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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) Consideration 

TSC Act 
(E=Endangered 
V=Vulnerable)

Migratory/non 
migratory 

Species listed 
under EPBC Act 

JAMBA CAMBA Bonn

Species

Scolopacidae      

Curlew Sandpiper 
Calidris ferruginea

- X X X  

Common Sandpiper 
Tringa hypoleucos

- X X X  

Eastern Curlew 
Numenius madagascariensis

- X X X  

Sanderling
Calidris alba

V X X X  

Sharp-tailed Sandpiper 
Calidris acuminata

- X X X

Great Knot 
Calidris tenuirostris

V X X X  

Greenshank 
Tringa nebularia

- X X X  

Grey-tailed Tattler 
Tringa brevipes

- X X X  

Bar-tailed Godwit 
Limosa lapponica

- X X X  

Black-tailed Godwit 
Limosa limosa

 X X X

Broad-billed Sandpiper 
Limicola falcinellus

V X X X  

Marsh Sandpiper 
Tringa stagnatilis

- X X X  

Red Knot 
Calidris canutus

- X X X  

Red-necked Stint 
Calidris ruficollis

- X X X  

Ruddy Turnstone 
Arenaria interpres

- X X X  
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TSC Act 
(E=Endangered 
V=Vulnerable)

Migratory/non 
migratory 

Species listed 
under EPBC Act 

JAMBA CAMBA Bonn

Species

Terek Sandpiper 
Tringa cinerea

V X X X  

Whimbrel 
Numenius phaeopus

- X X X  

Haematopodidae      

Pied Oystercatcher 
Haematopus longirostris

V - - -  

Charadriidae      

Large (Greater) Sand Plover 
Charadrius leschenaultii

V X X X  

Grey Plover 
Pluvialis squatarola

- X X X  

Mongolian (Lesser Sand) Plover 
Charadrius mongolus

V X X X  

Double-banded Plover**
Charadrius bicinctus

- X    

Pacific Golden Plover  
Pluvialis dominica

- X X X  

Laridae      

Little Tern 
Sterna albifrons

E X X X  

* 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. 
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Calidris ferruginea (Curlew Sandpiper) 

(a) 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 al 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 
alternative, 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 species in 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 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 
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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

 (f) 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.
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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 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 
is regularly recorded in relatively high numbers in 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 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 species is 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)

(a) 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 Bicentennial 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 
1or 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 species in 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 al 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. 
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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 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.

 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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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 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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in the Hunter estuary.  
The known roost site for the species in the bay is currently unreserved. 

(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 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 species is 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) 

(a) 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 al 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, 
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 alternative 



Section 5A Assessments 

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 
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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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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 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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 occasional shorebird 
habitat for the species on a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 species is 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) 

(a) 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 
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 al 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. 
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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 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 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 Island).

 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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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 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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 species is 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) 

(a) 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 al 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, 
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 
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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 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.

 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 
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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). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in the Hunter estuary.  
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 (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 some estuaries on the north and south NSW 

coasts (particularly the Richmond and Clarence estuaries) 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 species is 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) 

(a) 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) although 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 al 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, 
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 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.
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 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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 
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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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 species is 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 brevipes (Grey-tailed Tattler) 

(a) 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 al 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, 
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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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 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 
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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 



Section 5A Assessments 

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). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 species is 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 

Limosa lapponica (Bar-tailed Godwit) 

(a) 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 al 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 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 
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 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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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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 species is 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) 

(a) 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 al 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, 
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 
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 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 
(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. 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 



Section 5A Assessments 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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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 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 species is 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) 

(a) 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 al 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, 
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 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 Boat Harbour and Taren Point.
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 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 Estuarymay fly into the Estuary over the 
operational docks or negotiate along the 130 metre wide channel parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 
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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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 
(f) 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 
is regularly recorded in relatively high numbers in the Hunter estuary.  
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(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 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 species is 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) 

(a) 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 al 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, 
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 



Section 5A Assessments 

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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 
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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). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in the Hunter estuary.  
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(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 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 species is 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) 

(a) 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 also 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 al 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, 
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 
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 Boat Harbour.
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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 
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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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 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 species is 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 

Arenaria interpres (Ruddy Turnstone) 

(a) 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 (although 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 al 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, 
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 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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 
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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). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in the Hunter estuary.  
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(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 

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) 

(a) 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 al 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, 
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 
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 
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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 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 
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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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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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 species is 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) 

(a) 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 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 al 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 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 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, 
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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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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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 species is 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 

Charadrius leschenaulti (Large (Greater) Sand Plover) 

(a) 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 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 al 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, 
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 
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) 
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 
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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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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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 (majority 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 species is 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) 

(a) 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 species in the Bay is on the sandy points on either side of the channel at 
Penrhyn Estuary. The species was historically recorded from the original 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 al 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, 
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 
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, 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 
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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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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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 species is 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) 

(a) 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 elsewhere in 
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 al 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, 
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 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 



Section 5A Assessments 

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 



Section 5A Assessments 

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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in the Hunter estuary.  
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(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 species is 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) 

(a) 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 also 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 
Shoalhaven 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 al 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. 
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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 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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 also 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). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 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 species is 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 dominica (Pacific Golden Plover)

(a) 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 al 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 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 
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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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 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 species is 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) 

(a) 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 al 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). 

 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, 
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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 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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 

(b) 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 

(c) 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 a local 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 species life cycle requirements. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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 
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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 species is 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) 

(a) 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 although no recent sightings of this species have been recorded in Botany 
Bay in recent years. The species is 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 al 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 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 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, 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 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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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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 species is 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) 

(a) 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 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 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 al 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, 
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, 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 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 
(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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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 (less intertidal flats on neap tides). 
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(b) 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 

(c) 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 a local 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. 

(d) 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. 

(e) 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. 

(f) 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 
is regularly recorded in relatively high numbers in 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. 
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 Not Applicable 
(j) 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 species is 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) 

(a) 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 at 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 al 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 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 (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 
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 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 parallel to 
Foreshore Beach particularly if they are forced to due to a lack 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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(b) 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 

(c) 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 a local and regional basis. 

 (d) 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. 

(e) 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. 

(f) 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 alternative sites in the Bay on unreserved 
land needs to be considered when assessing the conservation status of the species in 
the locality and region. 

(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 at Botany Bay 
estuary.
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Section 5A Assessment Conclusion 

Given that the proposal presently represents potential 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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Appendix D 
Plant Species List 

D1. Plant Species List

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 

The flora list 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 all species 
occurring in an area). 

Grouping and 
Family

Botanical Name Common Name 1 2 3

Monocotyledons

Cyperaceae Isolepis nodosa

Poaceae Sporobolus virginicus Sand Couch

Spinifex sericeus

Pennisetum clandestinum* Kikuyu Grass 

Melinus repens* Dune Red Grass

Erharta erecta* Panic Veldtgrass

Dicotyledons

Aizoaceae Carpobrotus glaucescens* Pig Face

Tetragonia tetragonioides New Zealand
Spinach

Apiaceae Hydrocotyle bonariensis* Kurnell Curse 

Asteraceae Chrysanthemoides
monilifera ssp monilifera*

Bitou Bush

Senecio
madagascariensis*

Avicenniaceae Avicennia marina var. 
australasica

Grey Mangrove

Brassicaceae Cakile maritima ssp
maritima

Sea Rocket

Cakile edentula ssp
edentula*

Sea Rocket
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Appendix D 
Plant Species List 

Grouping and 
Family

Botanical Name Common Name 1 2 3

Casuarinaceae Allocasuarina distyla

Allocasuarina littoralis 

Chenopodiaceae Atriplex semibaccata Half-berried Salt-
bush

Sarcocornia quinqueflora Glasswort

Suaeda australis Austral Seablite 

Juncaceae Juncus kraussii Sea Rush

Mimosaceae Acacia longifolia var
sophorae

Acacia saligna*

Acacia longifolia var
longifolia

Sydney Golden
Wattle

Myrtaceae Leptospermum laevigatum Coastal Tea Tree

Melaleuca armillaris Giant Honeymyrtle

Melaleuca ericifolia Swamp Paperbark

Plantaginaceae Plantago lanceolata*

Acetosa sagittata* Rambling Dock

Proteaceae Banksia integrifolia Coastal Banksia

Banksia serrata Old Man Banksia

Sapindaceae Dodonaea triquetra Common Hop Bush 

Verbenaceae Lantana camara* Lantana
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Appendix E
Wader Count Data
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Appendix F
Ecological Descriptions of Threatened Wader

Species



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 is listed as Vulnerable under the TSC Act. 

Distribution: The Pied Oystercatcher is found around the entire coast of Australia in 
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 occurs in the area. The breeding season in Tasmania runs from 
October to January. Young 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 is entirely coastal in NSW, favouring ocean beaches 
and estuarine sand and mudflats.  It has been recorded inland on rare occasions elsewhere 
in Australia and regularly occurs inland 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 its life cycle requirements, particularly 
nesting activity. 

Feeding:  There have been no detailed feeding studies in Australia, but the chief prey 
appears to be molluscs (bivalves and gastropods).  The birds also take marine worms and 
small fish. 

Breeding:  The nest is a 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 is two, sometimes one or three, rarely four.  A second and 
occasionally a third 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. 
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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 is listed as a migratory species under the 
EPBC Act and is listed under the JAMBA and CAMBA agreements. 

Distribution: The Pacific Golden Plover breeds on arctic tundra and migrates through 
Asia and the Pacific Islands to India, Australia and east as far as New Zealand. Evidence 
from banding recoveries indicate that the NSW population breeds in Alaska, and migrates 
across the Pacific Ocean. It occurs in the largest numbers in coastal areas of north eastern 
Australia. There are occasional inland records of Pacific Golden Plovers in passage.

Movements:  The Pacific Golden Plover arrives on the east coast of Australia in 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 Australia in October and November.  Numbers are fairly stable in south-
eastern Australia from November to January.  From late February to April there is a 
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 reserves to 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 occurs in 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 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. 

Feeding:  The birds forage individually or in small parties over intertidal sand, mud or 
rocks, or in short, moist vegetation.  They locate their prey by sight.  The diet includes a 
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 is listed as Vulnerable under the TSC Act 
and is listed as a migratory species under the EPBC Act. The species is 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 species in 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 
Australia.

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 Australia in 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 sites in 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 Plovers in NSW feed chiefly on intertidal sand and mudflats in 
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 birds typically 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 stops to 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 is listed 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 Australia are 
of the subspecies C.b. bicinctus and breed in the highlands of central South Island, New 
Zealand. After breeding a substantial proportion of the population migrates to south 
eastern Australia for 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 arrives in Australia in early February.
Many arrive in March and maximum numbers are reached in April in southern NSW, 
Victoria and 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 Australia in July, but in Victoria and southern 
NSW it is present until mid-August and sometimes until early September.  Temporary 
influxes occur in NSW and Victoria in August, suggesting that birds from elsewhere in 
Australia use sites in these states as staging areas before their return migration to New 
Zealand.  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 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 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 capture it.  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 is listed as Vulnerable under the 
TSC Act and is listed as a migratory species under the EPBC Act. The species is listed 
under the JAMBA and CAMBA agreements. 

Distribution: The subspecies C.l. 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 Asia and 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 Asia and 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 arrives in north-western Australia in 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 is entirely coastal in NSW foraging on intertidal sand 
and mudflats in estuaries, and roosting during high tide on sand beaches or rocky shores. 

This species is 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 Botany 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). 
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Feeding:  The birds feed 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 includes insects, 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 Turnstone is 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 birds in 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 arrives in Victoria and 
South Australia in 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 Australia all summer.  In the south-east, numbers are 
stable from December to February at most sites.  Numbers remain high at some sites in 
southern Australia until well into April, but most birds depart in March.  Influxes occur in 
coastal NSW sites in March and April.  There are also influxes at this time in northern 
Australia, especially in the north-west.  However, birds departing Victoria have sufficient 
fat reserves to 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 thus is considered to have a low 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 
Victoria they 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 Australia where 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 species is rare in south western 
Australia, and there are very few inland records. 

Movements:  The Eastern Curlew is the largest of the shorebirds that migrate to Australia. 
Birds arrive in both north-western and eastern Australia as early as late July.  The major 
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 
a maximum at most sites in south-eastern Australia in November. 

The birds leave 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 mudflats in 
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 species in Botany 
Bay are presently around 200 and thus 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. 
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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 major prey item in Victoria is the Ghost Shrimp 
(Callianassa australiensis), which they gather by probing the burrow with their long bills.  
There is a marked difference in bill length between the sexes, with the female’s being the 
longer.  This is associated with differences in 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 majority of males feed in loose flocks 
in areas of mudflat pools and seagrass, where their prey lives nearer the surface.  Other 
dietary items include 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      2 400 

Whimbrel (Numenius phaeopus)

Conservation Status: The Whimbrel is listed as a migratory species under the EPBC Act 
and is listed under the JAMBA and CAMBA agreements. 

