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COORONG TO OUTBACK: OBSERVATIONS OF A BANDED STILT BREEDING
COLONY AT LAKE TORRENS, SOUTH AUSTRALIA, MAY 2010

STUART COLLARD', ALEX CLARKE>, DAVID ARMSTRONG?, ERIN SAUTTER?
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In early 2010, heavy rain fell across the outback region of South Australia. Later that year the
Coorong population of Banded Stilts (Cladorhynchus leucocephalus) left their usual coastal habitat,
prompting an aerial search for the breeding birds across the vast salt lakes of northern SA. The search
resulted in the discovery of one of the largest breeding colonies of Banded Stilts ever recorded at an
isolated island in Lake Torrens National Park. A field surveillance team travelled to the island to
observe the colony and, if required, to minimise the impact of Silver Gulls on the breeding birds. In
this paper we provide an overview of past Banded Stilt breeding events in Australia. We describe the
climatic conditions leading up the 2010 mass breeding event, the techniques used to discover the
colony and the results of aerial and field-based observations, including observations on any impacts of
Silver Gulls. We also provide information from follow-up observations, including the discovery of a
second smaller colony at Lake Torrens in the same year. Using a conservative method that attempted
to account for mortality, we estimate that more than 190,000 chicks departed the island after the initial
breeding attempt. Subsequent breeding on the same island and in the secondary colony would have
added substantially to this number. The mass breeding event is likely to contribute significantly to the
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long term viability of the Banded Stilt population in southern Australia.

INTRODUCTION

The Banded Stilt (Cladorhynchus leucocephalus) is a
unique endemic Australian wader. The species is well
known for its remarkable behavioural and physiological
adaptations to the erratic rainfall patterns of the
Australian outback. In early 2010, the world Banded Stilt
population was estimated at between 206,000 and
260,000 individuals (Delany & Scott 2006, Geering ef al.
2007). The species is listed as ‘Vulnerable’ under the
South Australian National Parks and Wildlife Act 1972.
The International Union for Conservation of Nature
(IUCN) recognises the Banded Stilt as a species of
‘Least Concern’ given its broad range and the lack of a
significant population reduction in the past decade
(Birdlife International 2011). However, their dependence
on spasmodic inland rainfall events and the significant
impacts of  Silver Gulls (Chroicocephalus
novaehollandiae) on recent breeding attempts (Minton et
al. 2000, Baxter 2003), suggest the species may be
susceptible to sudden declines that could potentially
threaten long-term population viability (Baxter 2003).
Large non-breeding flocks of Banded Stilts are
commonly observed at estuarine and salt marsh habitats
along the coastline of southemn Australia (Marchant &
Higgins 1993, Baxter 2003). However, knowledge of
their breeding behaviour and movement patterns is
incomplete because of the infrequent occurrence of
suitable climatic conditions, the remoteness of preferred
nesting areas and the speed with which breeding events
occur. Large flocks of Banded Stilts are known to depart
their non-breeding coastal habitats, setting down to nest
close to the water on the exposed sand-spits and islands
of ephemerally flooded inland salt lakes of inland
southern  Australia, including southern Western
Australia, within days of their departure (Burbidge &

Fuller 1982, Bellchambers & Carpenter 1992, Marchant
& Higgins 1993, Gosbell & Christie 2006). Breeding
pairs are thought to mate en-route as the first eggs are
laid almost immediately following their arrival at chosen
colonial nesting sites (Robinson & Minton 1989).
Breeding coincides with the emergence of small
crustaceans (mostly Brine shrimp (Parartemia sp.)) that
provide the breeding stilts with an abundant and reliable
food source (Jones 1945ab, Williams et al. 1998,
Gosbell & Christie 2006). The remoteness of the
breeding islands, combined with the protection afforded
by the surrounding salty water, provide an ideal refuge
for the birds and protection from native and introduced
terrestrial predators (Robinson & Minton 1989,
Bellchambers & Carpenter 1992).

Banded Stilt nests are shallow earth scrapes, often
adorned with a small amount of vegetation (Marchant &
Higgins 1993). Clutches typically consist of 3-5 large
eggs, which are continuously incubated by both parents
and hatch within 19-21 days. The chicks are large (~30g)
and immediately active and alert (Robinson & Minton
1989, Williams et al. 1998). Soon after hatching the
chicks are led to the lake, dispersing vast distances (up to
100km from the colony) and independently feeding on
brine shrimp (Williams et al. 1998). Chicks are fully
feathered at 6-weeks (Gosbell & Christie 2006) and once
the previous brood has departed, and if conditions are
suitable, the nesting adults will remain and mate for a
second time. Complete or partial breeding colonies will
sometimes move to different islands for subsequent
breeding attempts (Robinson & Minton 1989, Williams
et al. 1998).

Prior to the 2010 breeding event reported in this
paper, approximately thirty-two Banded Stilt breeding
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events had been documented across southern Australia
(see Table 1). The first confirmed breeding events were
at Lake Grace in southern Western Australia (WA) in
1930 and Lake Callabonna in South Australia (SA)
(Figure 1) in 1930. The most recent breeding events
occurred at Lake Ballard, WA, in 1995, and more
recently at Lake Eyre North National Park, SA (Figure
1) in 2000. Since the first South Australian record, only
seven further breeding events have been recorded in the
state (Table 1).

Silver Gulls have been identified as a key predatory
threat to the success of Banded Stilt breeding events and
the long-term population viability of the species (Minton
et al. 2000, May 2000, Baxter 2003). Although native to
Australia, the gull population has been artificially
increased by access to human food resources (Smith &
Carlile 1992, Kingsford & Norman 2002). Silver Gulls
also flock to inland salt lakes when they fill with water,
often breeding in close proximity to Banded Stilt
colonies and aggressively attacking and eating stilt eggs
and chicks (Robinson & Minton 1989, Bellchambers &
Carpenter 1992). Towards the end of the breeding event
at Lake Torrens in 1989, Robinson & Minton (1989)
estimated that 99.5% of chicks and eggs were taken by
Silver Gulls. In 2000, at Lake Eyre North, Banded Stilts
attempted to breed at Hughes Island. The first two
breeding attempts failed due to unremitting Silver Gull
predation. Fearing serious impacts on the stilt
population, the Department of Environment and Natural
Resources (DENR) intervened, culling a significant
number of the culprit Silver Gulls. Following DENR’s
intervention, the Stilts attempted to breed for a third
time, successfully producing approximately 50,000
chicks (Baxter 2003).

Widespread rainfall and cool conditions across
Australia during 2010 led to the coolest year for a
decade, and South Australia’s third wettest year on
record (BOM 2011a). In February and April of 2010
several low pressure troughs triggered heavy rainfall
across much of outback South Australia, including over
the catchments of Lakes Eyre, Torrens, and Callabonna
and Lake Frome (BOM 2011b), previous breeding
locations for Banded Stilts. In particular, rainfall of
between 31-156 mm fell across the northern half of the
Lake Torrens catchment in February and April. The
heaviest of the April rain fell on the 9™ (85-124mm),
with less significant falls on the 6™ (18-32mm) and 21%
(19-38mm). The north-west quarter of the Lake Torrens
catchment area received the heaviest falls; Andamooka
and Roxby Downs Pastoral Stations received between
155-165 mm each (BOM 2011b). The April 9™ rainfall
flowed into the north-western section of the lakebed, and
was detectable from satellite imagery within days (Modis
2010). Realising the potential for a significant breeding
event and the serious threat posed by Silver Gulls, local
amateur birdwatchers and DENR staff worked together

to document the event and discover more about this
enigmatic bird species.

This paper: 1) describes the methods used to locate
and survey the Banded Stilt breeding colony at Lake
Torrens; 2) presents results of observations made during
a field expedition to the island in May 2010, including
the impact of Silver Gulls; and 3) provides information
from follow-up visits to the colony, including the
discovery of a smaller secondary breeding colony at
Lake Torrens. These findings are discussed in the
context of previous studies and broader implications for
the conservation of the species.

METHODS
Locating the breeding stilts — aerial surveys

Banded Stilts were observed at the Coorong, just south
of Hacks Lagoon up until the 5™ April, 2010 after which
time they were not seen. To confirm that the stilts were
not present at the Coorong, an opportunistic aerial survey
of the Coorong was conducted by DENR on the 29"
April. The survey began at the Murray Mouth, tracking
south along the western shoreline to Stonywell Island,
returning northwards along the eastern shoreline (Figure
1). Aerial surveillance focused on the backs of islands
and embayments and on sites known for stilts, such as
“The Needles” and “Parnka Point” (P. Wainwright pers.
comm.). No Banded Stilts were recorded during the
survey, providing justification for a broad-scale aerial
survey of the outback salt lakes in South Australia
(Figure 1).

A comprehensive survey of these lakes was
proposed, with Lake Torrens National Park identified as
the most likely breeding location on the basis of previous
breeding records (Table 1). An aerial survey of the lakes
was conducted by DENR on the 4™ May. The survey
began at Lake Frome, tracked north-east to Lake
Callabonna, and then north-west to Lake Gregory, before
returning along the western shoreline of Lake Torrens
(Figure 1). Each salt lake was surveyed at a minimum of
60 metres (200 feet) altitude. Attention was given to
islands within each lake, with persistent scanning for the
presence of a “white and black moving surface”. Lake
Eyre was not surveyed because DENR Ranger staff had
surveyed it on the 3™ May, reporting no sign of breeding
Banded Stilts.

The survey team found no evidence of breeding
colonies at Lakes Frome, Callabonna, or Gregory despite
a thorough search. However, along the western shoreline
of Lake Torrens several hundred stilts were seen feeding
in the shallow water. As the plane tracked south along
the eastern shoreline of Andamooka Island a small island
with a nesting colony of densely packed Banded Stilts
was spotted 3 km from the western shoreline of Lake
Torrens. The island was later named ‘Arduous Island’
for future reference.
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Table 1. Recorded Banded Stilt breeding events, 1904-2010.

Date

Location

No. Pairs/Nests

Comments

Reference

1904

1923
1929

1930

1930

1930-31

1936

1937

1945
1946

1960

1963

1971

1973
1974
1975
1975

1980

1980

1980
1981
1984

1986
1988
1989

1992
1992

Lake Cowan, WA

Quinn’s Find, WA
near Menzies, WA

Lake King, WA
Lake Grace, WA

Lake Callabonna,
SA

Lake Callabonna,
SA

Seepage Swamp,
Lake Torrens, SA
Lake Grace, WA

Lake Grace, WA

Wagga Wagga
Lake, WA

Lake Ballard -
Menzies District,
WA

Lake
Disappointment,
WA

Lake Ballard, WA

Lake Ballard, WA
Lake Ballard, WA
Lake Marmion, WA

Lake Barlee, WA

Lake Goongarrie,
WA
Esperance, WA

Lake Ballard, WA
Lake Eyre NP, SA

Lake Ballard, WA
Lake King, WA

Lake Torrens NP,
SA.

Lake Barlee, WA
Lake Giles, WA

*

At least 100 birds
*

40,000 nests

27,000 nests

*

500 nests

40-50 nests

*

2,500-25,000
nesting pairs

178,835 (+ 34,843)
nests

*
*

50,000 breeding
pairs

Unconfirmed - large colony

Unconfirmed - but very likely
Unconfirmed - thousands of dead
chicks

"tens of thousands of adults and
countless chickens"

No comment

Colony covered an area of 3,640m’.
An estimated 81,000 eggs were
produced.

Thousands of adults observed on an
island - one egg observed - no further
information available

Unconfirmed - but likely

No comment
No comment

Colony abandoned before egg laying
commenced
1,400 chicks walked through town

Probably bred, an adult & juvenile
were spotted nearby, but the breeding
colony was not observed.

No comment

25,000 breeding pairs in March,
reducing to 2,500 nesting pairs in
May.

High nest density likely due to
successive waves of birds laying
within the colony. Colony later
abandoned due to falling water levels
(est. 255,000 addled eggs & dead
chicks). A large number of chicks
(possibly around 350,000) are thought
to have fledged prior to abandonment.
No comment

Probably at Lake Eyre

No comment
No comment

Est. 50,000 pairs nested across 3
islands in the southern Lake Torrens
NP.

No comment

Whitlock 1932, Jones
1945a,b
Jones 1945a,b

Glauert & Jenkins 1931,
Jones 1945a,b
Glauert & Jenkins 1931

Glauert & Jenkins 1931,
Carnaby 1946

McGilp & Morgan 1931,
Minton et al. 2000

SAOA 1937

Cain 1938

Carnaby 1946

Carnaby 1946, Burbidge
& Fuller 1982

Burbidge & Fuller 1982

Minton et al. 1995

Clarke ef al. 2004

ODX EIS 2009

Burbirdge & Fuller 1982,
Kolichis 1976

Burbidge & Fuller 1982

ODX EIS 2009

Minton 1989, Minton et
al. 2000, Baxter 2003

ODX EIS 2009

ODX EIS 2009

Minton 1989, Robinson &
Minton 1989,
Bellchambers &
Carpenter 1992

ODX EIS 2009
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Table 1 continued. Recorded Banded Stilt breeding events, 1904-2010.

1995

1997

2000
(Feb-
April)

2000
(May)

2000
(July)

2000
(July -
August)

2004

2006

2010
(April -
July)

2010
(May)

Lake Ballard, WA

Lake Eyre (North)
NP, SA
Lake Eyre (North)
NP, SA

Lake Eyre (North)
NP, SA

Lake Eyre (North)
NP, SA

Lake Eyre (North)
NP, SA

Lake
Disappointment,
WA

Coorong, South
Lagoon, SA

Lake Torrens NP,
SA

Lake Eyre (North)
NP, SA

35,000+ nests

18,000 nests (9,000
occupied)

4,000 nests
(abondoned)

18,000 breeding

pairs

2,000 breeding pairs

150,000 birds

4,500-5,000 nests

Multiple colonies. 20,000 nests at
main colony & 15,000 at second
major colony. 70,000-175,000 eggs
may have been produced.

No comment

Stilts tried to breed at Hughes Island,
but aggressive Silver Gull predation
of eggs & chicks caused the failure of
almost 9,000 nests (potential 27,000
eggs & chicks). Only 322 chicks were
observed successfully departing the
colonies.

Stilts nested again in late May at
Hughes Island. Approx. 4,000 nests
produced, but were abandoned by 31*
May due to incessant gull predation
18,000 breeding pairs successfully
bred to produce est. 50,000 chicks at
Ibis Island in July. Following
extensive Silver Gull control by
NPWSA.

Nests abandoned in early August due
to receding water levels, nearest water
to Ibis Island was 8km.

Breeding colony not visited. Approx.
750 chicks found dead scattered
around the Lake. Some evidence to
suggest some chicks successfully
fledged.

2 major nesting sites located with a
combined potential to produce 2300 -
3100 chicks, but only 1006 juveniles
were observed

The number of birds was calculated
from aerial photos and ground
measurements. Refer to Methodology
section

Small colony discovered mid-May by
Trevor Wright. Subsequent aerial
survey by DENR SA confirmed est.
4500-5000 nests present on Ibis
Island (counted from aerial photo).
Est. 6-7,500 eggs may have been
produced.

Minton et al. 1995

Baxter 2003

Minton et al. 2000, Baxter

2003

Baxter 2003

Baxter 2003

Baxter 2003

Clarke et al. 2004

Gosbell & Christie 2006

(current study)

T Wright pers. comm., A.

Clarke pers. obs.

* information not available or not recorded
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Figure 1. Map of the study area showing: A) locations in South Australia, B) flight path at the Coorong, C) flight path over the
outback salt lakes, previous breeding locations and the location of the primary and secondary colonies in 2010, and D) the access
route to Arduous Island, the failed breeding colony at “South Island” and (inset) the location and extent of the documented and past

breeding colonies on Arduous island.

10



Stilt 63 - 64 (2013): 6-15

Observations of a Banded Stilt breeding colony at Lake Torrens

Site description and access

Arduous island is oval in shape, approximately 250
metres north-south and 100 metres east-west. It is a
protrusion of the gibber pavement, which dominates the
landscape adjacent to the nearby western edge of the
lake, and rises to a maximum of 2.5-3.0 meters above the
lake surface. A layer of loamy sand, vegetated with low
chenopod shrubland, covers the gibber over much of the
island. Where the gibber is exposed, in a relatively small
portion of the northern half of the island, only sparse
(<10% cover) Samphire (Tecticornia sp.) occurs. On the
20 metre wide shelf around the island perimeter there is
even more sparse Sea-heath (Frankenia sp.), in some
parts fringed with Pop Saltbush (Atriplex holocarpa).
Plant species diversity and density is poorer in the area
of the Banded Stilt breeding colony at the southern end
of the island, where Bladder Saltbush (Atriplex vesicaria
ssp.) is dominant.

