localised disturbance to migratory waders, these being birds may have to shift to
aternative, perhaps less favourable feeding grounds and secondly may have their
feeding rate reduced by having to devote time to vigilance and anti-predator
behaviour. Disturbed shorebirds may spend less time foraging whilst increasing
energy-expending behaviours such as fleeing (running, flying). It has also been
suggested that migratory birds may be more prone to disturbance than non-
migratory species as they are only present in a particular area for part of the year
and so have little opportunity to become habituated to the disturbance.

Waders preferably forage in areas where prey density, prey availability and intake
rates are relatively high and where energy expenditure is low. Shorebird densities,
therefore, tend to reach a maximum in the most preferred feeding areas and where
disturbances force birds to shift to alternative feeding areas, questions arise as to
whether such areas are adequate, whether they can accommodate displaced
individuals and what effect increased bird density has on intake rates and the fithess
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of those birds that move. As bird density increases, average intake rates decline in
many species as a result of increased competition, increased prey depletion and a
greater proportion of the population feeding in sub-optimal areas. Where
populations are limited, or are close to limitation by the quality and availability of
habitat, disturbance can have a negative impact on wader populations by affecting
fitness, ability to fatten adequately during pre-migratory periods and increased
mortality.

Some studies that have attempted to experimentally asses the impact of disturbance
on waterbirds have predominantly used the bird's flight response as an index of
disturbance whilst others have only crudely estimated alert distances. In such
studies, a disturbance is introduced and the distance of the birds from the
disturbance at the point of flight is measured. Buffer distances given for many
shorebirds as part of past studies are in the order of 100-400 metres.

Many foraging migratory waders are often disrupted from their typical behaviour
well before a flight response is elicited with some birds shown to be alerted at
distances on average 30-95% greater than those at which they take flight. Following
detection of a disturbance the bird may spend time assessing the degree of threat it
is under and may balance the risk with the benefits of continued foraging or
roosting. As discussed above, this may be particularly significant to migratory
shorebirds during the pre-migratory period of fat accumulation (and post migratory
period of recuperation and moulting) where an increase in food requirements during
this period results in waders trying to maximise their net rate of resource acquisition
and thus invest more time in foraging at the expense of vigilance and anti-predator
behaviour. This is particularly significant for shorebirds whose feeding times are
regulated by tidal flow (and even more significant for small billed waders such as
plovers and stints where foraging areas are further limited by amount of intertidal
area not covered with water at low tide). Frequent and intense disturbance is likely
to affect wader behaviour and reduce the time they spend foraging. Reductions in
feeding may then affect the capacity of waders to fatten at an adequate rate and
therefore prolong the pre-migratory feeding period and departure delay. Such delays
in migration departure from wintering grounds can seriously affect breeding success
of migratory birds, where individuals arriving late at the summer breeding grounds
may be at a disadvantage in the competition for mates and territories.

A change in lighting regime (predicted increase in ambient lighting at night) in
Penrhyn Estuary may result in an increase in vigilant behaviour (area scans) at the
expense of foraging as many shorebirds, particularly those that have been observed
to forage nocturnaly in “relatively dark” areas (such as sand plovers), may feel that
they are more visible to potential predators (feral dogs, cats, birds of prey).
Increased ambient lighting and flashes of light from railway lines may result in the
displacement of the shorebirds to sub-optimal (less preferred) habitat elsewhere in
the estuary.

The current design essentially encloses Penrhyn Estuary and thus may represent a
psychological entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
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reluctant to enter an area that does not have and open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWYS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to shorebirds. Shorebirds are often seen at Penryhn Estuary fleeing from
roosting on the sandy point on the Penrhyn Road side of the channel to the sandy
foothill of the dune on the opposite side of the channel (pers. obs.).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel parale to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies in Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra, Taren-Shell Point) are
predicted to occur (pers. comm., SPC).

The proposal will also result in the loss of remaining areas of shorebird foraging
habitat on Foreshore Beach. The predicted impact on shorebirds however is
considered to be negligible due to the volume of pedestrian traffic and dog walking
on the beach (disturbance issue) and due to the increased beach erosion and
resulting steepness in the elevation profile which has drastically reduced the
suitableness of the bird habitat in this area (lessintertidal flats on neap tides).
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in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposa may result in a significant modification to shorebird habitat and
behaviour at Penryhn Estuary, considered to be an important shorebird habitat for
the species on alocal and regional basis.

It should be noted that few nocturnal shorebird surveys in the Botany Bay estuary
have been undertaken to date and thus data on nocturnal feeding and roosting
habitat for shorebirds is not yet available. Nocturnal feeding is just as important
(sometimes more important) than diurnal feeding for shorebirds and should not be
underestimated in terms of a specie’ s life cycle requirements.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of shorebird feeding and roosting habitat at
Penrhyn Estuary from other known roost sites on the southern shores of the Bay and
from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

No resident or migratory shorebirds in NSW are considered to be adequately
conserved due to the unique location of their intertidal habitat. Smith (1991) notes
that reservation of wader habitat on intertidal lands has posed a particular problem
for NPWS as few coastal reserves include any areas below the high water mark
which are generally Crown land. There has been some success, however, in
establishing aquatic reserves in NSW such as the Towra Point Aquatic Reserve
adjacent to Towra Point Nature Reserve in the Botany Bay estuary which supports
important habitat for many waders such as the Eastern Curlew and Whimbrel.
Kooragang Nature Reserve in the Hunter estuary is one of the few present examples
within an extensive representation of intertidal wader feeding grounds. This species
isregularly recorded in relatively high numbersin the Hunter estuary.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.
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Not Applicable

(1) whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts as well as inland and is thus not considered to be at its limit of distribution in
the Botany Bay estuary.

Section 5A Assessment Conclusion

Given that the proposal presently represents potential significant impacts on shorebird
habitat at Penrhyn Estuary and given that many of the impacts (particularly those relating
to disturbance) are difficult to predict, the precautionary approach must therefore be taken
and thus the preparation of a Species Impact Statement for the speciesis required.

Should the development proceed, and should the proposed enhancement of shorebird
habitat at Penrhyn Estuary not prove feasible, off-site enhancement of existing shorebird
habitat elsewhere in Botany Bay (such as H1 lands at Woolooware Bay) should be
considered. Proposed enhancement of shorebird habitat at Penrhyn Estuary will be
addressed in the SIS for the proposal.
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Sterna albifrons (Little Tern)

(@

in the case of a threatened species, whether the life cycle of the species is likely to
be disrupted such that a viable local population of the species is likely to be placed
at risk of extinction.

This assessment refers to the south-eastern Australian population of the Little Tern
subspecies sinensis which migrates down the east coast of Australia during spring
and summer to nest as solitary pairs or in small colonies (Smith 1991).

This species forages at the mouth of Penrhyn Estuary for small fish and also roosts
at the Estuary. This species has successfully nested in recent years on Towra Spit
Island but was unsuccessful last season to due predators (ravens, gulls). The species
aborted nesting on Towra Spit Island last season and fled to Molineux Point to nest
where roughly 30 chicks fledged, although no data on numbers of nesting pairs were
recorded (pers. comm., Geoff Ross). NPWS note that upwards of 60 pairs of the
bird nested on Towra Spit Island during the past 10 years (pers. comm., Geoff
Ross). Enhancement of habitat at Penrhyn Estuarycoupled with public access
restrictions associated with the proposal may attract the species to nest in the area.
Fox baiting is reportedly underway throughout all areas a Towra Point
Nature/Aquatic reserve in an attempt to minimise the chances of foxes predating on
future Little Tern nesting sites on Towra Spit Island (a concern given that the island
is moving south and the foxes may be able to access the island via mangroves at
Towra Point).

Predicted key impacts from the proposal on this species comprise disturbance to
feeding and roosting from a change in lighting regime, increased noise and vibration
(human and machinery) from the construction and operation of the port (and
associated infrastructure such as railway lines) and potential entry/exit
psychological flyway barrier due to the enclosure of Penrhyn Estuary. Disturbance
issues are discussed below and are based on the author’s general knowledge of
shorebirds in New South Wales estuaries and from a desktop literature review of
shorebird disturbance studies and other generalist bird studies (Paton et a 2000;
Burger 1991; Goss-Custard and Verboven 1993; Smit and Visser 1993; Goss-
Custard et al 1982; Goss-Custard 1980; Lawler 1996; Roberts and Evans 1993;
Batten 1977; Straw 1996; Nelson 1994; Metcalfe and Furness 1984; Weston et al
2000).

There is little quantified and experimental assessment of the effects of disturbance
to waterbirds and seabirds and little understanding of the extent of such impacts.
Disturbance is defined as a disruption to normal activity patterns. There are two
potential consequences of sustained, localised disturbance to the Little Tern, these
being birds may have to shift to aternative, perhaps less favourable feeding grounds
and secondly may have their feeding rate reduced by having to devote time to
vigilance and anti-predator behaviour. Disturbed shorebirds may spend less time
foraging whilst increasing energy-expending behaviours such as fleeing (flying).
The birds may also be disrupted from diurnal and nocturnal roosting activity.
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The current design essentially encloses Penrhyn Estuary and thus may represent a
psychologica entry/exit flyway barrier into and out of the shorebird feeding and
roosting habitat at the Estuary. Despite their physical capabilities, waders are very
reluctant to enter an area that does not have and open aspect (mainly to enable them
to have a clear view of potential predators). Based on both the observed current
flyways of the shorebirds into and out of the Estuary and on standard wader flyway
behaviour, waders currently utilising Penrhyn Estuary fly into the area either from
the south over water or from the west by flying south around the runways and
turning north-east into the Estuary over water. Based on casual recent and historical
URS observations over the years at the site and on discussions with Geoff Ross
(NPWS), Phil Straw (Avifauna Research) and local bird naturalists, waders have not
been observed flying over docks or runways to or from the Estuary (whereas other
suite of bird strike species such as gulls regularly do).

Discussions with Doug Watkins at Wetlands International (Environment Australia)
indicate that Yatsu-Higata a landlocked RAMSAR wetland in Tokyo Bay
(surrounded by industrial development) Japan is reportedly being used by a number
of migratory waders for part of their life cycle requirements. Watkins indicated that
the waders roost at the site and may also feed there at a later stage in a flood tide
(that is, when the tide is coming in) when their primary feeding habitat (exposed
mudflats elsewhere in the Bay) is flooded. Watkins indicated that the waders are
flying over industrialised land because of the absence of any other suitable roost
sites in the Bay (as a result of 80-90% of the Bay being reclaimed). This would
suggest that some waders at Penrhyn Estuary may fly into the Estuary over the
operational docks or negotiate along the 130 metre wide channel paralel to
Foreshore Beach particularly if they are forced to due to alack of remaining suitable
habitat in the Bay. The waders would not be expected to have any difficulty in
negotiating over the proposed road and rail bridges.

The other key potential impact to consider is the effect of any hydrological changes
to the Estuary which may result in changes to shorebird feeding and roosting
habitat. Hydrodynamic modelling studies of Penrhyn Estuary are currently being
undertaken although the results of these studies are not yet complete or available for
review. Nevertheless, SPC have indicated that no significant change in tidal regime,
water levels and elevation profiles of the sand and mudflats are predicted to occur at
Penrhyn Estuary (pers. comm., SPC). SPC also note that no hydrodynamic changes
to other important shorebird habitat areas in the Bay (Towra Point, Taren and Shell
Points) are predicted to occur (pers. comm., SPC).

Exclusion fencing, public access restriction to Penrhyn Estuary and boat ramp
relocation associated with the proposal may minimise part of the human disturbance
element to the Little Tern.

The loss of shallow water areas at Foreshore Beach is not considered to be a
significant issue for this species as this area currently provides little habitat for the
species due to the level of disturbance.
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in the case of an endangered population, whether the life cycle of the species that
constitutes the endangered population is likely to be disrupted such that the viability
of the population is likely to be significantly compromised.

Not Applicable

in relation to the regional distribution of the habitat of a threatened species,
population or ecological community, whether a significant area of known habitat is
to be modified or removed.

The proposal may result in a significant modification to Little Tern habitat and
behaviour at Penryhn Estuary, considered to be an important habitat for the species
on alocal and regional basis.

whether an area of known habitat is likely to become isolated from currently
interconnecting or proximate areas of habitat for a threatened species, population
or ecological community

The proposal may result in the isolation of feeding and roosting habitat at Penrhyn
Estuary from other known feeding and roost sites on the southern shores of the Bay
and from general Bay wide bird movements which are undertaken over water.

whether critical habitat will be affected.

The study area is not listed as critical habitat under Part 3 Division 1 of the
Threatened Species Conservation Act 1995.

whether a threatened species, population or ecological community, or their
habitats, are adequately represented in conservation reserves (or other similar
protected areas) in the region.

Whilst the specie’s main nesting site at Towra Spit Island does fall under the NPWS
estate and is reserved, the constant threat to nesting sites from natural and human
disturbance which cause the bird to seek aternative sites in the Bay on unreserved
land needs to be considered when assessing the conservation status of the speciesin
the locality and region.

whether the development or activity proposed is of a class of development or
activity that is recognised as a threatening processes.

Not Applicable

whether any threatened species, populations or ecological community is at the limit
of its known distribution

This species is regularly recorded in many estuaries on the north and south NSW
coasts and is thus not considered to be at its limit of distribution at Botany Bay
estuary.
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Section 5A Assessment Conclusion

Given that the proposal presently represents potentia significant impacts on feeding and
roosting habitat at Penrhyn Estuary and given that many of the impacts (particularly those
relating to disturbance) are difficult to predict, the precautionary approach must therefore

be taken and thus the preparation of a Species Impact Statement for the species is
required.
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MILLERS POINT NSW 2000
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Dear Mr Turner

DIRECTOR-GENERAL’S REQUIREMENTS FOR THE PROPOSED
EXPANSION OF PORT FACILITIES PORT BOTANY

Thank you for your letter dated 21 June 2002 requesting the Director-General’s
requirements for a Species Impact Statement (SIS) for the proposal cited above.

The National .Parks and Wildlife Service (NPWS) understands that this proposal is

State Significant Development and that the Minister for Planning is the consent

authority under Part 4 of the Environmental Planning and Assessment (EP&A Act)

and has not yet determined whether a SIS is required or not. The NPWS notes that in

your letter you conclude that a SIS is required. However, this dec1s1on 13 the
‘responsibility of the consent authority, planningNSW.

As the Minister for Planning will be the consent authority, the Minister for the
Environment will have and advisory role should threatened, species, populations or
ecological communities be significantly impacted by the proposal.

The NPWS suggests you discuss your proposal with PlanningNSW prior to
commencing the SIS, to determine whether in PlanningNSW’s opinion, a-SIS is
required.

Notwithstanding the above, the following Director-General’s requirements are
issued.
Conservation Procraa
& Planning Divisi =
Central Directoruss
Level 6
43 Bridae Street
P.Q. Box 1967
Hurstville NSW
2220 Australia
Tel: (02) 9383 667 -
Fux: (02) 9585 6441
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The purpose of a SIS is to:

o allow the applicant or proponent to identify threatened species issues and provide
appropriate amelioration for adverse impacts resulting from the proposal; '
o assist consent and determining authorities in the assessment of a development application

under Part 4 or request for Part 5 approval under the Environmental Planning and
Assessment Act 1979 (EP&A Act); assist the Director-General of National Parks and
Wildlife in deciding whether or not concurrence should be granted for the purposes of

Parts 4 or 5 of the EP&A Act;

® assist the Director-General of National Parks and Wildlife or the Minister for the
Environment when consulted for the purposes of Parts 4 or 5 of the EP&A Act; and

® assist the Director-General of National Parks and Wﬂdhfe in the assessment of Section 91

Licence applications lodged under the TSC Act.
Definitions
The definitions given below are relevant to these requirements:

development has the same meaning as in the Environmental Planning and Assessment Act
1979.

activity has the same meaning as in the Environmental Planning and Assessment Act 1979.
proposal is the development, activity or action proposed

- subject site means the area directly affected by the proposal.

study area is the subject site and any additional areas which are likely to be affected by the
proposal, either directly or indirectly.

locality is the area within a 10 km radius of the subject site.

subject species means those threatened species which are known or considered likely to occur
in the study area.

All other definitions are the same as those contained in the TSC Act.
Matters which have been limited or modified
I consider that the following Section 110 matters need not be addressed by your SIS.

° Section 110(2)(e). This section is a replication of Section 110(2)(a).
o Section 110(2)(g) and 110(3)(d). The matters raised in these sections of the TSC Act
have been clarified by the requirements below.

I consider that the following Section 110 matters need only be addressed where relevant:

® All reference to threat abatement plans. No threat abatement plans have currently been
approved in accordance with the TSC Act which are relevant to this proposal.

° Recovery plans: the Draft Little Tem Recovery Plan is relevant to this proposal and can
be found on the NPWS web site at www.npws.nsw.gov.au.

e Key threatening processes. The following key threatening processes are considerad
relevant to this proposal:




» High frequency fire resulting in the disruption of life cycle processes in plants,
animals, and loss of vegetation structure and composition. ,
> Clearing of native vegetation.
> Anthropogenic climate change. o
° All reference to critical habitat. At the time of prmtmg the areas of declared critical
habitat are not relevant to this proposal.

The proponent should be aware that recovery plans may be approved, critical habitat may be
declared and key threatening processes may be listed between the issue of these requirements
and the granting of consent. If this occurs these additional matters will need to be addressed in
the SIS and considered by the consent, determining or concurrence authority.

Matters to be Addressed

The TSC Act provides that the SIS must meet all the 'matters specified in Sections 109 and
110 of the TSC Act with the exception of those matters limited above. The requirements
outlined in Sections 109 and 110 (excluding the matters limited above) have been repeated
below (italics) along with the specific Director-General’s Requirements for your proposal.

1 Form of the species impact statement
1.1 A species impact statement must be in writing (Section 109 (1))
1.2 A species impact statement must be s:gned by rke prmczpal author of the
‘ statement and by: :
‘(a) . the applicant for the licence, or V
(b) if the species impact statement is prepared for the purpases of the

Environmental Planning and Assessment Act 1979, the applicant for
development consent or the proponent of the activity proposed to be carried
out (as the case requires) Section 109(2))

2 Contextual information
2.1 Description of proposal, subject site and study area

A species impact statement must include a full description of the action proposed,
including its nature, extent, location, timing and layout (Section 110 (1))

A full description of the action includes a description of all associated actions, including, but
not restricted to: installation and maintenance of utilities, fire protection zones, access and
egress routes; and changes in surface water flows. These actions may occur on or off the
subject land.