Distribution: The Whimbrel breeds in arctic Russia, Siberia, Alaska, Canada and Iceland. 
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 a favoured area for Whimbrels at this time of the 
year.  In NSW the species is present in every month but most numerous September-April. 

Habitat:  Whimbrels typically 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 species in 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 Woolooware, 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.  Little is 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 is listed as a migratory species under the 
EPBC Act and is listed under JAMBA and CAMBA agreements. 

Distribution: The Grey-tailed Tattler breeds on alpine tundra in the mountains of Siberia, 
migrating to South east Asia and 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 arrives in northern Australia in late August and 
early September.  A subsequent movement down the east coast is indicated 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 is typically 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 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. 

Feeding: The birds forage on intertidal mudflats typically amongst mangroves, exposed 
seagrass beds or debris.  They also 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 is listed 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 Asia and 
Australasia. It occurs throughout Australia in 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 Asia and 
migrates to wetlands ranging from Africa to Australia. In Australia it occurs singly 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 sites it is 
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 
it is typically 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 channels in the Parramatta River estuary at Bicentennial Park, Homebush Bay, 
roosting on broken barges. This species also occurs at Newington wetlands. This species 
occurs most years in very low numbers in Botany Bay (probably 1or 2) and presently 
roosts on a wooden jetty at Shell Point which illustrates the 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 
since 1994 and thus the site should not be discounted as a possibly important foraging and 
roosting site for the species in 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 also probes in 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:  30 000 

Australia     3 000 

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 Asia and Australasia. It is widespread 
throughout Australia on both inland and coastal wetlands.

Movements: Adult Greenshanks arrive and increase in numbers in Australia during 
August and September.  Numbers then build up from September through November.  
There seem to be no north/south or inland/coastal differences in 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.  The first, 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 species is 
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 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. 

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 is varied, 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      2 000 

Terek Sandpiper (Xenus cinereus)

Conservation Status: The Terek Sandpiper is listed as Vulnerable under the TSC Act and 
is listed as a migratory species under the EPBC Act. The species is listed 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 Asia and Australasia. In Australia it 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 species is very seldom recorded inland. 

Movements:  The Terek Sandpiper arrives in northern Australia in 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 Australia in late April, 
birds have sufficient weight to fly non-stop to the Gulf of Thailand and, possibly, the 
Philippines and Taiwan.  There is also an influx in north-western Australia at this time, 
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 in tidal 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 species typically feeds by moving rapidly and erratically over soft, wet 
mud, pecking or probing at the surface, sometimes chasing prey.  It also 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 Russia to Alaska. Two races occur in Australia L.l. baueri in south eastern 
Australia and L.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 species is 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 sites in north-eastern Australia at this time, indicating that the bird’s 
stopover on their way northwards.  Conversely, other authors indicate no evidence of this 
and suggest that the majority of birds fly directly out of Australia. 

Large numbers of non-breeding birds remain in Australia over winter.  July numbers in 
northern NSW, Queensland and around Darwin average about 55% of February numbers, 
whereas in southern NSW, Victoria and 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 Australia during winter.  The species has been recorded in NSW in 
every month but is most numerous September-March. 

During the breeding season, sites in coastal New South Wales have been found to 
increase in relative importance for Bar-tailed Godwits remaining in Australia.

Habitat:  Bar-tailed Godwits in NSW forage mainly on intertidal sand and mudflats in 
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 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). 

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 a favoured 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 is listed 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 America and Australasia. The 
entire population of the subspecies C.c rogersi appears to winter in Australia and New 
Zealand. It occurs all 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 Australia in 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.  This is 
followed by a substantial influx in late April to sites in Victoria, Queensland and Darwin, 
probably involving birds from New Zealand.  North-western Australia is not an important 
staging area during the northward migration.  Some non-breeding birds remain in 
Australia over winter.  The species has been recorded in NSW in every month but is most 
numerous September-May. 
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Habitat:  Red Knots in NSW forage on intertidal sand and mudflats in 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 is a rapid probing up and 
down, sometimes with a sideways movement, in soft wet sand or mud on either side of 
the water’s edge.  It is a tactile rather than a visual feeder.  In Victoria it 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 is listed as Vulnerable under the TSC Act and is 
listed as migratory under the EPBC Act. The species is listed 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 Asia and Australasia, with most of the world 
population apparently coming to Australia. Although it occurs all around the Australian 
coastline it is more abundant in northern Australia. Inland records are few and represent 
birds in 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 Australia in late August and early 
September.  Some of these move on by November, when there is a temporary influx at 
Darwin.  Maximum numbers in 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 a large-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 Knots in NSW forage on intertidal sand and mudflats in estuaries.  They 
usually roost at high tide on beaches and other open sites. 

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. 

Feeding:  Great Knots typically 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 is listed as a migratory species under the 
EPBC Act and is listed under the JAMBA and CAMBA agreements. 

Distribution: The Red-necked Stint breeds on arctic tundra in central and eastern Russia. 
It also breeds sporadically in western Alaska. Although this species migrates to South east 
Asia and Australasia, it is thought that the majority of the population migrate to Australia. 
It is an abundant wader all around Australia where it is predominantly coastal, although it 
does occur on inland wetlands. 

Movements:  The Red-necked Stint arrives in substantial numbers throughout Australia in 
late August and early September.  Numbers increase steadily in coastal and inland sites in 
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 sites in coastal Victoria each year. 

The northward migration occurs from late February to April.  Birds departing Victoria do 
not carry sufficient fat reserves to fly directly out of Australia. Some birds move up the 
east coast, with influxes at NSW coastal sites and Lake Bathurst at this time. Most birds, 
however, appear to take a more westerly route, with influxes along the coasts and nearby 
inland wetlands of South Australia and 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 occurs in 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.  In fact, numbers in 
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.  There is also a movement of young birds from Tasmania to the mainland 
in winter.  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 
mudflats in estuaries.  They also 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 also 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 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. 

Feeding:  The birds forage in a variety 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 all 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 

Australia     353 000 

NSW      4 500 

Curlew Sandpiper (Calidris ferruginea)

Conservation Status: The Curlew Sandpiper is listed as a migratory species under the 
EPBC Act and is listed under the JAMBA and CAMBA agreements. 
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Distribution: The Curlew Sandpiper breeds on high-arctic coastal tundra in central 
Siberia with small numbers also nesting in Alaska. Wintering grounds include Africa, the 
Middle East, India, South east Asia and Australasia. It occurs throughout Australia in 
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 arrives in most parts of Australia in 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 weeks later.  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 numbers in 
the south-east.  Banding has shown that individual birds return to the same sites in 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 birds through north-eastern Australia.  Birds departing Victoria and Tasmania have 
sufficient fat reserves to 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 sites in 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 Sandpipers in NSW typically forage on intertidal sand and mudflats in 
estuaries.  At high tide they roost on beaches or rock platforms, or continue to 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 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. Penrhyn 
Estuary is thus a site of major significance for this species in Botany Bay estuary. The 
loss of foraging habitat at the northern end of Foreshore Beach as a result 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 a result of the 
construction and operation of the parallel runway.
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Feeding:  On intertidal 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 Tasmania they always foraged in 
shallow water, whereas at a non-tidal wetland in Victoria they 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 is listed as Vulnerable under the TSC Act and is 
listed as a migratory species under the EPBC Act.  The species is listed under the JAMBA 
and CAMBA agreements. 

Distribution: The Sanderling breeds in a few scattered localities from northern North 
America to northern Russia and 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 arrives in Australia in 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 occurs in March and April, when birds pass 
through Eyre and Darwin again, but few pass through Roebuck Bay.  Some non-breeding 
birds remain 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 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 
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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 Island) 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 is listed as Vulnerable under the TSC 
Act and is listed as a migratory species under the EPBC Act. The species is 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 Asia and Australasia. In 
Australia it mostly occurs in northern Australia, especially 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 
Australia to the Gulf of Thailand. 

Habitat:  Broad-billed Sandpipers in 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 mudflats in 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 
species in the Bay exist, nevertheless the species may occasionally feed and roost at 
Penrhyn Estuary. 
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Feeding:  The birds typically feed by rapidly and repeatedly jabbing their bills into 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 is listed as a migratory species under 
the EPBC Act and is listed 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 majority of the 
population is found in the wetlands of NSW, Victoria and eastern South Australia. In 
NSW the largest numbers occur on inland wetlands, although the species is also common 
along the coast. 

Movements: Sharp-tailed Sandpipers start arriving in Australia in mid-August with peak 
arrival in south eastern Australia occurring in January to early February. In north western 
Australia peak arrival occurs in September. Numbers of birds at most sites in 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 sites in northern Australia. The Gulf of Carpentaria has 
been proposed as a major 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 species is 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 is listed 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 Africa through to South east Asia and 
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 site is in the Gulf of Carpentaria in 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 occurs in 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 species is regularly recorded in the hundreds in the Hunter and north coast estuaries 
(eg, Clarence). 

Feeding: The birds typically 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 breeds in 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 Asia and Australasia. It is a common species in the 
African and Indian parts of its range, it is less numerous in South east Asia and 
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 a vagrant 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 sites in 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 species in Botany 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. 

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      2 000 

Little Tern  Sterna albifrons 

Conservation Status: The Little Tern is listed as Endangered under the TSC Act and is 
listed as a migratory species under the EPBC Act. The species is 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 
Indonesia to New Guinea and Australia. It is a non-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. 



T:\SOPHY\SIS\APPENDIX F SHOREBIRD DESCRIPTIONSV5.DOC\18-JUN-03  25 

Movements: The migratory patterns of the Little Terns are complex and poorly known. 
Some populations in Asia are believed to be sedentary whereas others in 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 Victoria and 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 species to nest in the area. Fox baiting is 
reportedly underway throughout all areas at 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). 

Feeding: Only limited information is available on the feeding ecology of Little Terns in 
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 a rapid vertical dive into 
or under the water, or drop or dip more slowly to the surface. 

Population:

Census data of Little Terns in NSW are described in the Draft Little Tern (Sterna
albifrons) Recovery Plan (NSW NPWS 2000). This census data is described below: 

Census No. Sites 
Surveyed

Breeding Population Non-breeding 
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
to Port Botany, is 

y Bay.
could lead

as a shorebird habitat. The retention of Penrhyn Estuary as 
a shorebird habitat will therefore be a critical component of the proposed 

size of
actors

relating to traffic, port operation, lighting, public access, dogs and watercraft. 
over whether shorebirds will fly between the enclosed site and Botany 

Bay have been considered in this report through comparison with overseas sites. 

Ke

* essential to
the long-term survival of shorebirds currently using the site.

* ations and

* mmenced as
viable shorebird habitat (may take 3

to 5 years to fully establish). Works could be staged to ensure some areas

* ents to landscaping of topography

* rail bridge over
ded from the

* shorebird
ith periods when
). 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). 

A small area of intertidal mudflats at Penrhyn Estuary, adjacent
the only viable shorebird habitat remaining on the north side of Botan
Without appropriate planning the proposed expansion of Port Botany
to the loss of the site

expansion of Port Botany. 

Essential design elements for the proposed site include the minimum
viable habitat within a developed port environment and disturbance f

Concerns

y issues 

The retention of the existing mudflats at Penrhyn Estuary is

The area should remain free from disturbance from Port oper
from the general public

Habitat enhancement, as outlined in this report, should be co
soon as possible in order to provide

of habitat are not unduly disturbed. 

Monitoring of the site and any adjustm
will be essential to ensure long-term viability.

People and dogs should be excluded east of the proposed
the channel into Penrhyn Estuary. Dogs should also be exclu
constructed boardwalks and viewing platforms. 

Works associated with the restoration of Penrhyn Estuary
habitat should wherever possible be timed to coincide w
most migratory species are absent (mid April to late July

1
Avifauna Research Services



Port Botany Expansion - Penrhyn Estuary Shorebird Habitat Enhancement

1. Introducti
Until the 1940s much of Botany Bay consisted of extensive areas
mud and sand flats providing important feeding habitat for many s
shorebirds (waders). These areas included the estuary at the mo
Cooks River and Mill Stream and extensive tidal flats at the former B
Beach where 'several thousand" shorebirds of "ten or eleven" species
occurred. (Hindwood et al 1954). The former habitat is illustra

Each species of shorebird fill a different niche in the variety of hab
available. Some, especially the short-billed species, such as plovers
and sandpipers, feed in relatively firm muddy-sand substrate (typica
former habitat of the north and north-western parts of the Bay) takin
that are on or close to the surface, often feeding visually rather tha
Other species, especially long-billed species such as the Eastern C

Bay. These birds usually probe deep into the substrate, relying on t
senses to detect prey.