Access to the site was gained through Bosworth
Station. Once at the western shore of Lake Torrens,
kayaks or wading were used to cross the knee-deep water
between the island and the mainland camp. The island
lay approximately three kilometres from the western
shoreline of Lake Torrens (Figure 1D). The majority of
the nesting birds were located on the southern end of the
island while a much smaller colony of an estimated 250
nests was located near the northern tip.

Aerial estimates of colony population size

Aerial photographs of the primary colony at Arduous
Island were used to rapidly assess the size of the
breeding population prior to the field visit. High
resolution images were captured using a Canon 1D
digital camera while flying between 60 m and 90 m
altitude. The plane was tilted onto its side while passing
over the colony, providing the greatest field of view
possible to capture both close-up and broad-scale
images.

A rough initial estimate of the colony size was
70,000 birds. We considered it important to be able to
rapidly assess colony size from the aerial surveys as
detailed field visits to colonial bird breeding sites are
often not be possible due to resource constraints, limited
access or remoteness. To estimate colony size, a
combination of close-up and broad-scale images was
used. Initially, a broad-scale image of the entire colony
was printed and a regular Smm x Smm grid
superimposed over the image. The total number of grid
cells overlapping the colony was counted and summed.
Cells at the edge of the colony had on average half the
number of birds compared with interior cells and these
were counted as half cells.

Five of the best quality close-up images were then
used to determine the number of birds present on the
ground. These were scaled relative to the broad-scale
image by comparing the dimensions of vegetation
features common to images at both scales. Using this
method, an approximate scale of 1:5 was calculated,
indicating that cells with dimensions of 25 mm x 25 mm
in the close-up images contained the same number of

11

birds as the 5 mm x 5 mm cells in the broad-scale image.
Counting the entire colony was not possible due to the
resolution of the photos and the time required to do this.
Instead, the number of birds present in 13 sample cells
across the five close-up images was counted, and the
mean number of birds per sample cell calculated. This
number was then multiplied by the total number of
occupied cells from the broad-scale (colony) image to
derive an estimate of total population size. The estimate
conservatively assumes that both adult birds were
present at the nest at the time of the photograph.

Field observation methods

The breeding colony was observed for six consecutive
days from 10" May — 15™ May 2010, coinciding with the
peak departure of chicks from the island. Surveyors were
present at the colony between 1-2 hours after dawn to 1
hour before dusk. Care was taken to disturb the colony as
little as possible. However, in the absence of large
numbers of Silver Gulls, a low level of disturbance was
deemed acceptable. Variables recorded included clutch
size, scrape / nest densities, group size and colony
departure rates, offshore group counts and chick
mortality. Demographic and behavioural observations at
the breeding colony as well as assumptions for
estimation techniques are summarised in Table 2. A
large amount of high definition video footage of
breeding behaviour was also recorded at the colony for
future use.

RESULTS
Estimate of colony population size

The total number of adult stilts in the primary colony
was estimated from aerial photographs to be 135,100
birds. It was assumed that all birds observed from the air
were breeding pairs, hence the number of nests was
calculated to be half this number (i.e. 67,550 nests).
Colony size was also estimated by multiplying the mean
number of scrapes per quadrat (i.e. 9.50 / m” - see below)
by the area of the colony from the GPS track log (i.e.
7,726m2). This gave a total of 73,397 nests, a similar
number to the aerial estimate.

Scrape density and clutch size

Scrape density ranged from six to 13 scrapes per square
metre, with a mean density of 9.50 scrapes (Table 3).
The mean number of eggs and/or chicks per scrape
ranged from O - 5, with a mean of 2.85 (Table 3). A high
proportion (75%) of all clutches had three eggs or chicks
(Figure 2).

Figure 2. Distribution of clutch size.

120 - Clutch size
s
{ &
| 8
 IE—— N
0 1 2 3 4 5

Number of chicks and/or eggs per clutch



Stilt 63 - 64 (2013): 6-15

Observations of a Banded Stilt breeding colony at Lake Torrens

Table 2. Demographic and behavioural observations made at the breeding colony, methods used and assumptions made.

Observation

Method

Comments/ assumptions

Colony area

Clutch size

Scrape/Nest density

Group size counts &
departure rates

Offshore group counts

Chick mortality rate

Vegetation information
Silver Gull numbers and

GPS track-log function used to create a polygon that
was later used to determine area with ArcGIS software
Combination of opportunistic visual counts (including
photographs) at different parts of the colony and formal
quadrat counts (see below)

Photographs of 1m x 1m quadrats randomly placed at
different locations within the colony (n= 14)

Timed counts of the number of chicks and adults
departing the island at different times of the day and
standardised according to time spent counting

The number of adults/chicks in groups swimming on
the water surface >100m offshore from the island
Approximate mortality rate calculated by comparing
mean clutch size counts with mean offshore group size

Vegetation communities and plant species identified
Daily gull count and record of predatory behaviour

Slight buffer from edge of colony to avoid
undue disturbance to nesting birds

The number of quadrats (n = 14) was
minimised to reduce disturbance to the
breeding birds

Photographs inspected later to determine
number of scrapes / m’

Counts included loose groupings of chicks
and adult birds

Assumes that family groups have separated
at >100m from the shoreline

Assumes that all chicks from each nest are
led away from the island by one or both
parents once offshore (i.e. >100m).

None
None

behaviour

Other predators
observation of predator behaviour

Other vertebrate species
Aquatic
communities

Daily count of other predators and opportunistic

Opportunistic records of other vertebrate species
Water depth, sampling of aquatic invertebrate

None

Results not reported here
Results not reported here

Table 3. Scrape density and clutch size counts.

Table 4. Size of groups (adults and chicks) moving from the
breeding colony to the water.

Mean Range Sample

(58) sae ) Mean (£SE) Range Sample
Scapes per m” 9.50 (0.49) 6-13 14 & size (n)
Eggs and / or chicks 2.85 (0.06) 0-5 133 Adylts 1.57 (0.03) 0-9 707
per scrape Chicks 4.21 (0.09) 0-24 707

Group size and rate of departure

Groups of adults and chicks were observed moving from
the colony to the water at points around the perimeter of
the island, although the majority of departures occurred
at the southern tip of the island. Departing groups
contained up to nine adults and 24 chicks, however mean
group size was 1.57 adults and 4.21 chicks (Table 4).
The majority of these groups comprised one adult bird
with two or three chicks (Figure 3).

Figure 3. Group size of departing birds.
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Number of chicks/adults per group

Large groups of birds congregated loosely in the
shallow water at the shoreline prior to departing the
island. As the groups of birds moved offshore, they
again separated into smaller groups with a mean of 1.13

adults and 2.62 chicks, typically one adult bird leading
two or three chicks (Table 5).

Variation in departure rate appeared to be dependent
on the time of day and prevailing weather conditions
(Table 6). At the peak of activity, more than 2,800
chicks per hour were observed departing the island. At
other times, departure rate was as low as 12 chicks per
hour. Times of low departure rate appeared to coincide
with inclement weather and maximum departure rates
were commonly observed during the middle of the day
(Table 6).

Predation

Silver Gulls were the main predators observed on the
island. Gull numbers were variable during the survey
period, with a maximum of 37 birds observed on the 13"
May (Table 7). There were low levels of gull predation
on Banded Stilt eggs and chicks and no gull breeding
behaviour was observed on or around the island. The
only evidence of gulls breeding in the outback in 2010
was a small nesting colony (only a few hundred birds)
detected at Lake Eyre during aerial reconnaissance.
Opportunistic sightings of other predators included
low numbers of Australian Raven (Corvus coronoides),
flying to and from the colony on most days. A Wedge-



Stilt 63 - 64 (2013): 6-15

Observations of a Banded Stilt breeding colony at Lake Torrens

Table 5. Size of groups (adults and chicks) once > 100m
offshore.

Mean (#SE)  Range Sample size (n)
Adults 1.13 (0.02) 1-2 260
Chicks 2.62 (0.06) 0-6 260

Table 6. Departure rates of chicks at different times during the
field survey in 2010.

Sample S.urvey Departure Weather
ID Date L rah_: conditions
duration (chicks/hr)

1 12/5 12:16-12:46 1,362 Fine, sunny,
warm, light wind

2 12/5  15.02-15.32 342 Fine, sunny,
mild, light wind

3 13/5 10.31-11.01 2,842 Fine, clear, mild,
still

4 13/5 13.06-13.36 744 Fine, clear,
warm, still

5 14/5 11.01-11.11 1,266 Fine, clear, mild,
light wind

6 14/5 12.15-12.25 282 Fine, clear, mild,
light wind

7 14/5 13.30-1340 174 Fine, overcast,
mild, light wind

8 15/5 09.00-09.10 12 Fine, overcast,
cool, moderate
wind

9 15/5 10.00-10.10 18 Fine, overcast,
cool, moderate
wind

10 15/5 11.07-11.17 18 Fine, overcast,
cool, moderate
wind

11 15/5 12.00-12.10 204 Fine, overcast,

mild, moderate
wind

tailed Eagle (Aquila audax) was observed on the island
once, after it was disturbed from the ground on the edge
of the northern colony. A single Black Kite (Milvus
migrans) was observed on one occasion circling over the
colony.

Chick mortality

Mortality rate, determined by comparing mean clutch
size on the island (x,” = 2.85) with mean offshore group
size (x, = 2.62) was estimated at 8.1%. This was used to
calculate the number of chicks that successfully departed
the island, based on an overall breeding colony size of
73,397 nests. Using this method, it was estimated that
192,000 chicks left from Arduous island. This figure
does not take into account the number of surviving
chicks from the subsequent breeding attempts or from
the secondary breeding colony.

Other important field observations

One adult stilt with an orange overyellow banding flag
was observed during the survey, confirming the presence
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of birds from the Coorong population (see Gosbell &
Christie 2006).

Evidence of two earlier breeding events or attempts
was found in the area. One was a recently abandoned
attempt on the southern tip of a separate larger island
less than a kilometre south of the active breeding colony
(Figure 1D inset), and the other was a much older
nesting site underlying the small active breeding colony
on the north-western corner of Arduous Island (Figure
1D inset). At the former colony, many of the nest scrapes
still contained eggs, whilst other eggs were scattered
loosely around the area. Approximately 150 dead adult
birds were scattered throughout and around the colony
with little evidence of predation.

Follow-up after the initial visit

During an aerial survey on the 21% May, a secondary
Banded Stilt breeding colony was discovered on an
island approximately S0kms to the north of the original
colony at Lake Torrens (Figure 1C). A conservative
estimate of 15,000-20,000 nesting individuals was made
from the aircrafi. The birds appeared to be sitting on
eggs and there were no chicks visible in the water
surrounding the island. Silver Gull presence appeared to
be higher at this colony. On the same day, an aerial
survey of Lake Eyre (on advice from Trevor Wright)
uncovered a Banded Stilt breeding colony of around
4,500-5,000 birds incubating their eggs on Ibis Island,
the site of a previous breeding event in 2000. Silver Gull
presence at this colony was deemed to be low.
Subsequent observations of the Banded Stilt breeding
colony at Arduous Island following the initial survey
period are summarised in Table 8.

DISCUSSION

Our observations of the Banded Stilt clutch size and
scrape density are similar to those of previous field-
based studies (e.g. Burbidge & Fuller 1982, Robinson &
Minton 1989, Bellchambers & Carpenter 1992). The
maximum chick departure rate from Arduous Island
exceeded that documented by Minton et al. (1995) for a
smaller breeding colony in Western Australia. Our
observation of groups of chicks departing from the island
closely associated with a single parent or (pair of adults)
concurs with the findings of Minton et al. (1995) who
noted no true créching behaviour.

Table 7. Silver Gull numbers observed daily at Arduous Island
from 10™ — 15" May 2010.

Date Number of Silver Gulls
May 10 7
May 11 12
May 12 30
May 13 37
May 14 21
May 15 20
Mean (=SE) 21.2 (£4.5)
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Table 8. Observations of the Arduous Island breeding colony following the initial survey period.

Date Survey type - Estimated Silver Comments
participants colony size Gull
(adult birds)  estimate
21" May  Aecrial - Alex Clarke 40-60,000 30 e Thought to be incubating second clutch of eggs
and Scott Dickery
4™ June  Field - Alex Clarke 50-60,000 35-40 e Low numbers of chicks departing
(75% still e Many nests and eggs abandoned
incubating e Evidence of recent dingo visitation
eggs) e Water level reduced by 20-30% since May
e Limited courting/mating behaviour
8™ July Aerial and Field — Alex 0 150-200 o Both colonies completely disbanded with no evidence of

Clarke

further breeding.

e Water level low with lakebed exposed in some areas.

¢ Signs of dingos

o Thousands of juvenile stilts (most fully fledged) spread
across the lake very few adult stilts present

*QObservations of the same colony were also made by the VWSG and are reported elsewhere

Many questions regarding the stilt breeding
behaviour remain unanswered. In particular, little is
known about the different role played by adult male and
female birds during breeding as they are difficult to
distinguish in the field. Extensive high definition video
footage and photographs captured as part of this study
including of mating behaviour could be reviewed in
more detail to potentially yield further insights into
breeding behaviour and parental roles.

The success of breeding events following irregular
intand flooding is linked closely to the conservation
status and population viability of the Banded Stilt
(Minton et al. 2000, Baxter 2003). Silver Gull predation
was surprisingly low compared with previous events in
South Australia (c.g. Robinson & Minton 1989,
Bellchambers & Carpenter 1992). Although predation
was apparent, the small number of gulls meant that the
impact was low relative to the size of the stilt colony and
gull control measures were not necessary. Increases in
gull activity / predation were not observed when the
stilts were disturbed from their nests and the birds
appeared to resettle quickly. Disturbance to the breeding
birds to collect data was deemed acceptable because of
the low levels of predation. The reason for the lower
than anticipated number of gulls is uncertain. However,
it is possible that gull control measures (e.g. oiling and
egg pricking) at nearby Roxby Downs in recent years
have reduced gull numbers in the region.

A number of previous breeding events had occurred
at Arduous [sland and surrounding islands at different
times in the recent past. The active smaller colony to the
north of the island appeared to have started before the
main colony, as most eggs had hatched and all adult
birds had vacated the area by the morning of 13™ May.
The unsuccessful breeding colony on the southern island
suggests that an even earlier group of birds arrived - the
reason for the demise of this colony is uncertain but it is
possible that the adult birds began nesting before
sufficient aquatic invertebrate food sources were
available. There was also evidence that a small number
of stilts had nested on Arduous Island in previous years.
This most likely coincided with widespread heavy

rainfall in mid-January 2007 (R. Peddler pers. comm.).
At this time Andamooka, approximately 100 kilometers
to the north-west recorded rainfall of 48 mm over five
days (17/1/2007 to 21/1/2007) and Pernatty Station, 45
kilometers to the south-west of the breeding site,
recorded 73 mm over three days (18/1/2007 to
20/1/2007) (BOM 2011b).

The unexpected success of the breeding event
documented in this study is likely to have resulted in a
significant increase to the Banded Stilt population in
Australia. Follow-up observations confirmed that
breeding continued until late June, suggesting that some
birds nested at Arduous Island for a second and possibly
even third time, resulting in an even greater number of
chicks successfully departing the colony. Although it is
not possible to estimate the number of chicks that
progressed to maturity, opportunistic aerial and field
observations of large numbers of juvenile stilts have
been documented in South Australia and it is likely that
the sheer size of the breeding event, coupled with the
relatively low chick mortality at the island has improved
the long-term viability of the population.