2.2 Provision of relevant plans and maps

A plan of the subject area, including the scale of the plan, shall be provided. An aenal
photograph (preferably colour) of the locality (or reproduction of such a photograph) shall
also be provided, if possible. This aerial phmocraph should clearly show the subject site and
the scale of the photograph.



A topographic map of the site and immediate surrounds at a scale of 1:25000 should be
provided. This map should detail the location of the proposal and location of works on site.
The map should also show forested and cleared areas in the immediate ‘area and current
activities/usage of this land including rural and agricultural.

A map of the locality, showing any locally significant areas for threatened species such as
parks and reserves, and areas of high human activity such as townships, regional centres and
major roads will also be provided. The location, size and dimensions of study area shall be
provided.

2.3 Land tenure information

Information about the land tenure across the study area shall be provided. Any limitations to
sampling across the study area (eg denied access to private land) shall be noted.

3 Initial assessment
A general description of the threatened species or populations known or likely to be
present in the area that is the subject of the action and in any area that is likely to be

affected by the action (Section 110 (2)(a))

3.1 Identifying subject species

3.1.1 Assessment of available information

In determining these species (the subject species), consideration shall be given to the habitat
types present within the study area, recent records of threatened species or populations in the
locality and the known distribution of threatened species.

Databases such as the NPWS Atlas of NSW Wildlife, Australian Museum and Royal Botanic
Gardens should be consulted to assist in compiling the list. It should be noted that if the
NPWS Atlas is the only database which is referred to, due to data exchange agreements, the
data provided by the NPWS will only include that which the NPWS is a custodian for. In
many cases this may only be a small subset of the data available. Other databases must also be
consulted to create a comprehensive list of subject species.

The following shall be considered for inclusion in the list of subject species:

Threatened Species

Fauna
*Sanderling Calidris alba
*Great Knot Calidris tenuiorstris

*Large (Greater) Sand
Plover

*Mongolian Plover
*Broad-billed Sandpiper
Pied Oystercatcher
Sooty Oystercatcher
*Terek Sandpiper

Charadrius leschenaultii

Charadrius mongolus
Limicola falcinellus
Haematopus longirostris
Haematopus fulinginosus
Xenus cinereus




*Little Tern Sterna albifrons

* indicates species that are listed on the Enw;onment Protection and Biodiversity
Conservation Act 1999 as migratory waders.

Endangered populations

None

Endangered ecological communities
Taren Point Shorebird Community (NSW Smentlﬁc Committee 1998)
The characteristic assemblage of shorebird species in the community is:

Latham's Snipe Gallinago hardwickii (Gray, 1831)
Bar-tailed Godwit Limosa lapponica " (Linnaeus, 1758)
Whimbrel - Numenius phaeopus (Linnaeus, 1758)
Eastern Curlew Numenius madagascariensis (Linnaeus, 1766)
Marsh Sandpiper Tringa stagnatilis (Bechstein, 1803)
Common Greenshank Tringa nebularia (Gunnerus, 1767)
Terek Sandpiper Xenus cinereus (Guldenstadt, 1775)

(Linnaeus, 1758)
(Vieillot, 1816)

Actitis hypoleucos
Heteroscelus brevipes

Common Sandpiper
Grey-tailed Tattler

Ruddy Turnstone Arenaria interpres (Linnaeus, 1758)
Great Knot Calidris tenuirostris (Horsfield, 1821)
Red Knot Calidris canutus (Linnaeus, 1758)
Red-necked Stint Calidris ruficollis (Pallas, 1776)
Sharp-tailed Sandpiper Calidris acuminata .~ (Horsfield, 1821).
Curlew Sandpiper Calidris ferruginea (Pontoppidan, 1763)
Pied Oystercatcher Haematopus longirostris Vieillot, 1817

Sooty Oystercatcher Haematopus fuliginosus - Gould, 1845
Pacific Golden Plover Pluvialis fulva (Gmelin, 1789)
Grey Plover Pluvialis squatarola (Linnaeus, 1758)
Masked Lapwing Vanellus miles

(Boddaert, 1783)

This list is not exhaustive. One of the roles of an SIS is to determine which species may be
utilising a development site given the limitations of existing databases. Justification for
excluding any of the threatened species, endangered populations’ or endangered ecological -
communities from the list of subject species must be given in the SIS.

4 Survey |
4.1 Requirement to survey

A fauna and flora survey is to be conducted in the study area. Targeted surveys shall be
conducted for all subject species determined in accordance with Section 3 above. Previous
surveys and assessments may be used to assist in addressing this requirement. Species of
taxonomic uncertainty shall be confirmed by a recognised authority such as the Australian
Museum or National Herbarium at the Royal Botanic Gardens, Sydney.




4.2 Documentation of survey effort and technique

42.1 Description of survey techniques and survey sites

Survey téchnique(s) should be described and a reference given, where available, outlining the
survey technique employed. - - ‘

Survey site(s) should be identified on a clearly keyed map. The size, orientation and
dimensions of quadrat or length of transect should be clearly noted for each type of survey

technique undertaken. Full AMG grid references for the survey site(s) should be noted.

422 Documenting survey effort and results

Attachment 1 provides survey proformas for use by field staff when applying a range of
standard fauna survey techniques. Digital copies of these proformas are available by electronic
mail. Please contact the nominated contact officer below. These proformas should be used by
_ field staff when undertaking fauna surveys and completed data sheetsare to be included as an
appendix to the SIS. ' '

The time invested each time a survey technique is applied shall be summarised in the SIS,
based on completed proformas. eg - Number of person hours/transect, duration of call
playback, number of nights traps set.

It is not sufficient to aggregate all time spent on all survey teChniques. Effort must be
expressed each time a survey technique is applied.

Personnel details including name of surveyor(s) and contact phone number. The person who
identified records (eg, anabat, hair tubes, scat analysis) should also be identified. -

Environmental conditions during the survey should be noted at the commencement of each
survey technique.

5 Assessment of likely impacts on threatened species and populations

Section 5 needs only be addressed if threatened species or endangered populations are likely
to be affected. ' 4

Assessment of impacts should include the assessment of indirect impacts and those of
associated activities, including, but not restricted to: installation and maintenance of utilities,
access and egress routes; and changes in surface water flows. These actions or impacts may
occur on or off the subject land.

Assessment of impacts should also include impacts from the provision of fire protection
zones. If, as part of the development, there will be a requirement to provide fuel free and/or
fuel reduced zones in retained bushland, the impacts of this on any threatened species and/or
populations must be addressed as part of the impacts of the overall proposal. Proponents
should also consider recommendations in “Planning for Bushfire Protection’ (PlanningNSW




2002) and consider the use of pcrimeler roads as an option in providing fuel free zones and
reducing impacts on retained bushland.

From the information provided for this proposal, it would appear that the direct impacts
include removal of wader roosting and foraging habitat on site, disruption of existing natural
flyways and disturbance to foraging, nesting and roosting behaviours on remaining habitat.
Indirect impacts of the proposal include displacement of individuals to other foraging areas in
Botany Bay where habitats may be at capacity, changes to hydrological regimes and influences
on prey availability.

5.1 Assessment of species likely to be affected

An assessiment of which threatened species or population known or likely to be present
in the area are likely to be affected by the action (Section 110(2)(c))

This requirement is asking you to refine your list of subject species and populations (given the
outcome of survey and analysis of likely impacts) in order to identify which threatened species

or endangered populations may be affected and the nature of the impact.

The remaining requirements in this section need only be addressed for those species which are
likely to be affected by the proposal.

5.2 Discussion of local and regional abundance

An estimate for the local and regional abundance of those species or populations

(Section 110 (2)(d))

5.2.1 Discussion of other known local populations

A discussion of other known populations in the locality shall be provided. The long term
security of other habitats shall be examined as part of this discussion. The relative significance
of the subject site for threatened species or endangered population in the locality shall be
discussed.

5.2.2 Discussion of habitat utilisation

An estimate of the numbers of individuals utilising the area and how these individuals use the
area (eg residents, transients, adults, juveniles, nesting, roosting, foraging) and discussion of
the significance of these individuals to the viability of the threatened species or endangered
population in the locality.

5.2.3 Description of vegetation

The vegetation present within the study area and the area covered by each vegetation
community should be mapped and described. Include reference to the vegetation classification
system used (eg Specht). Classification must have regard to both structural and floristic
elements. '



5.2.2 'Discuésfon of corridors

If movement corridors for threatened species or endangered community are present within the
subject site, the impact of the proposal on these areas shall be discussed.

5.3 Assessment of habitat .
A full descrzpfzon of the type, location, size and condition of the habitat (including critical
habitat) of those species and populations and details of the distribution and condztzon of

similar habitats in the region (Section 110 (2)(f))

5.3.1 Description of habitat values

Specific habitat features shall be described (eg frequenéy and location of stags, hollow bearing
trees, culverts, rock shelters, rock outcrops, crevices, caves, dramage lines, soaks etc) and the
density of understorey vegetation and groundcover.

The condition of the habitat within the study area shall be discussed, including the prevalence
of introduced species, species of weeds present and an estimate of the total weed cover as a
percentage of each vegetation community, whether trampling or grazing is apparent, effects of
erosion, prevalence of rubbish dumping, history of resource extraction or logging and
proximity to roads.

Details of the subject site’s fire history (eg frequency,:,tirne since last fire, intensity) and the
source of fire history (eg observation, local records), shall be provided. »

5.4 Discussion of conservation status

For each species or population likely to be affected, details of its local, regional and
State-wide conservation status,...[and]... its habitat requirements ... (Section 110(2)(c))

Assessment should include reference to the threatening processes which are generally
accepted by the scientific community as affecting the species or population and are likely to be
caused or exacerbated by the proposal. Assessment should also include reference to any
approved or draft recovery plans (See Attachment 2 and Draft Little Tern Recovery Plan at
www.npws.nsw.gov.au) which may’ be relevant to the proposal.

5.5 Description of feasible alternatives

A description of any feasible alternatives to the action that are likely to be of lesser
effect and the reasons justifying the carrying out of the action in the manner proposed,
having regard to the biophysical, economic and social considerations and the principles
of ecologically sustainable development (Section 110(2)(h))

Where a Statement of Environmental Effects, Environmental Impact Statement or Review of
Environmental Factors deals with these matters, the SIS may refer to the relevant section of
the SEE, EIS or REF.




This condition must include details of the condition and use of other parts of the subject area
and why these can or cannot be considered as feasible alternatives. :

6 Assessment of likely impacts on endangered ecological communities

Section 6 need only be addressed when endangered ecological communities are likely to be
affected. :

Assessment of impacts should include the assessment of indirect impacts and those of
associated activities, including, but not restricted to: installation and maintenance of utilities,
access and egress routes; and changes in surface water flows. These actions or impacts may
occur on or off the subject land.

Assessment of impacts should also include impacts from the provision of fire protection
zones. If, as part of the development, there will be a requirement to provide fuel free and/or
fuel reduced zones in retained bushland, the impacts of this on any endangered ecological
communities must be addressed as part of the impacts of the overall proposal. Proponents
should also consider recommendations in ‘Planning for Bushfire Protection’ (PlanningNSW
2002) and consider the use of perimeter roads as an option in providing fuel free zones and
reducing impacts on retained bushland.

From the information provided for this proposal, it would appear that the direct impacts
include removal of wader roosting and foraging habitat on site, disruption of existing natural
flyways and disturbance to foraging and. roosting behaviours on remaining habitat. Indirect
~impacts of the proposal include displacement of individuals to other foraging areas in Botany
Bay where habitats may be dt capacity, changes to hydrological regimes and influences on
prey availability.

6.1 Assessment of endangered ecological communities likely to be affected

A general description of the ecological community present in the area that is the subject
of the action and in any area that is likely to be affected by the action (Section

110(3)(a))

6.2 Assessment of habitat
A full description of the type, location, size and condition of the habitat of the ecological
community and details of the distribution and condition of similar habitats in the region

(Section 110 (3)(c))

6.2.1 Description of disturbance history

If the site shows signs of disturbance. details should be provided of the site’s disturbance
history and an assessment should be made of the ability of the ecological community to
recover to a pre-disturbance condition.




6.2.2 Extent of habitat removal

The location, nature and extent of habitat removal or modification which may result from the
proposed action should be provided, including the cumulative loss of habitat (roosting nesting
and foraging) from the study area (including all those areas in the subject area already with
_development consent or identified for development) and the 1mpacts of this on the v1ab1hty of
the endangered ecological community in the locality.

6.3 Discussion of conservation status

For each ecological community present, details of its local, regional and State-wide
conservation status...[and]... its habitat requirements...(Section 110(3)(b))

Assessment should include reference to the threaténing processes which are generally
accepted by the scientific community as affecting the endangered ecological community and
are likely to be caused or exacerbated by the proposal. Assessment should also include
reference to any approved or draft recovery plans (See Attachment 2 whlch may be relevant
to the proposai

6.3.1 Significance within a local context

An assessment of the community on the site in relation to other sites in the study area and in
the locality. The tenure and long term secunty of other localities shall be examlned as part of
this discussion. : :

The relative significance of the subject site for the endangered ecological community shall be
discussed. The assessment of the community should be considered in terms of the following
features including, the size of the remnant, the quality of the habitat and the level of
disturbance on this site in comparison to other sites in the locality.

6.3.2 Discussion of corridor values

The potential of the proposal to increase fragmentation of the community and increase edge
effects.

If corridors that allow connectivity between localities of endangered ecological communities
are present within the subject site, the impact of the proposal on these areas shall also be
discussed.

6.4 Description of feasible alternatives

A description of any feasible alternatives to the action that are likely to be of lesser
effect and the reasons justifying the carrying out of the action in the manner proposed
having regard to the biophysical, economic and social considerations and the principles
of ecologically sustainable development (Section 110(3)(e))




Where a Statement of Environmental Effects, Environmental Impact Statement or Review of
Environmental Factors deals with these matters, the SIS may refer to the relevant section of
the SEE, EIS or REF. :

This condition must include details of the condition and use of other parts of the subject area
and why these can or cannot be considered as feasible alternatives.

7 Ameliorative measures

7.1 Description of ameliorative measures
A full description and justification of the measures proposed to mitigate any adverse
effect of the action on the species and populations and ecological community including
a compilation (in a single section of the statement) of those measures (Section 110 (2)(i)

and Section 110 (3)(f))

7.1.1 Long term management strategies

Consideration shall be given to developing long term management strategies to protect areas
within the study area which are of particular importance for the threatened species or
endangered populations likely to be affected. This may include proposals to restore or
improve habitat on site where possible. :

7.1.2 Compensatory strategieé A

Where significant modification of the proposal to minimise impacts on threatened species or
endangered communities is not possible then compensatory strategies should be considered.
These may ‘include other offsite or local area proposals that contribute to long term
conservation of the threatened species, population or endangered ecological community.

Where such proposals involve other lands, or where involvement of community groups is
envisaged in such proposals, such groups are to be consulted and proposals should contain
evidence of support from these stakeholders and relevant land managers.

Compensatory benefits likely to result from such measures proposed for alternative sites are to-
be discussed and evaluated along with a discussion of mechanisms of how they might best

occur.

7.1.3 Ongoing monitoring

Any proposed pre-construction monitoring plans or on-going monitoring of the effectiveness
of the mitigation measures shall be outlined in detail, including the objectives of the
monitoring program, method of monitoring, reporting framework, duration and frequency.
Generally, ameliorative strategies which have not been proved effective should be undertaken
under experimental design conditions and appropriately monitored. -




7.1.4 Translocation

The NPWS does not consider that translocation of threatened species, populations and
ecological communities is an appropriate ameliorative strategy for the purposes of considering
impacts of a particular development/activity. The NPWS strongly supports the view that
development proposals which may impact on a significant local population of threatened
‘species, populations or ecological communities as determined by the SIS should aim to:

i. Minimise the impacts by considering all possible alternatives to the development, such
that a significant impact is not likely; and

ii. Manage the remaining habitat (if any) to ensure that the local population continues to
exist in the long term.

The translocation of threatened species, populations and ecological communities is only "
supported by the NPWS in specific conservation programs (eg. recovery planning) but only as
a last resort, and only when in-situ conservation options have been exhausted. Such programs
should only be reconsidered following extensive investigation of ‘a demonstrated long term
financial commitment on behalf of the applicant. -

8 Assessment of significance of likely effect of proposed action

An eight part test assessment (sSA EP&A Act) is to be provided for each of the affected
species (threatened species, populations or ecological communities) identified in the SIS,
incorporating relevant information from sections 5.1 to 7-of the SIS. On the basis of these
assessments a conclusion is to be provided concerning whether, based on more detailed
assessment through the SIS process and consideration of alternatives and/or ameliorative
measures proposed in the SIS, the proposal is still considered likely to have a significant effect
on threatened species, populations or ecological communities or their habitats.

9 Additional Information
9.1 Qualifications and experience

A species impact statement must include details of the qualifications and experience in

threatened species conservation of the person preparing the statement and of any other

person who has conducted research or investigations relied on in preparing the
- statement (Section 110(4)) ‘ '

9.2 Other approvals required for the development or activity

A list of any approvals that must be obtained under any other Act or law before the
action may be lawfully carried out, including details of the conditions of any existing
approvals that are relevant to the species or population or ecological community
(Sections 110(2)(j) and 110(3)(g)))

In providing a list of other approvals the following shall be included:
° Where a consent is required under Part 4 of the Environmental Planning and

Assessment Act 1979, the name of the consent authority and the timing of the
development application should be included; or



° Where an approval(s) is required under Part 5 of the Environmental Planning and
Assessment Act 1979, the name of the determining authority(ies), the basis for the
approval and when these approvals are proposed to be obtained should be included.

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)

An action will require the approval of the Federal Minister for the Environment (in addition to
any State or Local Government approval or determination) if that action will have, or is likely
to have, a significant impact on a matter of national environmental significance. Threatened
species and communities listed in the Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act) are considered to be a matter of national environmental significance.

Many of the species and ecological communities listed in the NSW Threatened Species
Conservation Act 1995 (NSW) are also listed in the Commonwealth EPBC Act. Further
information regarding the operation of the EPBC Act (including Federally listed threatened
species and communities) may be obtained from Environment Australia’s website
www.ea.gov.au or by contacting Environment Australia on 1800 803 772.