During the expansion of Sydney Airport in the early 1950s the lowe
of the Cooks River was diverted and a large proportion of the most
feeding habitat destroyed. Further losses of feeding habitat resulted
the infilling of the shoreline along the former Botany Beach an
of the North-South Runway. The most recent losses occurred when
Beach, the northern end of Foreshore Beach, and the Pilots Emba
filled in during the construction of the Para

The area now known as Penrhyn Estuary was of relatively mino
for shorebirds until the Maritime Services Board created the estuary,
the construction of Port Botany in the late 1970s. 

e species that occurred at Penrhyn Estuary and Foreshore Beac
ks of several hundred during the 1970s to 1990s are now only ob

increased disturbance by people and dogs using Foreshore
entering Penrhyn Estuary (formerly fenced off at the remain
Government Jetty) and;

* habitat deterioration due to the steepening of Foreshore Be
wave erosion and the recent invasion of mangroves over f
saltmarsh roost sites and intertidal feeding areas at Pe

on
of intertidal
pecies of

uth of the
otany

ted in Figure 1.

itats
, stints
l of the
g animals

n tactilely.
urlew and

Whimbrel feed in the softer, muddy, substrates of the southern part of the 
he tactile

r reaches
important
during

d construction
Runway

yment were
llel Runway (See Figure 2).

r importance
during

Som h in
floc served in
small groups of a few individuals while other species are now locally extinct. 
This may be due to:

* Beach and
s of the old

ach due to
ormer

nrhyn 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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itat with an 
ing this 

the site. Sydney 
h & 
habitat for 

y and enhance Penrhyn Estuary to 
provide habitat for larger numbers of shorebirds. 

potential to exclude most shorebirds, because of their need for hab
open aspect, if not appropriately managed. Without appropriate plann
could result in the species dependent on the habitat not using 
Ports Corporation have commissioned a study by Avifauna Researc
Services, and URS, to look at measures that would retain sufficient
shorebirds currently using Penrhyn Estuar
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Figure 1 
Cooks River

1942

Figure 2 
feeding sites prior
to parallel runway

construction
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2. Existing Hab
Botany Bay has long been identified as an important estuary for
for example; Hindwood & Hoskin 1954, Smith 1991, Watkins 1993,
'over wintering' site for migratory shorebirds nesting in the Arc
as a sta
Zealand.

The shores of the Bay have been subject to an extensive loss of
habitat as a result of industrial development (east and northern shore
the construction of the existing port and Sydney Airport (northern
Recreational activities such as fishing, swimming, boating and
resulted in disturbances to shorebirds and their habitats. Shorebird
habitat on the north shore of Botany Bay is a fraction
available and is restricted to Penrhyn Estuary, Foreshore B
section of beach between Penrhyn Estuary and Port Botany.

Although Botany Bay still has extensive shorebird habitat these a
mangrove-fringed soft mudflats on the southern shores of the B
Taren Point and Bonna Point at Kurnell (see Figure 3). These mudfla
provide suitable habitat for Grey-tailed Tattlers, Whimbrel, Eastern
and a few Terek Sandpipers and their numbers have remained rela
stable. One species, the Bar-tailed Godwit has been able to adapt
in conditions in the Bay and has a

Species such as most sand

small populations at Penrhyn Estuary. 

2.1 Penrhyn Estuary

 Important feeding habitat at Penrhyn Estuary is restricted to the ex
mudflats that extend from the mouths of Floodvale and Springvale
narrow neck in the Estuary (about 1.5ha) also an area of san

and nor of the Estuary as
most important site in Botany Bay for shorebird species such
Stint, Curlew Sandpiper, Red Knot, Pacific Golden Plover and S
Sandpiper that are now sparse or absent from other parts of the

2.2 Foreshore Beach

itat
shorebirds,

as an
tic tundra, and

ging area for birds flying south to southeast Australia and New

shorebird
s), and

shores).
picnicking have

feeding
of that previously

each and a small

re
ay between

ts
Curlew
tively
to changes

lso remained relatively stable in numbers.

pipers and plovers that cannot utilise most of the 
habitats in the southern parts of the Bay are now virtually absent except for 

posed
drains to a

d flats along the
southern shore of the Estuary and narrow margins of the beaches to the south 

th marked in Figure 4. Penrhyn Estuary is now the 
as Red-necked

harp-tailed
Bay.

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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ent
s. Roost sites that previously 

existed along this beach have been lost to erosion. 

2.3  Botany Wetlands 

astern side 
ds, many 

ted along the 
ue to the 

or
its shores. However the wetlands do provide roosting 

and feeding habitat for small numbers of Sharp-tailed Sandpiper and larger 

the shores 
y, to the south of Cooks River, provide habitat for significant 

numbers of migratory shorebirds including Sharp-tailed Sandpiper, Curlew 
d Black-

 the goal 
 ha) wetland 
Sandpiper and 

 in a 
 main threats to 

m disturbance from dogs and people at low tide and 
ned
boxing-in

birds

Spring Creek Wetland was previously an open wetland, about 1.5 ha in size, 
andpiper and 

s around 
sulting in all 

 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. 

The main threats to any shorebirds using the beach is from frequ
disturbance from people and unleashed dog

Botany Wetlands extend from Gardeners Road in the north to the e
of Sydney Airport. They are comprised of a series of lakes and pon
artificially created as a result of weirs having been construc
watercourse of Mill Stream during the early days of Sydney town. D
rank vegetation round many of the wetlands few areas of habitat f
shorebirds exist around 

numbers of Latham's Snipe. 

2.4  Barton Park Wetlands 

A series of remnant wetlands situated approximately 1.5 km from 
of Botany Ba

Sandpiper and non-migratory species such as Black-winged Stilt an
fronted Plover. 

Eve Street Wetland was restored by Sydney Water Corporation with
of providing intertidal habitat for shorebirds. This small (ca 1.2
often accommodated relatively large numbers of Sharp-tailed 
Curlew Sandpiper until 1998 when management of the site resulted
marked decline in the numbers of shorebirds found there. The
shorebirds are fro
difficulties of management maintaining flows through a mangrove-li
channel from Cooks River. A combination of lack of tidal flows and 
the area by the M5 East Motorway has resulted in migratory shore
abandoning the site. 

providing feeding habitat for Sharp-tailed Sandpiper, Curlew S
nesting Black-winged Stilts. However the extensive planting of tree
this wetland has resulted in the wetland being totally closed in re
shorebirds and
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Figure 3: Existing feeding habitat in Botany Bay 
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Figure 4 Existing shorebird feeding habitat (shown in orange) at Penrhyn Estuary (2002)
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2.5 Cooks River

exists
ighway
the Bar-

it. However very few shorebirds have been seen in these areas in 

oks River,
shorebird

These
asionally

Red Knot. The main threats to shorebirds here 
are extensive disturbance from people and dogs and large numbers of bait 

andringham Bay but was
ourishment. Shorebirds such as Bar-tailed Godwit,

st ed Knot still roost on the beach in Sandringham Bay

attracted
w been filled in to

ther commercial development. Fringing
ud lats r ayments of the lower reaches of the River 

r long-

Point to
gical Community on Part 

species
only in
angroves

ndpiper, Whimbrel,

Roost sites near Shell Point are important for large numbers of birds that feed 
in the immediate area as well as Woolooware Bay and other parts of Botany 
Bay. The roost sites are especially important to Grey-tailed Tattler, Bar-tailed 
Godwit and Pied Oystercatcher, as well as small numbers of Terek 
Sandpiper, Pacific Golden Plover, Red-necked Stint, Curlew Sandpiper, Red 
Knot, Ruddy Turnstone and Common Sandpiper. The main roost sites used 

Little shorebird habitat remains in the Cooks River. Some habitat
adjacent to Tempe Recreation Reserve and between the Princes H
bridge and the nearby rail bridge and is used by shorebirds such as
tailed Godw
recent years. 

2.6 Cooks River mouth to Rocky Point

Apart from a small area of sand flats close to the mouth of the Co
that attracts small numbers of Bar-tailed Godwits, the only area of
feeding habitat between Cooks River and Rocky Point is an area of muddy 
sand flats extending for about 1km east from Captain Cooks Bridge.
tidal flats attract moderate numbers of Bar-tailed Godwits and occ
one or two Eastern Curlew and

collectors that cause disturbance of the substrate and damage to 
invertebrates hunted by shorebirds. 

A major roost site previously existed at sand spit at S
dredged for local beach n
Pied Oy ercatcher and R
but are subject to frequent disturbance by people and dogs. 

2.7 Georges River

Georges River previously provided extensive tidal mudflats that
large numbers of shorebirds. Much of this habitat has no
provide sports fields, housing and o
m f emain in some of the emb
and its tributaries, such as the Woronora River, providing habitat fo
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
Shell Point has been listed as an Endangered Ecolo
3 of Schedule 1 of the Species Conservation Act 1995. Some of the
that occur at Penrhyn Estuary also occur within this community but
very small numbers. This area of muddy tidal flats and patches of m
is of most significance for the Grey-tailed Tattler, Terek Sa
Eastern Curlew, Bar-tailed Godwit and Pied Oystercatcher.
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illustrating the shortage of 
suitable roost sites remaining in this region of the Bay. 

oad provides 
 Grey-
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e s disturbance, especially by unleashed dogs. 

ng and still 
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shorebird species such as Eastern Curlew , Whimbrel, Bar-tailed Godwits and 
iled Tattler and occasionally Marsh 

Sandpiper that prefer this type of habitat. 

er sand 
n partially enhanced by the Roads and Traffic Authority for 

onstruction of 

ing habitat 
nds.

de Bar-tailed Godwit, Red 
 Rud  Stint, Sharp-tailed Sandpiper and Terek 

Sandpiper which feed at the site, Eastern Curlew that roost on the islands in 
ed Plover 

shoal and shallow seagrass beds near Pelican Point is a 
ng-billed shorebirds such as Bar-tailed Godwit 

and Eastern Curlew as well as a few Pied Oystercatchers. The area is 
t of sands 

een unstable 

Towra Spit Island is the most important roost site in Botany Bay for many 
shorebird species despite the fact the island is unstable and moving in a 
westerly direction due to wave and wind erosion. The island formed the tip of 
the "Elephants Trunk" at Towra Point until 1991 when it was formed into an 
island during large tides and heavy seas.

are a private wooden jetty and derelict barges,

The intertidal area in front of a small beach east of Woodlands R
important feeding habitat for Bar-tailed Godwit and small numbers of
tailed Tattlers, Red Knot and Pied Oystercatcher. At high tide these
the exception of the tattlers, roost on a narrow strip of beach re
main thr ats to shorebirds i

2.9  Woolooware Bay

Until recently Woolooware Bay was widely used for oyster farmi
has extensive areas of oyster racks over a large proportion of the t
mudflats. The Bay is composed of seagrass beds, muddy and mud/s
substrate, and mangrove woodland. Woolooware Bay is used by lo

Common Greenshank as well as Grey-ta

2.10  Woolooware Shorebird Lagoon 

The Woolooware Shorebird Lagoon on Woolooware Bay is a form
quarry that has bee
shorebird habitat (tidal mudflats). This was in compensation for the 
disturbance to the Eve Street Wetland at Arncliffe during the c
the M5 East Motorway. 

About 3 ha of intertidal mudflats have been created to provide feed
for migratory species that may be displaced from Eve Street Wetla
Species recorded at the site since construction inclu
Knot, dy Turnstone, Red-necked

the lagoon and Pied Oystercatcher, Black-winged Stilt, Black-front
and Masked Lapwing that nest on the islands in the lagoon. 

2.11  Sand-flats at Pelican Point

The intertidal sand 
heavily used feeding area by lo

particularly important as it is relatively stable with little movemen
since the 1970s (unlike the beaches of Towra Point that have b
over the same period). 

2.12  Towra Point/Spit Island
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The island is protected to a large extent from disturbance by peopl
fact that Little Terns that nest on the island are protected by the
have e

2.13 Towra Point Nature Reserve

The saltmarshes at Towra Point Nature Reserve provide feeding ha
some migratory shorebirds such as Sharp-tailed Sandpiper and
habitat for Pacific Golden Plover. The tidal mu

tailed Tattler, which roost in mangroves in the area.

Tidal flats fringing the nature reserve, previously exposed on neap ti
no

them too steep and unstable to support invertebrate prey that s
on.

There plans to ann
Wader Lagoon to the nature reserve. 

2.14 Quibray Bay

Quibray Bay provides important feeding areas,

large wooden posts, and a sandy beach. The area is use by large n
shorebirds including Bar-tailed Godwit, Grey Tailed Tattler, Eastern
Whimbrel and occasional small numbers of Red Knot.

The m threat to shore

viability of roost sites if all oyster lease structures are removed in t
the collapse of the oyster industry. 

2.15 Boat Harbour

The rock platform at Boat Harbour provides an important roos

e due to the
NPWS who

rected signs prohibiting landing and patrol the area during summer 
months.

bitat for
roosting

dflats at Weeney Bay, which is
inside the nature reserve, provide feeding habitat for Whimbrel and Grey-

des, are
w only exposed on the lowest spring tides due to erosion by wave action. 