Despite the success of this breeding event, we
recommend that future events continue to be closely
monitored for Silver Gull predation. Decisions by
government about whether to protect and monitor future
Banded Stilt colonies may depend on accurate and
timely estimates of breeding colony size. The scale-
based aerial estimation method used for this study
proved to be consistent with field-based estimates and
therefore suitable for future use. Where appropriate, gull
control measures should be implemented in accordance
with the Banded Stilt Action Plan (DENR 2009). This
will aid in the ongoing management of predation and
disturbance to nesting colonies. The monitoring and
collation of data from this survey has provided a baseline
to measure trends in occurrence and abundance over
time from which future assessments and reviews of the
species’ conservation status can be based. Considering
the dependence of the species on significant inland
rainfall events and predictions for drier and warmer
conditions under climate change scenarios for inland
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southern Australia (Steffen & Hughes 2013), ongoing
monitoring is recommended to ensure the long term
viability of the population and to increase our knowledge
of the breeding biology of the species.
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EDITORIAL

Welcome to the combined the issue of Stilt 63 and 64. 1
would like to start by taking the opportunity to
thank Andrew Dunn, who retired from the position of
production editor of Stilt early in 2013. He commenced
in this role in April 1996, along with the new editor
Mike Weston. In the 17 plus years that have elapsed
since then, he has presided over the production of
increasingly better quality issues of Sti/t and has helped
raise the profile of the journal to that of a widely
recognised repository for the publication of scientific
material on waders. We all thank him heartily for his
huge contribution over nearly two decades.

This issue contains updates on activities and data from
New South Wales and Western Australia, as well as
several contributions from Indonesia where our
counterparts have been busy again with continued wader
monitoring. We also have several contributions on our
resident species, which makes a interesting change to the
usual migratory wader reports. The first is from Stuart
Collard and his colleagues at the South Australian
Department for Environment and Natural Resources,
who report on the Banded Stilt breeding event at Lake
Torrens in 2010. The second is brought to us by Mike
Newman, reporting on his intensive observations of
brood capture by Australian Pied Oystercatchers in
Tasmania. The third is thanks to Michael Murphy’s
survey work in the Pillaga Forest in northern NSW. This
issue also includes a review of the Action Plan for
Australian Birds by Graham Fulton. The latest
percentage juvenile paper plus the last NWA expedition
report by Clive Minton and colleagues are also included.

For those readers wondering why Stilt 63 never arrived
in the post, unfortunately insufficient contributions were
received in time to produce a full issue. I was very
disappointed about this and wish to avoid this happening
again in the future. | again encourage all readers to send
in their contributions, whether they are working on a full
research article or wish to provide a short report on their
group’s activities. Readers are welcome to contact me

first if they are uncertain about the appropriateness of
their material for publication.

I am pleased to announce a major change to the Stilt
editorial team, which will greatly benefit the journal.
This is the formation of an editorial board, which will be
responsible for various functions from coordinating
reviews, providing advice in relation to specific
contributions, and presiding over dispute resolutions and
other publication issues. I welcome Danny Rogers
(Arthur Rylah Insitute for Environmental Research),
Marcel Klaassen (Deakin University), Phil Battley
(Massey University) and Zhijun Ma (Fudan University).

I would also like to welcome Nancy Van Nieuwenhove,
who has taken over as the new production editor for Stilt.
She joins myself, Yaara Rotman and the editorial board
members to make a sound editorial team. We have also
been greatly assisted by Margaret Cameron, Doris
Graham and Linda Patrick with proof reading. Thanks
also to the many reviewers that have helped with
improving manuscripts for publishing.

I remind readers that Sti/t now includes Instructions to
Authors, which can be found at the end of this issue.
Please familiarise yourselves with this document if you
are planning to submit an article for publication

The AWSG committee held its Annual General Meeting
on 9 October at Birdlife Australia's Head Office in
Melbourne. Following the editorial is a report from the
new chair, Alison Russell-French, which summarises the
major activities of the AWSG since her commencement
and highlights strategic directions for the AWSG. The
annual Treasurer’s report follows.

I hope you enjoy this issue of Stilt and [ am looking
forward to publishing the next one, which promises more
interesting contributions from around the flyway.

Birgita Hansen
Editor
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NEWS FROM THE CHAIR

This is my first report since becoming Chair of the
AWSG in October 2012. I would like to first of all
extend my appreciation on behalf of AWSG to the
previous Chair Dave Milton for his support and
leadership of AWSG over the period of his tenure as
Chair.

The plight of waterbirds across the Flyway

continues to be one of major concern with ongoing
declines in populations. Much of this is the result of the
loss of staging sites in the Flyway, particularly in the
Yellow Sea, with ongoing major reclamation and
development of tidal flats. This was highlighted (again)
by David Melville at the recent Meeting of the Flyway
Partners in June 2013 and at the International Wader
Study Group meeting in October 2013. He presented a
report on a survey he had undertaken with Chinese
researchers of many important areas of the Chinese
coastline from Shanghai to Yalu Jiang, and the outlook
from the expanding rate of reclamation and development
is very bleak indeed.
This highlights the importance of having the best
available science to inform decisions about land use and
appropriate conservation options. With this as a driving
force, the work of the AWSG has focused over the last
12 months on a number of priority areas.

AWSG activities nationally
Leg Flagging and Banding Databases

The previous edition of Sti/t included the very sad news
of the sudden death of Heather Gibbs, Leg Flag and
Banding Database Manager for the AWSG and the
Victorian Wader Studies Group (VWSG). Heather’s loss
was a terrible blow to us all. She was such a committed
member of AWSG and a very long-standing member of
Birds Australia, and her loss has reverberated in many
ways.

We have faced a critical situation with respect to the
future of the databases that Heather managed. These
were very much Heather’s creation and the contribution
she made to the data amassed by AWSG on banding and
leg flags was quite unique. The databases are a vital
source of information on shorebird movements in the
Flyway that must be maintained.

We have been very fortunate to have one of our
volunteers, Roger Standen, pick up the very challenging
task of reviewing the databases with the view of
providing recommended ways forward for AWSG to
consider on the future of the databases. A small sub-
committee of AWSG has been over sighting the task, led
by Roger. This is still a work in progress and [ hope to
be able to report on where we will be going with this in
my next report.

Monitoring

Monitoring under the MYSMA project in northern
Australia has continued, with the project running for
another year. A good team has been built for the project

and some funding was also obtained from Western
Australian Marine Science [nstitution to support analysis
and publication of monitoring efforts. Owing to very
efficient budget management, there will be carry-over
funds to cover the costs of summer surveys in November
and December 2013. We are particularly fortunate to
have a very dedicated team (including Chris Hassell,
Adrian Boyle and George Swann) that has offered to
undertake the counts for free this year. However, this
highlights the ongoing issues surrounding funds that are
needed for this critical project and other AWSG
activities. I shall return to that issue later in this report.

Shorebirds 2020

The Population Monitoring Program has been nurtured
by AWSG for almost 35 years. It is through the database
that we are able to study the trends in the decline of
shorebird species in Australia. The current phase of the
program was commenced in 2008 when Shorebirds 2020
was adopted as a key program of Birds Australia. Sadly
funding for this important program has not been
continued by the Australian Government in the latest
round of Caring for our Country grants. However,
BirdLife Australia will continue this very successful
program in a reduced capacity and guided by different
priorities. It is seeking input from Shorebirds 2020
volunteers to an online survey to assist in planning the
future of the program. There has also been a change of
staff responsibilities at BirdLife Australia as a result of
the funding situation. Golo Maurer who has been the
Shorebirds 2020 Project Manager is moving to the
position of Business Development Manager. He will
stay involved with Shorebirds 2020 but the role of
Project Manager will be taken by Dan Weller. We wish
them both well and a big thank-you to Golo for his
enthusiastic support of the project and AWSG generally.

Global Flyway Network

AWSG also works closely with Chris Hassell in his work
with the Global Flyway Network (GFN). The work that
GFN is doing in Bohai Bay (China) is providing a vitally
important insight into the situation affecting shorebirds
across the Yellow Sea and Chris provides regular
information on the work of GFN. He is also a very
strong advocate for shorebirds and has a strong presence
in the local media.

Banding

Banding activities have been actively pursued over the
12 months. Almost 500 geolocators have now been
placed on waders at a cost of almost $100,000 (provided
from a number of sources). The geolocator program on
waders is a major one and Australia is probably leading
the activity globally. This work is primarily being done
by the volunteer efforts of the AWSG, VWSG and
Friends of Shorebirds SE, the Queensland Wader Studies
Group and the GFN with some support from Deakin
University.
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As well, satellite transmitters will be put on Little
Curlew in the 2013 November Broome expedition. Very
little is known about Little Curlew migration and the
satellites will hopefully provide much needed data. The
terrific contribution by Clive Minton and volunteers,
both financially and with commitment of their time,
needs to be recognised as a hugely important element in
the success of the banding activities.

AWSG Scientific Committee

The Scientific Committee of AWSG is considering
future research directions and has, as a major exercise at
present, the development of a position paper that will
focus on the priorities that researchers need to undertake
to support shorebird conservation in the Flyway. This is
being considered in the context of “How do Shorebirds
react to Habitat Loss?” The Scientitic Committee has
actively collaborated with Richard Fuller and his team
from Queensland University who are conducting the
three year ARC-funded project that is examining
Flyway-wide trends in the abundance of waders and the
extent of their habitat.

AWSG engagement internationally
East Asian — Australasian Flyway Partnership (EAAFP)

The EAAFP Meeting was held in Alaska in June 2013.
AWSG was represented by Ken Gosbell in his role as
Chair of the Shorebird Working Group, with a very
challenging number of issues presented including David
Melville’s assessment of tidal flat habitat loss along the
Chinese coastline. Phil Straw, Vice President of AWSG,
participated in the Communication, Education and Public
Awareness (CEPA) Working Group that is looking to
bring together case studies from different sites to
enhance education and learning about management of
important sites. As Chair of AWSG, which is one of the
Partners of the Flyway Partnership, I represented AWSG
on behalf of BirdLife Australia across the broader range
of issues and discussion.

The meeting was hosted by the US Government
Department of Fisheries and Wildlife Services and the
program offered a number of opportunities to consider
what is being done (and not done) in the Flyway to
address the state of migratory shorebirds and their
habitat across the Flyway.

Prior to the Partnership meeting, meetings were
held with the Commonwealth Department to discuss the
agenda of the meeting and possible areas of cooperation
for positions.

There were a number of significant elements in the
program that reflected the need to address shorebird and
shorebird habitat conservation. These were (a) the report
which listed and prioritised important sites in the Flyway
providing guidance and tools to assist in the nomination
of high priority sites not yet listed, (b) a Science
Workshop led by Dr Richard Fuller of Queensland
University and assisted by Dr Judit Szabo, the new
Science officer of the Partnership. This workshop
focused on issues ranging from population collapse in

migratory shorebirds in Australia, new methods of
assessment of tidal flat losses in the Yellow Sea,
understanding migration routes through use of
geolocators to cost / benefit of habitat loss, and (c) a
number of sessions on the importance of and threats
posed to Yellow Sea shorebird habitat.

The Partnership meetings offer an opportunity to

exchange information and practical experience in what is
being done to address shorebird conservation. However,
the dynamics of meetings are also very challenging with
the multi-lingual representation of Partners and a very
full agenda only on a 1-2 year basis. The Partnership
now has 30 Partners including national govemments
(15), inter-government organisations (4), NGOs (10) and
the international business community (1). Three new
partners were welcomed at the meeting — Malaysia, the
Conservation of Arctic Fauna and Flora (Arctic Council)
and the Wildlife Conservation Society.
AWSG has been elected to the EAAFP Management
Committee that advises the Partnership Secretariat and
we will work to provide guidance and assistance to the
Secretariat based on our experience, knowledge and
research on migratory shorebirds. We certainly should
not under-estimate the challenges that face the
Partnership in meeting its objectives when faced with the
range of social and economic pressures arising from
land-use and development action in the Flyway. These
are the root cause of many of the problems facing
migratory shorebirds and make it imperative that good
science is as the base of decisions about land use and
conservation of shorebirds’ habitat.

AWSG administrative issues

Structural issues following the formation of BirdLife
Australia

AWSG is now a Special Interest Group of BirdLife
Australia following the merger of Birds Australia and
Bird Observation & Conservation Australia. As this
required new Rules of Operation for AWSG, the
opportunity was taken to include in the new Rules the
flexibility to co-opt up to four additional members to be
able to formally take advantage of a broader range of
skills and expertise. We have done so with the addition
of Dave Milton, Maureen Christie, Jon Coleman and
Penny Johns as the current four co-opted members.
Arthur Keates took on the role of Treasurer after the
resignation of Brian Speechley and has made sterling
efforts in the management of AWSG funds as well as
taking responsibility for drafting the new Rules of
Operation. The Board of BirdLife Australia approved the
new Rules early in 2013.

AWSG is building a stronger working relationship
with BirdLife Australia and this was enhanced by Ken
Gosbell giving a presentation on AWSG to BirdLife
Australia staff, many of whom are new to the
organisation. We are keen to work with the new BirdLife
CEOQ, Paul Sullivan, who has shown interest in achieving
a strong working relationship between AWSG and
BirdLife Australia. This is particularly important in the
context of funding which is a fundamentally important
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issue for both. BirdLife Australia is working to build a
more secure financial base for the organisation as a
whole and AWSG will be part of this effort. Funding for
wader research, the databases and ongoing monitoring
and banding are our critical areas of funding needs, and
we have discussed options for these with BirdLife
Australia including the new role that Golo Mauer as
Business Development Manager. We have already had
the Board approve funding support for the initial work
on the databases.

Conservation

Following the resignation of Dr Joan Dawes after two
solid years of hard work in the national conservation
position, we are currently looking at measures to both fill
the national conservation position and work more
cohesively within the BirdLife Australia conservation
framework to maximise efforts to manage the wader
conservation agenda. On behalf of AWSG [ extend
particular thanks to Joan for all her hard work and
dedication in the conservation work she undertook
during her time in the position. Joan will continue with
her conservation work in NSW.

A number of meetings were also held with the
Department over the 12 months to discuss a range of
issues associated with migratory shorebirds and their
conservation. The meetings were attended by Ken
Gosbell, Joan Dawes, Doug Watkins and [. Samantha
Vine, BirdLife Australia’s Manager of Conservation,
also attended meetings when able to.

AWSG Membership

As readers of Stilt will have seen editor Birgita Hansen
has been doing a fantastic job and she is always keen for
submissions to come her way. She has also taken on
responsibility for AWSG membership as we are very
keen to increase our membership base. It is through our
members that we can much more effectively raise the
profile of migratory and resident shorebirds, their
ecological importance, and the threats that are facing
them. The local voice can be very powerful and I urge
members to take up the cause locally and nationally to
conserve our waders with the community, industry and
governments.

We are also seeking members’ support in
encouraging those who are interested in shorebirds to
join AWSG. It is likely to be increasingly important to

get local people involved with the conservation of their
local sites and the shorebirds that use them.

Where to from here?
2014 Shorebirds Conference

The next Shorebirds Conference will be held in
September, 2014 in Darwin. Professor Stephen Garnett
of Charles Darwin University is leading the organizing
committee which is well into the planning of the
Conference. More information on the Conference will
be forthcoming in the near future.

Mark Barter Award

AWSG has taken steps to put in place an Award that will
celebrate the outstanding contribution by Mark Barter to
migratory waterbird conservation in the East Asian —
Australasian Flyway. Mark did much to raise the
awareness globally about the importance of protecting
and maintaining migratory waterbird populations. His
on-ground banding and counting efforts in China, Japan
and the Republic of Korea and mentoring of young
researchers and community members was truly
inspirational.

The Committee has agreed that the long term
nature of the Award will need to be developed but as a
first step and in recognition of Mark’s emphasis on
training and education, it agreed that it would be most
fitting to approve funds to cover the costs of attendance
and some specific training in Australia post the
Conference for a young person from either China or
Korea with the emphasis on the Yellow Sea.

Conclusion

I would like to thank all of the Committee members for
their enthusiasm and support for AWSG and its
activities. Being on the Committee is a very rewarding
experience and [ encourage any people interested to
contact me if you would like to discuss how you might
join us. There are many actions that can be done
including data analysis by those skilled in this area.
Being part of ASWSG and the Committee is both fun
and rewarding so [ encourage you to become involved
with AWSG.

Alison Russell-French
Chair
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Pilbara region, including seas and offshore islands, Western Australia:
distribution, status and historical changes. Records of the Western
Australian Museum, Supplement 78:343-441.

Only pages 343, 383-384, 389 reproduced here. These are the
Abstract and Introduction and the sections concerning Banded (&
Black-winged) Stilt, Avocet and Silver Gull.