It should be noted that Environment Australia has declared the proposed expansion, and all
associated and operation activities, to be a controlled action under the EPBC Act.

9.3  Licensing matters relating to the survey
Persons conducting flora and fauna surveys must have appropriate licences or approvals under
‘relevant legislation. The relevant legislation and associated licences and approvals that may be

required are listed below:

National Parks and Wildlife Act 1974:

° General Licence (Section 120) to harm or obtain protected fauna (this may include
threatened fauna).

° Licence to pick protected native plants (Section 131).

Threatened Species Conservation Act 1995:

J Licence to harm threatened animal species, and/or pick threatened plants and/or

damage the habitat of a threatened species (Section 91).
Animal Research Act 1985: ‘
° Animal Research Authority to undertake fauna surveys.

9.4 Section 110 (3) reports

Section 110(5) of the Threatened Species Conservation Act 1995 has the effect of requiring
the NPWS to provide that information regarding the State-wide conservation status of the
subject species as it has available, in order to satisfy ss.110(2)&(3) of the Act. To this end, a
number of publications have been produced:

A.The NPWS Biodiversity Management Unit (Biodiversity Research and Management
Division) has produced a set of profiles for a number of threatened species, populations and
ecological communities and are available on the NPWS website (www.npws.nsw.gov.au).
Some of these are relevant to the suggested list of subject species for this development.




B. The Central Directorate Threatened Species Unit has also produced a number of profiles
and environmental assessment guidelines for species, populations and ecological
communities (Refer to Attachment 3).

The profiles and/or guidelines listed in attachment 3, along with an LGA by LGA listing of
known threatened species within Cenfral Directorate, are also available as a folder for
purchase from the Central Directorate Threatened Species Unit for $110. Registration to
this folder entitles the owner to periodic updates, including new profiles and EIA
guidelines. A copy of the order form for this resource is also attached.

Proponents and consultants should note that the NPWS has no further published information
available to satisfy s.110(5) of the Act and that purchase or receipt and use of the above
profiles can be taken to have satisfied the requirements of $s.110(2)&(3) in relation to the
State-wide conservation status of the listed species, populations and ecological communities.

Should you require any further information on these requirements please contact Phil Glass on
02 9585 6619 or by email at philip.glass@npws.nsw.gov.au.

Yours sincerely

Robert Huntphi ,
Manager, Threatened Species Unit
Central Directorate

as delegate to the Director-General




Survey Details

Date of survey
Name of surveyor

Name of person analysing
calls

Total effort expressed in
person hours

Location Details

Location (including basic

Contact number

Contact number

habitat) description

Map number Map name
Type of survey, eg. transect ,
or quadrat AMG Zone

Active or passive search

Survey area
Eastings (6 digits)

Eastings (6 digits)

Start time (24hr)

Weather Details

At start of survey, record:
Wind direction and speed*
Temperature (°C)

Comments

Size of survey area (ha)

Northings (7 digits)
Northings (7 digit)

End time (24 hr)

Cloud cover*
Rain*

Moon*




Attachment 1:

Species name (Scientific/Common)

Ob.
type'

MH
type

Grid reference (full AMAs
ie Eastings and Northings)

Accuracy

* Sec Appendix | Standard reporting codes




Survey Details

Name of surveyor |

Number of surveyors

Total effort expressed in

Contact number

Date of survey

Number of hectares covered
or transect or point

~ person hours dimensions
‘Location Details
Location description
Map number Map name
Full AMG reference(s) for '
survey site or transect AMG Zone
Start details Finish details _
Easting (6 digits) Easting (6 digits)
Northing (7 digits) Northing (7 digits)
Start time (24hr) End time (24 hr)

Weather Details

At start of survey, record:

Cloud cover*

Wind direction and speed* Rain’
Temperature (°C) Moon*
Comments
Species name Ob. MH | Grid reference (full AMGs) Accuracy -

type'

type’

* See Appendix 1: Standard reporting codes




Attachment 1:

Species name

QOb.
type'

MH
type

Grid reference (full AMGs)

Accuracy

* See Appendix |: Standard reporting codes




Survey Details

Contact number

Name of surveyor

Date of survey

Type of amplification

Duration of call playback

Duration of listening

(loudhaler, tape deck only)

(minutes) (minutes)
Location Details
Location description
Map name Map number
Full AMG reference(s) for
survey site or transect AMG Zone
Easting (6 digits) Northing (7 digits)
Start time (24 hr) End time (24 hr)
Weather Details Temperature (°C)
At start Of survey, ’fecord
Cloud ;over* Moon*
Wind direction and speed* Rain* .
Comments

Playback details Species response

Time (24hr) | Call Species Name

Time
(24hr)

Species name

No Ind

Comments

* See Appendix A Standard reporting codes




Playback details Species response

Time Call Species Name || Time Species name No Ind Comments

(24hr) (24hr) )

* See Appendix A Standard reporting codes



Survey Details

Name of principle surveyor
Name of person analysing

calls

Date of survey

Location Details

Location description

Contact number

Contact number

GMA handheld or set and
left -

Time delay used - yes/no
Start details or point location
Map name

Full AMG reference(s) for
survey site or transects

Easting (6 digits)

Start time (24 hr)

Weather Details

At start of survey, record
Temperature (°C)

Cloud cover*

Wind direction and speed*®

Comments

Finish details

Map number

AMG Zone
Northing (7 digits)

Finish time (24hr)

Moon*

Rain*




DATE

TIME

AMGs

DEFINITE

PROBABLE

POSSIBLE

(24 hr)

if used

Species name

Species name

Species name

* See Appendix A Standard reporting codes




Survey Details

Name of principle surveyor

Location description

Contact number

Start date End date

Type of trap

Time/date trap checked

Location Details .

Map number Map name

AMG Zone

Survey site

Eastings (6 digits) Northing (7 digits)

Weather Details

At start of s’u.rvey, record .

Cloud cover Moon

Wind direction and speed” Rain’

Temperature (°C)

Comments

Date Species name Sex | Wt Forearm | Comments
(@ | (mm)

* See Appendix A Standard reporting codes




Survey Details

Name of surveyor

Date traps set

Type of trap (e.g. Elliot type
B cage)

Number of traps

Length of transect or grid
dimensions

Location Details

Location description

"~ ELLIOTT/PITFALL/ CAGE TRAPPING SURVEY PROFORMAS

Contact number

Date traps collected

Dimensions of trap (length x
breadth x width)

Intervals between traps

Bait used (e.g. meat type,
peanut butter/oats)

AMG Zone

Transect start or grid corner Transect end or grid comer
Easting (6 digits) Eastings (6 digits)

Northing (7 digits) Northing (7 digits)

‘Cominen’ts

Date Trap Trap Species name Sex Comments
trap No* position**

checked

* Trap number should correspond to map outlining location of traps

*#*For example ground or tree mounted




Date Trap Trap Species name Sex Comments
trap No* position**
checked

* Trap number should correspond to map outlining location of traps
**For example ground or tree mounted




Survey Details
Name of surveyor
Date of survey

Number of surveyors

Length of transect or grid

"~ SPOTLIGHTING SURVEYPROFORMA

- Contact number

On foot or in vehicle

Total effort expressed in
person hours

Temperature (°C)

Comments

dimensions Number of lights
Wattage of spotlight

- Location Details
Location (including basic
habitat) description
‘Map name ‘Map number
AMG Zone
Start details Finish details
Easting (6 digits) Eastings (6 digits)
Northing (7 digits) Northing (7 digits)
Start time (24 hr) End time (24 hr)
Weather Details
At start of survey, record o
Cloud cover Moon
Wind direction and speed’ ‘Ra'm'




Date, | Species Name Ob No Indi | Grid reference (full | Accuracy | Comments
time type AMGs)
(24h)

* See Appendix A Standard reporting codes




. HAIRTUBE SAMPLING ANALYSIS SURVEY PROFORMA

Survey Details

Name of surveyor. Contact number

Name of person aralysing

hairs ’ ' Contact number

Date traps set " Date traps collected

Size of tube (diameter an;i ' - " Number of tube

length) '

Spacing between tubes : Bait used (e.g. meat type,
peanut butter & oats)

Length of transect or grid
dimensions

Location Details

Location description

AMG Zone
' Map name Map number
Transect start " Transect end
Easting (6 digits) o o : Eastings (6 digits)
Northing (7 digits) Northing (7 digits)
Commeﬁts
Tube Tube Definite Probable Possible
No* position
g

* Tube number should correspond to map outlining location of tubes
**For example ground or tree mounted




Appendix 1: Standard reporting codes

Cloud cover. Record cloud cover in eights of sky.

Moon. Record using the following codes. 0=None, 1=1/4 moon, 2=1/2 moon, 3=3/4 moon, 4=full
moon: ' :

Wind direction and speed. Record wind direction to nearest cardinal point. Record wind speed using
the following codes. O=calm 1= Light, leaves rustle 2= Moderate, branches move 3=Strong, tops of

trees move

Rain. Record using the following codes. 0=none, 1=drizzle - light, 2=drizzle - heavy 3=heavy rain

Observation type. Use the following codes.

1

O  Observed (sighted) R Road kill F  Tracks, scratching
W Heard call D Dog kill z In raptor/owl peliet
X In scat C Cat kill M~ Miscellaneous

T Trapped or netted v Fox kill E Nest or roost

H Hair or feathers S Shot Y Bones or teeth

A Stranded/beached 1 Fossil/sub-fossil N Not located

Microhabitat type. Use the following codes

AC Flying above canopy 1B In burrow ‘ OB On béach‘sand
BR  In/onbridge IC Incave y OL  On log

BU In building IG In grass OR On rock

CK Crevice in rock IH In tree hollow OW  Over water
CL Crevice in log IL In litter RD On read

DA Farmy/fire dam IR In reeds TK On trunk

DT In dead tree (stag) IS In soil UB Under bark
EW  Edge of water IT In live tree uc Upper canopy
FC In/on post or stump W In water UG Undergrowth
FL Flying within canopy LC Lower canopy - UL Under log
GR  Onground LS  Low shrub UR  Under rock

HS High shrub MC  Mid canopy WH  Waterhole




" i VERTEBRATE FAUNA SURVEY OPPORTUNISTIC RECORDS OFF SITE

Survey name

. Fauna surveyors
Surveyor’s contact details Call analysis
AGM Zone
.Date Time | Site# | Easting Northing | Species Name No Ob. MH* | Notes/Field No**
| (full 6 (full 7 In | type* | type*
digits) digits) d

* See over

** Include initials of observer and any other information that will help relocation of site.




Notes on Opportunistic records off site

Observation type

MH (microhabitat) type

»omo3 v XK

Use the following codes:

O  Observed (sighted)

W Heard call
+In scat
Scat
Trapped or netted
Hair or feathers
Stranded/beached

Use the following codes:

AC Flying above canopy
BR In/on bridge

BU In building

CK Crevice in rock

CL Crevice in log

DA Farm/fire dam

DT In dead tree (stag)
EW Edge of water.

FC In/on post or stump
FL Flying within canop)"
GR On ground

HS High shrub

Road kil
Dog kill
Cat kill
Fox kill
Dead
Shot

w XN < 0O 0 »

—t

Faossil/subfossil

3

IB  Inburrow

IC Incave

IG Ingrss

IH Intree hollow
IL  Inlitter

IR Inreeds

IS Insoil

IT In(live)tree
W In watér

LC Lower canopy
LS Low shrub
MC Mid canopy

Tracks, scratching
In raptor/owl pellet
Miscellaneous
Nest or roo’st

Burnt

Bones or teeth

Z < W mZ N T

Not located

. OB On (beach) sand

OL Onlog

~OR Onrock

OW Over water
RD On road

TK On trunk

UB Under bark
UC Upper canopy
UG Undergrowth
UL Under log
UR Under rock
UT Under iron
WH Waterhole




FAUNA SURVEY OPPORTUNISTIC RECORDS AT STANDARD SURVEY SITES

AGM Zone Map number

Map name Grid references

For fauna and threatened flora detected opportunistically from standard survey sites.
One area per sheet. .

Area:
Date/ | Site Sp. Species Name Nolnd | Obs MH Breed. | Notes**
time Code type* type* type*
(24 h) *

* See over #*%Please include initials of observer.




Notes on Opportunistic records off site

Observation type

MH (microhabitat) type

Breeding type

Use the following codes:

> m A4 v X g O

Use the following codes:

AC
BR
BU
CK
CL
DA
DT

Observed (sighted)
Heard call

In scat

"Scat

Trapped or netted
Hair or feathers

Stranded/beached

Flying above canopy
In/on bridge

In building

Crevice in rock
Crevice in log
Farmy/fire dam

In dead tree (stag)

EW Edge of water

FC
FL
GR
HS

Use the following codes:

D
E

In/on post or stump
Flying within canopy
On ground

High shrub

not braéding
Distraction display

Eggs

R G @ T s B

Road kill
Dog kill
Cat kill
Fox kill
Dead
Shot

Fossil/subfossil

In burrow

In cave

In grss

In tree hollow
In litter

In reeds

In soil

In (live) tree

In water

. Lower canopy

Low shrub

MC Mid canopy

Gravid
Immature
Juveniles

Lactating

Tracks, scratching
In raptorfowl pellet
Miscellaneous
Nest or roost
Burnt -

Bones or teeth

Z o< WwomZ N

Not located

OB On (beach) sand
OL Onlog

OR Onrock

OW Over water

RD On road

TK On trunk

UB Under bark

UC Upper canopy

UG Undergrowth
UL Under log :

UR Under rock
UT Under iron
WH Waterhole

M Nestling

N Nesting

P Pregnant ‘,
Y  Yes, but no details




Approved Recovery Plans under the TSC Act 1995:

_ Attachment 2: RECOVERY PLANS

. As at 30" June 2002.

Species Common Name Approval Date
Allocasuarina portuensis Nielsen Park Sheoak 10/05/00
Angiopterus evecta Giant Fern 23/1/02
Cercartetus concinnus Western Pygmy Possum 31/5/02
Egernia margaretae Centralian Ranges Rock-skink 30/06/00
Eleocharis tetraquetra ) 01/12/99
Emydura macquarii Bellinger River Emydura 29/06/01
Epacris hamiltonii 29/06/01
Eulamprus leuraensis Blue Mountains Water Skink 29/06/01
Grevillea kennedyana Flame Spider-flower ©7/06/00
Grevillea obtusiflora ssp. 29/06/01
obtusiflora and ssp. fecunda
Grevillea wilkinsonii Tumut Grevillea 24/08/01
Hakea pulvinifera 25/05/00
Leionema lachnaeoides 01/10/01
Litoria castanea & L. piperata | Yellow-spotted Bell Frog and 29/06/01

: ) Peppered Frog '
Litoria spenceri Spotted Tree Frog - 29/06/01
Lost Threatened Flora of SE 28/2/01
NSW
Neobatrachus pictus Painted Burrowing Frog 17/05/00
Paralucia spinifera Bathurst Copper Butterfly 29/06/01
Persoonia mollis ssp. maxima 15/05/00
Placostylus bivaricosus Lord Howe Island Large land 14/12/01

Snail

Pterostylis sp Botany Bay (A. Botany Bay Bearded Greenhood 07/09/01
Bishop J221/1-3)
Prostanthera junonis Somersby Mintbush 01/12/00
Pseudophryne corroboree Southern Corroboree Frog 29/06/01
Thersites mitchelliae Mitchell’s Rainforest Snail 29/06/01
Threatened Alpine Plant Anemone Buttercup, Feldmark 29/06/01
Species: Ranunculus Grass, Raleigh Sedge & Shining B
anemoneus, Erythranthera Cudweed
pumila, Carex raleghii &
Euchiton nitidulus
Wollemia nobilis Wollemi Pine 01/09/98
Zieria adenophora Araluen Zieria 29/06/01
Zieria prostrata 23/01/99

Endangered Populations Approval Date
Manly Point population of Little Penguin 28/08/00
(Eudyptula minor)




Approved Threat Abatement Plans under the TSC Act 1995:

As at 30" June 2002.

Threat Abatement Plans

Approval Date

‘| Predation by the Red Fox (Vulpes vulpes)

18/1/02




Draft Recovery Plans exhibited under the TSC Act 1995:

Minnow

As at 30" June 2002.

Species Common Name Exhibition Date

‘| Acacia pubescens '‘Downy Wattle 6/4/01
Amytorma textilis Thick-billed Grass-wren 23/11/01
Antechinomys laniger Kultarr 23/11/01
Bertya sp. A Cobar-Coolabah 23/11/01
Boronia granitica Granite Boronia 18/2/02
Burramys parvus Mountain Pygmy Possum 27/8/01
Caladenia arenaria 24/6/02
Elaeocarpus sp. Rocky Creek 28/6/02
(syn E. sp. 2 “Minyon”) \
Eriocaulon carsonii Salt Pipewort 3/6/02
Gallirallus sylvestris Lord Howe Woodhen 17/12/01
Genoplusium plumosum Tallong Midge Orchid _ 16/11/01
Genoplesium vernale East Lynne Midge Orchid 16/11/01
Grevillea caleyi 5/10/01
Legeadina forresti Forrest's Mouse 23/11/01
Manorina melanotis Black-eared Miner 17/6/02
Potorous longipes: Long-footed Potoroo 27/8/01
Pseudomys apodemoides Silky Mouse 09/06/00
Pseudomys hermannsburgensis | Sandy Inland Mouse 23/11/01
| Pseudomys bolami | Bolam’s Mouse 09/06/00 .

Pterodroma leucoptera Gould’s Petrel 28/10/00
Prerostylis gibbosa Illawarra Greenhood Orchid 13/01/01
Sterna albifrons Little Tern 05/06/00
Zieria formosa, Zieria 16/11/01
buxijugam & Zieria parrisiag
Zieria lasiocaulis 23/11/01

Endangered Populations Exhibition Date
Warrumbungle Brush-tailed Rock-wallaby 3/6/02
Population

Threat Abatement Plans Exhibition Date
Predation by Gambusia holbrooki-The Plague 2/4/02

All the above approved and draft recovery plans can be viewed on the NPWS WebPage at
www.npws.nsw.eov.au or purchased for $8.25 (including GST) from the NPWS Head Office

Information Centre.




As at 1 March 2002.