Wave action has also eroded beaches around the nature reserve making 
horebirds feed

are ex the Spit Island roost site and the Woolooware 

such as mud and sand flats,
beaches and mangroves. Roosting sites in the area include oyster racks, 

umbers of
Curlew,

ain birds in the Bay include disturbance by illegal use of 
the beach by horse riders and vehicles and the doubt about the long-term 

he wake of

t site for large
numbers of migratory shorebirds including Red-necked Stint, Ruddy 
Turnstone, Lesser Sand Plover, and Pacific Golden Plover during the summer 
months and Double-banded Plover during the winter months. Many of these 
birds may feed in Botany Bay but take refuge at Boat Harbour due to 
disturbances in the Bay. The area is exposed to disturbance from 4WD 
vehicles and dogs as well as anglers and tenants of week end cabins. 

11
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3. Project Descrip
Sydney Ports Corporation is proposing to expand the port facilities
Botany through the construction of a new container terminal on the
side of the existing Patrick container terminal, extending northwards
Foreshore Road.  This will require reclamation of about 60ha of the
work will involve the construction of containment walls of rocks and

time deepening the berthing area to allow large ships to enter (see F

Trucks would access and egress the new terminal via Foreshore
a bridge constructed betwee

trucks by 2021 (Maunsell 2002). 

A new rail link will be constructed to enter the site from the north. Th
achieved by a rail line, which approaches from the existing l
northeast of the existing Patrick container terminal, then loops aroun
Penrhyn Estua

Foreshore Road. The new terminal is estimated to generate 18 tra
(Maunsell 2002). 

It has been estimated that the expansion of Port Botany will includ
quay cranes, 8 cranes on the west

eastern side of the site adjacent to the proposed rail siding. These c
gantries will be serviced by up to forty new straddle carriers that w
between them

The result of these works will be the loss of some shorebird habitat,
beds and saltmarsh and will partially enclose important shorebird ha
Penrhyn Estuary. 

tion
at Port
western
towards

Bay. This
infilling

between these with material dredged from the immediate vicinity, at the same 
igure 5).

Road across
n the terminal and Foreshore Road.  Traffic at the 

terminal would reach an estimated daily two-way movement of about 941

is will be
ines to the

d
ry to the north and on to the proposed expansion, as shown in 

Figure 5. The line will be constructed on an embankment adjacent to 
ins per day

e ten new 
ern side of the site and 2 on the southern 

side of the site. Seven new rail mounted gantries will be situated on the 
ranes and

ill operate
(Wilkinson Murray 2002).

seagrass
bitat at

To compensate for potential impacts on migratory shorebird habitat at 
Penrhyn Estuary it is planned to greatly expand the existing habitat to provide 
a larger, more open, area of habitat. The potential impacts of noise, lights and 
the movements of vehicles, people and dogs also need to be addressed. 

12
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4. Potential Impacts

4.1 Operational Impacts

w hectares to
larger the

he case of
e required
many

shorebirds, and which species need to be catered for. Minimum size depends on 
es to compensate

by shorebirds.

ded by
nough area

d food resources for the shorebirds plus a clear line 
of view around this habitat (see Figure 6). In part the minimum size of habitat will 

t must be
e-of-site around 

The expansion of Port Botany will result in partially enclosing Penrhyn Estuary. 
enrhyn
ld be

view of

stuary will
of the development proposed for the site and the number of 

shorebirds that need to be accommodated at the site.  The proposed expansion
d out at

t large
al mudflats

In recent years about 1,200 shorebirds have been counted at Penrhyn Estuary 
s have potentially used the site at any one time 

over the past 10 to 20 years, taking into consideration the maximum counts of 

To mitigate the box-in effect, structures on the terminal should be set back from 
the edge of the Estuary. 

4.1.2 Impact of physical structures 

The expansion of Port Botany will result in partially enclosing Penrhyn Estuary 
with wharf structures, a rail line, stacked shipping containers and large cranes. 

4.1.1 Size of habitat area 

Shorebirds feed in a variety of wetlands varying in size from a fe
estuaries of many square kilometres in size. Generally speaking, the
wetland area the more shorebirds there are likely to be there. In t
constructed wetlands it is often necessary to consider the minimum siz
to make a site functional, then work upwards from this to consider how

the amount of feeding area available and the need for buffer zon
for disturbances and the psychological 'openness' of a site required

Areas that are 'boxed in' by tall trees and or buildings tend to be avoi
shorebirds (Straw 2002). It is therefore important to provide a large e
to provide sufficient habitat an

depend on the number of shorebirds, and the species involved, tha
sustained by the habitat area and in part the need for an open lin
the feeding habitat and roost sites.

The enclosing of a small area such as the existing intertidal flats at P
Estuary would result in a closely boxed-in area where shorebirds wou
reluctant to enter. Shorebirds prefer an open aspect to allow a clear
potential predators.

The minimum size of habitat to maintain existing species at Penrhyn E
depend on the nature

will provide an open Estuary area of about 27 ha. Research carrie
shorebird sites in Japan, in highly developed areas, have shown tha
numbers of shorebirds (4,000) do use sites of over 30 ha of intertid
(Yatsu-higata) and smaller areas if not boxed in by tall structures (Tokyo Port Wild 
Bird Park). (see Section 5) 

and up to about 3,000 shorebird

each species (not necessarily there at the same time).

14
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ration, are 
owever as 

ely boxed in area and 
rs.

ounted
ings.  Quay cranes are approximately 47m 

high and rail mounted gantries 25-30m high.  Whilst they are tall, they are not 

ated on the 
ner of the terminal so would be less of a flyway barrier to the 

shorebirds than if located elsewhere on the terminal.  Container stacks would be a 

 edge of the 

al will occur 
 would 

 structures on 
 reclamation until 3 years after 

ent of dredging and there would be a gradual increase in the level 
of operation and equipment on the site over the next 10 years.  Structures such as 

least 4 years 

for shorebirds will vary from species to species 
depending on the nature and extent of the disturbance. At least 20 m will need to 

 shorebirds will 
ral, it 

priately fenced to 
control public access and prevent dogs from entering the site. Disturbance of birds 

s for the 
ce of 

undisturbed feeding and roosting sites for migratory shorebirds. Any boardwalks 
or observation platforms should be constructed in accordance with plans provided 
to SPC by an appropriate ecologist in order to minimise disturbance. 

Access to the Estuary via Foreshore Beach (except via a boardwalk) should be 
barred using an appropriate barrier, as well as signage to inform the public of the 
sensitive nature of the shorebird habitat. The design of the barrier needs special 
consideration bearing in mind the determination of fishers and some dog owners 

Birds, and particularly shorebirds that are used to long-distant mig
capable of flying over any of the structures at the expanded port. H
discussed above they would be reluctant to enter a clos
prefer an open aspect to allow a clear view of potential predato

Structures at the proposed terminal will include quay cranes, rail m
gantries, container stacks, and build

solid structures and they move along rails. 

The proposed buildings would be a maximum of 3 storeys and are loc
north western cor

maximum of 6 high (approximately 17m) but would typically be 3 high
(approximately 8m).

To mitigate the boxing-in effect structures should be set back from the
terminal where it adjoins the Estuary. 

It is also worth noting that the construction and operation of the termin
over a number of years.  Initially the dredging and reclamation process
occur.  This would create a land area of approximately 60ha with no
it.  Operator works are unlikely to commence on the
the commencem

container stacks and cranes are not likely to be on the site until at 
after the commencement of the habitat enhancement works. 

4.1.3 Disturbance 

The specific disturbance buffer 

be factored into the design of the habitat enhancement, although
obviously determine their own preferred feeding/roosting sites. In gene
should be noted that most species prefer large open spaces. 

4.1.3.1 Disturbance by people 

The shorebird habitat at Penrhyn Estuary should be appro

at the site would greatly reduce the value of the habitat for shorebirds. However it 
is advantageous to have viewing platforms and interpretative facilitie
general public and for schools to educate people about the importan
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lternative fishing 
ssary to 

ary. The placement of the oil 

Provided a safety fence is constructed around the perimeter of the rail loop access 

irds close to 
 area 

udden loud 
lights will generally be directed away 

from mudflats within the Estuary due to the configuration of the railway (see also 
hen on the rail line adjacent 

rt truck and car traffic will depend on how close 
the traffic will be to shorebird habitat, noise, lights (see lights from traffic) and 

.

The report on Lighting Environmental Effects (Bassett 2002) has indicated that the 
 of light spill over 

es include building mounted lighting, quay cranes, 
d navigation 

The Estuary currently experiences light from Port Botany and the existing 

jacent to the 
tallations

inal, rather 
ted by Bassett (2002), can 

oles with cut-off 
 Low 

mounting heights only require low wattage light sources, however, the number 
required is increased. The effect will be to provide greater control over light spill. 

Headlights from trains should be pointing along the railway line and at no time be 
shining across the shorebird habitats within the amelioration site. 

Headlights from vehicular traffic are especially disturbing to birds if vehicle 
headlights are allowed to shine across the Estuary habitat. Moving lights such as 

to bypass any structure to access an open area of foreshore or a
spot. A suitable barrier suspended from the bridge may also be nece
prevent boats and swimmers from entering the Estu
boom at this location may help to deter entry into the Estuary. 

to the Estuary may not be an issue. 

4.1.3.2 Disturbance from the railway 

Although rail traffic will be slow moving it will cause disturbance to b
the rail line and allowances should be made for this when calculating
available as shorebird habitat. Disturbance would be intensified by s
noises such as train whistles/horns. Bright

Section 4.2.5). The use of whistles/horns by trains w
to the Estuary, should be prevented or minimised.

4.1.3.3 Disturbance from port traffic (trucks & cars)

The effect of disturbance from po

activities of drivers. These impacts should be screened where possible

4.1.4 Impact of artificial illumination 

proposed development will result in an increase in the amount
Penrhyn Estuary. Light sourc
straddles, rail and/or rubber tyred gantrys, vehicles, road lighting an
lighting.

Brotherson Dock North operation.

It is important to avoid the use of high mast lighting immediately ad
Estuary as it will be virtually impossible to shield light from such ins
(Bassett 2002).

Ensuring that road based activities occur around the edge of the term
than operational areas with high mast lighting, as indica
help to provide a buffer zone to the high mast lighting. Lower p
type road lighting luminaires and back-light spill shields are required.
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shining
refore
 the Estuary 

lights are likely to 
all to minimise a 

boxing-in effect. Where appropriate the barriers could be obscured with 

oad and the 
he vicinity of 
this impact. 

Barriers on the Foreshore Road end could be in the form of tall/dense vegetation 
rather than constructed barriers to improve the aesthetics of the landscaped area. 

spotlights, strobes and vehicle headlights (especially of vehicles 
headlights over the Estuary while turning) should be screened. It is the
important to have solid barriers along the edges of the port adjacent to
of sufficient height to obscure vehicle headlights, where the head
be pointing into the Estuary, (see also Figure 8) but not too t

vegetation.

Headlights from trucks turning onto the bridge between Foreshore R
expanded port are likely to have some disturbance effect on birds in t
the bridge. Suitable barriers at either end of the bridge would reduce 
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Figure 6: Buffer zone requirements (from Straw 2002) 

Figure 7: Minimising 'boxing' effect of the proposed port expansion 

saltmarsh
mudflats

ailway Shipping containers
Wharf area

(Not to scale)
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Figure 8 ucing light spill from the proposed port expansion on wetlands
habitats

: Red

Noise and headlight barrier

mudflats

Boundary of
light beam
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4.1.5 Noise 

ud noises. To a
emitted

rs, in the form
of solid walls, may be constructed to deflect noise (eg. sound barriers bordering 

from a
comotives,

its (Wilkinson
Estuary would

rier along the eastern and northern edge of the new
terminal as recommended by Wilkinson Murray (2002). This would also act as a 

disturbing

urray would
and

2m would have
PC for
from a

uce the boxing-in effect, provided some form of pattern 
duce the

o the barrier.  This wall could therefore be used for both 
noise reduction and blocking of headlights from shining into the Estuary from truck 

he Estuary

re of tidal channel to watercraft and people

The tidal channel between the expanded port and Foreshore Road will provide an 
attractive sheltered place for anglers and boat drivers. It is essential that the 
channel be closed to all boat traffic and that the shores be closed to anglers and 
dogs east of the rail bridge. Pedestrian access is to be controlled as noted in 
Section 4.1.3.1. 

Noise may have a significant impact on birds, especially sudden lo
certain extent birds appear to tolerate steady 'background' or regularly
noise more than sudden loud noises. To a large extent sound barrie

motorways) (see Figure 8).

Noise associated with the operations of the expanded port will come
variety of sources and include those made by straddle carriers, rail lo
truck processing area, truck exchange area and auxiliary powers un
Murray 2002). The most effective way to reduce noise at Penrhyn
be to construct a noise bar

barrier against lights from moving vehicles at the new terminal from
shorebirds at Penrhyn Estuary.