Particularly relevant observations include numbers and movement of
BaSt to and from Port Hedland Saltworks, age groups, ¢.60,000 BaSt
in Dec 1992, Mandora Marsh and Halse et al. (2005).
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Abstract — The geographic range, status and breeding season are documented
for 325 bird species known to occur in the Pilbara, Western Australia, since the
first records were made in 1699. The fauna is a mixture of Torresian, Eyrean
and Bassian components, along with a variety of seabirds, migratory wading
birds and Asian vagrants. The region lies entirely within the arid zone and
the overall harshness of the environment means that few species are resident.
The richness of the total avifauna (resident and non-resident) is due mainly to
the diversity of habitats, especially those on or near the coast. The region is an
important refugial destination for a variety of Australian species and includes
a range of endemic subspecies and colour morphs. The area from Eighty Mile
Beach to Port Hedland saltworks is of international importance for shorebirds
and, following cyclonic rains, Mandora Marsh and Fortescue Marsh are of
continental importance for waterbirds. The 204 breeding species are mapped,
and each species is assessed for possible changes in distribution or abundance

since 1900.

Keywords - Pilbara birds, ecological status, rélative abundance, breeding,

movements, taxonomy

INTRODUCTION

The Pilbara region of Western Australia (WA),
with internationally significant mineral deposits,
is of considerable importance to the Australian
economy but the region also contains significant,
but inadequately documented, conservation values
(e.g. McKenzie et al. 2009). As a contribution to
assessing these values, we set out to provide an up-
to-date summary of the bird fauna of the Pilbara,
with particular reference to historical data and
the distribution of individual species. Ecological
patterns in bird occurrence across the region were
explored in a previous paper (Burbidge et al. 2010).

The Pilbara coast was one of the first parts of
Australia discovered by Europeans and is the site
of some of the earliest references to Australian birds
by early English navigators. On 22 and 31 August
1699 (early September in the modern [Gregorian]
calendar [George 1999]), William Dampier landed
on islands in the Dampier Archipelago (naming
one island Rosemary Island) and noted ‘some

Cormorants, Gulls, Crab-catchers, &c a few small
Land Birds, and a sort of white Parrots, which
flew a great many together’ (p. 10, Whittell 1954).
The white parrots were Little Corellas which still
occur on these islands. On 28 August 1699 he also
recorded some ‘Boobies and Noddy-birds’;, based
on his description the latter were Bridled Terns. He
also'noted “The Land-fowls that we saw here were
Crows (just such as ours in England), small hawks
and Kites; a few of each sort; But here are plenty
of small Turtle-Doves, that are plump, fat and very
good Meat. Here are 2 or 3 sorts of smaller Birds,
some as big as Larks, some less; but not many of
either sort. The Sea-Fowl are Pelicans and Boobies,
Noddies, Curlews, Sea-pies, &c. and but few of
these neither’ (p. 10, Whittell 1954). Unfortunately,
Dampier made no collections of birds, or at least no
specimens survive.

Brief observations and collections were made
by the French expedition under the command
of Nicolas Baudin (1800-1804) including a visit
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Birds of the Pilbara

Recurvirostridae

Himantopus himantopus leucocephalus Gould, 1837
Black-winged Stilt

Throughout the region, north to Sandfire and
Mandora Marsh and east to Marble Bar, Roy Hill
and Newman. Nomadic, principally drought-
driven. Scarce to locally very common in wet years.
Usually in ones, twos or small parties, occasionally
flocks of many hundreds, and rarely large or huge
aggregations of many thousands (e.g. estimates
of over 10,000 at Mandora Marsh in June 1997 and
around 180,000 and 220,000 birds there in Aug. 1999
and 2000, respectively). Large numbers are attracted
to the region after cyclonic rains, especially when
drought is extensive elsewhere in Australia. Even
when drought conditions are not so extensive or
severe it is apparent that as the productivity of
their inland breeding sites declines some birds
may move into this region regardless of local
conditions. This type of movement could account
for the regular influxes noted at Port Hedland
Saltwork ponds which are now of an essentially
migratory pattern. Recorded from a wide range
of habitats but mainly inundated samphire flats,
claypans, grass flats, also river pools and saltwork
(saline and hypersaline), sewage and mining
ponds. The extent of immigration can be seen from
counts from Mandora Marsh, resulting from the
combination of a transient flood event there and
extensive, prolonged drought conditions over much
of inland eastern Australia. With flooding but no
co-incident drought conditions the populations
there are significantly lower, and in dry years
the Mandora Marsh does not flood and no birds
are present. The origin of these vast numbers
(180,000-220,000) is not known. The estimate of
such concentrations out of the total Australian
population of this scattered widespread breeder
is problematic and numbers will vary according
to prevailing conditions. The peak numbers
recorded there represent a significant percentage
of the total Australian population, estimated at
266,000 (HANZAB). The situation at Port Hedland
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Saltworks is quite different. There permanent
conditions have resulted in a regular movement to
and from this location, although again the origin
of these birds, none breeding here, is unknown.
Some birds remain throughout the year but the
highest numbers, around 800-1,200 occur in
Aug. to Feb.—March. Unfortunately no records
corresponding to the peak years at Mandora Marsh
are available. In contrast to Banded Stilt (3.v.) these
new arrivals comprise typical proportions of adults
and juveniles, with some still behaving as family
groups. Breeding recorded from Jan.-Sept. usually
in areas where temporary flooding is prolonged,
e.g. Mandora Marsh (following the March 2000
flooding ca. 3,500 pairs bred in June) (Halse et al.
2005).

Cladorhynchus leucocephalus (Vieillot, 1816)
Banded Stilt

Northern coastal plains from Mandora south-
west to Mundabullangana, accidental or vagrant
on Barrow Is,, rarely at Fortescue Marsh. Nomadic.
Uncommon to very common visitor (Sept—May)
usually in small flocks, occasionally large flocks
or aggregations (up to 60,000). Flooded samphire
flats and saltwork ponds. Although locally regular
and common (occasionally abundant) at Port
Hedland Saltworks, over most of the region it is
scarce to uncommon, its appearances being erratic.
In contrast with the Black-winged Stilt (4.v) the
movements of this species seem to be only little
influenced by local rains and flooding. When such
events extend into more southerly and central
parts of the State, i.e. affect the inland lakes within
their breeding range, however, few birds remain
here, returning later, as these dry out or as the
food resources dwindle. The origin of local birds
is not known. Possibly the irregular groups may
contain (at least an element) of Australia-wide
origin especially when drought is widespread.
Although not continuously present at Port Hedland
Saltworks, small numbers frequently remain
between annual influxes, Aug.—-Sept. to Feb.—
April. The timing of their arrival and departure
(particularly the latter) is much less fixed or regular
than that of the northern hemisphere waders. This
seems to correlate to those cyclonic events that
bring heavy rainfall (with ensuing flooding) into
the mid-central regions of WA. The Port Hedland
Saltworks birds usually depart shortly after such
an occurrence. Typically this late spring-summer
influx comprises 800-1,700 birds, with the peak
numbers occurring shortly after the first wave of
arrivals which contains a very high percentage,
about 90%, of juvenile first year birds, although
this imbalance is restored by later arrivals. The
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chicks gather into créches and remain until
fledged. Observations at Port Hedland Saltworks
suggest that such groups may well depart from
their natal areas independently and ahead of the
adult breeding birds. The wintering population
normally comprises 20-40 birds. This regular
pattern is occasionally disrupted by the arrival of
far greater numbers, during late spring-summer,
but only once did such an arrival coincide with that
of the regular birds. By far the largest such group
comprised ca. 60,000 in Dec. 1982. Numbers built up
rapidly, the birds remained for a short period and
almost just as rapidly moved on, leaving behind
what appeared to be the regular group. Such flocks
appeared independent and their movements were
superimposed on those of the local or regular birds.
These massed flocks appear to have a more normal
balance of adult and juvenile—first year birds.

At Mandora Marsh the situation is quite different.
This wetland is not permanent and so no regular
movement is possible or has developed, and
sometimes even when favourable flooding events
occur the species may not be present, e.g. Aug. 1999,
On other occasions, eg. Aug. 2000, flocks of 2,600
have occurred (Halse et al. 2005). Such utilisation
gives the impression of being opportunistic or
irregular. Unfortunately no data corresponding
to this peak is available for the Port Hedland
Saltworks site. It is interesting to note that unlike
the situation at Port Hedland Saltworks, this large
flock amounted to just 1% of the corresponding
Black-winged Stilt numbers. These sites illustrate
markedly differing usage patterns. Port Hedland
Saltworks, with a seasonally cyclic, but annually
relatively constant regime (food source), has
resulted in the development of a regular movement
of this species, similar to that occurring on the
coastal plains of south-west WA. Mandora Marsh,
a temporary irregular source, is used by nomadic
flocks that disperse towards the coast when
drought conditions prevail inland and augment the
numbers at Port Hedland Saltworks. Apart from
the large numbers recorded from the above two
locations, those from nearby even adjacent sites are
minimal (only 23 birds were recorded in 18 years in
the Port Hedland-Cape Keraudren area). There are
no breeding records.

R.E. Johnstone, A.H. Burbidge, J.C. Darnell

Recurvirostra novaehollandige Vieillot, 1816
Red-necked Avocet

=1

Throughout the region, north to the Mandora
Marsh and east to Newman. Nomadic, rare to
common, usually in ones, twos or small parties,
occasionally in flocks (of many hundreds) and
rarely in larger aggregations under drought
conditions (of several thousand, e.g. estimate
of over 3,500 at Mandora Marsh in Aug. 1999).
Inundated samphire flats and claypans, brackish
near-coastal lagoons, saltwork and sewage ponds
and roadside puddles. Breeding in March-April.

Charadriidae

Vanellus miles miles (Boddaert, 1783)
Masked Lapwing

Nomadic. Formerly a rare or infrequent visitor
(presumably from Kimberley) to far northern
coastal plain, now locally and seasonally varying
from rare to moderately common. Usually in pairs
or small parties, occasionally larger aggregations,
e.g. 60 at Mandora Marsh in June 2000, increasing
to 1,170 individuals at the same site in Aug. 2000
(C. Hassell). Its status in the region is significantly
distorted by flooding events at Mandora Marsh
and the origin of these birds is unknown. Mainly
flooded samphire flats, river pools, claypans, sport
ovals, sewage ponds and bore overflows. Breeding
recorded by G. Lodge on De Grey R. in May 2007,
the first breeding record for the region. Appears
to be expanding its range and abundance. Prior
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flights is the South Polar Skua, C. maccormicki,
which migrates from Antarctic areas to the higher
latitudes of both the Pacific and Atlantic Oceans,
probably mainly or only as immature birds. The
status of this species in the Indian Ocean is poorly
known but since Brown Skuas rarely range beyond
the Tropic of Capricorn, any Catharacta skua seen in
tropical waters should be carefully examined.

Stercorarius pomarinus (Temminck, 1815)
Pomarine Skua

One record, an adult light morph in non-breeding
plumage observed at Finucane Is. in Feb. 1982
shortly after passage of a cyclone. Probably a rare
but regular non-breeding visitor over summer as
it has been regularly reported from Kimberley
seas during Ashmore Reef pelagic surveys. The
latter records fall between late Sept. and early Nov,,
the limiting period for these surveys. Occasional
distant sightings of Stercorarius skuas from the
Pilbara in Oct.~Feb., always of single birds, could
apply to this species or the Arctic Skua.

Stercorarius parasiticus (Linnaeus, 1758)
Arctic Skua

Rare winter visitor from northern hemisphere
but the few records probably underestimate its
true status. One immature dark phase observed at
Cape Keraudren in Oct. 1980, two (one dark and
one intermediate phase) at Finucane Is. in Feb. 1989,
just before and one the day following a cyclone.
Also one adult dark phase at Shay Gap in Jan.
1984, a bird driven inland overnight by cyclonic
winds, seen at first light the following day with
a mixed party of Silver Gulls, Crested Terns and
various shorebirds and a Lesser Frigatebird holding
position in updraft of an adjacent hill—as the wind
abated the group moved back towards the coast.
Has been fairly regularly recorded (although not
as frequently as Pomarine Skua) in the Ashmore
Reef region in Sept—Nov. Almost certainly some
unidentified skuas seen off the Pilbara coast
would be this species and the Long-tailed Skua,
Stercorarius longicaudus, which has been recorded
from the Ashmore Reef region and would almost
certainly occur here.

Larus pacificus georgii King, 1826
Pacific Gull

Former visitor (presumably from the Shark Bay
region) to the far south-west coast of Pilbara region.
Tom Carter observed some at the former whaling
station near Point Cloates on 6 Sept. 1913. He
believed that they were attracted to the hundreds
of dead whales that lay along the beach from
Point Maud to North West Cape in 1913. No recent
records.

389

Larus novaehollandiae novachollandiae
Stephens, 1826
Silver Gull

All coasts, as well as Mandora Marsh and many
islands as far offshore as Bedout, Legendre, the
Montebello Is and oil platforms up to 150 km
offshore. Uncommon to common about islands and
on mainland at towns, saltwork and sewage ponds
and at Mandora Marsh (when flooded), elsewhere
scarce or uncommon. Mainly coasts and sheltered
seas, occasionally extending inland to freshwater
pools on lower courses of rivers and to flooded
near-coastal samphire flats, e.g. Mandora Marsh,
Pardoo Flats and about 75 birds on Fortescue Marsh
in Aug. 1999. Also a rare visitor from south-eastern
Australia to fresh waters of the interior, e.g. one
collected from a flock of four at Newman sewage
ponds on 5-6 Nov. 1981 was from the far south-east
of Australia (Johnstone 1982). Origin of birds at
Mandora Marsh in June and Aug. 2000 (230 and 240
birds, respectively) not known but may have come
from south-eastern Australia. Breeding reported
on islands in Dampier Archipelago, Montebello Is,
Lowendal Is and islands off Barrow Is., mainly in
summer and autumn.

Larus pipixcan Wagler, 1831
Franklin’s Gull

Rare vagrant from North America. An adult in
non-breeding plumage observed and photographed
by C. Surman 20 km SW of Barrow Is. on 11 Nov.
2005 and one photographed by N. Waugh at
Dampier on 17 Feb. 2008.

Larus sabini Sabine, 1819
Sabine’s Gull

Rare visitor or vagrant from northern
hemisphere. An immature observed at Finucane Is.
on 23 Feb. 1989 and a non-breeding adult at same
location on 28 Jan. 1990. Both records followed
cyclonic events.

Other Larus species
Other northern hemisphere gulls have been



Extracts regarding BaSt from: Hollands, D. & Minton, C. (2012).
Waders: the shorebirds of Australia. Blooming Books, Melbourne.
Contains extensive descriptions and many photos of BaSt breeding
events including lake Ballard in 1995.
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Enemy No 2! Footprints of a fox, which came once to the colony, killing adults,

burying some and causing a sizeable section of the colony to desert.
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Extracts regarding BaSt from: Geering, A., Agnew, L. & Harding, S.
(2007). Shorebirds of Australia. CSIRO Publishing. Topics covered
include: breeding areas, salinity, ‘Red-capped Plover are known to
drape their damp bellies over their eggs (Rogers & Eades 1997)°, a

‘summary of the breeding ecology’ of BaSt (including modal clutch
size’ of 3-4 eggs. ‘incubation period’ of ‘19-21, 28 days’, ‘age of first

flight’ of 50 days’), creche formation, predators, Silver Gulls, ‘Nest
Record Scheme’ and moults.

Note in particular the reference (a copy is below, at 1998): Williams,
W.D., De Deckker, P. & Shiel, R.J. (1998). The limnology of Lake
Torrens, an episodic salt lake of central Australia, with particular
reference to unique events in 1989. Hydrobiologia 384:101-110.
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Shorebirds of Australia

thousands of kilometres away and are usually closer to the coast where the rainfall

Tat

is more reliable. For some species, breeding opportunities may not occur every year. |

Among the many mysteries of shorebird movements is the unanswered question of

what triggers these nomadic movements - how do non-breeding birds at the coast

know that conditions are favourable for breeding in central Australia with enough
confidence to undertake the journey?

Where do shorebirds breed?

On a broad scale, the breeding areas of most migratory species are linked to vegetation °

zones, which in turn, reflect climatic zones.The Calidridinae sandpipers, tundra
plovers and turnstones breed in the arctic- or sub-arctic tundra, whereas the major-
ity of shanks (7ringa spp.) breed in the belt of boreal forest south of the tundra.The

steppes and deserts of the middle latitudes are home to fewer species but Marsh
sandpiper, Greater Sand Plover and Oriental Plover breed here.This natural Jatitudi-
nal zoning of breeding areas is interrupted on the coast and along the major rivers,

where some species may penetrate both north and south.