Prostanthera junonis (=sp. Somersby)

Scientific Name Common Name TSC | Profile | EIA
' ' ' : Act :
Amphibians
Heleioporus australicus Giant Burrowing Frog El v v
Pseudophryne australis Red-crowned Toadlet \ v v
Birds
Pterodroma leucoptera Gould's Petrel El v N/A
leucoptera
Invertebrates
Meridolum corneovirens Cumberland Land Snail El v ¥ v
Paralucia spinifera Bathurst Copper Butterfly El v ¥ v
Reptiles )
Eulamprus leuraensis [Blue Mountains Water Skink El v v
Flora
Acacia baueri subsp. aspera (Maiden & E. Betche) Pedley v v 4
Acacia clunies rossiae Maiden v v v
Acacia pubescens (Vent.) R. Br. v v ¥ v
Darwinia biflora (Cheel) B. Briggs v v % v
- |Epacris hamiltonii Maiden & E. Betche El v o v
Epacris sparsa R. Br. v v v
Eucalyptus benthamii Maiden & Cambage v v v
Eucalyptus cannonii R. Baker % v v
Eucalyptus copulans L. Johnson & K. Hill El v v
Eucalyptus sp. Howes Swamp Creek (M. Doherty 19/7/85, NSW | El v v
207054)
Euphrasia bowdeniae W R. Barker v v v
Grevillea evansiana McKee v v v
Grevillea obtusiflora R. Br. El v v
Irenepharsus trypherus Hewson El v v
Kennedia retrorsa Hemsley v v v
Kunzea cambagei Maiden & E. Betche v v v
Leionema lachnaeoides Cunn. El v v
Leionema sympetalum Paul G. Wilson \% v v
Olearia cordata Lander A% v v
Persoonia acerosa Sieber ex Schultes & Schultes f. v v v
Persoonia bargoensis P. Weston & L. Johnson v v v
Persoonia glaucescens Sieber ex Sprengel v v v
Persoonia marginata Cunn. ex R. Br. \Y% v 4
Persoonia mollis subsp. maxima Krauss & L. Johnson El v % v
Persoonia nutans E! v v
Persoonia pauciflora El. v v
Pimelea spicata El v v
Prostanthera cryptandroides Cunn. ex Benth. v v v
Prostanthera discolor R. Baker v v v
El v v




Prostanthera stricta R. Baker v v v

Syzygium paniculatum v v v

Tetratheca glandulosa Smith v v v

Tetratheca juncea Smith \% v v

Zieria covenyi 1.A. Armstrong ms El v v
1Scientific Name *|Common Name TSC | Profile | EIA

. Act

Endangered Populations (Fauna)

Eudyptula minor Manly Cove Little Penguin E2 NIA v

Perameles nasuta North Head Long-nosed E2 N/A v

Bandicoot

Endangered Ecological Communities

Agnes Banks Woodland "E3 v

Blue Gum High Forest E3 v

Castlereagh lronbark Forest N/A v

Castlereagh Swamp Woodland E3 v

Cooks River Clay Plain Scrub Forest © E3 v ¥ v

Cumberland Plain Woodland E3 v

Duffy’s Forest Vegetation Community E3 v v

Eastern Suburbs Banksia Scrub E3 v # v

Elderslie Banksia Scrub Forest E3 Y

Moist Shale Woodland N/A v

Shale/Sandstone Transition Forest "~ E3 v

Shale/Gravel Transition Forest N/A v

Sydney Coastal River Flat Forest E3 v

Sydney Turpentine Ironbark Forest E3 v

Western Sydney Dry Rainforest E3 v

v# denotes species profiles that have been published in the Threatened Species
Management — Species Information, they have not been reproduced in colour here. For
these and other colour species profiles please refer to the above manual via the NPWS

Information Centre, or the NPWS website, www.npws.nsw.gov.au.




Profiles and EIA Guidelines that will be available in June 2002

Scientific Name Common Name TSC Profile | EIA
Act
Flora v v
Acacia bynoeana V. v v
Angophora inopina \ v v
Cynanchum elegans White-flowered Wax Plant El v v
Daphnandra sp. C (lllawarra) |lllawarra Socketwood v v v
Dillwynia tenuifolia \% v v
Epacris purpurascens var. \Y v v
purpurascens
Eucalyptus parramaltensis v v v
subsp. decadens
Eucalypius pumila . \Y v v
Grevillea juniperina spp. v v v
uniperina
Grevillea parviflora ssp. v v v
parviflora -
Melaleuca biconvexa \% v v
Prostanthera askania El v v
Pterostylis gibhosa lllawarra Greenhood El v v
Pultenaea parviflora El v v
Pultenaea peduncultata El Y v
Zieria granulata lllawarra Zieria El v v
Endangered Populations
Dillwynia tenuifolia at Kemps E2 v v
Creek, Baulkham Hills LGA
Endangered Ecological Communities
Taren Point Shorebird Community E3 v v




EP&RBC Act administratively approved plans:

The following recovery plans have been prepared in conjunction with Environment Australia.
Under the NSW Threatened Species Conservation Act 1995, these plans are considered as
working drafts and will go through the process as outlined in the TSC Act.

Species ‘ ' Common name Date
Acrophyllum australe 1994
Allocasuarina defungens 1992
Allocasuarina glareicola 1996
Apatophyllum constablei 1994
Asterolasia elegans , 1994
Cynanchum elegans White Cynanchum : 1993
Elaeocarpus williamsianus Hairy Quandong . '

Grevillea iaspicula Wee Jasper Grevillea

Haloragodendron lucasii 1994
Kunzea rupestris - 1993
Lathamus discolor Swift Parrot “ » 2001
Owenia cepiodora : 1995
Persoonia nutans 1996
Pimelea spicata Pink Pimelea 1996
Thesium australe . Austral Toadflax 1992
Velleia perfoliata ‘ 1994
Zieria involucrata : o - B 1994
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ERED ECOLOGICAL COMMUNITY INFORMATION-

Taren/Ppiit Shorebird Community

Conservation Status

The Taren Point Shorebird
Community is listed as an
‘endangered ecological community on
Schedule 1, Part 3 of the Threatened
Species Conservation Act 1995.

Description

The Community is a group of
shorebirds (also called waders) which
occupy a particular area of Botany
Bay and includes the characteristic
assemblage of 20 species listed
below:

» Bar-tailed Godwit Limosa lapponica

» Red knot Calidris canutus

» Great Knot Calidris tenuirostris:
eSharp-tailed Sandpiper
acuminata

» Curlew Sandpiper Calidris ferruginea

» Red-necked Stint Calidris ruficollis

« Common Sandpiper Actitis hypoleucos
eTerek sandpiper Xenus cinereus:
eLatham’s Snipe Gallinago hardwickii
«Grey-tailed tattler Heteroscelus brevipes
=Grey plover Pluvialis squatarola

»Pacific Golden Plover Pluvialis fulva
sCommon Greenshank Tringa nebularnia
eMasked Lapwing Vanellus miles

sMarsh Sandpipers Tringa stagnatilis
oRuddy Turnstone Arenaria interpres

Calidris

«Pied Qystercatcher Haematopus
longirostris
eSooty  Opystercatcher  Haematopus
fulinginosus

sWhimbrel Numenius phaeopus
sEastern Curlew Numenius
madagascariensis

A full description of each species can be
found in Higgins and Davies 1996.

Distribution

The Taren Point Shorebird
community occurs on the relict
marginal shoal of the Georges River
between Taren Point and Shell Point
in Botany Bay (NSW Scientific
Committee 1998). (Map 1).

Some species identified within this
community can alsc be found
foraging and roosting at other
locations within Botany Bay. Penrhyn
Inlet, Sandringham and the shoreline

ve ANNT

adjacent to the northeastern side of
the Captain Cook Bridge are three

* sites on the Northern side of the Bay

that provide important roosting and
forging areas for the.assemblage of
species that makes up the
éndangered community. Some of the
species found at these locations
include:

sBar-tailed Godwit Limosa lapponica
«Curlew Sandpiper Calidris ferruginea
«Red-necked Stint Calidris ruficollis
sMasked Lapwing Vanellus miles

+Pied Oystercatcher Haematopus
longirostris

With the exception of the Pied
Oystercatcher, Sooty Oystercatcher
and Masked lapwing, the species that
characterise the = endangered
community arrive in Australia during
August-September and remain until

April-May.

Individually, species identified within
the community may be found at other
locations along the NSW coastline
and inland to west of the Great
Dividing Range.

Recorded occurrences in
conservation reserves

The individual species that constitute
the Taren Point Shorebird community
have been recorded in National
Parks, State Recreation Areas and
Nature Reserves throughout NSW.
These include the  Clarence,
Hastings, Hunter, Port Stephens and
Tweed estuaries. However, the
assemblage of species that forms the
listed endangered community found
at Taren point is exclusive to this
area.

Habitat :
In  Botany Bay the shorebird
community utilises roosting and

foraging habitat (intertidal mud flats
and sand flats) not only at the relic
marginal shoal at Taren Point but at
other sites including Penrhyn Inlet,
Sandringham and the shoreline
adjacent to the north-east side of the
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Captain Cook Bridge. For some
species (Terek Sandpiper, Grey-
tailed Tattler), the proximity of
Mangroves Avicennia marina is
important as roosting habitat.

Ecology

A majority of the species of the Taren
Point Shorebird community breed in
the northern hemisphere, including
northeast Siberia and Alaska. They
breed during June-July then leave
the breeding grounds and migrate
south between  August  and
September. They spend the austral
summer in Australia, New Zealand,
Indonesia, southern Asia and Africa.
Upon arrival in Australia, they
generally return to traditional feeding
and roosting locations, such as those
found at Taren Point and elsewhere
in Botany Bay. They leave Australia
between April and May. However
juveniles, non-breeders or under-
weight individuals often "will not
migrate north, remaining in their
southern foraging grounds over
winter (McNeil et al. 1994, Readers
Digest, 1997). -

The community usually forage as
separate guilds (groups of species)

REFERENCES

during low tide in locations adjacent
to the roost site. '

Threats

The main threat to these shorebirds
is loss of habitat. Other threats
include disturbance to foraging and
roosting behaviours, pollution and

" predation by animals including the

feral fox and feral cat (Lawler, 1996).

Management

Management activities involve the
protection of existing habitat, creation
of new suitable habitat, the reduction
of disturbance and threatening
processes.

Recovery Plans

There is currently no Recovery Plan
for the Taren Point Shorebird
Community. -

For Further Information

contact
Threatened Species Unit, -Central

 Directorate, NSW NPWS PO Box

1967, Hurstville NSW 2220 Phone
02 9585 6678 :
WWW.NPWs.Nsw.gov.au

Higgins P.J. & Davies S.J.J.F., 1996, Handbook of Australian, New Zealand & Antarctic birds, Vol3,
Oxford University Press, Melbourne

Lawler W., 1996, Guidelines for management of migratory Shorebird habitat in South East Coast
estuaries, Australia. Masters Thesis, University of Armidale.

MeNeil, R., Tulio Diaz, M., & Villeneuve A., 1894, The mystery of Shorebird over-summering: A new
hypothesis. Ardea 82: 143-152.

NSW Scientific Committee (1898). Final determination for the Taren Point Shorebird Community as

an endangered ecological community. NSW Scientific Committee, Hurstville.
Pringle J.D, 1987, The Shorebirds of Australia, Angus & Rabertson Publishers, UK

Readers Digest, 1997, Cofnp!ete book of Australian Birds, Readers Digest, Sydney

IMPORTANT DISCLAIMER

The NSW National Parks and Wildiife Service and the editor expressly disclaim all liability and
responsibility to any person, whether @ purchaser or reader of this document or not, in respect of
anything done or omitted to be done by any person in reliance upon the contents of this document
although every effort has been made to ensure that the information presented in this document is
accurate and up to date.
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Seclion 107 Throatonod Species Conservation Act 1995 No 101

Part 6 Liconsing
Division 1

() IFthe Dircctor-General fails to grant, but does not refuse, a
licence application by the expiry of the period of 120 days
referred (o in seetion 99 (2) or of any extension of that period
z\'grccd (o by the Director-General and the applicant for the
licenee, the application is taken to have been granted.

108 Stay of operation of licence pending appeal

(1) I an appeal relates to the grant of a licence, the licence has. no
(}pqrutimn until the expiration of the period within which a person
entitled 10 lodge an appeal may do so or, if an appeal has been
lodged, until the appeal is finally determined.

(2)  If no written submissions about an application of a licence are
received at the specified place and by the specified date and the
applicant informs the Director-General in writing that the
applicant does not wish to lodge an appeal but that the applicant
wishes the licence to commence, the licence is to operate from a

- dale stipulated by the. Director-General.

Division 2 Species impact statements

109 Form of species Impact statements
(1) A species impact statement must be in writing.

(2) A specics impact statement must be signed by the principal
author of the statement and by:
(@) the applicant for the licence, or , ‘
(b)) if the species impact statement is prepared for the purposes
of the Environmental Planning and Assessment Act 1979,
the applicant for development consent or the proponent of

the activity proposed to be carried out (as the case
requires).

110 Content of Species impact statement

(1) A specics impact statement must include a full description of the
action proposed, including its nature, extent, location, timing and
?uyout and, to the fullest extent reasonably practicable, the
information referred to in this section. *
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Threatened Species Conservation Act 1995 No 101 Section 110
Li,censing Part 6
Division 2
(2) A species impact statement must include the following

information as to threatened species and populations:

()

(b)

(©

@

(e)
(f)

(h)

a general description of the threatened species or
populations known or likely to be present in the area that is
the subject of the action and in any area that is likely to be
affected by the action,

an assessment of which threatened species or populations
known or likely to be present.in the area are likely to be
affected by the action, ‘

for each species or population likely to be affected, details
of its local, regional and State-wide conservation status,
the key threatening processes generally affecting it, its
habitat requirements and any recovery plan or threat
abatement plan applying to it,

an estimate of the local and regional abundance of those

species or populations,-

(Repealed)

a full description of the type, location, size and condition
of the habitat (including critical habitat) of those species
and populations and details of the distribution and
condition of similar habitats in the region,

a full assessment of the likely effect of the action on those
species and populations, including, if possible, the
quantitative effect of local populations in the cumulative
effect in the region,

a description of any feasible alternatives to the action that
are likely to be of lesser effect and the reasons justifying
the carrying out of the action in the manner proposed,
having regard to the biophysical, economic and social
considerations and the principles of ecologically
sustainable development,

a full description and justification of the measures
proposed to mitigate any adverse effect of the action on the
species and populations, including a compilation (in a
single section of the statement) of those measures,
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Section 110

Part 6
Division 2

Threatened Species Conservation Act 1995 No 101

Licensing

3)

0

a list of any approvals ‘that must be obtained under any
other Act or law before the action may be lawfully carried
out, including details of the conditions of any existing
approvals that are relevant to the species or population.

A species impact statement must include the following
information as to ecological communities:

(2)

(b)

©

@

®

(g)

a general description of the ecological community present
in the area that is the subject of the‘action and in any area
that is likely to be affected by the action,

for each ecological community present, details of its local,
regional and State-wide conservation status, the key
threatening processes generally affecting it, its habitat
requirements and any recovery plan or any threat
abatement plan applying to it,

a full description of the type, location, size and condition
of the habitat of the ecological cornmumty and details of
the distribution and condmon of similar habitats in the -
region,

a full assessment of the likely effect of the action on the
ecological community, including, if possible, the
quantitative effect of local populations in the cumulative
effect in the region, .

a description of any feasible alternatives to the action that
are likely to be of lesser effect and the reasons justifying

‘the carrying out of the action in the manner proposed,

having regard to the biophysical, economic and social
considerations and the principles of ecologically
sustainable development,

a full description and justification of the measures
proposed to mitigate any adverse effect of the action on the
ecological community, including a compilation (in a single
section of the statement) of those measures,

a list of any approvals that must be obtained under any
other Act or law before the action may be lawfully carried
out, including details of the conditions of any existing
approvals that are relevant to the ecological community.
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Threatened Species Conservation Act 1995 No 101 Section 110

Licensing

Part 6
Division 2

(4)

(3)

A species impact statement must include details of the
qualifications and experience in threatened species conservation

" of the person preparing the statement and of any other person

who has conducted research or investigations relied on in
preparing the statement.

The requirements of subsections (2) and (3) in relation to
information concerning the State-wide conservation status of any
species or population, or any ecolpgical community, are taken to .
be satisfied by the information in that regard supplied to the
principal author of the species impact statement by the National
Parks and Wildlife Service, which information that Service is by
this subsection authorised and required to provide.

111 Director-General’s requirements

(D

(2)

4)

The person applying for the licence (or, if the species impact

statement is being prepared for the purposes of the
Environmental Planning and Assessment Act 1979, the applicant
for development consent or the proponent of the activity) must
request from the Director-General and must, in preparing the
species impact statement, comply with any requirements notified
to the person by the Director-General concerning the form and
content of the statement.

The Director-General must notify any requirements under this
section within 28 days after having been requested to provide

them.

Despite the other provisions of this Division, the
Director-General may, having regard to the circumstances of a
particular case, limit or modify (or limit and modify) the matters
to be included in a species impact statement in such manner as
may be specified by the Director-General in the particular case.

Despite anything in this Act or the Environmental Planning and
Assessment Act 1979, the Director-General may, having regard to
the circumstances of a particular case, dispense with the
requirement for a species impact statement in the particular case
if the Director-General is satisfied that the impact of the activity
concerned will be trivial or negligible.
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Appendix C

Environment Australia Requirements
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Mr Barrie Tumer

Sydney Ports Corporation i
Level 8, 207 Kent Street

SYDNEY NSW 2000

AECEN

S.PC.FECOADS

23 JAN 2002

Dear Mr Tumer

Sydney Ports Corporation/Water transport/Botany Bay/N5W/
Expansion of Fort Betany facilities
(Reference: 2002/543)

The above action was referred by Sydney Ports Corporation, and received on 3 January 2002,
for decision whether or not approval is needed umder Chapte

v 4 of the Environment Protection
and Biodiversity Conservation Act 1999 (EFBC Act). The referral documentation nominated the

Sydney Ports Corporation as the person proposing to undertake the acHon.

The referral has now been considered under the EPB

- is a controlled action. Approval is therefore needed
can proceed.

CActand I have ’decided that the action
under Part 9 of the Act before the action

4 copy of the ddcument recording my decision is attached for your information.