The proposed 4m high noise barrier recommended by Wilkinson M
increase the boxing-in effect of the port construction if it were opaque
constructed adjacent to the Estuary.  A solid barrier of a height of
less of an impact but may not meet the noise reduction objectives by S
neighbouring public. In which case the upper 2m could be constructed
translucent material to red
was printed onto the surface to make it visible to birds in flight and re
likelihood of birds flying int

loading and marshalling areas. 

The wall should also be set back as far as possible from the edge of t
to minimise the boxing-in effect. 

4.1.6 Closu
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4.2 Construction Impacts 

ith the
strategies
ards are not

d contractors
ully aware of the need to reduce any potential impacts on the Estuary during 

the construction of the Port Expansion as well as during habitat enhancement 

During the construction of port facilities potential impacts could result from: 

* nd machinery);

* ruction of wharf/quay structures, involving pile driving, transport and
construction of

retaining walls, infilling and surfacing to form quayside surfaces and

As well as disturbance of birds while feeding or roosting as a result of: 

* embers of the
public);

* entry to the site by machinery; 

tc); and

ed prior to the commencement of 
construction (desirable from a public safety perspective as well as minimising the 

of habitat
ery and the

rking of machinery.

rade tidal flat
ater these operations can cause major

disturbance to birds using the existing Penrhyn Estuary mudflats (which will be left 
untouched). To minimise these disturbances works carried out during the 
construction of shorebird habitat should be carried out where possible during 
winter months, when the majority of shorebirds are in their breeding grounds or on 
migration, where this involves work immediately adjacent to the existing habitat. 
Screening and/or temporary sand embankments may also be used to minimise 
noise and visual disturbance by machines.

Impacts during port operations will be mitigated to a large degree w
installation of noise barriers and management of light spill and other
discussed in the above Section 4.1. During construction such safegu
likely to be in place. It is therefore important that site managers an
are f

works.

4.2.1  Disturbance during construction of port facilities 

dredging operations (lights, noise, movement of people a

const
placement of materials to form a hard rock berm, the

facilities,

unnecessary entry onto the site by people (contractors or m

* excessive lighting (especially moving light beams, floodlights e

* excessive noise from heavy machinery, trucks etc

To minimise disturbances the site should be fenc

disturbance of birds). Apart from machinery used for the preparation
enhancement Penrhyn Estuary should be closed to traffic and machin
Estuary area should not be used for storage of materials or pa

4.2.2 Disturbance during habitat enhancement works

While it is necessary to use heavy machinery to level sand dunes, g
surfaces and to infill deep areas of w
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g of sand 
ing, should be 

staged so that disturbance is only from one side of the Estuary at any one time. 

nt to and 
through the existing mudflats should be carried out during the winter months. 

.

Work close to the existing feeding and roosting sites, such as levellin
dunes adjacent to the Estuary, saltmarsh creation and surface grad

The construction of the proposed preferential flow channel adjace
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5. International Experie

Overseas res

Due to the possible impacts of the proposed port extension on shore
using Penrhyn Estuary investigations were carried out by Phil
sites overseas. Two wetlands; Yatsu-higata (40 ha in size) and
Wild Bird Park (24 ha in size) were looked at specifically to asses
feasibility of creating a shorebird feeding habitat at Penrhyn Estua
Figure 9 and Figure 10). The sites were also visited to determ
impacts of the construction of port facilities on the flight paths of sh
that use Penrhyn Estuary. From these investigations it is apparen
shorebirds will fly over port facilities similar to those proposed at P
provided

buffer zone. The comparative size of Yatsu-higata is shown as an ov
Figure 11.

The proposed shorebird habitat at Penrhyn Estuary will provide appr
27ha of estuarine habitat, about half of which will be intertidal mud
half saltmarsh and seagrass habitat. This would represent the larg
suitable habitat for some species of shorebirds in Botany Bay and
major influence on the numbers of shorebird species in the Bay. Th
compares with about 35ha of open habitat and wetland vegeta
higata in Japan. The 130m wide channel will provide a flyway for w
entering the estuary and compa
that has two narrow channels connecting the wetland to Tokyo
50m wide respectively. Although the species composition is somew
different in the wetlands in Japan to those occurring in Australia 21 s
are found at both locations (Table 1)

Yatsu-higata is a landlocked wetland adjacent to the Port in Tokyo
(surrounded by industrial development) at Nar

This wetland is used by large numbers of migratory shorebirds f
life cycle requirements. The shorebirds feed and roost at the site d
tides (that is, when the tide is coming in) when their primary
(exposed mudflats elsewhere in the Bay) is flooded.

Although the basic concept of the Yatsu-higata and Penrhyn Est
similar there are some fundamental differences in the size of shoreb
populations and pressures on the birds at both sites. Yatsu-higat
adjacent to T

nce

earch of shorebird habitat at
developed sites 

birds
Straw at similar

Tokyo Bay
s the
ry (see

ine potential
orebirds

t that
ort Botany

that the estuary area is extensive enough to provide a large open 
aspect or where the open space around the wetlands provides a sufficient 

erlay in

oximately
flats and
est area of
may have a
is

tion at Yatsu-
aders

res favourably with access to Yatsu-higata 
Bay 20m and

hat
pecies

Bay
ashino City in Japan that was

recently listed as a Ramsar wetland of international importance for waterbirds. 
or part of their

uring flood
feeding habitat

uary are
ird

a is located
okyo Bay which has more extensive mudflats and larger 

shorebird populations than Botany Bay. The number of shorebirds potentially 
using Yatsu-higata is greater, especially when feeding habitat in much of the 
Bay is covered during high tide. On the other hand the habitat at Penrhyn 
Estuary will virtually be the only available habitat suitable for some species of 
shorebirds in Botany Bay where most of the population will depend on the 
enhanced site.
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Observations by staff and volunteers at Yatsu-higata indicat
shorebirds fly over industrialised land, including a freeway viaduc
approximately 10 to 20 m in height, to access the wetlands (see Fig
However, at the proposed terminal it is recommended that the h
structures such as walls should be kept to a minimum and that
containers be kept at least 50 metres from the edges of the reclama
adjacent to Penrhyn Estuary were possible to minimise the closeti
(see Figure 6). The construction of noise barriers will add to the heig
profile of the wharf area close to the estuary. Using transl

as possible from the edge of the estuary may reduce this impac

Due to the increased size of Penrhyn Estuary, shorebirds would be m
likely to fly into the estuary over the operational docks or negotiate
metre wide channel parallel to Foreshore Beach. The shorebird

bridges. Tall structures such as cranes are not likely to present subst
rovided lights are managed as

Table ative abundance of similar specie f shorebirds a
ry.

Species Y
1999

okyo

ed that the
t of

ure 9).
eight of solid

stacks of 
tion

ng effect
ht of the

ucent materials to
allow the passage of light through the barriers and setting barriers back as far 

t.

ore
the 130

s would not be
expected to have any difficulty in negotiating over the proposed road and rail 

antial
barriers p  recommended in Section 4.1.4

1: Compar s o t sites
in Japan and Penrhyn Estua

atsu-higata
-2000

T Bay Wild Bird Park Penrhyn Estuary
1977 - 2002

Black-winged Stilt 27 no data 16
Curlew Sandpiper/Dunlin# 1870 141 700
Common Sandpiper 4 13 1
Great Knot 20 1 15
Common Greenshank 15 66 1
Grey-tailed Tattler 213 76 2
Bar-tailed Godwit 232 25 500
Black-tailed Godwit 0 32 3
Eastern Curlew 2 0 3
Marsh Sandpiper 2 5 1
Red Knot (rare in Japan) 1 0 220
Red-necked Stint 409 157 400
Ruddy Turnstone 107 85 16
Terek Sandpiper

W brel 575 20
ter Sand Plover 1 1

G Plover+ 144 6rey 2
L er Sand Plover 109 140

fic Golden Plove

Curlew Sandpiper and Dunlin numbers are used due to th# e similarity in 
habitat requirements although they are rare in Japan and Australia
respectively.

+ rare in south-east Australia but illustrates the numbers supported with other
plover species 

Note: Golden Plover were previously associated with saltmarsh habitat that is now
overgrown with mangroves and no longer roost at Penrhyn Estuary.

34 34 1
Sanderling 6 0 1

him 1
Grea 1

ess 16
Paci r 1 47 158
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f Yatsu-higata (cur

Yatsu-higata
(Tokyo Bay)
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Figure 9: Aerial photo o tesy Koji Iura, Yatsu-hagata Nature 
Observation Centre)

Figure 10: part of Tokyo Bay Wild Bird Nature Park
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Yatsu-higata is approximately 40 ha in size. However a 5 ha portio
isolated by an 8 to 10 lane freeway viaduct (see Figure 9) reducing
area of wetlands to about 35 ha (the boxing effect of the 5 ha po
it useless as shorebird habitat). The open area at Yatsu-higata w
similar in size to the proposed configuration of Penrhyn Estuary. T
area at Yatsu is mainly mudflats (feeding habitat) whereas the o
Penrhyn Estuary is ap
saltmarsh and seagrass). 

Yatsu is surround
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n is
the open

rtion renders
etland is

he open
pen area at

proximately half mudflats, the other half comprising 

ed by development on all sides including tall apartment
blocks and a freeway viaduct and is situated approximately 1 km from the 
nearest open water.

Figure 11: Relative size of Yatsu-higata 
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. teria
or shorebirds at Penrhyn Estuary should 

be carried out incorporating the following: 

* nd dunes
es 12 and 13; 

* ry to create
h (as much of the remaining

available area as possible) for shorebird feeding/roosting with

* y are inundated 
 mm of suitable 

* the saltmarsh should be used as a buffer to activities around the
n (Figures

*  from

* to prevent disturbance
to the birds however, a boardwalk and observation structure should be

lowing
uld include  

* tween public facilities near the  
boat ramp (car park and toilets) and the boardwalk and along the

ld enable
sing bays"); 

*

*  providing a
her

alls (with observation
windows), bench seating and space for at least one wheelchair with

* the Estuary should be screened from direct spill from lighting on the  
wharf area, from cranes and from vehicle headlights driving on the
wharf area as well as entering and exiting the port; 

* the Estuary should be screened from noise from within the port and  
access roads where necessary. Rail noise should be minimised; 

6 Habitat Enhancement Cri
The proposed mitigation measures f

habitat enhancement involving the removal/excision of the sa
on the western side of Floodvale Drain as shown in Figur

placement of this sand in the mouth of Penrhyn Estua
additional intertidal flats and saltmars

preference for intertidal flats over saltmarsh; 

the intertidal flats should be designed such that the
twice daily at high tide. The flats should have at least 50
material to encourage benthic food sources for shorebirds; 

estuary as shown in the proposed habitat enhancement pla
12 and 13); 

mangroves in the Estuary should be removed to prevent them
out-competing the saltmarsh and colonising the tidal flats; 

the public should be excluded from the Estuary 

provided to allow easy and safe access to a vantage point al
viewing of the Estuary and migratory shorebirds, this sho
interpretative signage, litter control, security patrols etc; 

disabled access should be provided be

boardwalk and observation structure (width of boardwalk shou
pedestrians/wheelchairs to pass or by providing "pas

dogs should be excluded from the boardwalk 

a purpose built observation structure should be constructed
comfortable venue from which to observe birds in all weat
conditions. This should include a roof and w

viewing window; 
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* ble to reduce 
s will fly over, not under, the 

bridge. Therefore clearance is not an issue); 

* development should be managed to
minimise disturbance to shorebirds; and 

*  an effective
drainage system with appropriate pollution controls (oils, gross  
pollutants etc), especially in the case of chemical or oil spills. 

bridges over the channel should be kept as low as possi
the box-in effect of the site (shorebird

the construction phase of the port

the runoff from the port, roads and rail should be via



0 300m

Penrhyn Estuary Proposed Habitat
Enhancement Plan

Proposed Seagrass Habitat (area 8.1ha)

Potential Opportunity For Sediment/litter Traps
(subject to detailed assessment on drain hydraulics)

Proposed Preferential Flow Channel

Proposed Preferred Noise Wall Location
(approx. 4m High)

Proposed Intertidal Sand/Mud Flats
(area 11.0ha)

Proposed Saltmarsh Habitat (area 5.2ha
including 0.6ha of existing mangroves
to be removed)

Existing Saltmarsh To Be Retained (area
1.0ha)

Existing Mangroves To Be Removed &
Replaced With Saltmarsh Habitat

Existing Mudflats To Be Retained (area
1.5ha)

Existing Saltmarsh To Be Transplanted
into Proposed Saltmarsh Habitat (area
0.35ha)

Rail Line

Road Bridge

3

2

4

1

3

2

4

1

5

5

New Terminal Area

Penrhyn Road

Penrhyn Road

Road

Botany

Greenfield Street

Greenfield Street

Ex
e
l

McPherson Street
McPherson Street

H
il

ls
S
tr

e
e
t

H
il

ls
S
tr

e
e
t

Foreshore

S
tr

e
e
t

Road

Inter-Terminal Access Road





Port Botany Expansion - Penrhyn Estuary Shorebird Habitat Enhancement

31
Avifauna Research Services 

. ption
ratory

t of the 
s to create 

ting that will 
of, migratory shorebirds 

The nts:

* Provision of an Estuary of approximately 27 hectares (not including the

* y used by the

* on the western side of Floodvale
Drain and placement of sand in the Estuary to create approximately 11

of about

*  increase in
area of saltmarsh to approximately 6 hectares for shorebird

ound the
nding

activities.