Distribution maps of migratory shorebirds in most field guides give a false impression

of the extensiveness of a breeding area, as in reality, each area is a mosaic of different
habitats, each supporting different shorebird species. For example, Broad-billed |

Sandpiper nest on tussock islets in very shallow swamps, which are often almost dry

by the time the chicks hatch. Many species breed only in mountainous areas. Great
Knot are restricted to dry alpine plateaus above the tree-line, while Red-necked Stint ¢
prefer a gentle slope with a damp, mossy cover. Both tattler species breed along

small braided rivers that descend from the mountains. Other species need a combi-

nation of habitats for successful breeding. For example, Grey Plover nest on raised

dry tundra but upon hatching, broods move to marshes containing short, sparse
vegetation.

Regions of the Northern Hemisphere breeding grounds with the greatest diversity
of habitats support the greatest diversity of shorebird species but not necessarily the
greatest densities of breeding shorebirds. At least 25 species breed in the northern
part of the Chukotsky Peninsula, north-east Siberia, where there is a combination
of tundra plain, mountains and the coast. Breeding densities are generally lowest in
mountainous and drier areas and highest in fertile river deltas such as the Yukon-
Kuskokwim Delta in Alaska (Table 2.1).

The breeding distribution of most Australian-breeding shorebirds is patchy through-
out most of their range and for some species, their breeding distribution in any onc
year is dictated by the distribution of suitable habitat and not all species necessarily
breed every year. Australian Pratincole do not breed throughout their range but
migrate from the Australian breeding areas to northern Australia and adjacent islands.
Other species exploit ephemeral breeding opportunities, then retreat to permanent

water or coastal areas. These include Banded Stilt, the western population of Hooded
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Breeding ecology

¢ Table 2.1 Breeding densities of shorebird species in north-east Siberia and Alaska

Species Site Density (per km?) Source

© SW Alaska < 0.1 nests 65
Chukotsky Peninsula 1.5 pairs 66
1-4 pairs 67
* NE Chukotsky Peninsula ~ 4.1-6.1 nests, up to 67
28 nests in best habitats
Karmchatka Peninsula 0.2-15.3 pairs 68
Northern Slope, Alaska 4-40 males 69
1-33 nests 69
N Siberia 1-36 nests 69
Indigirka R. Siberia 10.2-12.5 males 70
7.3-9.2 females 70
N Alaska 15 pairs 71
Yukon R. delta, W Alaska  c. 75 pairs 71
~ NE Chukotsky Peninsula  4.1-23.4 nests 67
~ Yukon R. delta, W Alaska  330-750 pairs 72
NE Chukotsky Peninsula  3.9-5.3 nests, up to 67
32 nests in best habitats
N Taimyr 7-31 males 267
0.5-18 nests 267
S Taimyr 0-2.4 nests 267
N Taimyr 0.1-2.0 pairs 73
Alpine area 4.7-10.3 males 74
of inland Chukotka
Alaska 1.0-2.9 pairs 75
Wrangel Island 5 pairs 76
Chukotsky Peninsula 1.0-2.5 pairs 77

Plover, Red-necked Avocet and Australian Painted Snipe. Even the species that nest in
terrestrial habitats such as grasslands and woodlands are sometimes forced to move
in response to drought and fire. Thus, as for Arctic-breeding shorebirds, breeding
distribution maps tend to overestimate the occurrence of actual breeding in any
one year. Nevertheless, shorebirds have adapted to breed in almost every part of
the continent.

Australian-breeding shorebirds breed in a broad variety of habitats (Table 2.2).
Some, such as the oystercatchers, the eastern population of Hooded Plover, and
Beach Stone-curlew breed along the coast.Terrestrial wetlands of all types, whether
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permanent or ephemeral, are used by at least one species of shorebird for breeding:

freshwater (e.g. Comb-crested Jacana), brackish (e.g. Black-winged Stilt), saline (e, g.
Banded Stilt) and even hypersaline (e.g. the western population of Hooded Plover).
Some of these species can exploit a variety of wetland types.

Some Australian-breeding shorebirds do not nest in wetlands but nevertheless, still
need to be within a few kilometres of water. One example is Australian Pratincole,
which can breed in arid areas but probably requires water for drinking. Other
Australian-breeding shorebirds use water to help thermoregulate their clutch; in
extreme heat, Red-capped Plover are known to drape their damp bellies over their
eggs®!. Remarkably, Bush Stone-curlew, Inland Dotterel and Plains-wanderer have
limited, if any, dependence on water and occur in the most terrestrial of habitats:
grasslands, woodlands and arid plains. Australian-breeding shorebirds range from
breeding habitat generalists (e.g. Masked Lapwing) to habitat specialists (e.g. the
rocky ocean coast-dwelling Sooty Oystercatcher) and there can also be regional
variation in breeding habitat. For example, the eastern population of Hooded Plover
almost without exception breeds on ocean beaches and associated dunes, whereas
the western population also breeds on salt-lakes, sometimes hundreds of kilometres
from the coast.

Habitat change by humans has affected the breeding range of some shorebird
species. The clearing of forests for farmland, especially along the Amur and Lena
rivers in eastern Siberia, is thought to be a reason for the northward extension of
the Marsh Sandpiper’s breeding range. The increased survival of Ruff and Long-
billed Dowitcher in their non-breeding areas seems to explain the recently recorded
expansion of their breeding range®. In Australia, breeding habitat has been destroyed
through wetland reclamation, degradation and water diversion?*. Even woodland
and grassland breeders have suffered from the processes that degrade or elimi-
nate habitat, such as the clearing of woodland and the replacement of native with
introduced grasses for pastures. Some of these processes have led to two Australian-
breeders, Australian Painted Snipe and Plains-wanderer, being classified as nationally
threatened. Even where habitats remain intact, habitat quality is declining because
of factors such as disturbance (see page 206). Global warming resulting from the
emission of ‘greenhouse gases’ will likely affect the breeding range of many shore-
bird species®. In particular, the predicted rise in sea-level potentially poses a major
problem to coastal-breeding endemic species, such as Beach Stone-curlew, the
castern population of Hooded Plover and oystercatchers?.

When do shorebirds breed?

Those shorebirds that breed in the Arctic normally arrive at their breeding grounds as
the snow cover is disappearing, which generally occurs between late May and early
June (Table 2.3). However, in some years, snow cover can still be extensive at these
times, forcing the birds to concentrate near human settlements, at the edge of cliffs
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Shorebirds of Australia

Table 2.2 Summary of the breeding ecology of Australian-breeding shorebirds. The main sources of data . |
are Marchant & Higgins'® and Weston®; much of the data require confirmation by scientific study.

*Excludes infertile eggs and small clutches. t There has been a new, extraordinary breeding event
in the Coorong, South Australia (see p.181 for details).
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Species : ;-’ SIS |
"#":'-’_-Ll'" I'k v ! ._ | y i A1 _;= ."_'”-.

Typical Open plains, Open grasslands, Saline and Ocean coast
breeding grasslands, agricultural land, hypersaline
habitat agricultural open savannah terrestrial
land; near wetlands
water
X @ Ephemeral and Ephemeral and Ephemeral Permanent
breeding habitat EsIUERTE permanent
Breeding Australia, mostly Throughout A small number of Throughout
distribution in the south-east range non-coastal lakes'  range
PINISLRWGTTN Dispersed or Dispersed Usually colonial Dispersed
breeding loose colonies
Season (eggs) All months All months All months All months
except March, except February,  except April, .
June, July July, October May and June
and August and November
WENR IS Monogamy Monogamy Unknown Monogamy |
Sexual None None None None
dimorphism
Parental care Biparental Biparental Biparental Biparental ]
Nest site On ground On ground On ground On ground
Material Not recorded Not recorded Not recorded Sometimes
overhanging
nest
Medal clutch 2 4 34 1
size
Incubation 20-21 26-28 19-21, 28 30+
period (days)*
Young fed by Yes No No No {
parents? i
Defence of Distraction Distraction Limited Aggression !
young displays displays and aggression |
aggression .
Age of first 20-25 Unknown 50 84 j
flight (days) }
j
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ts normally depart several days before the chicks fledge®. Among Australian-
preeding shorebirds, it is generally thought that parental care continues at least
until the young are capable of flight. For territorial species with the opportunity to
lay another nest (e.g. Hooded Plover), young may be aggressively evicted from the
: nly exceptionally do they remain until the subsequent clutch is laid™’.
associate with their young for longer periods: Sooty Oystercatcher
young may remain with their parents up to nine months after fledging and Beach
:s'uuw-cm'lcw young may remain more than 12 months*. Banded Stilt chicks form
créches as the young swim and forage on salt-lakes; one creche moved, wind-assisted,
130 km in six days™. Although the role of the parents in attending the creches is
u‘nkmm-‘n. it seems possible that some parents diminish or cease their paternal duties
once their young join a creche. Some Australian-breeding shorebirds are occasionally
forced to abandon their young if the ephemeral habitat in which they are breeding
dries out or becomes unsuitable, presumably with fatal consequences.

paren

territory; ¢
Other specics

Predation

predation is generally considered to be the most important factor influencing the
reproductive success of shorebirds. Lemmings (Lemmaus spp. and Dicrostonyx spp.)
and other microtine rodents such as voles (Microtus spp. and Clethrionomys spp.)
are extremely important components of the tundra ecosystem and fluctuations in
their abundance can have a large bearing on the reproductive success of Arctic-
breeding shorebirds. In some years, lemmings are very abundant but after these peak
vears, populations usually crash. Many lemming populations fluctuate cyclically, with
a 3-4 year periodicity over extensive tracts of land that are not dissected by large
rivers or mountain ranges (e.g. the Taimyr Peninsula in north-central Siberia). Where
mountain landscapes predominate (€.8. Chukotka in north-east Siberia), peaks in
lemming numbers are often localised and irregular in timing.

Several Arctic predators such as Snowy Owl (Nyctea scandiaca) and Pomarine Skua
(Stercorarins pomarinus) are rodent specialists and breed predominantly in years of
high lemming abundance. Other predators like Arctic Fox (Alopex lagopus), Ermine
Mustela erminea), Long-tailed Skua (8. longicaudus) and Rough-legged Buzzard
(Buteo lagopus) have a preference for lemmings and only occasionally take eggs
from shorebird nests in good lemming years. However, when lemming numbers
collapse, shorebirds and their offspring become the main food source for these
predators™ 5!, Hungry Arctic Fox are especially persistent in searching for birds’
nests, sometimes even swimming to small islands in lakes or climbing up cliffs. In
years when lemming numbers collapse, shorebirds produce very few, if any, young.
This is reflected in the low proportion of juvenile birds which arrive on the non-
breeding grounds in Australia®.

Australia also has its complement of predators that prey upon breeding shorebirds,
their ¢ggs and young. Native mammalian predators include Dingo (Canis lupus
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dingo), quolls, Tasmanian Devil (Sarcopbilus barrisii) and rodents such as Water-
rat (Hydromys chrysogaster). Native reptilian and avian predators (€.8. goannas,
gulls, ravens and raptors) also abound. However, in the last 200 years, introduced
predators have emerged as a prominent force in Australian ecologies and doubt-
lessly have a major influence on shorebird reproductive success. Domestic dogs
and in particular, cats, have established huge feral populations and introduced
rodents often reach plague proportions.The introduced Red Fox (Vulpes vulpes)
is a2 major predator of nesting shorebirds and young throughout mainland Australia;

foxes have been observed to cause the failure of up to 30% of Hooded Plover nests

in eastern Australia (depending upon the region)®® and one fox stomach examined
in Western Australia contained the remains of about 38 Red-capped Plover chicks
(R. Johnstone, personal communication). Fox-free islands have become strongholds

for some species, such as

Bush Stone-curlew®. Some native predator/scavengers,

such as Silver Gull (Larus novaebollandiae) and ravens, are at artificially high

Fig. 2.8 Shorebirds chicks have to cope with predators, extreme temperatures and the challenge of
finding prey. Cryptic plumage and behaviour and a high tolerance to fluctuations in body tempera-
ture allow chicks, such as these Pacific Golden Plover (upper left), Great Knot (upper right),
nd Hooded Plover (bottom right), to grow rapidly and fly within a few

Sanderling (bottom left) a

weeks of hatching. Photographs: Pave
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Breeding ecology

Fig. 2.9 Banded Stilt chicks are able to swim and form large créches, which may move hundreds of
kilometres in a few days. Photograph: Graham Carpenter and Keith Bellchambers.

densities, as human wastes provide rich and abundant food allowing populations
to become superabundant. The breeding event of Banded Stilt in Lake Torrens in
1989 terminated well before the lake had dried and the food resource disappeared
as a result of predation by Silver Gull*>. While Australian-breeding shorebirds have
¢volved in the face of predator-pressure, this pressure is probably at historically
unprecedented levels.

What defence do shorebirds have against predators? Only the bigger or more
aggressive shorebird species are able to chase off some predators from the vicinity
of their nests or chicks and these birds are not necessarily well camouflaged (e.g.
Grey Plover, Ruddy Turnstone, Bush Stone-curlew and Masked Lapwing)**>". Masked
Lapwing will attack potential predators using the spurs on their wings as weapons'©.
Non-aggressive species may find protection by associating with larger, more
aggressive species or by forming brood aggregations®®, Australian-breeding shore-
birds show a remarkable tendency to breed in colonies, with reports of colonial
breeding for half of these species (Table 2.2).This colonial nesting behaviour may
confer protection against predators but also probably reflects the localised nature
of resources (e.g.suitable breeding sites, water and food). Arctic-breeding shorebirds
gencrally do not form colonies, possibly because of the dispersed nature of their

food resources, The exception is the Ruddy Turnstone, which occasionally forms
loose colonies.

Shorebirds have developed other methods of predator avoidance. Whimbrel, Curlew
Sandpiper and a range of plovers leave their nest at the first sign of an approaching
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Fig. 2.10 Predators of shorebirds.

Upper left: an Arctic Fox patrols the Siberian
tundra in search of prey such as rodents, shore-
birds, their eggs and young. Photograph:
Michael Weston.

Upper right: a Silver Gull waits for an
opportunity to snatch an unattended egg
or chick from breeding Banded Stilt on Stilt
Island, southern Lake Torrens, South Australia,
in 1989. Photograph: Graham Carpenter and
Keith Bellchambers.

Bottom: a dead Hooded Plover, a victim of
a free-roaming domestic cat. Photograph:
Michael Weston.

predator, relying on the cryptic nature of their eggs or motionless chicks. The breed-
ing plumage of tattlers and knots provides a perfect camouflage and they remain on
the nest until the last moment, after which they perform various distraction displays
to draw the predator away, such as feigning injury, mimicking a badly flying chick
or fleeing rodent and false brooding®'-%*. Although initial responses to a terrestrial
predator may differ, nearly all shorebird species exhibit one or several distraction
displays if the predator comes too close to the chicks, even when they are nearly
fully grown.

Most shorebird species breeding in the northern parts of the tundra have greenish-
grey mottled eggs similar in colour to the lichens that smother the rocks.The eggs
of more southerly breeding species are usually more richly coloured but they still
blend in well with the surrounding vegetation. Pectoral Sandpipers have eggs with
big brown patches on a light background, matching the dead leaves and branches
of dwarf birch and willow. The eggs of Sharp-tailed Sandpiper are more uniformly
coloured brownish-olive and are practically invisible in sedge-covered depressions
in the tundra. Australian-breeding shorebirds also have highly cryptic nests and eggs,
for example, Hooded Plover eggs blend well with the sandy substrate of an ocean
beach and little nest material is used, presumably to maximise camouflage. Red-kneed
Dotterel often place their nests under vegetation or even under a raised walkway.
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Breeding ecology

Comb-crested Jacana may sink their floating nest beneath the water to camouflage it
s:ht n unattended a nd Australian Pratincole have been recorded covering their eggs
whe g ) ’ .

when they leave the nest. There are even reports of Australian Pratincole and Beach

Stone-curlew moving their nests short distances when disturbed*®.

Downy chicks also blend in well with the surrounding environment. Chicks of most
species breeding in the northern parts of the tundra are lightly coloured. Chicks
inhabiting sparsely vegetated, mossy areas in southern parts of the tundra are
vellowish-tawny (€.8. Red-necked Stint and Pectoral Sandpiper) or greenish-yellow
;n the case of all species of golden plover. Chicks inhabiting wet marshes or swamps
(e.g. Broad-billed Sandpiper and Sharp-tailed Sandpiper) are dark brown. In Australia,
as for the Arctic, chicks are highly cryptic within their habitats. For example, the
crouching chicks of Bush Stone-curlew resemble the characteristic fallen timber

which is common in woodlands.