The referral documentation nominated the Sydney Ports Corporation as the designated
- 3 N - u.

proponent for the action. The first step in the assessment process is for the proponent to

provide preliminary information as the basis for determining the level of assessment.

In this case, we note that you provided the prescribed information on 3 Jatuary 2002, The
Department is currently considering the level of asszssment needed and you will be advised
of the outcome in the near future.

-

Yours sincerely

e

Gerard Early
First Assistant Secratary
Approvals and Legislation Division

lrd January 2002

s 3“#‘4(
. £
e
By
B
PO S 787 Canbmrra ACT 200 Peleplione 02 6274 1311 Facsimile 02 0274 1oho "
L T T PRYHQmntn qnv Ly

IAPROLCIC Ay
THNBELERIRIN



Appendix D
Floristic List
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1 = Plant Community No. 1 (Coastal Dune Heath)
2 = Plant Community No. 2 (Saltmarsh Herbland)
3 = Plant Community No. 3 (Mangrove Swamp)

* = introduced or non-endemic species

Appendix D
Plant Species List

The floralist represents species recorded on the site during the botanical survey and should not be
interpreted as a comprehensive list of all species present, given the ephemeral nature of many plant
species (that is, surveys over many years would be required to obtain a comprehensive list of al species

occurring in an area).

Grouping and

Botanical Name

Common Name

Family

Monocotyledons

Cyperaceae Isolepis nodosa X

Poaceae Sporobolus virginicus Sand Couch X
Spinifex sericeus X
Pennisetum clandestinum* | Kikuyu Grass X
Melinus repens* Dune Red Grass X
Erharta erecta* Panic Veldtgrass X

Dicotyledons

Aizoaceae Carpobrotus glaucescens* | Pig Face X
Tetragonia tetragonioides New Zealand X

Spinach

Apiaceae Hydrocotyle bonariensis* Kurnell Curse X

Asteraceae Chrysanthemoides Bitou Bush X
monilifera ssp monilifera*
Senecio X
madagascariensis*

Avicenniaceae Avicennia marina var. Grey Mangrove X
australasica

Brassicaceae Cakile maritima ssp Sea Rocket X
maritima
Cakile edentula ssp Sea Rocket X
edentula*

S:\PROJECTS\43027\013 TERRESTRIAL ECOLOGY\SIS\SIS FINAL DRAFT\VERSION 5\APPENDIX D\APPENDIX D PLANT SPECIES LIST.DOC\19-JUN-03
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Grouping and

Botanical Name

Common Name

Appendix D
Plant Species List

Family

Casuarinaceae Allocasuarina distyla X
Allocasuarina littoralis X

Chenopodiaceae Atriplex semibaccata Half-berried Salt- X

bush

Sarcocornia quinqueflora Glasswort X
Suaeda australis Austral Seablite X

Juncaceae Juncus kraussii Sea Rush

Mimosaceae Acacia longifolia var X
sophorae
Acacia saligna* X
Acacia longifolia var Sydney Golden X
longifolia Wattle

Myrtaceae Leptospermum laevigatum | Coastal Tea Tree X
Melaleuca armillaris Giant Honeymyrtle X
Melaleuca ericifolia Swamp Paperbark X

Plantaginaceae Plantago lanceolata* X
Acetosa sagittata* Rambling Dock X

Proteaceae Banksia integrifolia Coastal Banksia X
Banksia serrata Old Man Banksia X

Sapindaceae Dodonaea triquetra Common Hop Bush X

Verbenaceae Lantana camara* Lantana X

S:\PROJECTS\43027\013 TERRESTRIAL ECOLOGY\SIS\SIS FINAL DRAFT\VERSION 5\APPENDIX D\APPENDIX D PLANT SPECIES LIST.DOC\19-JUN-03
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Appendix E
Wader Count Data

S:\PROJECTS\43027\013 TERRESTRIAL ECOLOGY\SIS\SIS FINAL DRAFT\APPENDIX E\APPENDIX E TITLE.DOC\10-MAR-03 m
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BOTANY BAY WADER POPULATION MONITORING SITES & TRANSECTS

Penrhyn Road
T1 From beach on Botany Bay in line with western end of Penrhyn Road, east to and
including the jetty and 1st boat ramp.
T2 From T1 east to and incl 2nd boat ramp. Includes the same length of opposite shore.
T3 Everything east of T2, incl both shores of upper reaches of Penrhyn bay & mangrove
covered creek entrance.
T4 Foreshore Rd beach opposite jetty where T2 finishes, northwest to and incl old Wharf.

Kyeemagh
T1 From retaining wall on western side of Cocks River southwest to swimming enclosure.
T2 The swimming enclosure and beach, southwest to the steps in line with Bestic Street.

Sandringham Bay
T1 From Georges River Sailing Club, white cones, southwest to Ida Street.
T2 From |lda Street south to the sea wall, including the swimming enclosure.

Riverside Drive (Sans Souci)
T1 From St Georges Sailing Club, adjacent to Capt. Cook bridge, east to pine tree.
T2 From pine tree east to the drain near Waldron Street.
T3 From drain east to the point.

Taren Point
T1 Woodlands Rd Reserve, from rock wall southeast to mangroves at oyster lease 83-1586.
T2 From T1 southeast to the fishermen's co-op, including the boat ramp.
T3 From T2 to the Shell Point (Atkinson Road) jetty, including the jetty.
T4 From the jetty to Shell Point, excluding.the barges.
T5 The Shell Point barges

_Towra Point Nature Reserve

1 Pelican Point.

2 Towra Spit Island.

3 Towra Spit island, northern end, adjacent to the mangroves.
4 Stinkpot Bay

5 Elephants trunk

8 Towra Point

Weeney Bay
1 Oyster leases opposite Bonna Point, at northern side of entrance to Weeney Bay.
2 Qyster leases on southern edge of Weeney Bay entrance channel.
3 Inside Weeney Bay.

Quibray Bay
T1 Southern sandy shore of bay from mangroves at western end, east 200 mtrs.
T2 From T1, east a further 200 meires.
T3 From T2, east a further 200 metres, to the point.
4 Oyster leases on northern side of Quibray Bay.

Kurnell, rock groynes
Note, transects (ref T...) are approx 200 metres long
Boat Harbour and extend 100 metres from shoreline.
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Appendix F
Ecological Descriptions of Threatened Wader

Species
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The following descriptions of the ecology and biology of 24 species of shorebirds known
to occur or previously recorded at Penrhyn Estuary have been taken from Smith (1991)
and Watkins (1993).

Pied Oystercatcher (Haematopus longirostris)
Conservation Status: The Pied Oystercatcher islisted as Vulnerable under the TSC Act.

Distribution: The Pied Oystercatcher is found around the entire coast of Australiain
association with sandy beaches. Closely related (possibly conspecific) forms occur in
Europe, Asia, Africa, New Zealand and North America

Movements: The Pied Oystercatcher occurs around the coast of Australia. During the
October to January period adult Pied Oystercatchers disperse from non-breeding flocks to
breed along the coast, on estuaries and coastal lagoons. Adults return to breed at the same
site each year. Local seasonal movements between sites are recorded at Hobart . Some
age segregation of flocks occursin the area. The breeding season in Tasmania runs from
October to January. Y oung birds move away from the breeding area and form flocks.

In Victoria, resightings of colour-banded birds and recoveries of banded birds indicate
that considerable movement occurs. Some of the movements recorded are Port Phillip
Bay to Westernport Bay, Werribee to Corner Inlet, Queenscliff to Port Albert (in 15
days), and Shallow Inlet to King Island. Preliminary results show that birds from along
the Victorian coast may move into flocks on Corner Inlet, Westernport Bay and Port
Phillip Bay during the non-breeding season.

Habitat: The Pied Oystercatcher isentirely coastal in NSW, favouring ocean beaches
and estuarine sand and mudflats. It has been recorded inland on rare occasions el sewhere
in Australia and regularly occursinland in New Zealand.

This Australian resident wader presently occurs in relatively large numbers (up to 60
individuals) in Botany Bay at Sandringham Bay where it feeds and roosts and at Penrhyn
Estuary where it occasionally feeds on intertidal sandflats. Presently 5 or 6 pairs nest at
Woolooware Shorebird Lagoon, Towra Spit Island and at the airport. The volume of
pedestrian traffic and shoreline steepness of Foreshore Beach would be expected to
preclude the use of this area by the species for itslife cycle requirements, particularly
nesting activity.

Feeding: There have been no detailed feeding studiesin Australia, but the chief prey
appears to be molluscs (bivalves and gastropods). The birds also take marine worms and
small fish.

Breeding: The nest isa scrape in sand or shingle on coastal or estuarine beaches,
typically near the high-tide mark. The birds occasionally nest in saltmarsh or grassy
areas. The usual clutch istwo, sometimes one or three, rarely four. A second and
occasionally athird clutch will be laid if earlier ones are lost, but only one brood is raised
per season. The incubation period is 28 — 32 days. The young fledge six to seven weeks
after hatching and stay with the parents in the breeding territory for between one and six
months. In a Tasmanian study, the average number of young raised by a pair was one
every two years. A pair will stay together and breed at the same site in successive years.
Eggs have been recorded September-January in NSW.



Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 125 000
Australia 12 000
NSW 10

Pacific Golden Plover (Pluvialis fulva)

Conservation Status: The Pacific Golden Plover islisted as amigratory species under the
EPBC Act and islisted under the JAMBA and CAMBA agreements.

Distribution: The Pacific Golden Plover breeds on arctic tundra and migrates through
Asiaand the Pacific Islands to India, Australia and east as far as New Zealand. Evidence
from banding recoveries indicate that the NSW population breedsin Alaska, and migrates
across the Pacific Ocean. It occursin the largest numbersin coastal areas of north eastern
Australia. There are occasional inland records of Pacific Golden Ploversin passage.

Movements: The Pacific Golden Plover arrives on the east coast of Australiain late
August and September. Numbers build up along the east coast and birds are recorded in
inland south-eastern Australia between September and December with the species
arriving in South Australiain October and November. Numbers are fairly stable in south-
eastern Australia from November to January. From late February to April thereisa
northwards movement up the east coast which does not appear to involve any stopovers at
inland sites. It has been estimated that the species can fly 10 000 km non-stop, and birds
departing southern Victoria have sufficient fat reservesto fly directly out of Australia.
Some non-breeding birds remain in Australia over winter. The Pacific Golden Plover has
been recorded in every month in NSW, but mainly September-April.

Habitat: The Pacific Golden Plover occursin NSW mainly on estuarine sand and
mudflats and nearby saltmarsh and short, moist pasture. The birds typically roost at high
tide in saltmarsh and pasture, and often feed in these areas as well. At some sites they
feed on rocky intertidal areas, roosting at high tide on sandy beaches or rocks.
Occasionally they visit coastal freshwater wetlands. Sporadic records at inland wetlands
would seem to be only birds in passage.

This species regularly feeds on intertidal mudflats and roosts in saltmarsh at Penrhyn
Estuary and on wooden barges at Shell Point (up to 6 birds use the barges on the southern
side). Straw (1996) notes that small number of birds also feed and roost at Boat Harbour
which may be the result of disturbance to the birds at Penrhyn Estuary. Key feeding
habitat of the species at the mouth of the Mill Stream and Runway Beach have been lost
due to the parallel runway construction and may explain, in part, the marked decline in
numbers of this speciesin the Bay since the mid 1980s. The erosion of intertidal sands off
Towra Beach and increased usage of the Boat Harbour area for 4WD usage may similarly
explain the marked decline in usage of the southern part of the Bay by the species.

Feeding: The birdsforageindividually or in small parties over intertidal sand, mud or
rocks, or in short, moist vegetation. They locate their prey by sight. The diet includesa
variety of molluscs, insects, crustaceans and spiders.
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Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 100 000
Australia 9 000
NSW 1 800

Lesser Sand (Mongolian) Plover (Charadrius mongolus)

Conservation Status: The Lesser Sand Plover islisted as VVulnerable under the TSC Act
and islisted as amigratory species under the EPBC Act. The speciesis listed under the
JAMBA and CAMBA agreements.

Distribution: There are five subspecies of the Lesser Sand Plover recognised as breeding
in Siberia, western China, the Himalayas and southern Mongolia. Morphometric studies
of this speciesin Australia suggests that birds occurring in Australia are largely of the
subspecies C.m. mongolus in the north-west, and C.m. stegmanni in south eastern
Austraia

Movements: The Lesser Sand Plover occurs on the northern and eastern coasts of
Australia, being most numerous in Queensland and New South Wales. The species first
arrives on the northern and eastern coasts of Australiain September. Numbers continue
to increase in a sporadic fashion between September and December. Numbers then
remain stable at some sites until early February, but fluctuate at others, possibly due to
local movements. Influxes occur at sitesin northern Australia from late February to May,
suggesting that birds stopover in the north before departing Australia. Some non-
breeding birds remain in Australia over winter. The species has been recorded in every
month in NSW, and is most numerous in September-May .

Habitat: Lesser Sand Ploversin NSW feed chiefly on intertidal sand and mudflatsin
estuaries, roosting on sandy beaches or rocky shores at high tide, and sometimes feeding
at these sites.

This species roosts every year on intertidal sand flats at Boat Harbour (up to about 10
individuals) and feeds occasionally at Penrhyn Estuary and possibly elsewhere in Botany

Bay.

Feeding: The birdstypicaly forage in loose flocks on wet intertidal flats, usually away
from the water’s edge. Prey is detected visually, the birds making short, quick runs, with
abrupt stopsto lunge at the ground or to look for prey. The diet includes molluscs and
crustaceans.
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Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 27 000
Australia 20 000
NSW 800

Double-banded Plover (Charadrius bicinctus)

Conservation Status: The Double-banded Plover islisted as a migratory species under
the EPBC Act.

Distribution: The Double-banded Plover is the only trans-Tasman migrant species of
wader that migrates between New Zealand and Australia. Birds migrating to Australiaare
of the subspecies C.b. bicinctus and breed in the highlands of central South Island, New
Zedand. After breeding a substantial proportion of the population migrates to south
eastern Australiafor the winter. In NSW the Double-banded Plover is mainly found along
the coast, with the greatest numbers usually between the Shoalhaven estuary and Port
Stephens. Double-banded Plovers also occur regularly at some inland wetlands.

Movements:. The Double-banded Plover first arrivesin Australiain early February.
Many arrive in March and maximum numbers are reached in April in southern NSW,
Victoriaand Tasmania. Numbers decline slightly by May, presumably because some
birds move further north or west. Numbers then remain stable until early July. The
species departs from Tasmania and South Australiain July, but in Victoria and southern
NSW it is present until mid-August and sometimes until early September. Temporary
influxes occur in NSW and Victoriain August, suggesting that birds from elsewherein
Australia use sites in these states as staging areas before their return migration to New
Zedland. Some non-breeding birds remain in Australia over summer. The species has
been recorded in every month in NSW, but is most numerous March-September.

Habitat: In Australia, the Double-banded Plover is mainly found on intertidal sand and
mudflats in estuaries, often preferring sites near saltmarsh or other low, moist vegetation,
where the birds roost and feed at high tide. They also feed and roost on ocean beaches
and rocky shores. Inland, they inhabit the margins of both saline and freshwater
wetlands.

About 50-60 species of this migrant presently feed on intertidal sand flats at Penrhyn
Estuary (Penrhyn Road side of channel). The species also roosts at Penrhyn Estuary, Boat
Harbour and reportedly at present at Molineaux Point and on the end of the parallel
runway (pers. comm., Geoff Ross). This species is thus quite vulnerable to disturbance
due to recreational fishers, dogs and beach walkers given its key habitat at Penrhyn
Estuary and Boat Harbour. This species used to feed at the former stockpile site and
northern sections of Foreshore Beach which were both lost due to the parallel runway
construction and have thus experienced a critical declinein their Bay habitat. Based on
counts since the 1970s, Botany Bay is one of the three most important estuaries for the
species in NSW (along with the Hunter and Shoalhaven).
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Feeding: The Double-banded Plover forages on both wet and dry ground, typically in
loose flocks. The birds display the typical stop/start foraging behaviour of small plovers,
locating prey while stationary, then running to captureit. Most prey is picked off the
surface of the ground. When feeding on low tide at night, however, they seem to switch
from visual to tactile methods, walking rather than running over the surface, then pausing
to probe repeatedly into the mud. The diet includes molluscs, insects, crustaceans and
spiders.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 50 000
Australia 30 000
NSW 750

Large (Greater) Sand Plover (Charadrius leschenaultii)

Conservation Status: The Large (Greater) Sand Plover islisted as Vulnerable under the
TSC Act and islisted as a migratory species under the EPBC Act. The speciesislisted
under the JAMBA and CAMBA agreements.

Distribution: The subspecies C.I. leschenaultii of this migratory wader breeds in western
China, Mongolia and adjacent parts of Russia while the other two recognised subspecies
breed further to the east in central Asiaand the Middle East. Most birds migrate during
the non-breeding season to the coasts of eastern and southern Africa, the Middle East,
India, South east Asiaand Australasia. The bulk of the population of subspecies
leschenaultii comes to Australia, where is occurs around the entire coastline, but most
abundantly in Western Australia, the Northern Territory and Queensland. There have
been no inland records. The main NSW sites are the Clarence and Richmond estuaries.

Movements. The Large Sand Plover arrivesin north-western Australiain late August and
September. Most of the population remains there, but some have left the north-west by
October and November. A migratory movement takes place down the east coast between
September and November, and a movement up the coast in March and April. Most birds
have departed from north-western Australia by mid-April. In NSW the species has been
recorded July-May.

Habitat: The Large Sand Plover isentirely coastal in NSW foraging on intertidal sand
and mudflats in estuaries, and roosting during high tide on sand beaches or rocky shores.

This speciesis an occasional visitor to Penrhyn Estuary and Boat Harbour (oftenin
association with the Lesser Sand Plover) where it feeds on intertidal sand flats. Only 1 or
2 individuals are recorded in Botany Bay on an occasional basis (thisis significant given
the NSW estimate population for this speciesis only 80 birds with the majority occurring
in the Clarence and Richmond estuaries).
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Feeding: The birdsfeed at low tide on wet ground, usually away from the water’s edge.
They detect prey visually, running short distances, stopping to look, then running to peck
at the surface. The diet includesinsects, crustaceans and molluscs.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 99 000
Australia 74 000
NSW 80

Ruddy Turnstone (Arenaria interpres)

Conservation Status: The Ruddy Turnstoneis listed as a migratory species under the
EPBC Act and is listed under the JAMBA and CAMBA agreements.