* ry to prevent 
al flats. 

* ing platform
istance into the Estuary. This will minimise

disturbance of the migratory birds and damage to seagrass/saltmarsh. 

* oval device at the
le Drains to Penrhyn Estuary,

* Creation of preferential flow path through the Estuary to minimise

ria outlined 
in Section 6. 

In addition to the above, it is also proposed to create up to 8 ha of seagrass 
habitat within the tidal channel and parts of the Estuary. The purpose of this is 
to provide sufficient seagrass habitat to compensate for the amount of 
seagrass being lost as a result of the proposed reclamation and to provide 

7 Habitat Enhancement Descri
The existing intertidal feeding habitat and roost sites used by mig
shorebirds at Penrhyn Estuary are proposed to be enhanced as par
expansion of Port Botany. The key objective of this enhancement i
a large open area with tidal flats for feeding & saltmarsh for roos
attract as many, and potentially a greater number 
than use the Estuary at present.

 proposed habitat enhancement incorporates the following eleme

area of the tidal channel). 

Retention of the existing 1.5 hectares of mudflats currentl
migratory wader birds for feeding as shown in Figure 12. 

Removal / excision of sand dune

hectares of additional intertidal flats (ie. total intertidal flats 
12.5 hectares) as shown in Figure 12. 

Retention and/or transplanting of existing saltmarsh and

feeding/roosting.  Saltmarsh is proposed to be located ar
perimeter of the Estuary to form a buffer zone to the surrou

Removal of mangroves currently present in the Estua
them from out-competing the saltmarsh and colonising the tid

Access to be restricted to a pedestrian boardwalk and view
extending a short d

Opportunity to install coarse sediment and litter rem
inflow point of Floodvale and Springva
subject to detail design. 

scouring and mobilisation of sediments during storm events
(approximate location is shown in Figure 12). 

This proposal is in accordance with the habitat enhancement crite
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n
orebird feeding habitat during low tides as part of 

the seagrass habitat creation. 

 Estuary to 
ing in effect but would still shield headlights from vehicles in 

onents of the habitat enhancement, the 
substrate conditions and construction process need to be considered carefully 

w in section 7.1. 

bstrate

uary habitat 
or a similar nature 

ations to be 
oils, organic 

derstanding of functions of 
n to a 
s

olonization, and 
ng

t may be 
etlands
 low 

 This is likely to result in failure to 
achieve a comparable wetland to a natural site or a prolonged lead period 

 Soils from 

sing fine-

egins,
such as particle sizes and composition to help in designing the extended tidal 

vertebrate sampling). Penrhyn Estuary, despite levels of 
contamination in the substrate, provides a rich food source. The nature of the 

sible in 
top dressing' of 

7.1.2 Organic content 

One of the major compounding problems of coarse soils is that they do not 
accumulate organic matter rapidly compared with natural wetland soils. 
Coarse soils tend to be well drained and relatively aerobic. Under aerobic 

habitat for the colonisation of additional seagrass. There may be a
opportunity to increase sh

The proposed noise barrier would be set back from the edge of the
minimise the box
the rail loading area. 

In addition to the above comp

as discussed belo

7.1 Su
7.1.1 Soils 

To be successful the nature of the substrate of an enhanced est
should be similar to that of a functional wetland of the same 
at or near the site of the proposed constructed wetland. Consider
taken into account are particle sizes and composition of the s
content and general chemistry. With an un
shorebird habitat it is possible to recreate a wetland of similar functio
'natural' wetland or even improve on it, especially if the existing site i
degraded, as is the case with Penrhyn Estuary.  

Substrate conditions directly affect plant growth, invertebrate c
other factors. However many restoration projects are constructed usi
coarse-textured dredge spoil, beach sands or terrestrial soils, tha
very different from natural wetland soils and sediments. Created w
may have a series of soil deficiencies relating to coarse soil texture,
organic matter, and occasionally high acidity.

before the wetland approaches the condition of a natural system.
former wetlands will be more likely to be suitable for native species than soils 
at newly created sites. An alternative is to fabricate substrate soils u
grained material and add suitable organic material.

An analysis of existing soil conditions is needed before restoration b

mudflats. (see also in

substrate at the existing site should be duplicated as close as pos
order to extend the area of feeding habitat. This will require a '
appropriate soils, as discussed above. 
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t
accumulate within the soil, even if organic matter production rates are similar. 

 soil). A 
ent where 

o the restoration 
 in 

over excavated and the 
topsoils used to back fill the site (Straw pers obs). If such soils were not 

le wetland 
and provided 

sources are not available 'fabricated' 
source of 

material would have to be added.

tial

ossible additive. Many prime shorebird sites have been 

ves and 
conditions to 

 right substrate 
tual colonisation of the site by similar species to those 

sible to speed up this process by 
ither by transporting soils containing 

 the 

encing
ieved by 

lly filling an 
deep water to provide intertidal mudflats, saltmarsh habitat and 

seagrass beds, as shown in Figure 12. 

access and 
s practicable 

arly as 
possible.

The construction of the enhanced shorebird habitats may need to be carried 
out in stages and will depend on the time of the year construction is carried 
out. The first stage would most likely be the removal/excision of the sand 
dunes to the north of the Estuary and the filling of the deep areas behind the 

conditions decomposition rates are high and organic matter does no

An option at a constructed wetland site is to import fine material (top
potential source of fine soil is a marsh that is being lost to developm
soil would also incorporate roots, seeds, and invertebrates int
site. At the Woolooware Shorebird Lagoon potential fines contained
terrestrial topsoils were stockpiled. The site was then 

available at Penrhyn Estuary they would need to be imported. 

Choice of imported soils would be those excavated from a suitab
site elsewhere or dredge spoil if sufficient fines were present, 
contaminants were minimal. If these 
topsoils may have to be investigated to which an appropriate 
organic

Given the problems with coarse soil, clay and silt are obvious poten
additives.

Sewage sludge is a p
based on sewage sludge at sewage treatment facilities.

7.1.3 Invertebrate prey 

Shorebirds at Penrhyn Estuary appear to rely heavily on bival
polychaete worms as a source of food. It is important to provide 
enable colonisation of the site by these animals. Providing the
should enable even
already at the site. It may also be pos
introducing animals from other sites e
invertebrates or by collecting invertebrates and releasing them into
compensatory habitat. 

7.2. Construction Sequ
The construction of shorebird habitat at Penrhyn Estuary will be ach
excavating an area of sand dune adjacent to the estuary and partia
area of 

Prior to works commencing the site should be secured to prevent 
for public safety. Construction should be commenced as soon a
to allow time for the site to become established and stabilised as e
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 March and 
rebirds

. The upper 
 relatively 

area for shorebirds while the additional habitat is 
being prepared and stabilised. 

 fine particulate and 
 at the site. 

 unsuitable for terminal 
reclamation may suit benthic organisms. Otherwise soils may have to be 
manufactured to suit or sourced from other sites. 

proposed development. Works should be carried out between late
early August to correspond with the period when most migratory sho
are on migration or at their northern hemisphere breeding grounds
reaches of the Estuary, including the existing mudflats, will be left
undisturbed to provide an 

The next stage should include the application of a layer of
organic material to enable the rapid colonisation of invertebrates
Dredged material from the Bay that may be
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8. Management and Monito
The enhancement of shorebird habitat is a critical part of the lo
survival of a unique population of shorebirds in the Sydney region. T
success of the project will depend on the skills of those involved i
area never attempted on such a scale in Australia, although there
level of confidence based on work done overseas, and smaller pro

term success of the project. 

The construction phase may take one or two years to complete in
obtain the precise levels required to suit benthic fauna in tidal mudfl
the establishment of saltmarsh communities. Once excavation and
has been completed it will take several months for soils to settle and
(Straw pers obs) but this depends on the nature of materials used t
the substrate. Only after this time will invertebrate populations st
that suit the newly created substrate. The time it will take for i
populations in the new substrate to approach the density and dive
of existing substrate at Penrhyn Estuary is hard to predict. Howeve
been found that three years is the minimum period for invertebrates
become established and that five years is more realistic a
period. Wetlands experts in overseas studies of restored wetlands s
monitoring period over a ten or twenty year period (Zedler 2001) alt
frequency of monitoring (i.e. site visits) can be reduced over time

Part of the management strategy for the site will be establishin
program that must take into consideration colonisation by benthic
soi
These will indicate th
management can the
necessary (i.e. organic content and composition of soils, final leve
etc).

Management authority

The construction and establishment phase of the enhanced habit
the responsibility of Sydney Ports Corporation but as the site becom
established it will be neces
term management of the site with the commitment of the necessary
resources. Responsibilities include securing the site from di
damage, weed management of invasive species (i.e. mangrove
pest control including potential bird hazard species, predators such
and dogs and public education. 

ring
ng-term

he
n creating an
is a high
jects in

Australia. Ongoing management and monitoring will be essential to the long-

order to
ats and
levelling

compact
o create

art to colonise
nvertebrate

rsity levels
r it has
to

s a minimum time
uggest a

hough the
.

g a monitoring
organisms,

l profiles, and the behaviour and population trends of migratory waders. 
e success of the enhancement program. Site 
n be scheduled in order to make any adjustments 

l profiling

ats will be 
es

sary for one or more authorities to take on the long-

sturbance or
invasion),

as foxes

Management of the site will be a specialised activity that is outside the normal 
management programs of the authorities involved. For this reason a 
management committee may be required involving various management 
authorities as well as specialists in marine and avian fields. This may include
NSW NPWS, NSW Fisheries and various neighbours and stakeholders such 
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l Councils, bird interest groups and 
appointed marine and avian specialists. 

 owners should 
se of the 

 addressed early to 
maximise the effectiveness of the site as shorebird habitat.  

as Botany Council, Sydney Coasta

It is essential that ecologists, engineers, management and site
remain in contact over the construction and establishment pha
project. Management issues should be reported and



Port Botany Expansion - Penrhyn Estuary Shorebird Habitat Enhancement

37
Avifauna Research Services 

tions
 listed as 

s a result of 
rporation

horebirds
existing

l as securing the site from 
disturbance from people, dogs and vehicles and shielding the estuary as far 

Studies have shown that in similar situations overseas viable shorebird habitat 
in an enclosed, artificially maintained site. 

In o tions at 
Pen

* Work should be carried out as soon as possible to create the expanded
tmarsh

olve well before the operation phase of the expanded port; 

* hanced and extended as far
as possible;

* provide

* ed out in 
ay to minimise the impact on shorebirds currently using the Estuary  

eg construction during winter and not impacting existing mudflat areas; 

*  provided  
without disturbing the

* rbance of
exception of public facilities,

such as a boardwalk, viewing area, interpretative signage; 

* he boardwalk and observation areas; 

* ins should 
not use whistles/horns while near the Estuary; 

* opaque barriers 2m high should be constructed to prevent headlights
from shining into the estuary at night; 

* barriers to headlights of trucks entering the proposed road bridge

9. Conclusions and Recommenda
In order to compensate for potential impacts to migratory shorebirds
Threatened under the TSC Act and/or international agreements a
the proposed expansion of Port Botany facilities, Sydney Ports Co
plan to carry out ameliorative measures to protect and enhance s
and their habitat at Penrhyn Estuary by substantially enlarging the 
area of feeding and roosting habitat as wel

as practicable from the impact of port operations. 

can be maintained with

Recommendations
rder to ensure the long-term viability of the shorebird popula
rhyn Estuary it is recommended that: 

shorebird habitat to allow the newly created tidal flats and sal
time to ev

the area of estuarine habitat should be en

appropriate substrate should be imported or manufactured to 
optimal feeding habitat for migratory shorebirds; 

construction of the enhanced shorebird habitat should be carri
a w

a boardwalk and all-weather observation structure should be
to enable people to observe migratory shorebirds
birds;

the area is secured with an exclusion fence to prevent distu
the estuary by people and dogs with the

dogs should be excluded from t

noise at the Estuary should be minimised, for example tra
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should be constructed;

* m protection
and viability of the shorebirds and their habitat at Penrhyn Estuary; 

* the site should
ment,

including the need for ongoing resources to be identified prior to the

* the measures outlined in Bassett (2002) to mitigate light spill should be
implemented.

a plan of management be prepared to ensure the long-ter

authorities responsible for the long-term management of
be identified at an early stage to allow for a plan of manage

completion of the site construction or immediately after; and
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  amics and
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rfish. Collection and 
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acilities at  
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ield studies of the breeding biology of woodland 
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Valat, France – Manager.

s.
redator control

st site restoration. 