Some shorebirds have developed other anti-predatory strategies to help protect their
voung. Comb-crested Jacana and Bush Stone-curlew have been recorded carrying
;hcir young under their wings, either away from danger or to cover'®. The young
of some species often dash to protected sites before crouching and freezing, for
example Hooded Plover chicks run and hide beneath boulders and in rock crevices.
Australian Pratincole chicks hide in rabbit burrows, in cracks in the ground and under

Fig. 2.11 While most species of shorebird are solitary breeders, some form dense breeding colonies

consisting of thousands of birds. Banded Stilt is an example of a colonial breeder, here shown
breeding on Stilt Island, southern Lake Torrens, South Australia, in early May 1989. Photograph:
Graham Carpenter and Keith Bellchambers.
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Table 2.5 A crude index of the study effort directed at Australian-breeding shorebirds to date

Published
papers on Effort index:
breeding?

Published

Species NRS sheets* T
papers

(1.3%) 0 0.0

451  (8.5%) 0 0.0

®©® O O

(0.0%) 3 NA

(0.3%) 5 1 3.1

(5.7%) 4 1 0.2

(11.6%) 2 1 0.1

(1.6%) 5 2 1.2

(0.9%) 4 2 2.2

169 (3.2%) 36 7 2.2
0 (0.0%) 0 0 NA

1844 (34.6%) 2 0 00

15 (0.3%) 7 4 14.2
639 (12.0%) 14 5 0.4
9 (0.2%) 5 0 0.0 ‘.‘

618 (11.6%) 4 3 03

174 (3.3%) 3 1 0.3

147 (2.8%) 7 0 0.0 i

*The number of sheets (i.e. breeding attempts) in Birds Australia’s Nest Record Scheme (NRS).
Bracketed figures are the percentage of all NRS sheets for Australian-breeding shorebirds (5329).
These figures can be assumed to reflect the relative ease with which eggs or young can be detected.
tNumber of published papers derived from a search of the Ornithological Worldwide Literature data-
base. It is recognised that not all papers are contained in this database but it is assumed that the
results provide a relative measure of the actual number of publications.

$Those papers that were specific for a species and dealt with at least one component of breeding
ecology or mating systems.

§The index is the ratio of the number of papers on breeding that have been published (study output)
divided by the percentage of Nest Record Scheme sheets available for each species (an index of the
relative ease of locating breeding events). The higher the index, the greater the study effort.
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that looks almost identical to the non-breeding plumage, undergo a Pal'tlal =
before they breed.There is much to be learned about the pre-breeding moy ;:
resident shorebirds, especially those living in the arid inland, such as Bandeg §
and Inland Dotterel. These species breed opportunistically in response to rai
and for at least Banded Stilt, there is evidence that they can commence b
while in non-breeding plumage - which makes one wonder why they both
different breeding and non-breeding plumages in the first place! '

Juvenile and sub-adult

Shorebirds hatch with a covering of short fluffy down (see Fig. 2.8, page 26) 1
natal down is intricately patterned with complex streaks and spots and al o
it looks attractive when viewed against a plain background, it provides ama m

good camouflage on the breeding grounds. The pattern of the downy plum:
differs from species to species, so any chick can be identified with experience, T4
patterns are also a useful guide to the phylogeny of shorebirds and have pro vide
important jnsights in shorebird taxonomy?!7-18,

In the period before fledging, a complete moult occurs, whereby the natal dow
is replaced by juvenile plumage. This is the first plumage of ‘true’ feathers d
migrants, is generally held through the first southward migration. The feath
the juvenile plumage are often slightly smaller and narrower than those of th
adults, possibly reflecting the rapidity in which they were formed. As a roug
generalisation, the juvenile plumage resembles breeding plumage in the uppe
and non-breeding plumage in the underparts. In most species, there are also
characteristics that set this plumage apart, for example buff tips or dark subte u"f?- '
markings to some feathers. 3

Juvenile plumage is only held for a few months and is replaced by the first imma tu
non-breeding plumage.The postjuvenile moult in which this occurs inclu
body feathers and some wing-coverts. In some species, such as Latham’s Sni
moult is more extensive and also includes the flight feathers.The resultant ph
appears similar to the adult non-breeding plumage and in many cases, is only
guishable at close quarters. However, postjuvenile moult takes several weeks
migratory species, occurs a month or two after the post-breeding moult of ad
a result, plumage can be a useful ageing guide in the austral spring. In early
(about September-October), first-year birds will generally be in complete ju
plumage, while adults have replaced much or all of their breeding plumage "
non-breeding body plumage. Later in spring (about November), when adults ha¥
completed body moult, first-year birds still retain identifiable traces of juvenile
plumage. For example, young Red-necked Stint still have many juvenile scap
through November. Identifying these remnants requires some thought thou
by then, the fringes to these feathers have faded and lost their initial rufous
However, the dark centres to these feathers remain and they appear to me i

!



Recumm’sb’tdae Banded Stilt
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Adult breeding: Mostly white except for
black scapulars and upperwing and broad,
chestnut, U-shaped band across lower
breast, which merges into black patch at
centre of belly. Bill black. Iris black-brown.
Legs and feet dark pink to pink-red.

Adult non-breeding: Varies greatly, some
similar to adult breeding plumage but breast-
band narrower and slightly duller; dullest
birds have underpart markings reduced to
brown smudges on upper belly, while those
intermediate in plumage have a patchy
chestnut,brown and white breast-band.Legs
duller pink than in adult breeding plumage,
sometimes with grey tibiotarsal joint.

Juvenile: Similar to adult non-breeding
plumage but lores and forehead grey when
fresh; scapulars and upperwing-coverts

180

Cladorhynchus leucocephalus

A medium sized shorebird with long, slender, straight bill, long legs and pied plumage. Highly
gregarious, found in small to dense flocks mainly on salt-lakes. Sexes similar.

Length 35-43 cm. World population estimate: 206 000; Australian population estimate: 206 000,

Adults, the Coorong, South Australia, 8 December 2005. Peter Fuller.

black brown with narrow white fringes.

Underparts wholly white (lacks breast-
band). Legs and feet dark grey.

Flight: Head and upperbody white; upper-
wing black with white secondaries and tips
of inner primaries forming a broad white
trailing edge. Underwing mostly white
with dark grey outer primaries and primary
coverts forming dark wing tip. Chestnut
breast-band conspicuous on breeding birds.
Feet project well beyond end of tail.

Voice: Individuals make soft, reedy, barking
calls but can sound loud when emanating
from large, dense flocks.Also gives plaintive
whistle.

Range: Endemic. Breeds on large inland
salt-lakes of South and Western Australia
after rare flooding events; disperses widely
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Adult, Bush Bay, Western Australia, March 1976.
Graeme Chapman.

within Australia at other times, though most
common in southern regions, west of the
Great Dividing Range. Breeding recorded
at Lakes Callabonna, Eyre and Torrens and
the Coorong in South Australia and Lakes
Ballard, Barlee and Marmion in Western
Australia.

Habits: Intensely gregarious, feeding in
very large flocks, often in the company of
Red-necked Avocet. Feet partly webbed
and birds swim well, often far from shore.
Breeding behaviour is unique amongst
shorebirds; almost always nests on islands
in inland salt-lakes immediately after flood-
ing by major rainfalls. Such events are rare
and Banded Stilt may go for years without
even attempting to breed. When conditions
are suitable, the adults disappear from their
non-breeding sites, flying inland to sites
that may be hundreds of kilometres away
- nobody knows how the birds know that
the inland sites have just flooded. Many
thousands of adults congregate in small
areas, nesting in extraordinarily dense colo-
nies and immediately re-nesting if condi-
tions remain suitable. As the salt-lake dries
out, the birds disperse, often to coastal habi-
tats including salt-marshes, salt-works and
sewage farms.

In 2006, Banded Stilt were observed breed-
ing in the south lagoon of the Coorong, the
first coastal breeding record for this species
(K. Gosbell, personal communication). This
record most probably reflects increasing

Cladorbynchus leucocepbalus

Juvenile, Bush Bay, Western Australia, March 1976.
Graeme Chapman.

salinity in the upper reaches of the Coorong
due to reduced flows from the Murray River,
resulting in brine shrimp flourishing, which
in turn, has triggered breeding of the birds.

similar species: Unmistakable in breeding
plumage. Dull non-breeding and juvenile
plumage similar to that of juvenile Black-
winged Stilt but calls differ. Furthermore,
white head and white trailing edge to wings
are diagnostic. Banded Stilt is also stockier
and has shorter legs (juvenile Black-winged
Stilt are slender and have very long pale
pink legs with a yellow tinge).

181

END



Endnotes

—
LN

15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
20.
27.
28.
29.

2 BN B~ NV BT NS VI N Ry

P
N

Lane 1987

Byrkjedal, Thompson 1998

Hoyo, Elliott, Sargatal 1996

Paton, Haddrath, Baker 2002
Paton, Baker, Groth, et al. 2003

van Tuinen, Waterhouse, Dyke 2004
Dyke, van Tuinen, 2004

Ericson, Envall, Irestedt, et al. 2003
Thomas, Wills, Székely 2004a
Paton, Baker 2006

Thomas, Wills, Székely 2004b
Higgins, Davies 1996

Parker 1982

Christidis, Davies, Westerman, et al.
1996

Piersma, van Gils, Wiersma 1996
Marchant, Higgins 1993

Joseph, Lessa, Christidis 1999
Hayman, Marchant, Prater 1995
Christian, Christidis, Schodde 1992
Chernov 1985

Rogers, Eades 1997

Tomkovich 1992

Olsen, Weston 2004

Zockler, Lysenko 2000

Chambers, Hughes, Weston 2005
Morrison 1975

Tomkovich, Zharikov 1997
Morrison, Davidson 1990
Soloviev, Tomkovich 1997

30.
31.

32,
33.

35.
36.
37.
38.
39.
40.
41.
42,
43.
44,
45.

46,
47.
48.
49.
50.
51.

52,
53.
54.
D5
56.

Morrison, Davidson, Piersma 2005

Klaassen, Lindstrém, Meltofte, et al.
2001

Piersma, Jukema 1993
Tomkovich, Soloviev 2001
Holmes, Pitelka 1968

Myers, Pitelka 1979

Schneider, Harrington 1981
Lank, Butler, Ireland, et al. 2003
Weston 2000

Székely, Reynolds 1995

Pierce 1989

Pitelka, Holmes, MacLean Jr 1974
Oring, Lank 1984

Tomkovich, Soloviev 1994
Weston 2005

Weston, Kraaijeveld-Smit, McIntosh,
et al. 2004

Weston, Elgar 2005b

Whitelaw, Whitelaw, Weston 2005
Clancy 1986

Phillipps 1990

Summers 1986

Summers, Underhill, Syroechkovski
1998

Minton, Jessop, Hassel 2003
Weston 2003

Gates, Paton 2005

Williams, De Deckker, Shiel 1998
Larsen 1991

215




617

-(BI[EIISNY “BLI2QUED) BIUEIDQ - [EUONEUISNU] SPUER[IaM) * SIS
Juezodurt AJJEUONEUISIUT PIE SOTEWUNSI wvonemndod ‘AemA[y UBISE[ENSNY-URISY 1SBT
313 JO spgaIoys AIOTEISHN, (LO0T) [ TUEM D IIUISLL A\ Joaourg ‘( SULIEM ‘I PIOJWE]
‘9-1Z 1 ‘€€ SO0 (SSWIONILIPEIEYD) SPIIGII0YS
JO AIUNIIWOD B U GODI[IS JLIUQRY JO SNP1I0D reo1goroydion (6L61) D W I29eg
T8-CL8
L LZ $POUIEIS [PRTOIOIG-G SPLIAS UOPUOT Jo Gawos [doy aqr Jo sTupaaiLd
Apgl ILMEIIC] UL [BALLIE DI0] PUE 2181 SUI|[20J2I PISEID3P JO s2ouonbasuod ssatny
SIOUY PaI Ut SUIDIP vonemdod pidey (F007) T 12 L EWSHId W o ZapEzuon [y 1oeq
‘-€7¢ ‘COT Mg "eloIA ‘puels] dunyd
Uo ‘sygooriqns stuiouzg [ ‘s1as0[d papooy jo 4301019 Smpa21q 24 1.(£002) d Wurd ‘g preq
‘g-1€ ‘TT ASo101g 28uwgD 1pqOIH "d3UEYD JNEWID 0] BONEISL
ur BUNEJ AJO1RISIW JO SUOMNLIISIP SUIpa31quou Funyrgs (002) W N Y2SYYaY 4 O unsny
“(VA “Sunja21§ pue uopuo]
:pY] SUOTEDI[NJ UEDSIIIET) " SWE( UO UOISSIIUWOD PHOA 211 JO 130d>1 913 ‘SuIyRW
_UOISIDOP 10§ YIOMIWEIJ MIU Y - 1USWAO[249D PUE SWE(, (©007) Te 12 ‘D 1 uref Y [ewsy

/310 TestRI MM/ 1Y "SPUENIIAN UO UOTUDAUOD JESWEY YL (S007) snowAuouUy

\mco_umu:nza\mvauﬁuﬁ\uuuﬁﬁ\:w.\,om.:u_u.E\\”BE
-$211 JESWIEY S PENSNY - 193US 10ed (FO0T) SHOWAUOUY

(eIfENISNY ‘QUBGSLIY (48218115 1USWITEUL Arendd 121EM

[euoISaY PURISUIINY 1SEY YIN0S) ' (EHEIISUY 1SE3-INOS Ul s waSeuew JUDWIYDIED PUE
IEY SABAIDNEM [PURISUIINY ISEI-YINOS JO SAEAMIDNEM IT[1 JIA0ISI(T, (T007) snowduouy

(VS SHOA MaN dwuresford yuswdopasq

suoneN pa1u)) - (g-4dd) w1S4s022 suLrew 33Ie] BIS MO[X 213 JO SISATEUE
susouderp Arepunoqsuen Aseuruiaid 3y 10] 170d3y [euoneN Ddd, (0007) Snowivouy

‘(PUB[IZIIMS

“‘ASUDD 138U 2IBWID) UO [dUEJ [EUONEUINUD) - s1yewAdiod JOJ AyRUITUNS "SISEq
souams [ed1sAyd 911200z 28UEyD eWD, (L00D) T 12 "1 N JJOPUd ‘L UasIUIRY Y £V

“€0-00€ ‘T6Z 29UsIIS "SPIIQ DNOIE £q $9IN0I SSEJUWOD TNS J[WOIPOYLO
Suore uoneISIN (1007) V WONSUSPH ‘W U2IH Y H BOsspuntupny ‘L, We1sIay

"G0S-66HT ‘99T $20UIIIS [WILF0I0IG-Y $ALIF UOPUOT Jo 41a1008
1000} 211 fo SSUIP2aI0A 'UBIDQ) NIV U1 SSOIOE EDLIIWY YIJON PUE BLIIAIS U22339
$21n03 1B :saPMINE] YS1Y 18 UONELIUSLO PIY (666T) V O VOSSPUNWPNY ‘L WUEISIATY

Aydesdonqrg

9002 'Te 12 ‘oures ‘Suep ‘Suex.
S00T I3

$86T AIISY ‘SIMAE( ‘SIaYe[d
900Z [BUONBUISIUT SPUEISA
661 SUPpEMA

0007 A[M0ID) ‘11oUIED)

£00¢

TE 19 ‘1JOIDBIY ‘SUIIEA ‘PIoJweg
900 AI1A0[0§ 'YDIAOWOL

LG61 SIMAPI

00 SNOWAUOUY

S00Z SNOWAUOUY

€002 Te 19 ‘T[2M3a[ ‘A3[pud] ‘TW0OISIM
€00T 'Te 12 ‘PIEUO(OEN ‘BUYS ‘YIS
200z 24Q

€002 N1 Yosyyay

2002 Te 12 “YIed ‘sauof ‘yireiqren
002 ‘Te 12 ‘AouIay) ‘ulolg ‘ueyIe[ed
€007 Yyosyyay ‘unsny

<€00T UBagOIW

S00Z U[E AOSIED]