Distribution: The Ruddy Turnstone breeds on arctic coasts around the pole, and occurs
on the coasts of every continent during the non-breeding season. Ruddy Turnstones occur
around the entire Australian coastline, with occasional records from inland south eastern
Australia of birdsin passage.

Movements. The Ruddy Turnstone first arrives in Western Australia and the Northern
Territory in August. It arrives on the east coast in September and the passage of birds
continues until October in Queensland and November in NSW. It arrivesin Victoriaand
South Australiain September and reaches maximum numbers in November or December.
Inland records in south-eastern Australia indicate movement across the continent, as well
as around the coast, in September, October and November.

Large numbers stay in north-western Australiaal summer. In the south-east, numbers are
stable from December to February at most sites. Numbers remain high at some sitesin
southern Australia until well into April, but most birds depart in March. Influxes occur in
coastal NSW sitesin March and April. There are aso influxes at thistime in northern
Australia, especialy in the north-west. However, birds departing Victoria have sufficient
fat reservesto fly directly out of Australia, without needing to stop over in the north.
Some non-breeding birds remain in Australia over winter. Ruddy Turnstones have been
recorded in NSW in every month, but most numerous September — April.

Habitat: Ruddy Turnstones occur in NSW mainly on rocky coasts, sometimes on ocean
beaches, seldom on estuarine mudflats. In northern Australia, by contrast, they favour
coasts with wide intertidal mudflats.

This species (about 20 individuals on average in Botany Bay) presently feeds and roosts
on rock platforms at Boat Harbour and also roosts on wooden barges at Shell Point. This
species is seldom seen on estuarine mudflats (more often on rocky platforms and ocean
beaches) and thusis considered to have alow likelihood of occurrence at Penrhyn Estuary
(although the occurrence at Penrhyn Estuary for the species remains a possibility).

Feeding: The birds often flick over seaweed, stones and shells and probe under rocks. In
Victoriathey forage over exposed intertidal rock platforms, where they mostly take small
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gastropod molluscs and some barnacles, and on ocean beaches, where they feed on
sandhoppers obtained by foraging in beach-washed seaweed. They also feed on beetles
and ants, and have been observed preying on tern eggs.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 28 000
Australia 14 000
NSW 800

Eastern Curlew (Numenius madagascariensis)

Conservation Status: The Eastern Curlew is listed as a migratory species under the EPBC
Act and is listed under the JAMBA and CAMBA agreements.

Distribution: The Eastern Curlew breeds in bogs and marshes in eastern Siberia and
northern Mongolia. Most of the population migrate to Australiawhere it is distributed
round the entire coastline. It is most abundant on the eastern and south eastern coasts, and
during southern migration, in the north west. The speciesis rare in south western
Australia, and there are very few inland records.

Movements. The Eastern Curlew isthe largest of the shorebirds that migrate to Australia.
Birds arrive in both north-western and eastern Australia as early aslate July. The maor
influxes occur in August along the eastern and south-eastern coasts. Birds in the north-
west move on by October, and there is a general southwards movement down the east
coast in September to November, and even into early February. However, numbers reach
amaximum at most sites in south-eastern Australiain November.

The birds |eave eastern and south-eastern Australia between late February and April.
There is some evidence of movements up the east coast at this time, but no major influx
in the north-west. It appears that most birds fly directly out of Australia during winter
and many of these appear to move north into northern NSW and Queensland after the
adults depart. Eastern Curlews are common in NSW in every month, but are most
numerous in November.

Habitat: The Eastern Curlew is associated chiefly with intertidal sand and mudflatsin
estuaries, particularly where there are extensive seagrass beds and stands of mangroves.
It usually roosts at high tide on beaches or in saltmarshes.

This species presently feeds over much of the intertidal mudflats of the southern parts of
Botany Bay, including Woolooware, Quibray, Weeney and Stinkpot Bays and Towra
Point. Preferred roost sites on the southern shores of the Bay include sand spits and shoals
(Straw 1996; pers. comm., Geoff Ross; pers. obs.). Thick wooden poles marking the
limits of oyster leases are used as alternative roosts. Numbers of this speciesin Botany
Bay are presently around 200 and thus no significant decline of the speciesin the Bay has
been noted to date. The species does not normally use the northern shoreline of the Bay to
feed or roost but may do so on occasion.
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Feeding: The birds forage on exposed intertidal flats at low tide, spreading out to feed
singly or in loose feeding flocks. A maor prey itemin Victoriais the Ghost Shrimp
(Callianassa australiensis), which they gather by probing the burrow with their long bills.
Thereis amarked differencein bill length between the sexes, with the female' s being the
longer. Thisisassociated with differencesin foraging behaviour. Many of the longer-
billed females feed alone and defend territories on sandbanks and mudflats, where much
of their prey inhabits deep burrows. In contrast, the mgjority of males feed in loose flocks
in areas of mudflat pools and seagrass, where their prey lives nearer the surface. Other
dietary itemsinclude molluscs, grasshoppers, prawns, crabs and freshwater crayfish.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 21 000
Australia 19 000
NSW 2400

Whimbrel (Numenius phaeopus)

Conservation Status: The Whimbrel islisted as a migratory species under the EPBC Act
and islisted under the JAMBA and CAMBA agreements.

Distribution: The Whimbrel breedsin arctic Russia, Siberia, Alaska, Canada and |celand.
During the non-breeding season it occurs on the coasts of every continent. Whimbrels
occur around the Australian coastline, but numbers are greatest on the northern coasts and
there is a marked decline in numbers down the coast of NSW. Occasional inland records
represent birds in passage.

Movements: Whimbrels arrive in Australia over an extended period from August to
October. At this time the bird migrates southwards through Roebuck Bay in north-western
Australia. On the east coast there are influxes in northern Queensland in August, and in
southern Queensland and NSW in September and October, suggesting a movement down
the coast. The birds then disperse along the coast. Flocking occurs again in March, prior
to the northward migration. The birds appear to depart most sites at about the same time,
from early to late April. Roebuck Bay is not used as a stopover during the northward
migration. Some birds remain in Australia during the breeding season at most sites. The
central Queensland coast appears to be afavoured areafor Whimbrels at this time of the
year. In NSW the speciesis present in every month but most numerous September-April.

Habitat: Whimbrelstypically forage on intertidal mudflats near mangroves, or along the
banks of tidal creeks and rivers. They also often forage on intertidal rock shelves. They
roost in mangroves or other shoreline trees, or on beaches or rocky shores.

This species (about 50-60 speciesin Botany Bay in present times) presently feeds on
exposed mudflats near and under mangrove trees at Towra Point Aquatic Reserve and
roosts in mangrove trees at WWoolooware, Weeney and Stinkpot Bays. This species may
occasionally feed at Penrhyn Estuary.
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Feeding: Their food is obtained by probing in wet mud or among rocks. Littleis known
of their diet in Australia, the only recorded item being crabs. In Britain they take a variety
of invertebrates, including crustaceans, insects and worms, as well as some plant material.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 40 000
Australia 10 000
NSW 700

Grey-tailed Tattler (Tringa brevipes)

Conservation Status: The Grey-tailed Tattler islisted as a migratory species under the
EPBC Act and is listed under JAMBA and CAMBA agreements.

Distribution: The Grey-tailed Tattler breeds on al pine tundrain the mountains of Siberia,
migrating to South east Asiaand Australasia. It occurs around the entire coastline of
Australia, but is more abundant in northern Australia. Numbers at NSW decline from
north to south, with the bulk of the population occurring between the Queensland border
and Botany Bay. Inland records are few and there are none for NSW.

Movements. The Grey-tailed Tattler arrivesin northern Australiain late August and
early September. A subsequent movement down the east coast isindicated by influxes
there between September and November. Some birds may migrate across the continent to
the coast of South Australia. On northward migration, birds from south-eastern Australia
move up the east coast, as well as directly across the continent to the north-west coast.
Pre-migratory fattening occurs in north-west Australia, with birds having sufficient
weight to reach the Philippines and China. Some non-breeding birds remain in Australia
over winter. In NSW the species has been recorded in every month, but is most numerous
September-April.

Habitat: The Grey-tailed Tattler istypically found in estuaries with extensive mangroves
and intertidal mudflats, although it also inhabits rocky shores along the coast. It often
roosts in mangroves at high tide, or on rocks in preference to beaches.

This species presently feeds on exposed mudflats on the southern parts of Botany Bay and
has been recorded roosting at a number of locations including the groynes at Kurnell, the
old rocky wharf at the mouth of Quibray Bay, in mature spreading mangroves and on
platforms in mangroves at Quibray Bay. This species may occasionally feed in small
numbers at Penrhyn Estuary. The numbers of the speciesin the Bay in present timesis
around 180-190 maximum and do not seem to have varied significantly since the 1950s.
These numbers may as well be an underestimate due to the difficulty in detecting the
species at their roost sites.

Feeding: The birds forage on intertidal mudflats typically amongst mangroves, exposed
seagrass beds or debris. They aso forage amongst rocks exposed at low tide, and often
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on oyster racks. Most of their food is obtained by probing. The diet includes molluscs,
marine worms, insects, crustaceans and small fish.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 48 000
Australia 36 000
NSW 900

Common Sandpiper (Actitis hypoleucos)

Conservation Status. The Common Sandpiper islisted as a migratory species under the
EPBC Act and is listed under the JAMBA and CAMBA agreements.

Distribution: The Common Sandpiper breeds throughout the sub-arctic regions of
northern Asia and Europe in various habitats, although not in the high arctic. The species
migrates to southern Europe, Africa, the Middle East through to South east Asiaand
Australasia. It occurs throughout Australiain both coastal and inland localities, with the
greatest numbers in Queensland, the Northern Territory and north western Australia.

Movements. The Common Sandpiper breeds across northern Europe and Asiaand
migrates to wetlands ranging from Africato Australia. In Australiait occurssingly or in
small loose flocks on most types of coastal and inland wetlands. Some non-breeding birds
remain over winter and the species has been recorded in every month. It is most
numerous in NSW from September-April.

Habitat: In NSW the Common Sandpiper inhabits the steep-sided muddy or rocky
margins of various waterbodies, whether saline, brackish or fresh. In coastal sitesitis
typically found on the margins of salt or brackish watercourses, tending to occur in the
upper rather than the lower parts of estuaries. Inland, it occurs on the margins of lakes,
rivers, reservoirs, farm dams and other waterbodies, large or small. In northern Australia
itistypically found among mangroves, both on the open shore and along the margins of
tidal creeks and rivers.

A total of two (2) individuals of this solitary species occur on the edge of mangrove-lined
creek channelsin the Parramatta River estuary at Bicentennial Park, Homebush Bay,
roosting on broken barges. This species also occurs at Newington wetlands. This species
occurs most yearsin very low numbersin Botany Bay (probably lor 2) and presently
roosts on awooden jetty at Shell Point which illustrates the lack of suitable high tide
roosts for shorebirdsin the Bay. Whilst only 1 or 2 individuals probably use the Bay, the
NSW estimated population for the species is 80 and thus the bay is considered important
habitat for this shorebird species. Foraging habitat in the bay is unconfirmed. A single
sighting of the species at Penrhyn Estuary was recorded by the NSW Wader Study group
since 1994 and thus the site should not be discounted as a possibly important foraging and
roosting site for the speciesin the Bay.
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Feeding: The Common Sandpiper is an active feeder, running and stopping, chasing and
catching its prey on the surface of mud, rocks or debris. It aso probesin shallow water
for prey. The diet includes various insects, crustaceans and molluscs.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 30000
Australia 3000
NSW 80

Greenshank (Tringa nebularia)

Conservation Status: The Greenshank is listed as a migratory species under the EPBC
Act and is listed under the JAMBA and CAMBA agreements.

Distribution: The Greenshank breeds largely in the coniferous forest zone of sub-arctic
Europe through to the Kamchatka Peninsula, eastern Siberia. It migrates to Europe,
Africa, the Middle East, India, South east Asiaand Australasia. It is widespread
throughout Australia on both inland and coastal wetlands.

Movements: Adult Greenshanks arrive and increase in numbersin Australia during
August and September. Numbers then build up from September through November.
There seem to be no north/south or inland/coastal differencesin the timing of arrival, but
perhaps the birds arrive first in the western half of Australia and then move eastwards.
Irregular influxes occur at some sites between December and February, indicating some
movements during this period. At other sites, the numbers remain stable.

The northward migration consists of two waves. Thefirst, in late February and early
March, involves influxes in northern Australia as the birds pass through. During the
second wave, in late March and particularly April, there are influxes at sites in southern
Australia but few birds stop in northern Australia. A sharp decline in numbers occurs
across Australia and most birds have gone by late April and early May. Some non-
breeding birds remain in Australia over winter. The species has been recorded in NSW in
every month but is most numerous September-April.

Habitat: Greenshanks occur on all types of wetlands across Australia. The speciesis
usually found beside shallow waters generally, either saline, brackish or fresh, including
intertidal sand and mudflats, saltmarsh, mangroves and freshwater wetlands.

This species has been recorded on the mangrove lined shores of Woolooware Bay and use
to favour the pond site at H1 (Woolooware Shorebird Lagoon) although was not recorded
there last season. The numbers of this speciesin the Bay at present isin the order of 7 or
8 although this may be an underestimate due the difficulty in gaining access to
Woolooware Bay by land or boat (due the number of oyster leasesin the area). This
species may be an occasional visitor to Penrhyn Estuary.

Feeding: Greenshanks usually forage in shallow water or on wet mud. They feed by
probing or by quick dashes to take prey. They often walk with the bill held against the
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substrate, or swept from side to side in shallow water. They have also been seen to break
into an unusual high stepping dance, which is though to stir insects into movement. The
diet isvaried, even for individual birds at one site on one day. It includes aquatic and
terrestrial insects, crustaceans, molluscs, frogs, small fish and seeds.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 40 000
Australia 20 000
NSW 2000

Terek Sandpiper (Xenus cinereus)

Conservation Status: The Terek Sandpiper is listed as Vulnerable under the TSC Act and
islisted as amigratory species under the EPBC Act. The speciesislisted under the
JAMBA and CAMBA agreements.

Distribution: The Terek Sandpiper breeds along rivers and lakes across most of sub-arctic
Russia. During the non-breeding season it occurs mainly on the coasts of Africa, the
Middle East, India, South east Asiaand Australasia. In Australiaiit occurs around the
northern coasts, with small numbers at some sites on the southern coasts. In NSW it
occurs south to Botany Bay, with single birds occasionally recorded south to the
Shoalhaven estuary. The two main NSW sites are the Hunter estuary and the Richmond
estuary. The speciesis very seldom recorded inland.

Movements. The Terek Sandpiper arrivesin northern Australiain late August and early
September. There appear to be two waves of migration down the east coast: one in
September and one in November. On departure from north-west Australiain late April,
birds have sufficient weight to fly non-stop to the Gulf of Thailand and, possibly, the
Philippines and Taiwan. Thereisalso an influx in north-western Australia at thistime,
with the birds leaving there in late April. Some non-breeding birds remain over winter.
The species has been recorded in every month in NSW but is most numerous October-
April.

Habitat: The Terek Sandpiper forages on intertidal sand mudflats, often near mangroves
or intidal creeks. It occasionally forages on sandy ocean beaches or rocky shores. It
typically roosts on or among mangroves, but also on open beaches.

This species (9 individuals in Botany Bay based on recent counts) presently feeds on
intertidal mudflats between Taren Point and Woolooware Bay on the southern shores of
the Bay and roosts on a disused jetty at Shell Point. This species may occasionally forage
at Penrhyn Estuary (although no recent records exist of this species on the northern shores
of the Bay).

Feeding: The speciestypically feeds by moving rapidly and erratically over soft, wet
mud, pecking or probing at the surface, sometimes chasing prey. It aso takes prey from
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shallow pools. It has been recorded feeding in Victoria on amphipods, dipterans and
some beetles.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 36 000
Australia 18 000
NSW 250

Bar-tailed Godwit (Limosa lapponica)

Conservation Status: The Bar-tailed Godwit is listed as a migratory species under the
EPBC Act and is listed under the JAMBA and CAMBA agreements.

Distribution: The Bar-tailed Godwit breeds mainly on low land tundra from Scandinavia,
across northern Russiato Alaska. Two races occur in AustraliaL.l. baueri in south eastern
Australiaand L.| menzbieri in the north west. Bar-tailed Godwits occur all around the
Australian coastline. They are most abundant in the east and south east, and in the north
west. The speciesis most commonly found on the coast, however there have been
occasional inland records of birds in passage.

Movements. Bar-tailed Godwits arrive in Australia, both in the north-west and along the
east coast, in August. Few appear to move on from the north-west. Along the east and
south-east coasts, numbers increase more or less synchronously in September, followed
by temporary influxes at some sites until early November, and later still in Tasmania,
indicating the slow southward movement of some birds. Numbers at most sites are
generally stable from October to February.

The northward migration takes place in March and early April. Some evidence suggests
large influxes to sitesin north-eastern Australia at thistime, indicating that the bird’s
stopover on their way northwards. Conversely, other authors indicate no evidence of this
and suggest that the majority of birdsfly directly out of Australia.

Large numbers of non-breeding birds remain in Australia over winter. July numbersin
northern NSW, Queensland and around Darwin average about 55% of February numbers,
whereas in southern NSW, Victoriaand Tasmania, in July numbers are less than 10% of
February numbers. This suggests a northwards movement of young Bar-tailed Godwits
out of south-eastern Australiaduring winter. The species has been recorded in NSW in
every month but is most numerous September-March.

During the breeding season, sitesin coastal New South Wales have been found to
increase in relative importance for Bar-tailed Godwits remaining in Australia.

Habitat: Bar-tailed Godwitsin NSW forage mainly on intertidal sand and mudflatsin
estuaries. They also forage at times in saltmarsh, mangroves and ocean beaches. They
usually roost at high tide on beaches and other open sites.
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This species presently feeds on intertidal sandflats at Penrhyn Estuary and at Rocky Point
in Botany Bay (prefers Rocky Point) and roosts on beaches at Penrhyn Estuary and
Sandringham Bay. The numbers of this speciesin the Bay in recent times are in the order
of 200-400 and have thus shown a moderate decline in numbersin the last 10 years (when
numbers have been in the order of 600-800).