1963 ist. Studies  
ing birds including shorebirds, seabirds and

 waterbirds. 

1960 Wales. – Warden. 
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Assistant Warden. Assisting with the trapping and banding of  
migratory birds and maintenance of the facilities for visitors and  

 researchers. 
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environmental concerns relating t
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Underwater instruction o
survey and equipment design. 

NSW Fisheries - S

and artificial reefs sites 

Queensland University – Field Officer 
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preparation of marine animals for university students

Royal Society for the

nesting and feeding habitat and maintenance of visitor f
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1964-6 Edward Grey Institute of Field Ornithology, University of Ox
Field Ornithologist. F
birds.

Ornithological Rese

Trapping and banding of migratory birds, wildfowl studie
Conservation of the Greater Flamingo including p
and ne

Trinity College East Greenland Expedition – Ornitholog
of Arctic breed

Bardsey Island Field Station and Bird Observatory, 
Studies of migratory birds and breeding seabirds. Mai
facilities
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ENT
TS

Habitat construction, restoration and management 
Flora est) for Stages 1 & 2 of the Multi-Use  

Recreational Pathway, Woolooware Bay 

Asse horebird  
yo Bay,

 Sydney
work.

r Estuary 

Inve construction of compensatory habitat to compensate  
for the loss of habitat for migratory waders at Eve Street Wetlands, Arncliffe,  

River estuary 
and recommendations for the construction of compensatory habitat.  

d Wildlife Service 

Plan mmendations (Avifauna) for Pourmalong  

d Wildlife Service.

Proj Parklands.
 Assessment of the impacts of the construction and remediation of wetland  

ent of
unities.

Olympic Co-ordination Authority (1992-1999) 

Eve d remediation design and 8 part test for  
 Eve Street Wetlands. Potential impacts of the construction of the M5 East  

Avifauna study for Plan of Management for Mason Park Wetland.
 Urban Bushland Management

Report to the Federal Airports Corporation. Relocation of Little Terns, A  
 Feasibility Study and Management Options. 

FAUNA ASSESSMENT AND MANAGEM
PROJEC

 and Fauna Assessment (eight part t

Sutherland Shire Council 

ssment of shorebird habitat in a developed environment in Japan. S
habitat usage assessment and impacts of development in Tok
Nagoya, Tokushima, Fukuoka, Okinawa and Hokkaido. Reports to
Ports Corporation and the Japan Alliance for Wetlands Action Net

Migratory Waders Study at Sydney Olympic Park and the Parramatta Rive
Sydney Olympic Park Authority 

stigation of options for the 

as a result of the construction of the M5 East Motorway. 
Roads and Traffic Authority.

Investigation of migratory and non-migratory wader habitat in the Hunter 

NSW National Parks an

 of Management Assessment and Reco

 (wetlands) Nature Reserve.

NSW National Parks an

ects coordinator Homebush Bay Olympic 

 habitats at Homebush Bay.  
 Recommendations for design of aquatic habitats and establishm
 wetland vegetation comm

 Street Wetland relocation an

 Motorway 
Roads and Transport Authority 
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NSW National Parks and Wildlife Service.

Relo s, feasibility study. Field Assessment and Report to the Federal 

Royal Australasian Ornithologists Union 

options for management of avifauna at Botany

management options for avifauna at Eve Street
 Wetland, Arncliffe.

Sydney Water Board. 

cation of shorebird
Airports Corporation 

Field Study and Report on the
 Wetlands. 

Sydney Water Board.

Field Study and Report on the

d Hazard Manag
Proposed Port Botany Expansion Bird Hazards to Aircraft Assessment

Sydney Ports Corporation 

mitigative measures (if required) to minimise potential impacts of birds at
 Sydney Airport.

Sydney Ports Corporatio

Bird Hazard Management. Review of current practices and recommen
agement strategies at Sydney Airport.

Federal Airports Corpor

agement of Waterbirds at the Engine Ponds, Sydney Airport. Assess
waterbir
Federal Airports Corporation 

National Parks and Wildlife Service, for NSW
Water.

Bir ement
.

Bird Assessment for the Proposed Foreshore Beach boat ramp. Identification of

n

dations for future
man

ation

Man ment of
d populations and recommended aquatic vegetation management.

The Silver Gull. Populations dynamics in relation to impacts of Silver Gull Populations
at Prospect Reservoir and waste disposal sites in New South Wales. Three
year study. 

Waster Services and Sydney

Landscape management for avifauna 
Land management development recommendations including landscaping 

for native bird species
Royal Sydney Golf Club 
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Lan ions including landscaping  
s

 The Australian Golf Club

d management development recommendat
for native bird specie

Fauna and Flora Assessment 

Sydney Ports Corporation 

Peer Review of Port Botany Expansion EIS - Terrestrial Ecology (avifaun
Sydney Po

The Entrance. 
Wyong Shire Council

ace Tower Holdings vs 
Bulky Goods Retail A
Statements in Reply and Court appearances as expert witness, e
issues.
Sutherland Shire Council 

application, Duck River, Silve
recommendations evid

 Department of Land and Water C

 Roads and Traffic Authority 

Roads and Traffic Authority 

Species Impact Assessment (Avifauna), Hunter Lakes Resort, Rich
 Conacher Travers

 NSW Department of Transport

 Botany Bay. 

Bird Hazard Assessment for EIS for Proposed Port Botany Expansion 

a)
rts Corporation/URS 

Species Impact Statement for proposed recreational development at Picnic Point,

Terr Sutherland Shire Council. Development application,
pplication, Taren Point. Statement in Evidence,

nvironmental

Silverwater Estate v. Department of Land and Water Conservation.  Development  
rwater. Impact Assessment on the Avifauna and

ence prepared for the Land and Environment Court. 
onservation

Fauna and Flora Assessment Wolli Creek 

Fauna and Flora Assessment H1 Lands, Kurnell 

mondvale

Eight-part test for siting of ferry wharf, Kissing Point, Parramatta River. 

Eight-part test for maintenance dredging of boat access channel, Shell Point, 

St George and Sutherland Anglers Club 

Impact assessment of maintenance dredging of Sylvania Waters Canal Estate. 
Fielders Engineers 

Species impact study and 8-part test for Saltpan Creek M5 bridge. 
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Roads and Transport Authority

Avif ion project.
Cabramatta Council/ Sainty and Associates 

Avif ent Penrith Wetlands.

Asse ntial impact of possible bridge construction on avifauna
habitat at various sites at Duck River, Camelia. 

Fauna survey and impact assessment Saltpan Creek M5 East Motorway

wkesbury Wetlands.
l Parks and Wildlife Service

ingecarribee

Sydney Water Board. 

Film g birds; study and report.

eendale Creek
s.

Antcliff Ecological Surveys/Warringah Shire Council.

Effe n of the
Warrego/Cuttaburra Catchments, Bourke. 

ct of upstream water allocation on waterbird habitat.

Assessment of habitat construction for waders and Little Terns, Botany Bay,

Plan of management of Botany Wetlands, aquatic avifauna study. 

Wading Birds of Hen and Chicken Bay, Potential Impact of Constructions on
 the Intertidal Foreshore
 Concord Council.

Assessment of seabird populations of Botany Bay for Bulk Liquids Berth,

auna study, Cabramatta Creek remediat

auna survey and population assessm
Sainty and Associates/Penrith Council 

ssment of the pote

Manidis Roberts P/L 

 crossing.
 Sainty and Associates

Avifauna survey and environmental threats assessment Ha
NSW Nationa

Avifauna assessment and impact study Brays Bay Mangrove Walk
Concord Council

Study of potential impact of proposed water releases via the W
River on waterbird populations.

ing sequence - potential impact on nestin
NSW National Parks and Wildlife Service.

Potential Impact Study of Curl Curl Lagoon and Gr
Rehabilitation Program on Bird Population

ct of minor flooding on the waterbird populatio

Warrego River System Water Users Association.

Initial study of the impa
Warrego River System Water Users Association.

for Environment Impact Statement. 
Dames and Moore

GHD Pty Ltd/Sydney Water Board. 
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Avifauna Research Services 

t Study. 
 Mitchell McCotter. 

impact of varying water levels on avifauna in the
ent.

ffect of trial water releases on waterbirds in  
 the  Wingecarribee catchment. 

Wad
 construction on waders in Botany Bay.  

n Ornithologists Union 

Migratory wader population assessment of the Parramatta estuary, data collection  

birds and  
feeding, roosting and nesting habitat. 

Service for Department of Transport 

volving ground and

 Warrego River Water Users Association 

Bota
Federal Airports Corporation/RAOU (1992-1995) 

Bird s and headlands of north-eastern 
NSW.

tal Audit).

on-netting and banding project. Forster/Seal Rocks.

Avifa abitat
 assessment for Homebush Bay Renewal Program. Twelve month Study. 
 Property Services Group.  

Waterbird study of Homebush Bay and habitat assessment for the Homebush  
 Bay Renewal Program.  

Property Services Group/Royal Australasian Ornithologists Union  

 Environmental Impac

Special Report. The potential 
 Glenquarry Cut catchm
 Sydney Water Board. 

Study and Special Report. The e

 Sydney Water Board. 

er monitoring study to determine impact of the parallel runway 

Federal Airports Corporation/Royal Australasia

Avifauna species or population studies 

and GIS mapping of feeding and roosting habitat. 
Sydney Olympic Park Authority 

Oil Spill Response Atlas, GIS mapping and database update of sea
waterbirds
NSW National Parks and Wildlife 

Waterbird survey of the Warrego/Cuttaburra floodplain, in
aerial surveys. 

   
ny Bay Wader Monitoring and Habitat Remediation Project   

 survey of estuaries, coastal wetlands, beache

 NSW National Parks and Wildlife Service (Environmen

Silver Gull population study - cann
 NSW National Parks and Wildlife Service, Hurstville.  

una study (part 2, woodland birds) of Homebush Bay and h
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Curricula Vitae



Isaac Mamott
Senior Ecologist
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CURRICULUM VITAE

Areas of
Expertise

• Flora and Fauna Survey and Assessment
• Flora and Fauna Management Plans
• Site Rehabilitation

Education York University, Toronto, Canada, Bachelor of Science (Earth and
Biological Science) 1989

York University, Toronto, Canada, Bachelor of Arts (Economics)
1994

Career Summary Isaac Mamott has 7 years ecological consulting experience in Australia, with an emphasis on
the planning, management and conduct of terrestrial flora and fauna survey and assessments
(general and targeted) as part of Biodiversity Surveys (National Parks Estate), Environmental
Impact Statements (EISs), Species Impact Statements (SISs) and other Environmental Impact
Assessments (EIA) documentation.

Isaac has 5 years (part time) public sector ecological experience in Ontario Canada where he
assisted in the conduct of baseline vegetation surveys and the implementation of a pilot
recycling program within Ontario’s Provincial Park estate as a part time Natural Resource
Officer for the Ontario Ministry of Natural Resources. Isaac undertook this position during his
undergraduate university years.

Isaac has gained extensive experience in designing, planning and directing site rehabilitation
programs in a variety of ecosystems, including wet and dry coastal forest, wet and dry heath,
wetlands, and mallee. Experience in this area includes development of site specific
rehabilitation methods and plans, site preparation and species selection, supervision of
earthmoving operations, local provenance seed collection programs, site stabilisation and
seedling establishment, weed management programs and completion criteria design,
assessment and reporting.

Career Detail • Vegetation assesement of plant communities within 860 km2 Kangaroo River Valley
Catchment as part the preparation of Kangaroo River Valley Wastewater Survey. Report
prepared for the Sydney Catchment Authority, November 2002.

• Preparation of Draft Species Impact Statement (to date) for proposed Port Botany
Expansion EIS for Sydney Ports Corporation. SIS involved baseline vegetation surveys
and mapping of coastal dune heath and saltmarsh and focused on reconfiguration of
Penrhyn estuary to enhance existing shorebird habitat as a mitigative measure. The Draft
SIS was prepared in close consultation with shorebird expert, Phi Straw (Avifauna
Reasearch) (in prog.).

• Preliminary flora and fauna survey and assessment of Shanes Park Airservices Australia
Radiotransmitter Station, Llandilo, (c. 560 hectares) as part of preparation of an updated
Environmental Management Plan. Threatened Castlereagh Woodland complex and plant
taxa were addressed in preliminary study.

• Baseline and targeted vegetation survey and mapping and fauna habitat assessment of
Coastal Dune Heath (wet and dry), Sydney Sandstone Ridgetop Woodland, and Mallee,
for proposed expansion of the Kimbriki Tip site, Terrey Hills, NSW. Report prepared as
part of an Opportunities and Constraints Study for SHOROC, November 2002.

• Baseline and targeted vegetation survey and mapping and assessment of 400 hectares of
Moorebank Defence Lands for possible site redevelopment. Report prepared for
Department of Defence and GHD Group (formerly Egis Consulting), August 2002.
Several Threatened taxa and plant communities addressed.