/002 'Te 12 JIopulg ‘U3s1uIag A3V
BSO0T JESTT ‘U0ISIM,

€007 uueq ‘pIeg

B $00T I12120[P[S ‘AOYHIRYZ

00T

& 19 ‘A1I0IDDJA ‘PILISND-SSOL) “1SIM
€00¢C

‘TE 12 ‘PIBISND-SSOD) ‘189 ‘UeWI[[NS -

YLz
€Lz
cLe
‘L2
0LZ
69T

89¢

L9T
99T
69C
9T
€9¢
79¢
192
‘09¢
65C
86T
A4
9¢T

594

FET
€eT
TeT

152

‘05

S1Z

€661 JOIAEL 8%

8661 'TE 19 ‘TRIL ‘UISIIPIJ ‘UIS[IIN "L§T
100Z SNOWAUOUY ‘Of7

Z8G1 [[PUU0D MeUS "SHT

861 UOO ‘SUBAT "}§CT

0002 SnOWAUOUY "¢

$00T IMPURNIN ‘TT "THT

L661 1snepuy 100N 15T

$00z UP[IUTES ‘MENS ‘05T

8661 T VT "6¢£T

€00Z 31 8¢T

Z00Z 103321 ‘uyelouud( /€7

200z $1280Y ‘UB[NUIES '9CT

00z LIeH "SET

L861 YUsired ‘$¢T

L661 ‘pI21d ‘odselg ‘Sutpleds "¢¢T
LG6T MMA "Z¢T

G661 SAIO0I "1€T

L66T Q0L "0¢Z

900¢ ¥e319 ‘[[2qs0D 62T

0002 DDYA '8TC

100c uenx "Lz

0007 Te 12 ‘ure( ‘[ewsy ‘97z

0007 pI0Js3UTY "€ZT

007 ‘Te 12 ‘BWISIDN] ‘Z3[eZuom) IdXeqg 'H77
$00Z S9N ‘SSOY ‘UOSLLIOW "¢ZT

$00T ‘e 19 ‘ewsIarg ‘suf ‘wrey] ‘77e
00T ‘Te 12 ‘UoIed ‘9dUeH ‘s1930Y 17T
00T e 19 ‘A1xed ‘SDOOIS ‘N21Ieg 02T
$00T Te 12 ‘pAog ‘EWSIAN ‘DYOIPW ‘61
8961 Ua( 812

LL61 BSPIRI "L1T

8661 Aydmy ‘91

8661 WONSUIPIH SIT

6LGT AO[HARD Moo H1T

£00Z Te 12 914d 'U2qI0D PMOH "¢1T
€o61 uosien ‘ZIC

6661 EPIYDL I 1ang 11T

9861 I(1Ing 01¢

L861 M "60C

BI[ENISTY JO SPIGIIOYS




IZe

LL-§ST THT (o108 uvauul]
agyy Jo ppuanof worS0j00Z "pI0d31 [1$s0J U1 pUE AZoroydsour ‘$aMIIOW JUIIDTOIII
:(SOUUUIODN]) SPII( UIIPOTU JO UONEIPEI Areuonnpoas 241, (3007) W UdUmy uea’ (o a34a

L L=S90€ ‘O $$S04d 709180504 CE *000T - LG 1 ‘SEIIE pUP] J12YdSIUSH
UIDYLION UI 3[40 I2A0D-MOUS [ENUUE I} UL SPUA PLie AMIqeireA (Zooz) 9 d 24d
O0STA-61 T ‘BHL S1q] SISUDLIDISUSUPYUL STIIUSULIN
SAD[INY) UIDISE] JO INOIABYD( PUE N0 TONLISIU YL (Z00Z) W ¥1N A d [0ISHA

‘(BI[E1ISOY ‘QUINOJ[IIA :BIENSOY SPIIT)

771-0g dd {(PT) MEIS J EIENSNY ‘DULASHE ‘9661 UIIPI L1-91 ‘Wiisodwdg dnoio

SIIPNIS IIPEA UBISE[E1ISNY 911 JO sSUIPa2001 ", UOIZIY JYIDEJ-LISY 31 UT UONBAISSUOD
PIIGIIOYS, UT "SUIISEOD puesuaand 21 SUOTe SIIPEA JO TONNJIIISIP YL (L661) d [[odsug

(V1SS ‘UEPESEI [$0UDIDG JO AWIPEOY ULISSNY 121UDD) IIUIIE 1SEIYMON) L8
—¢¢-dd ‘[uerssny UI] ISV ISEZ-UION, UL SPIIGIIEA, JO SNITIS vonemdod pue AISI2A1Q
s3122dg, U] "PISY 1SET-YION UT SI2PRAs JO UONNGLIS pUE sUnef 3ULIL661) Al Lo8o10Q

H9-¢ST 96 ANV AL

“(5Qo1202 PYSuLey) USULIED 3U1 UL JOW JO $OU3I2U30IT (6L61) N A AO[HAED A AMIUIOQ
"6-106 ‘9€ +rolvgag ypuiy -s1sAjeue [eaawadxs ve sdnosd

SmSesoy s3102ds-PIXTUI UT SIDQUISW 2IH[IES 01 SIYIUG (BGED) 4 D Lqqnrd ‘g v Aqjoq
6-781 ‘OTT uuanng uospp a¢ [ SpIgaioys SupasIquol Jo suyaljed

Suie10) [PUINIOOU PUE [EUINIP JO $IIE[III0D [BIUIWUOIIAUT (8661) VIA T2M[0D “T S ppod
27817 ‘66 12F "BLIOIIA 10 uINsap ul szadidpues

AD[IND PUE SIUNS PI3O3U-PaI Jo SUIpaay represdns pue spouad Juipaag (6661) d BUE(d
‘§-19° LT (240259 APl BIEIISNY UIDSEI-INOS UL

s1adidpueg Ad[In) PUE SIUNS PIOIU-PIY JO SI9IP PUE INOIALYI] Gurde1od (e6661) d uueq

‘(BIENSTY “DUINOQPRI :SIYSHANG TOSTAN) '0Z-01 "dd ‘(pa) sue1 vd
¢ BI{ENSTY UI SPIIQ2IOYS, U] 'SPIIGIIOYS JO A50[0D2 PUE INOIAEYI] SUIP9 UL (LB61) d bued

ST-L0S ‘LT G-wasay 2fPILM PUEISUIINY
UIDISES-INOS ‘Arg HO1IOW JO SIe[ [EpA Suowe $23s SUIdeIof JO 910D PUk
VONNQUISIP $,MIN7) UIASET 3y} FUdUanul s10108 ($3661) d O Meraned D d uop8uo))

‘-H11 ‘0T PI1o40D 'SIEA INOS MIN YO0y
DY 1% SiaapSaLs snLdng SOIUNDIL 4O SUNSIU U0 SUOHEATISGO (9861) d  LoueD
'€9-6SY ‘86 4OPUOD 2] Jadidpues §,X00) JO snIeIs DIUWOUOXEY Y1 JO
JUDUISSSSE JBMOIOW (9GE1) ¥ APPOYDS ‘d d UBHSHYD YAl UBWEISISOA ‘Y Satae( “T SIPUSHILD
ce-sTT oY
(801007 fo 11Linof upypigstty (SEPIIPLIBYD) [SOWIOHIIPEIED) s10A01d pUE S[2I2110P
UBIPIISNY D11 JO SONBWAISAS [E2NWAYDOIG (Z661) ¥ 9PPOYDS T SIPUSHYD ‘d d UBHSHTD

‘(31N 98puquE)
1$823g ANSIDATUN) ASprIquIRy) (URISSY WO [SURIL) kIpunfy, Surtary o211, (€861) 1 A AOUISD

0Z-1‘SOT 7L BUNRIIAE
s erensny wo pedwr s)1 pue 38ueyd 2eWID (C00Z) VIA TOISIM T S9SN ‘H T ST2qUEYD

CE-81F ‘CE 02quLy TIAI] $9IDads o) 1 g-All pUT
MewiD ur sasueyd paidalold 01 sasuodsay (F00T) [ 12 A AOUIID ‘O T UIOIg A Lueyde[ed

(1N ‘uopuoT 19s40d (4 V¥ L) I9A0[d 4315 pUE $1940[d UIP[OD
UEDLIAUIY PUE DYIDEJ ‘URISEINT 211 :s3aa0[d IpUNL,. (R661) V4 d wosdwoy LT 1epafizdg

Agdegonqig

0ze

99-96¥ LT 21y o¢L (SPIGIOYS JO UONEIFIU
107 1USWANNDI B 3DUEISISSE PUIA (LG61) VN dOUSIF ‘N ¥o0UTeA ‘(I LSWEITA A\ ¥ 1510
TL-H9E OTT any a4 L "Spuq
jo aSemunid a3 Ul NEQ SuUIPeISOP-1243E3J JO 2UIIMIIQ (666 1) W [ EPHI g g 4 1ing
(VS ‘D UoIBuIySEA [UOIUN ,SISISO[OIIUIO UBDHIUIY)
Q¢ ‘ou sydeISouoy [edSo[0YIuIQ ¢ SIIQIEA-POOM TO SISeYdd YIm UONEIO[0D
uenAe jo s1>adse pondo pue [porojosAyd ‘rearsdyd jo sisdeue uy, (9861) I[ H J 1ing

‘9T-$09 ‘L LT ¥1V ag ] $33> (snutaqddjod snpmuutT) qeid s0ys
-3$I0T] JO IDUBPUNQE PUE SOUSLISIDEILYD (03] 01 dIYSUONE[I $1I PUE Aeg 2IeME[2J
UT SPIIQRIOYS AI0TLISTUr AQ BOND(AS 3G (FGET1) L UISqOdE[ ‘g Y PUE[IAOT T N U0ONI0G

‘(RI[EIISTLY “UOJ[TED) :$SIJ ANSIOATU()
SUINOGPI) " SPAI VEIENSTY JO SENV UL, (F861) N d A2y 4 [ [ § $a1Aeq ‘W SIONEIY
‘9-7¢ ‘19 unayng dnosd Apnis 1opug "pUEleyL
ur sntasaty snuay siadidpueg o191 Jo Ino1aRYyaq SurSeIog (1661) 4 1opod 'O ¥ vwss[ing
‘6-¢¥1 ‘€€ ASojorg uvray fo puinof “2ouepSia Jorepaid-iue Jo Apnis 3y ut uonsanb
PIYOO[IIA0 UV (I(EBIIEA OS suzoned Suruueds are YA (Z00Z) TS PV J JJO2Upag
00$-56F ‘9€ (Bojo1g uviay fo pusnof "e3s MOfRA
o1 ut Apenb £31d pue sazex Su[ong ‘sauwm 1240d03S JO SUONDIPL] saunf ux spunoisd
SUIP221q Y1 YIEII pUE AR UL BIENSOY ISSIMUMOU SABI] SRINUDD SLPIDD SI0UN
P2y Op MOH (€007) A UEA-SUOH ‘v 31404 ‘{ D [[25SEH 'V [ SO UEA T (1 $1280Y § d L2med
€0I-L6°COT
#7207 WSy 2oURISIP-SU0] 10§ SUIeN] TiENsnY (21011 UT SIOUY 18210 UT swarqoid
PEO[EAY I0J IDUDPIAI [eInoiAeyag (£007) V STeljoo3] 1 BWsIatd T d s1980y 4 4 4omeg
09-9% ‘9 T SIQ] (BI[LNSNY IS2M-YLIOU WIOK] SLUSOLNUS] SEAPHPD $I0U
18210 Jo $21Ep 21niredsp spremyirou 101paxd SuRry SuLnp 38ewnd pue UOHIPUOD
Apoq od (3002) V [ S0 ueA'd sueeds ‘v eSUYIQ ‘T (I S1B0Y 'L eWSIANJ H d Aomeg
"C-161 ‘L9Z S2ouard§ [I130j01g-g So14as UOpUoT Jo Qgaroog jotoy
aqi Jo s8u1pasd04g IS PIIQ DIUEID0-SUEK] FULND SUONONPIT ULSIO [ENUIJIP JOF
35uapiad reoridwry (0007) 3 UBWSMH vV eSUDRJ ‘S Gurl ‘A N 2191 ‘L ewsIaid i d Aormeq
"0Z-801 ‘L6 et "WOS[IN ISIM-YIION ‘1S [[mate] woxy
SIAMPOD) PANIEI-IEg PUE SIOUS] PIY JO $91N0T UONEIZNU J]qissod pure SUTWR INOIABYI]
smiredap PUBIEIZ MIN UI SISPEA DTIOFY JO UONRISIW PIEMUIIOU YL (L66T) 4 d Lapeg

11-2 L€ 7us aqf isxaddoy o1 szadum( regSueyg ‘oeq SutwsuoyD
18 woruoddyy pSowT 11MPOL) PITIEI-Teg] PUE STNUDI SLAPHDD) 10U PIY SLUSOLNUS]
sz4pyp) 10U 1O Jo SUISEIS (L661) M d UBIO X UENX'X § JueL'q UOSUD{UOL'Y A I213ed
'(BIENISNY ‘BIIDQUED) [PUONEUIINUY SPUB[IIAN)
"7 1 SIIPIIS IIPEA\ [EUOTBUIIIU] ‘G SIIDS [EQO]D) [EUONBUIDIUT SPUB[IIA ~ SNIEIS
UOTIEAIISTIOD PUE SYEIY) ‘2oukliodi 1eag MO[Ia& U1 JO SPIYIIOYS, (Z007) V N I91EY
TH-9¢ OT 411S oG
SISUILAVISHIDPYUL SPIUIUILN AIINT) UIISEH 9] JO sommawoydIon (0661) VIN 1213eg
L=%TTT HUS 241 (AUM ‘08 JT PUE - 1SIX3S s1adidpueg ma[nD) 21y (L8GT) VN Iaueq
‘(eIENSNY ‘SUINOQPRN (BIERSNY SPpA) ' SpIg
UBIEIISTY JO SE[IYV 49N UL, (£0027) ¥ I9nod weydurauny) ‘g Arreq v SYD0I[1S ‘O 1121Ieq
9-781 ‘9z {Sojorg uviay Jo pusnof 'sIapem Jo INOIABYR]
Sunyoo]y put SUITUEDS UO IDUIN[FUI JDY) PUE SIISENS Suigeiog (S661) vV esoqivg

PIEIISNY JO SPIIQIOYS




€T

‘F1-€0€ ‘9% 09130007 vHOL

sIopea SUIp2a31q Ul AN[EIUO[0D DYIIIdSISIUT JO SIPIUSQ PUE 51800 (LGG 1) T [IeASES “Z 1485
'T-09S 91X any a4 ]

(L66T) Te 12 IaNNg UO 1UDWIWOD Y (PULMA 211 [IIM JU0D (6661) d LIIGM 'V WONSUIPIY
TEHTY 62

(Sojo1g uviay Jo puinof j51eISNU SpPIIq Ued 18] MOH (RG6 1) I IWBISIIY ‘Y WQIISUIPILY
‘(eduyy yInog ‘Siqsauueyof
EDLIFV YINOS JFIPND “¢H-9¢S ‘dd ‘(SpE) MO010[§ N Y ‘SWEPY [ N ‘€dLIY Yinog ‘Ueqing
¢ §§213U0)) ASO[OIUIQ) [EUOTIEUINU] PUZZ 23 JO sSUTpadd01d, Ul aduemrioptad

W31y uo sded Suram JO S1D9JJ3 [SPIIQ UT JNOW JO SONUEBUAPOIDY (RGG 1) V WOIISUIPIH

(IN ‘uopuoT 3T (SIYSHAND HOE[F D 3 V) " PHOM Ul
JO SISPEA\ Y1 0] OpINL) UONEIYNIUIP] UV :SPIIIOYS, ($66T) L Id1eld ‘[ WUBUDIe J UeuIAeH]

C1-S0¥ ‘TE uauaSvuvpy jpIsvo) “elensny
1SEAYINOS Ul s3FULYD YSIEUun[es pue da018uew Jof sa1831ens Sumueld ($007) O ATeH