Feeding: Bar-tailed Godwit feed while wading in shallow water or walking over soft
mud and sand near the water’s edge. Seagrass beds are afavoured foraging site. When
foraging, the birds repeatedly probe the substrate with their bills, making a sudden deep
thrust of the entire bill when prey is encountered. The diet includes marine worms,
insects and crustaceans.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 330 000
Australia 165 000
NSW 8 000

Red Knot (Calidris canutus)

Conservation Status: The Red Knot is listed as a migratory species under the EPBC Act
and islisted under the JAMBA and CAMBA agreements.

Distribution: The Red Knot breeds throughout the high-arctic. During the non-breeding
seasons it migrates to Africa, Europe, North and South Americaand Australasia. The
entire population of the subspecies C.c rogersi appearsto winter in Australia and New
Zealand. It occurs al around the Australian coastline, with occasional inland records of
birds in passage. Widespread along the NSW coastline during migration, it occurs during
summer mainly from the Hunter estuary northwards.

Movement: Great numbers of Red Knots arrive in north-western Australiain late August
and early September. Banding studies have shown that the birds are fattening rapidly at
this time, getting ready for onward migration and by November more than half have
moved on. Maximum numbers occur at Darwin in September and October. At the same
time, tens of thousands pass through the Gulf of Carpentaria. These observations suggest
that many migrate along the north coast of Australia, probably on their way to New
Zealand, where they are far more abundant than in southern Australia.

The northward migration takes place from late February to May. Most birds depart
southern Australia between late February and early April, with corresponding temporary
influxes to sites in northern Australia between early March and mid-April. Thisis
followed by a substantial influx in late April to sitesin Victoria, Queensland and Darwin,
probably involving birds from New Zealand. North-western Australiais not an important
staging area during the northward migration. Some non-breeding birds remain in
Australiaover winter. The species has been recorded in NSW in every month but is most
numerous September-May.
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Habitat: Red Knotsin NSW forage on intertidal sand and mudflatsin estuaries. They
usually roost at high tide on beaches and other open sites.

This species presently feeds on intertidal sand and mudflats (tactile probing) at Penrhyn
Estuary and at Rocky Point and roosts at Penrhyn Estuary (typically in association with
Godwits). Six individuals of the species have been recorded feeding on bivalve
molluscsat Woolooware Shorebird Lagoon on the southern shores of Botany Bay (pers.
com., Phil Straw). Up to about 200 individuals of the species may be present in the Bay in
present times.

Feeding: A characteristic foraging technique of the Red Knot isarapid probing up and
down, sometimes with a sideways movement, in soft wet sand or mud on either side of
the water’ sedge. It isatactile rather than avisua feeder. In Victoriait has been
recorded feeding on gastropod molluscs and amphipod crustacea.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 255 000
Australia 153 000
NSW 300

Great Knot (Calidris tenuirostris)

Conservation Status: The Great Knot islisted as Vulnerable under the TSC Act and is
listed as migratory under the EPBC Act. The speciesislisted under the JAMBA and
CAMBA agreements.

Distribution: The Great Knot breeds in the sub-arctic highlands of north eastern Siberia
and migrates to the coasts of South east Asiaand Australasia, with most of the world
population apparently coming to Australia. Although it occurs al around the Australian
coastline it is more abundant in northern Australia. Inland records are few and represent
birdsin passage. In NSW Great Knots occur most regularly and in greatest numbers at the
Richmond and Clarence estuaries.

Movements. Large numbers arrive in north-western Australiain late August and early
September. Some of these move on by November, when there is atemporary influx at
Darwin. Maximum numbersin the Gulf of Carpentaria are not reached until December.
These observations suggest that the birds arrive in the north-west first and then spread
eastwards. Birds appear on the south-eastern coast of Queensland between September
and November, and reach Victoria and South Australia usually in October and November.

The northward migration occurs between late February and April. There are temporary
influxes at this time along the east coast of Queensland, but no indication of alarge-scale
movement to the north-west. Most birds appear to depart the north coast directly rather
than returning via the north-west. Large numbers of non-breeding birds remain in
northern Australia over winter. The species has been recorded in every month in NSW,
although chiefly November-March.
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Habitat: Great Knotsin NSW forage on intertidal sand and mudflatsin estuaries. They
usually roost at high tide on beaches and other open sites.

This speciesis amudflat feeder and is occasionally recorded roosting and feeding at
Penrhyn Estuary, particularly since it was displaced from its preferred habitat at the
former Pilots Embayment which was lost due the parallel runway construction. The
speciesis now restricted to Penrhyn Estuary in the Botany Bay estuary. The numbers of
this species using the Bay are low (probably less than 4 or 5) although they are significant
given the small size of the population on the east coast.

Feeding: Great Knotstypically feed by repeatedly jabbing their bills into soft, wet mud
near the water’s edge or in shallow water. Minute gastropod molluscs have been found in
the stomach of two Western Australian specimens.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 319 000
Australia 319 000
NSW 50

Red-necked Stint (Calidris ruficollis)

Conservation Status: The Red-necked Stint islisted as a migratory species under the
EPBC Act and islisted under the JAMBA and CAMBA agreements.

Distribution: The Red-necked Stint breeds on arctic tundrain central and eastern Russia
It also breeds sporadically in western Alaska. Although this species migrates to South east
Asiaand Australasia, it isthought that the majority of the population migrate to Australia.
It is an abundant wader all around Australiawhere it is predominantly coastal, although it
does occur on inland wetlands.

Movements: The Red-necked Stint arrivesin substantial numbers throughout Australiain
late August and early September. Numbers increase steadily in coastal and inland sitesin
the south-east from late August to November. Numbers decline in the north-west in
October before a second influx in November. A corresponding second influx occurs on
the south-east coast from mid-November to mid-December. Banding has shown that
individual birds return to the same sitesin coastal Victoria each year.

The northward migration occurs from late February to April. Birds departing Victoria do
not carry sufficient fat reservesto fly directly out of Australia. Some birds move up the
east coast, with influxes at NSW coastal sites and Lake Bathurst at thistime. Most birds,
however, appear to take a more westerly route, with influxes aong the coasts and nearby
inland wetlands of South Australiaand Western Australia. Departing birds have mostly
gone from the south-east by mid-April, but passage of birds though the south-west
continues until late April. A constant turnover of birds occursin March and April in
north-western Australia, although the numbers passing through this area appear to be
many less than during the southward migration.
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Large numbers of non-breeding birds remain in Australia over winter. Infact, numbersin
inland south-eastern Australia are sometimes higher in winter than in summer. It appears
that many young birds move inland in winter, often in response to flooding some distance
from the coast. Thereis also amovement of young birds from Tasmaniato the mainland
inwinter. The species has been recorded in NSW in every month but is most numerous
September-April.

Habitat: On the NSW coast, Red-necked Stints are most numerous on intertidal sand and
mudflatsin estuaries. They a so frequent saltmarsh, ocean beaches and rocky shores.
Inland, they are most numerous on the muddy margins of saline lakes, although they often
occur at freshwater wetlands as well.

This species presently feeds and roosts at Penrhyn Estuary and occasionally at Boat
Harbour and Spit Island. The species aso roosts on barges at Shell Point, which
demonstrates the general lack of adequate high tide roosts for shorebirds utilising the Bay.
Straw (1996) notes that the birds roosting at Boat Harbour are likely aresult of the
displacement of these birds from Penrhyn Estuary due to disturbance in the area. The
species used to roost on the end of the original runway but this habitat has since been
removed. Numbers of this species in the Bay have markedly declined from several
hundred (1940s — 1980s) to about 50-100 on average during the summer period based on
recent counts.

Feeding: Thebirdsforagein avariety of habitats. In estuaries they forage mostly on wet
or drying mud or sand above the edge of the water. They usually feed for the entire
period for which the intertidal flats are exposed, and in cold or windy weather continue
feeding on near-coastal wetlands during high tide. They feed by moving over the surface
making repeated probes, locating prey by tactile rather than visual means, but also
pecking at items on the surface which are located visually.

The diet includes insects, crustaceans, spiders, marine worms, molluscs, nematodes and
various seeds. At Werribee, Victoria, studies found that the Red-necked Stint, Sharp-
tailed Sandpiper and curlew Sandpiper al fed on the polychaete worm Ceratonereis
erythraeensis, but the Red-necked Stint generally took smaller worms that the other two
Species.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 471 000
Austraia 353 000
NSW 4500

Curlew Sandpiper (Calidris ferruginea)

Conservation Status: The Curlew Sandpiper islisted as a migratory species under the
EPBC Act and islisted under the JAMBA and CAMBA agreements.
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Distribution: The Curlew Sandpiper breeds on high-arctic coastal tundrain central
Siberiawith small numbers also nesting in Alaska. Wintering grounds include Africa, the
Middle East, India, South east Asiaand Australasia. It occurs throughout Australiain
both coastal and, less often, inland localities. The largest numbers occur in south eastern
Australia, and on the north west coast during migration. The species occurs throughout
NSW, with the greatest numbers between the Hunter Estuary and Botany Bay. High
numbers also occur at some inland sites in southern NSW.

Movements: The Curlew Sandpiper first arrivesin most parts of Australiain late August.
It migrates through north-western Australia between August and November. Birds
colour-dyed there in this period have been sighted in South Australia and Victoria about
five weekslater. Flocks appear on the southern and eastern coasts and in inland eastern
Australia between September and November, and there is a steady build-up in numbersin
the south-east. Banding has shown that individual birds return to the same sitesin coastal
Victoria each year. However, studies have shown that substantial fluctuations in numbers
at many Victorian and Tasmanian sites between November and February, indicate that the
birds move around, although possibly only locally.

The northward migration occurs between February and April. Many thousands of birds
pass through north-western Australia at this time, but there appears to be little movement
of birdsthrough north-eastern Australia. Birds departing Victoria and Tasmania have
sufficient fat reservesto fly directly to the north-west coast and, in many cases out of
Australia. However, some influxes occur during the northward migration at coastal and
inland sitesin NSW and South Australia. Some non-breeding birds remain in Australia
over winter. The species has been recorded in NSW in every month but is most numerous
September-April.

Habitat: Curlew Sandpipersin NSW typically forage on intertidal sand and mudflats in
estuaries. At high tide they roost on beaches or rock platforms, or continueto feed in
saltmarshes and backwaters. Although they often roost on ocean beaches and rock
platforms, they seldom forage in these habitats. They also frequent the muddy margins of
shallow inland wetlands, either freshwater or saline.

This species presently feeds and roosts at Penrhyn Estuary largely on intertidal mudflats
(feeding) and sandflats at the Estuary mouth and on the north side of the channel (roosts).
This species also roosts on steel barges and awooden jetty near Shell Point in
Woolooware Bay (pers. comm., Phil Straw). Straw (1996) notes that this species was
formerly relatively abundant in Botany Bay prior to 1986 (counts between 300 and 700
were regularly made) and that since then numbers have declined significantly down to
around 100 (NSW Wader Study counts 1994-2001; NPWS Botany Bay estuary Shorebird
Action Plan 2001/2002 counts; pers.obs.).

Only small numbers of this species have been recorded on the southern shores of the Bay
during a 20 year count (Straw 1996) and are mostly used for roosting only. Penrhyn
Estuary isthus a site of magjor significance for this speciesin Botany Bay estuary. The
loss of foraging habitat at the northern end of Foreshore Beach as aresult of the
construction of the parallel runway is considered to be a contributing factor to this species
decline in the estuary. Remaining areas of Foreshore Beach have not become significant
feeding areas for the species (or for any other shorebirds) due to the steepness of the
shoreline in this area and the volume of pedestrian traffic (dog walkers). The shoreline
steepness has resulted from erosion due to the changes in wave energy as aresult of the
construction and operation of the parallel runway.
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Feeding: Onintertidal flats, Curlew Sandpipers typically feed while wading, often belly-
deep in water, probing the underlying mud and often completely submerging their heads,
however, at later stages of the ebb they feed more often on wet mud above the water’s
edge. Studies have shown that at a non-tidal wetland in Tasmaniathey always foraged in
shallow water, whereas at a non-tidal wetland in Victoriathey foraged mainly on wet
mud, either probing deeply or pecking at the surface. The diet includes molluscs,
crustaceans, polychaete and oligochaete worms, insects (chiefly larvae and pupae) and
Seeds.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 250 000
Australia 188 000
NSW 6 000

Sanderling (Calidris alba)

Conservation Status: The Sanderling islisted as Vulnerable under the TSC Act and is
listed as a migratory species under the EPBC Act. The speciesis listed under the JAMBA
and CAMBA agreements.

Distribution: The Sanderling breedsin afew scattered localities from northern North
Americato northern Russiaand islands in the Arctic Ocean and Greenland. Despite its
limited breeding range, the species is widespread during the non-breeding season, when it
migrates to the coasts of North and South America, Africa, Europe, India, the Middle
East, South east Asia, Australasia and the Pacific Islands. It occurs all around the
Australian coastline, but is rare on the east coast. Inland records are very few and refer to

birds in passage.

Movements: The Sanderling arrivesin Australiain September. It passes through
Roebuck Bay and Darwin in northern Australia, and Eyre in southern Australia, between
September and November. Few occur on the east coast or in New Guinea, even during
migration periods. The northward migration occursin March and April, when birds pass
through Eyre and Darwin again, but few pass through Roebuck Bay. Some non-breeding
birdsremain in Australia over winter. The species has been recorded in NSW from
September to May, with one record in June.

Habitat: Sanderlings are characteristically associated with sandy ocean beaches, where
they feed in the wave-washed zone at low tide. At high tide they roost on the beaches or
on nearby rocky reefs. They favour beaches near estuaries rather than log stretches of
uninterrupted beach. They sometimes roost or shelter in the estuaries but seldom feed
there.

Single birds of this species are occasionally seen in Botany Bay estuary. This species
typically feedsin the wave zone of ocean beaches at Boat Harbour and will generally flee
to the northern shores of the Bay during rough weather for shelter and feeding (Penrhyn
Estuary). Straw (1996) notes that in the 1940s and 1950s the species was regularly present
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in summer at Boat Harbour, in numbers of up to 15 or more, with counts post 1970
revealing no more than one or two individuals. Remaining areas of Foreshore Beach and
the southern shores of the Bay (with the exception of Towra Spit 1sland) have not become
significant feeding areas for the species given the level of human disturbance (fisherman,
dog walking) on the beach and the erosion and associated increasing steepness of the
shoreline in this area which is unsuitable habitat.

Feeding: Sanderlings typically feed in the ebb and flow of waves on flat beaches where
the water is not too turbulent. They follow the receding waves, pecking and probing in the
wet sand for prey. One specimen collected in South Australia contained the remains of
hairy caterpillars, worms, a beetle, an ant and a spider. These prey items were probably
obtained away from the intertidal zone.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 11 000
Australia 8 000
NSW 60

Broad-billed (Limicola falcinellus)

Conservation Status: The Broad-billed Sandpiper islisted as Vulnerable under the TSC
Act and is listed as amigratory species under the EPBC Act. The speciesis listed under
the JAMBA and CAMBA agreements.

Distribution: Of the two sub-species recognised, L.f. sibirica breeds in the north and
north east of Russia, migrating to eastern India, South east Asiaand Australasia. In
Australiait mostly occursin northern Australia, especialy the north west. Only
occasional birds are seen on the southern coasts, and very few inland. In NSW the species
has been recorded along the coast south to the Shoalhaven estuary, with the main site
being the Hunter Estuary.

Movements: The Broad-billed Sandpiper occurs at Darwin between August and May. In
NSW it is present September to April, and is most numerous October to March. In north-
western Australia most birds depart in the second and third weeks of April. Flight range
calculations indicate that migrating birds are able to fly non-stop from north-west
Australiato the Gulf of Thailand.

Habitat: Broad-billed Sandpipersin northern Australia favour intertidal mudflats along
the coast, particularly areas of soft mud on the seaward side of mangroves. In NSW they
favour intertidal sand mudflatsin estuaries.

Mostly single individuals of this species have been recorded in Botany Bay on an
occasional basis since the mid 1970s (northern shoreline) and up to 17 birds were
recorded on the northern shores of the Bay in 1953 (Straw 1996). No recent records of the
speciesin the Bay exist, neverthel ess the species may occasionally feed and roost at
Penrhyn Estuary.
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Feeding: The birdstypically feed by rapidly and repeatedly jabbing their billsinto soft
wet mud. They also feed while wading, often so deep that they have to submerge their
heads and necks when probing the underlying mud. In Europe they feed on insects,
crustaceans, worms, molluscs and seeds.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993)

Eastern Asian-Australasian Flyway: 16 000
Australia 8 000
NSW 10

Sharp-tailed Sandpiper Calidris acuminata

Conservation Status: The Sharp-tailed Sandpiper islisted as a migratory species under
the EPBC Act and islisted under the JAMBA and CAMBA agreements.

Distribution: The Sharp-tailed Sandpiper breeds in damp sedge land in the high-arctic
lowlands of north eastern Siberia. It migrates to Indonesia and Australasia, with most of
the population coming to Australia. This species has a wide distribution throughout
Australia and occurs in both coastal and inland sites. Large numbers pass through
northern Australia on migration, but from December to February the mgjority of the
population is found in the wetlands of NSW, Victoriaand eastern South Australia. In
NSW the largest numbers occur on inland wetlands, although the speciesis also common
along the coast.

Movements: Sharp-tailed Sandpipers start arriving in Australiain mid-August with peak
arrival in south eastern Australia occurring in January to early February. In north western
Australia peak arrival occursin September. Numbers of birds at most sitesin Australia
are unstable, with movements apparently responsive to wetland conditions. In late
February, numbers of Sharp-tailed Sandpipers decrease in the south east of Australia,
corresponding with an increase at sitesin northern Australia. The Gulf of Carpentaria has
been proposed as a magjor staging area before northward migration. Most first-year birds
are thought to leave Australia during the non-breeding season.

Habitat: This species typically feeds and roosts in saltmarsh at the Barton Park (Eve
Street) wetland and may occasionally forage and roost in the upper reaches of Penrhyn
Estuary in mudflats and saltmarsh. The species has been recorded at Penrhyn Estuary in
1995, 1996 (68 individuals) and 1997 (32 individuals). This speciesis regularly recorded
in the low thousands in the Hunter estuary (Kooragang) and is abundant inland west of
Bourke.