Isaac Mamott
Senior Ecologist
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CURRICULUM VITAE

• Provision of advice in relation to ecological constraints for possible site redevelopment
of the 416 hectare Thrumster Council lands, Port Macquarie, NSW. Report prepared for
Hastings Council, October 2002

• Baseline flora and fauna survey and assessment and mapping of a proposed 26 km
transmission line easement proposed by Transgrid, Molong – Manildra, NSW, October
2001. Threatened plant communities (White Box – Yellow Box – Blakely’s Red Gum
Woodlands) and regionally significant woodland birds were addressed. Project also
involved the preparation of a Flora and Fauna Management Plan (FFMP) detailing site
rehabilitation measures proposed. FFMP for
Stage 1 prepared in October 2002.

• Baseline flora and fauna survey and assessment of the 300 hectare former Ingleburn
Army Camp site at Ingleburn, NSW, as part of Opportunities and Constraints study for
the site. Report prepared for Department of Defence and GHD Group, August 2002.
Threatened plant communities addressed included one of the largest tracts of
Cumberland Plain Woodland and Sydney Coastal River Flat Forest.

• Baseline and targeted vegetation survey, mapping and assessment of the southern-most
extent of Duffys Forest at North Seaforth, as part of an Opportunities and Constraints
study for site redevelopment. Report also addressed other Threatened and rare plant taxa
recorded on the site. Report prepared for LesryK Environmental Consultants and GHD
Group (formerly Egis) on behalf of RTA, planningNSW, March 2002.

• Flora survey, vegetation mapping and impact assessment of Threatened Shale/Sandstone
Transition Forest on the Upper Nepean River, Maldon, NSW, for proposed optical fibre
cable works. Preliminary report prepared for Telstra, May 2002.

• Vegetation Survey and Mapping of sections of Lane Cove River National Park
(Blackbutt Creek, West Killara and Kissing Point Rd aqueduct, South Turramurra), for
proposed aqueduct and access track maintenance. Report prepared for NSW NPWS and
LesryK Environmental Consultants, March 2001. Numerous Threatened taxa addressed.
Post construction site rehabilitation issues were also addressed.

• Vegetation Survey and Mapping of sections of Ku-ring-gai Chase National Park at
Kilkari, for proposed sewage scheme. Report prepared for NSW NPWS and LesryK
Environmental Consultants, July 2001. Numerous Threatened taxa addressed. Post
construction site rehabilitation issues were also addressed.

• Baseline and targeted flora and fauna survey, mapping and assessment of freehold lands
at Wingham, NSW, for a proposed Senior Citizens Village Estate, July 2001, Wingham,
NSW. Report prepared for Manning Valley Senior Citizens Homes. Studies addressed
numerous dry and wet plant communities and a local Koala corridor.

• Technical Peer Review of ecological reports prepared by Dr Stephen Ambrose
(Ambecol) for Parramatta-Chatswood Rail Link EIS, Oct 2001. Report prepared for
Blake Dawson Waldron.

• Preparation of on-site Constructed (artificial) Wetland Management Plan detailing
design, species selection, planting and monitoring protocol, Botany, NSW for a
groundwater treatment scheme. Report prepared for Orica, January 2001;

• Flora survey, mapping and assessment of remnant Callitris and White Box Grassy
Woodlands and River Red Gum Forest (c.300 ha.) surrounding Western Plains Zoo,
Dubbo, NSW, as part of an Opportunities and Constraints study for possible zoo
expansion. Report prepared for Lesryk Environmental Consultants on behalf of the
Zoological parks Board of NSW, January 2001.
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• Baseline and targeted flora and fauna survey and assessment and mapping of roadside
vegetation of 40 km segment of Lachlan Valley Way between Yass and Boorowa, for
proposed pavement rehabilitation and widening works. Baseline surveys were
subsequently augmented with targeted searches for a number of Threatened bats and a
Threatened Moth. The assessment report addressed large tracts of the Threatened
Yellow Box – Blakely’s Red Gum plant community. Report prepared for the RTA,
January 2001.

• Flora survey, mapping and assessment and fauna habitat assessment of roadside
vegetation along c. 100 km of roads within Kosciusko National Park (Elliott Way,
unnamed road to Guthega, Olson’s Lookout Road, Cabramurra Road) as part of a park-
wide Engineering (Geotechnical) Risk Assessment program. Plant communities
addressed included Wet Montane Forest, Dry Sclerophyll Forest, Subalpine and
Savannah Woodland. Report prepared for NSW NPWS, June 2001. Numerous
Threatened flora and fauna species were addressed in the report.

• Flora and fauna survey and assessment of riparian vegetation along lower Hunter River
between Raymond Terrace and Maitland for Department of Public Works and Services,
Feb. 2000 as part of levee bank restoration program. Site rehabilitation advice including
noxious weed control, site stabilisation, species selection and planting protocols were
also addressed in the report.

• Baseline flora and fauna survey and assessment of Brigalow woodland on former
mining lease lands as part of an EIS for proposed charcoal processing plant facility.
Report prepared for Rio Tinto, April 2000.

• Baseline and targeted flora and fauna surveys and vegetation mapping of old growth wet
montane forest in sections of the upper Geehi River Valley in Kosciusko National Park
for proposed aqueduct stabilisation works. Report prepare for NSW NPWS and Snowy
Mountains Authority, August 2000. Preparation of a Vegetation Management Plan
detailing site rehabilitation and monitoring measures post engineering works was also
prepared.

• Flora and Fauna survey and assessment of Dry Tallowood Forest for proposed water
treatment plant, prepared for Department of Public Works and Services, Wauchope,
NSW, 1999. Several Threatened species addressed in project.

• Baseline and targeted species survey and assessment of Dry Sclerophyll Forest and
Swamp Sclerophyll Forest of lands off Violet Town Road, Tingira Heights, Lake
Macquarie, for proposed residential subdivision.. Report prepared for County Property
Group, 1999. Study addressed numerous Threatened species including Diuris praecox,
Tetratheca juncea, Brush-tailed phascogale and Squirrel Glider.

• Technical Peer Review of terrestrial ecology studies undertaken by Biosis as part of EIS
investigations for proposed Naval Ammunitions Depot, Two-fold Bay. Eden, NSW,
October 1999.

• Species Impact Statement (SIS) for Yelgun-Chinderah Pacific Highway Bypass
prepared for Sinclair Knight Merz and RTA. Baseline flora and fauna studies addressed
a number of SEPP 14 wetlands and Threatened species, July 1998. Study also addressed
post construction site rehabilitation measures along the route alignment.

• Baseline flora and fauna survey and assessment of Dry Sclerophyll Forest and Hanging
Swamps on the Newnes plateau, for proposed dewatering program. Report assessed the
effects of a changing hydrological regime on downstream forest and swamp habitats.
Report prepared for Springvale Coal Pty Ltd, Newnes Plateau, Lithgow, NSW 1997

• Technical Peer Review of terrestrial ecology studies of the ADI site at St Marys
undertaken as part of a Due Diligence program for site redevelopment. Report prepared
for Blake Dawson Waldron and Baring Brothers Burrows, June 1997.



Isaac Mamott
Senior Ecologist

C:\DOCUME~1\JXROSEN0\LOCALS~1\TEMP\MAMOTT GENERAL.DOC

4

CURRICULUM VITAE

• Baseline and targeted flora and fauna survey and assessment of roadside sclerophyll
woodland for a proposed 20 km Transmission Line Easement from Orange to Cadia
mine site. Report prepared for Advance Energy, Orange, NSW 1996. Site rehabilitation
including compensatory planting programs were also addressed in the report.

• Technical Peer review for a range of environmental studies undertaken as part of EIS
investigations for a proposed boat harbour/marina and residential development, prepared
for Walker Engineering Pty Ltd, Shellharbour, NSW 1995. Project included a peer
review of terrestrial ecology studies of a SEPP 14 wetland and establishment of
compensatory wetlands at Shadforth.

Professional
History

URS Australia Pty Ltd (formerly AGC Woodward-Clyde Pty Limited), Senior Ecologist,
1995–Present

Mitchell McCotter & Associates, Contract Environmental Scientist, 1991
Ontario Ministry of Natural Resources – Provincial Parks Branch, Natural Resource Officer

(permanent part-time during Uni), 1986-1990

Training Several professional and amateur workshops and courses (in house and external) for plant
identification, bush regeneration, shorebird identification, Ultrasonic (Anabat) Bat
detection, GIS mapping, multi-variate statistical analysis (PATN)



Sophy Townsend
Environmental Scientist 

CURRICULUM VITAE

Areas of 
Expertise

Marine and terrestrial ecology.
Flora survey and assessment.
Environmental Planning/ Assessment

Education University of Wollongong, Bachelor of Environmental Science, Honours Class II
Division I, 1997-2000

Career Summary Sophy has had 2 years experience as a consultant with URS with experience in environmental
impact assessment and flora and fauna assessment. Projects have included Statement of
Environmental Effects, Review of Environmental Factors, Fatal Flaw Analysis, Environmental
Impact Statements and flora and fauna survey and assessment. She has co-written several
Environmental Impacts Statements such as the Modernisation of the Mulwala Facility for ADI
and the Smeaton Grange Aluminium Extrusion Plant for Capral. Flora and fauna work has 
involved small and large scale vegetation mapping and the consideration of conservation
values of plant alliances recorded as well as Threatened species, chiefly through the
preparation of either 8 Part Tests (Section 5A Assessment) and Species Impact Statements (SIS)
under the TSC Act 1995.

Career Detail Environmental Planning and Assessment 
Work in this field has included:

Wyrallah Road Waste Facility Environmental Fatal Flaw Analysis. Report prepared for
Lismore City Council (2003).

Edmonson Park Social Plan. Report prepared for Liverpool City Council (2002).

Styx Creek Rail Underbridge Main North Line 164.475 km Statement of Environmental
Effects. Report prepared for Rail Infrastructure Corporation (2002).

Smeaton Grange Aluminium Extrusion Plant Environmental Impact Statement. Report
prepared for Capral (2002).

Modernisation of Mulwala Facility Environmental Impact Statement. Report prepared
for ADI Limited (2002).

Relocation of Battery Assembly Production Environmental Impact Statement. Report
prepared for SAFT (2002).

Jervis Bay Court Case. This job involved obtaining documents and information from
various agencies to extract evidence to be used for a court case in Jervis Bay. This has
included collecting the information, summarising the documents and reports and
collating the information. Work for this project was carried out on behalf on NSW
National Parks and Wildlife Service.

Ecological Studies and Site Assessment 
Work in this field has covered aquatic and terrestrial flora and fauna investigations and
habitat rehabilitation:

Flora survey and assessment of roadside strip of remnant vegetation at Seaforth. Report
prepared for Egis Consulting (2002).

Opportunities and constraints flora survey and assessment of various defense sites at 
Holsworthy, Ingleburn and Moorebank. Report prepared for Egis Consulting (2001,
2002).

Flora survey and assessment and Threatened Community assessment of Kirrawee
Brickpit site. Report prepared for planning NSW (2001).
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Sophy Townsend
Environmental Scientist 

CURRICULUM VITAE

Description of community structure, habitat requirements and the extent of spatial and
temporal variation of micro-molluscan assemblages in turfing algae on rocky intertidal
shores in NSW (2000).

Coastal wetland flora and avifauna assessment and management, Spring Creek Wetland.
Report prepared for Kiama Council (1999) 

Determination of acid sulfate soils in Greenwell Point, Nowra (1999).

Marine biodiversity assessment at Jervis Bay National Park (1999)

Leaf litter invertebrate biodiversity survey in rainforest and dry sclerophyll forest on
Mount Kiera, Wollongong (1999).

Vegetation mapping from air photo interpretation and ground truthing.

Rainforest vegetation assessment and management.

Field sampling analysis of: 

– Soil (moisture content, acid sulfate soils and salinity);

– Water (as pH, electrical conductivity, DO, turbidity, colour analysis and total
dissolved solids);

– terrestrial and aquatic vegetation and

– terrestrial and aquatic vertebrate and invertebrate fauna.

Coastal and inland vegetation and fauna assessment and management.

Mineral and rock identification.

Geographical land use mapping.

Construction of geological cross sections.

Genetic studies including allozyme electrophoresis, isolation of DNA, chromatography
of amino acids, electrophoresis of proteins and determination of enzyme activity.

Professional
History

URS Australia Pty Ltd, Environmental Scientist, 2001-Present

Training 24 hour Occupational Health and Safety Training
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Sophy Townsend
Environmental Scientist 

CURRICULUM VITAE

Publications “Rocky Reef Biodiversity: Micro-mollusc Assemblages in Turfing Algae” Molluscs 2000.
Understanding Molluscan Biodiversity in our Region into the 21st Century. Malacological
Society of Australasia Conference Abstracts pg 83.

BEnvSci Thesis: “Rocky Reef Biodiversity: Micro-mollusc Assemblages in Turfing Algae”
(2000).

Molluscs 2000 (4-8 December) Sydney, Australia - Poster paper presentation.
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