Feeding: Sharp-tailed Sandpipers forage on mud or in shallow water. On intertidal
mudflats at Werribee, Victoria, it has been reported that they typically feed right at the
water’s edge. Their main food here was small polychaete worms, which are particularly
abundant at this site. Other dietary items recorded in Australia are aquatic and terrestrial
insects (both larvae and adults), crustacea, molluscs and a variety of seeds.

Population:
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Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993, 2002)

Eastern Asian-Australasian Flyway: 160 000
Australia 155 000
NSW 40 000

Black-tailed Godwit Limosa limosa

Conservation Status: The Black-tailed Godwit is listed as a migratory species under the
EPBC Act and islisted under the JAMBA and CAMBA agreements.

Distribution: The Black-tailed Godwit breeds in northern Europe, Siberia and northern
Mongolia. It migrates to southern Europe and Africathrough to South east Asiaand
Australasia. Black-tailed Godwits occur at sites throughout Australia, chiefly on the coast
and most abundantly in northern Australia. Only small numbers visit the southern coasts.
Single birds or small flocks occur regularly at inland sites, where they may remain all
summer. The species occurs sporadically at both coastal and inland sites throughout
NSW.

Movements: In Australia Black-tailed Godwits are concentrated on the northern coast
between Darwin and Weipa. The most important siteisin the Gulf of Carpentariain the
mudflats north and west of Karumba. Small numbers occur at other coastal and inland
wetlands across Australia.

Habitat: This species feeds on intertidal mudflats and on muddy margins of wetlands.
The species occursin very small numbers (1 or 2 individuals) in the Parramatta River
estuary at Homebush Bay and may occasionally forage and roost at Penrhyn Estuary
although no recent sightings of this species have been recorded at Botany in recent years.
The speciesis regularly recorded in the hundreds in the Hunter and north coast estuaries
(eg, Clarence).

Feeding: The birdstypically feed along the water’ s edge, either on shallow water or on
soft, wet mud. Occasionally they wade out into deeper water. Prey is obtained by probing
in the mud with their long bills. Their diet includes molluscs, insects and seeds.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993, 2002)
Eastern Asian-Australasian Flyway: 160 000

Australia 82 000

NSW 650
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Marsh Sandpiper Tringa stagnatilis

Conservation Status: The Marsh Sandpiper is listed as a migratory species under the
EPBC Act and is listed under the JAMBA and CAMBA agreements.

Distribution: The Marsh Sandpiper breedsin marshland in eastern Europe, south eastern
Siberia, Mongolia and Northern China. After the breeding season it migrates to Africa,
the Middle East, India, South east Asiaand Australasia. It isacommon speciesin the
African and Indian parts of itsrange, it isless numerous in South east Asiaand
Australasia. The species occurs widely in Australia, in both coastal and inland districts,
but is more common in northern and eastern Australia, and is only avagrant to Tasmania.

Movements: The Marsh Sandpiper migrates to coastal and inland wetlands throughout
Australia. Birds arrive in the north of Australia during September with numbers peaking
at southern sitesin December. Few birds are thought to remain in Australia during the
non-breeding season.

Habitat: This species presently feeds and roosts in the Hawkesbury Swamps and at the
waterbird refuge at Homebush and Newington Wetlands in the Parramatta River estuary
in relatively low numbers (up to 17 birds have been recorded in the Hawkesbury
Swamps). No recent records exist for this speciesin Botany Bay. One historical record for
this speciesin the Bay was identified (in 1983 at the old mouth of the Cooks River). This
species may feed on estuarine mudflats at Penrhyn Estuary on an occasiona basis.

Feeding: The Marsh Sandpiper usually feeds while wading through shallow water,
pecking rapidly, probing in wet mud or actively pursuing prey. It also swims
occasionally. Their diet includes insects, molluscs and plant material.

Population:

Estimated Minimum Population Estimates (Smith 1991 and Watkins 1993, 2002)

Eastern Asian-Australasian Flyway: 90 000
Australia 9 000
NSW 2000

Little Tern Sterna albifrons

Conservation Status: The Little Tern islisted as Endangered under the TSC Act and is
listed as a migratory species under the EPBC Act. The speciesis listed under the JAMBA
and CAMBA agreements. A Little Tern Recovery Plan has been prepared by NSW
NPWS.

Distribution: The Little Tern subspecies sinensis has a breeding range from Sri Lanka
and southern India east to China and Japan, and south through the Philippines and
Indonesiato New Guineaand Australia. It is anon-breeding visitor to New Zealand.
Within Australia, the breeding distribution extends from Grove Peninsula, around to the
Gulf of Carpentaria and down the east coast to Corner Inlet, Victoria, and north eastern
Tasmania, with occasional breeding records from South Australia and Western Australia.
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Movements: The migratory patterns of the Little Terns are complex and poorly known.
Some populationsin Asia are believed to be sedentary whereas othersin Northern Asia
are wholly migratory. The south eastern Australian population is believed to migrate
down the east coast of Australia during spring-summer to nest. The great majority
breeding in eastern Victoriaand NSW and returning to NSW in September to November.
The birds leave on migration from March to May.

Habitat: This species forages at the mouth of Penrhyn Estuary for small fish and also
roosts at the Estuary. This species has successfully nested in recent years on Towra Spit
Island but was unsuccessful last season to due predators (pers.comm., Geoff Ross). The
species aborted nesting on Towra Spit Island last season and fled to Molineux Point to
nest where roughly 30 chicks fledged, although no data on numbers of nesting pairs were
recorded (pers. comm., Geoff Ross). NPWS note that upwards of 60 pairs of the bird
nested on Towra Spit Island during the past 10 years (pers. comm., Geoff Ross).
Enhancement of habitat at Penrhyn Estuary coupled with public access restrictions
associated with the proposal may attract the speciesto nest in the area. Fox baiting is
reportedly underway throughout all areas at Towra Point Nature/Aquatic reservein an
attempt to minimise the chances of foxes predating on future Little Tern nesting sites on
Towra Spit Island (a concern given that the island is moving south and the foxes may be
able to access the island via mangroves at Towra).

Feeding: Only limited information is available on the feeding ecology of Little Ternsin
Australia. Gut contents of five breeding specimens from Mallacoota disclosed only fish
remains, including two whole Hardyheads. More comprehensive data on European birds
suggests that invertebrates are also important in their diet, especially crustaceans and
insects. The birds generally work back and forth over the water with quick wing-beats and
their head directed downward. They often hover before making arapid vertical dive into
or under the water, or drop or dip more slowly to the surface.

Population:

Census data of Little Ternsin NSW are described in the Draft Little Tern (Sterna
albifrons) Recovery Plan (NSW NPWS 2000). This census data is described below:

Census No. Sites Breeding Population | Non-breeding
Surveyed Population
1976/77 30 114-124 -
1977/78 30 174 -
1978/79 26 64 -
Dec 1984 40 204 1121
Dec 1989 52 247 1302
Dec 1993 30 292 723
Dec 1994 43 327 1411
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Executive Summary

A small area of intertidal mudflats at Penrhyn Estuary, adjacent to Port Botany, is
the only viable shorebird habitat remaining on the north side of Botany Bay.
Without appropriate planning the proposed expansion of Port Botany could lead
to the loss of the site as a shorebird habitat. The retention of Penrhyn Estuary as
a shorebird habitat will therefore be a critical component of the proposed
expansion of Port Botany.

Essential design elements for the proposed site include the minimum size of
viable habitat within a developed port environment and disturbance factors
relating to traffic, port operation, lighting, public access, dogs and watercraft.
Concerns over whether shorebirds will fly between the enclosed site and Botany
Bay have been considered in this report through comparison with overseas sites.

Key issues

* The retention of the existing mudflats at Penrhyn Estuary is essential to
the long-term survival of shorebirds currently using the site.

* The area should remain free from disturbance from Port operations and
from the general public

* Habitat enhancement, as outlined in this report, should be commenced as
soon as possible in order to provide viable shorebird habitat (may take 3
to 5 years to fully establish). Works could be staged to ensure some areas
of habitat are not unduly disturbed.

* Monitoring of the site and any adjustments to landscaping of topography
will be essential to ensure long-term viability.

* People and dogs should be excluded east of the proposed rail bridge over
the channel into Penrhyn Estuary. Dogs should also be excluded from the
constructed boardwalks and viewing platforms.

* Works associated with the restoration of Penrhyn Estuary shorebird
habitat should wherever possible be timed to coincide with periods when
most migratory species are absent (mid April to late July). The smaller
number of shorebirds present during winter (non-breeding juveniles and
Double-banded Plovers visiting from New Zealand) are less likely to be
disturbed, given the size of the area available to them.

* Retaining the open nature of tidal flats for feeding and saltmarsh for
feeding and roosting will be essential including the management of
mangroves. (A former roost site is now overgrown with mangroves).
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1. Introduction

Until the 1940s much of Botany Bay consisted of extensive areas of intertidal
mud and sand flats providing important feeding habitat for many species of
shorebirds (waders). These areas included the estuary at the mouth of the
Cooks River and Mill Stream and extensive tidal flats at the former Botany
Beach where 'several thousand" shorebirds of "ten or eleven” species
occurred. (Hindwood et al 1954). The former habitat is illustrated in Figure 1.

Each species of shorebird fill a different niche in the variety of habitats
available. Some, especially the short-billed species, such as plovers, stints
and sandpipers, feed in relatively firm muddy-sand substrate (typical of the
former habitat of the north and north-western parts of the Bay) taking animals
that are on or close to the surface, often feeding visually rather than tactilely.
Other species, especially long-billed species such as the Eastern Curlew and
Whimbrel feed in the softer, muddy, substrates of the southern part of the
Bay. These birds usually probe deep into the substrate, relying on the tactile
senses to detect prey.

During the expansion of Sydney Airport in the early 1950s the lower reaches
of the Cooks River was diverted and a large proportion of the most important
feeding habitat destroyed. Further losses of feeding habitat resulted during
the infilling of the shoreline along the former Botany Beach and construction
of the North-South Runway. The most recent losses occurred when Runway
Beach, the northern end of Foreshore Beach, and the Pilots Embayment were
filled in during the construction of the Parallel Runway (See Figure 2).

The area now known as Penrhyn Estuary was of relatively minor importance
for shorebirds until the Maritime Services Board created the estuary, during
the construction of Port Botany in the late 1970s.

Some species that occurred at Penrhyn Estuary and Foreshore Beach in
flocks of several hundred during the 1970s to 1990s are now only observed in
small groups of a few individuals while other species are now locally extinct.
This may be due to:

* increased disturbance by people and dogs using Foreshore Beach and
entering Penrhyn Estuary (formerly fenced off at the remains of the old
Government Jetty) and;

* habitat deterioration due to the steepening of Foreshore Beach due to
wave erosion and the recent invasion of mangroves over former
saltmarsh roost sites and intertidal feeding areas at Penrhyn Estuary

Penrhyn Estuary is essentially the only habitat remaining for shorebirds
formerly abundant in the north-western part of the Bay except for the highly
disturbed narrow strip of sandflat at Foreshore Beach during very low tides.
The proposed extension of Port Botany will partially enclose the remaining
habitat at Penrhyn Estuary and modify some of Foreshore Beach. The
‘closeting' effect on Penrhyn Estuary as a result of Port structures has the
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potential to exclude most shorebirds, because of their need for habitat with an
open aspect, if not appropriately managed. Without appropriate planning this
could result in the species dependent on the habitat not using the site. Sydney
Ports Corporation have commissioned a study by Avifauna Research &
Services, and URS, to look at measures that would retain sufficient habitat for
shorebirds currently using Penrhyn Estuary and enhance Penrhyn Estuary to
provide habitat for larger numbers of shorebirds.
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2. Existing Habitat

Botany Bay has long been identified as an important estuary for shorebirds,
for example; Hindwood & Hoskin 1954, Smith 1991, Watkins 1993, as an
‘over wintering' site for migratory shorebirds nesting in the Arctic tundra, and
as a staging area for birds flying south to southeast Australia and New
Zealand.

The shores of the Bay have been subject to an extensive loss of shorebird
habitat as a result of industrial development (east and northern shores), and
the construction of the existing port and Sydney Airport (northern shores).
Recreational activities such as fishing, swimming, boating and picnicking have
resulted in disturbances to shorebirds and their habitats. Shorebird feeding
habitat on the north shore of Botany Bay is a fraction of that previously
available and is restricted to Penrhyn Estuary, Foreshore Beach and a small
section of beach between Penrhyn Estuary and Port Botany.

Although Botany Bay still has extensive shorebird habitat these are
mangrove-fringed soft mudflats on the southern shores of the Bay between
Taren Point and Bonna Point at Kurnell (see Figure 3). These mudflats
provide suitable habitat for Grey-tailed Tattlers, Whimbrel, Eastern Curlew
and a few Terek Sandpipers and their numbers have remained relatively
stable. One species, the Bar-tailed Godwit has been able to adapt to changes
in conditions in the Bay and has also remained relatively stable in numbers.

Species such as most sandpipers and plovers that cannot utilise most of the
habitats in the southern parts of the Bay are now virtually absent except for
small populations at Penrhyn Estuary.

2.1 Penrhyn Estuary

Important feeding habitat at Penrhyn Estuary is restricted to the exposed
mudflats that extend from the mouths of Floodvale and Springvale drains to a
narrow neck in the Estuary (about 1.5ha) also an area of sand flats along the
southern shore of the Estuary and narrow margins of the beaches to the south
and north of the Estuary as marked in Figure 4. Penrhyn Estuary is now the
most important site in Botany Bay for shorebird species such as Red-necked
Stint, Curlew Sandpiper, Red Knot, Pacific Golden Plover and Sharp-tailed
Sandpiper that are now sparse or absent from other parts of the Bay.

2.2 Foreshore Beach

Foreshore Beach was created during dredging works by the Maritime
Services Board and the creation of Foreshore Road replacing the former
Botany Beach. This resulted in a loss of a large proportion of the intertidal
flats that remained at the time. Wave action has eroded Foreshore Beach,
steepening the profile deepening the immediate foreshore. This has further
reduced the available habitat for shorebirds.
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The main threats to any shorebirds using the beach is from frequent
disturbance from people and unleashed dogs. Roost sites that previously
existed along this beach have been lost to erosion.

2.3 Botany Wetlands

Botany Wetlands extend from Gardeners Road in the north to the eastern side
of Sydney Airport. They are comprised of a series of lakes and ponds, many
artificially created as a result of weirs having been constructed along the
watercourse of Mill Stream during the early days of Sydney town. Due to the
rank vegetation round many of the wetlands few areas of habitat for
shorebirds exist around its shores. However the wetlands do provide roosting
and feeding habitat for small numbers of Sharp-tailed Sandpiper and larger
numbers of Latham's Snipe.

2.4 Barton Park Wetlands

A series of remnant wetlands situated approximately 1.5 km from the shores
of Botany Bay, to the south of Cooks River, provide habitat for significant
numbers of migratory shorebirds including Sharp-tailed Sandpiper, Curlew
Sandpiper and non-migratory species such as Black-winged Stilt and Black-
fronted Plover.

Eve Street Wetland was restored by Sydney Water Corporation with the goal
of providing intertidal habitat for shorebirds. This small (ca 1.2 ha) wetland
often accommodated relatively large numbers of Sharp-tailed Sandpiper and
Curlew Sandpiper until 1998 when management of the site resulted in a
marked decline in the numbers of shorebirds found there. The main threats to
shorebirds are from disturbance from dogs and people at low tide and
difficulties of management maintaining flows through a mangrove-lined
channel from Cooks River. A combination of lack of tidal flows and boxing-in
the area by the M5 East Motorway has resulted in migratory shorebirds
abandoning the site.

Spring Creek Wetland was previously an open wetland, about 1.5 ha in size,
providing feeding habitat for Sharp-tailed Sandpiper, Curlew Sandpiper and

nesting Black-winged Stilts. However the extensive planting of trees around

this wetland has resulted in the wetland being totally closed in resulting in all
shorebirds and waterfowl to abandon the site.

Riverine Park Wetland is about 1.8 ha in size providing about 1.5 ha of
feeding habitat in the form of semi-tidal mudflats and shallows and a similar
sized area of saltmarsh. Species observed at the site on a regular basis
include Curlew Sandpiper, Sharp-tailed Sandpiper, Black-winged Stilt and
Masked Lapwing.
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Figure 4 Existing shorebird feeding habitat (shown in orange) at Penrhyn Estuary (2002)
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25 Cooks River

Little shorebird habitat remains in the Cooks River. Some habitat exists
adjacent to Tempe Recreation Reserve and between the Princes Highway
bridge and the nearby rail bridge and is used by shorebirds such as the Bar-
tailed Godwit. However very few shorebirds have been seen in these areas in
recent years.

2.6 Cooks River mouth to Rocky Point

Apart from a small area of sand flats close to the mouth of the Cooks River,
that attracts small numbers of Bar-tailed Godwits, the only area of shorebird
feeding habitat between Cooks River and Rocky Point is an area of muddy
sand flats extending for about 1km east from Captain Cooks Bridge. These
tidal flats attract moderate numbers of Bar-tailed Godwits and occasionally
one or two Eastern Curlew and Red Knot. The main threats to shorebirds here
are extensive disturbance from people and dogs and large numbers of bait
collectors that cause disturbance of the substrate and damage to
invertebrates hunted by shorebirds.

A major roost site previously existed at sand spit at Sandringham Bay but was
dredged for local beach nourishment. Shorebirds such as Bar-tailed Godwit,
Pied Oystercatcher and Red Knot still roost on the beach in Sandringham Bay
but are subject to frequent disturbance by people and dogs.

2.7 Georges River

Georges River previously provided extensive tidal mudflats that attracted
large numbers of shorebirds. Much of this habitat has now been filled in to
provide sports fields, housing and other commercial development. Fringing
mudflats remain in some of the embayments of the lower reaches of the River
and its tributaries, such as the Woronora River, providing habitat for long-
billed shorebirds such as Eastern Curlew and Bar-tailed Godwit.

2.8 Taren Point to Shell Point

The shorebird community occurring in much of the area from Taren Point to
Shell Point has been listed as an Endangered Ecological Community on Part
3 of Schedule 1 of the Species Conservation Act 1995. Some of the species
that occur at Penrhyn Estuary also occur within this community but only in
very small numbers. This area of muddy tidal flats and patches of