"(31] ‘BOpUOT :$531d SUN0D) " SI9PeA, (08GT) D M 3[EH
‘CC-6%S ‘6T ABo01g Avpmnoaol 4 Ausiuaqoorg-g A8oj01sdgd puv Cygsiuagirorg
asanwiv o) syadidpueg uisisox Sunesdmu jo spsnw WSy oY1 ur uioxd Jofews
e ‘urajoxd Suipurq poe 41ed (8661) A L SWENIA ‘H N PUBEaUney ‘O D owIaiSno
"CTHTA-S0% T ‘78T 450j01504q 2a11040q110D
puv aagpidaquy AiogpmSay-(5ojoisdyd Jo wuinof uvoriatuy -pugaIoys
410181800 B UT $OMAZUD OHoqeIed pue urdjold Suipulq pioe A3y sposnur Sy
JO SOTWEUAp [BUOSEIS (Z0OT) A L SWENILA M d ENUIBYDOH ‘H N PUB[IIUNEH ‘O O owPHSny
‘Cin
‘PIOJUSY JUBIH JI3J)  , UONEDYNUIP] 01 yoeorddy MaN YL, (6861) M ASUIE[INA J JUEBIL)
er-ceT
‘€T Apmis puad MIPND PUE YULYSPAY JO SI9IP UL (9LGT) A ¥ S2UOf ‘(I { pIe1sn)y-sson
T6-1¢
‘89 Yop4Y SIIpEAM FUOWE IDUIIILINUT puE pooy Joj uonnadwo) (0861) d [ pIrIsn)-sson
(EITenIsny ‘ASUpAS [BUONBUIDIU] SPUE[IZA)
LT SIIpNIS JOPEA [PUONEBUIDNU] ‘QT $9HIS [EGO[D [EUCHEIIINU] SPUBAIA " 19-¢¢ ‘dd
‘(PP MeNS d BIENSNY ‘BIIDQUED) ‘COOZ I23qUAD3J $1-$T ‘92UIIJUO) SPIAIIoOYS
UEISE[ENISNY 213 JO SSUIPI3D01{ ‘ ABMAT] UBISE[EIISTIY-UBISY ISEY JY1 UI SPIIJIIOLS JO
UONEAIISUOD) PUE SNIBIS, UT "EIENISNY YINOS UI Spueam SUIpunolins pue uoJoo)
9Y3 JO uonesHN pIIgaIoys JuLoNUOW Jo 3duewodunt 2y (9007) g 18319 Y [[2GS09)
‘S-18 ‘I8 Yap4y "sounIoyIIpeIey) ul fenuajod
481502 uedsap pue uedsap ySry 913 ‘swIsylowoy ut A1ad8u0] ($66T) V'V 9p209
(VS SIOX MOIN :8821d wnuafd) £L¢-682 "dd ‘(spA) O 1 g ‘3o81ng [ ‘ suonemdod
pUE JOIARYDY SUIPIIY [SPIIGIIOYS ¢ JOA S[EWIUY SULIE]Y JO JOTARYDY, UJ "SPIJIIOYS
JO sAe[dsIp UONDENISIP PUE JAISS2ISFE :XOIABYS(q I01EPaIdNUY (386 T) W PRUU0D
0Z-1 ‘LOT 40puo) o] 'SNMPOD) pafiel-Jeg 4q BIelISny UIJISED DUE PUE[EIZ
AN 01 BYSETY wo 181y doisuou SUO-WN-Q0Q[ | UE JOJ IDUIPIAI :IJLIE] [EDIF0[0D
I1ewnyn 31 uIsso1D) (GO07) V U332y Y XOUEIAISG ‘0) PIOPNY] ‘I, BWSIAN ‘g ¥ 1D
“(vsn ‘erydaperyd
DU] EJHISWY YIION JO SPIG SUL) ", 759 ON BILIDWY [IION JO SpIg YL, U]
‘SIIUDOUL S1]aIS0433 ] ISMEL SULISPUEM (Z002) S d U210 WO ‘[ g AIIJeDOW ‘T ¥ MO

Aydessongqrg

(&44

*(VSN ‘v01SUIySEM ‘9111
188214 WOISUIYSEA JO ANISIDATUN) AQ PaINQIISIQ "YVON JUSWISSISSY UOTIN[[OJ SULE] JO
2dWO) '§E-61£ 'dd ‘(spd) J2p[eD V [‘POOH M (0 ‘.$221n0s3y pue Aydeifouran( Joys
2§ SULIdg UIdISET, U] 'ed§ SULId UISISET 941 JO SPNQRI0YS (1861) W D [9PUBH ‘I T ¥ 1D
L-T¥T ‘SOT #u4d "PUBIS] OOJESUEY 01 IDUIDJI Jemoired yiim ‘BIEIISNY YINOS U
(Snpavyp48 sSNUgAng) SAMI[IND-OUOIS Ysng JO UONNGLISIP UL (S007) D ( UoIed ‘v [ $3180)
‘(BHENSNY ‘BIIIQUED) ‘BIEIISNY
JUDIWUONAUT) *,000C SPIH ULIENSNY 10§ UB[d UONDVY YL, (0002) W O £3[401) ‘[ § 11auIED)
€8-CL1 6T SprqLaIum
SPIIQ2I0YS JOF 18IIqey [EPRIIIUL JO 3850 [ENU10d :9SII [9AI] BIS puk S8UEyD 1B
[2q019 (Z002) O 98ed *g UOISULLIEH ‘S SOAN(-POIISH ‘( YSNO[D *Y Ied “¥ sauof ‘H pIRIqeD
“(BISSITY “MODSOTN :S20UIDS
JO AWIPEDY ¥SS() ‘9ansu] [e2130[007) ' 19-[§¢ "dd ‘(spa) aodeiog T ¥ ‘AO[HAED W A
L USSN Y1 ut sarpms [edrdojonuiQ, ul 1adidpueg paprer-dieys sya pue sadidpues
[E302034 3T UT UONE[OST [EJIS0[0UIS PUE [EILS0[00F (Z8GI) S d UDTAONWOL ‘T A UM
“(e1ssny ‘MOISOA] :9STIOH UoREdIqnd eneN) ‘6 1-601 "dd ‘(pT)
APAL d A [uetssny UT] SPIIG JO TONNJOAT PUe SaNLIBINId dAndepy, uf (ojdwexs
UE SE S19pEM) $103dse eo13o[oy1a pue [ed130[093 :sAejdsIp wonoensiq (L/61) A WAL
'6-27 'S8 40puo)) 3¢ [ INOIABYD] DUESIA pUE ‘SurdeIo]
‘duppop suoisuIny Appny pUk SUCHEIOSO TEPTl U22M19q sdiysuoiie;sy (§861) D ¥ IYDdsIdN]
“(IRWU( ‘29[9PTIASL], :STONINPOIJ
IMIEN ATEYS) *,SPIY [E100031d Ueadoing Jo Sunog a1 01 3pmo), (L/61) [ eSpRld
"TL-LS1 ‘S¥ Apnis parg "4deaq AD01 B UO SIOPEM JO JNOTAEYI]Q
SweI0] SY) U0 IDUEGINISIP [BUOTIEIIDI JO S103JFT (8661) 4 2oydnog ‘S ydrmiedzing
"6-€$T ‘0T nug sareds [eneds 92111 1k uosreduwrod e :spunoid uipasy opn-mof SNSISA
$15001 IpR-YSHY 1B SI2qUINU MIEND) UIASET (Z00Z) d D MEIIMED ‘A d [[09SHJ ‘D d VUl

‘BH-1€1 ‘2€ €801097 (pa1sny sateds Teneds 03 I8 APTHS B:MI[IND) WISISEY JOJ 1LY
Surpagy repnsatul pa1ayaid Jo siueuTuLINRQ (L007) A d OIS d O MEINED ‘D d TUL]

"6-201 ‘I% Aprs parg 1001 Surdeloy e
Se v1nbiv SNIUALUNA] AITIND) Y JO [[iq PIAIND Y32 Jo AnN (F661) A H UeWIS ‘N J SUID

05-6£€ ‘€€ 4807007 fo pusnof uvorfiy -asn jelqey pue 198pnq
A)1ATIOE (EAUSY [LISEOD Wl SIopEM SULISIUIAM JO I8B[qUISsSE UY (/66T T NEPPI ‘W B[OSEd

"IN ‘weyang
:Auejog jo 1uawireda( ‘weying Jo ANSI2Am) '06- 181 "dd «(spy) vonmgm v g 4es (4
¢ 5109dsy [e0180[01g PUE [BIUSWUOIAUY :pUR[SUY BISYUON UI S[EIdN AABSL, U] “pue[dug
1Seg-YUON U £31d JIOY) PUE SPIIQIJOYS UT S[EISW AABIH ([8G1) [ S UOOIN ‘Y d SUBAY
BGC-CHT ‘9E 591438 552504 ATOJOIT ULV LOJ0IIS4IAIY STABN JO KIATIOR
Surpa9] ur yonELIEA [epn put Yadop MO0IIng UT PUaIl TEUOSEDS (686 T) T SWEMZ Y NUNISST

‘o1 ‘¢ ASojorg (Cuvuounjoag DWI
'91 "OU "MIE - 1P 20U2nbos YN Je3[2NU UO pIseq (SSWIOIIPETEYD [SIAY) SPIIGIIOYS
33 JO SATYSUONE[DI TENIWES-IANU] (£007) V [ UEWION ‘W 1p1SaI] ‘] [[eAUq J O d UOSOHg
'06-61T ‘6 4nowvgag wunuy vipnbipy sniuswmA ‘SAMI[IND SUIpa3Jepgpnud
uo Apnis e 20102 421d Jo wrarqoxd e se wstismedoidaryy (0661) T SuemzZ J qunassy [ g sud

€2-S1T ‘L6T 21ud108
"SUID1SAS SUIEWY JO UOMINIOAI SY1 PUE ‘VONDIIS [ENX3S ‘4301009 (LL6T) M T SUI0 ‘L § uatg

ERISOY JO SPIGAJOUS




€T

"8L-698 ‘€L a180]007 a1

uuUPYUDY 3NadY-(801007 Jo jouinof uvipvuv) ‘uooJel [ed1domn e UT SPIIGISIEM JOJ
Amqeyrear £31d swmAySiu pue - ($661) § ¥ [Zon3Ipoy ‘Y 033Ur] ‘g O Zeid “d TPNOIW

G0

‘a8puqure) :$s31J AsIsatuny a8puque)) '09-1¢ "dd ‘(spa) [eaH d ‘SLIIV T ‘UOWAS D
Juassassy 10edw] S1ewy) o131y, Ul “1uasaid pue 1sed (1D O10IV (007D © UBSEOW

‘CT-L1¥ ‘IHT Aojorsdgd aanpvivduioD

Jo uunof (spsuaupposvs vyjagowny) pnqgied Aexd oy ur AydorpyadAy spsnw
pue Jurus1ef A101e181uasd 01 UOIE[IX UT SONIATIOE JWAZUD d1j0qel1e) (1861) T ¥ USTEIW

(eHensnY QUINOQIA :SS1J AUSIDAIUN) PIOJXQ) " sSuimdeT 01 s10idey ;7 swnjop
“SpII DNDIEIUY PUE PUEB[EDZ MIN ‘UBIENISNY JO JOOqPUEH, (661 [ d SUISSIH ‘S WeydIEN
*(RI[ENSNY ‘OUINO[IIA 8214 LISIDATU[) PIOTXQ) *,S[2I19d 01 $2IIeY ] SWNJOA
'SPIIg ONDIEIUY PUE PUE[EIZ MON ‘UBIENISOY JO JOOqPUEH, (066 1) [ d SWSSIH °§ 3UeydIEN
"(BISSTIY ‘JOISOAIPE]A (SIDUIDS JO AWIPEIY YSS(] ‘2IIUID IDUIOG
UI2)SEY-JE) “[UBISSIY UI] BMSUIUSJ BIBYDWEY Y1 JO SPIIg SUIPaarg, (9861) O 4 A0N]OT
‘(eisAee Tndwny epeny| [EUCNBUISIUY
SPUE[IA) . 100Z-L6GT SNSUI)) PIIQISIEA UBISY 91 JO SIMSIY "UOIFII DYIDEJ-BISY
S UI SPUEI2M PUE SPIIQIDIEM JO UOHNGINSIP pUE sI2qumi], ($0027) LIM{PUniy ‘d M Z I'1
[8-C/ ‘TLY $9143S $SaULS04F
(307097 2uULDPY 'UONBAIISUOD PIIqaI0Yys Joj suonedduwr pue 193png 3dUE[Eq SSBW Y
1 PUIY) ‘ATEN)ST JOATY] [3BIJ UIISED Keg dad( Jo sotureudp uoqied (8661) A S 39TS W I'T
CL-COT ‘TE 22UaIIS [DIUIUILOLIAUT PUD
4807027 Jo uinof (puopuazuy “$UT] SUISSIW PUE S30SST [EDISO[OPOYISW ‘S14UT
ISILIBIISI PUE SIAOIFUEBIWI UDIMID] SIUILINU PUE Ja11ewr JuedIo Jo 28ueyoxy (S007) A S 991
‘6€-60% ‘8¢S (191005 UvIULLY
ag1 Jo uanof wardojorg sIapem INDIE[OY Jo Apnis 2AnEIEdUO0D € INOIABYS]
uon93101d 153U 2A1ss2133e 01 pate[aI $10198] (06GT) I [eP3IIAG ‘V 1 TYepIOS ‘L UISIE]
'79-LS01 ‘I¥ 4nowavgag puiuy AWESouou J0J S103[3S 30UJIP
183U JA1S$213FE 'sIopeM UL WR1s4As Sunewr pue JNoTAeyaq JOIEpaId-nuy (1661) L Udsie]
61-¢0¢ ‘€OT soz0 ‘sxadidpues jo soi3o1ens uoneiSw
uo J33uep uonepad Jo s10355d (£0027) D ¥ SI2quop X ‘[ pUeI 4 Y I90ng ‘g g Jue]

“(eIeNSY ‘DUINOJ[I SIYSIAN UOS[IN]) * BI[EIISNY UL SPIIQI0YS, (/86T) g JUET
TSS9
‘TOT 4opuo) agq [ ‘Nmpos pafel-leg 3yl ur 1ydiy Aro1eidnu 3ourisip-8uo] paie[nuwrs
puUE [e31 SuLINp 2dUe[eq IEM (0002) V IN(IA [ euusyn( ‘H ©) I3SSIA ‘| BUISIING ‘W I SApUET
'69~65S ‘LET S1q 'UONdUNY puk $$3301d /SISUINIGY] SHIUAUNA] MI[IND) PIYSN]
-ONISI 211 UY uoneweS[ewE poold (9661) W O [9PUEH “T L SMAQLL I T ¥ 111D ‘g ¥ 1070ue]
“(e1ssny ‘peISUTUDT :ISNOH UONED QN eyneN) ' [ueissny
ur] SUFE[d UISUYIION U3 JO SPIE, (1661) A V AAIRIPUOY ‘A V AIDIPUY ‘A V IEUWIYDISTY
“(erssny ‘MODSOIA :9SNOH TONEDIqng EYNEN)
[ueIssY Ul] BISY UI31SEI-YLION JO SEIPUNL UT SI9pEM JO 430101, (Z86T) A V ASAILIDUOY

P6L ‘C1H a4ngpN $19pa21q [ended
10U 2JE SI5PEA DNOTY ~ ASO[OIIUIQ (1007) L PLWSISL] ‘H YOI ‘Y WONSPUIT ‘[ UISSEE]

Ayderdonqig

¥Ze

'LT-601 ‘ST 4807027 pysny enensny ul spuepam uredpoop uo
WUSWTBULUI ISALI PUE SUOISIIAID IEM ‘surep Jo s1oedunt 01301007 (0002) 1 ¥ pIoysguryy
"L01-8L 6T UOHDAIISUO) IDIUSUMUOLAUT
'SILIENISI JO 2ININY [EIUIWUOIIAUD PUE S1ESIY] [EIUSWUOHAUY (Z007) [ W Ystuuay]
'$-0$2Z ‘0T voravurpunog
$72440) IEPPOUI SNO3USTO0IISY B UO UNUND AQ UONDPS 12I1ed (68GT) A TTESSEH ‘O W 49s[oY
"(I “98prquue) 1ssag AsIsAmu) 38pLque))
"061-66"dd ‘(SpR) [eaH { PUE SUIY T ‘UOWAS O ‘,Juawssassy 1oedwy s1etny) o0ory, uy
"IV 2] I0J SOLIEUIDS pue Sunapow :a3ueyd 1BWI 21mng (S007) I UIMEN A AOSTIEY

‘(SPUBHISUISN UL IYD21] :SIYSTANd ANNDD *.430[002
[EINOTARYS(Q PAILIISN([! U :[SPIIQIIOYS, (F007) T SHEMZ ‘[ BWSIdNJ ‘g SUg ‘Op ueA { ey
TH-62¢
‘9z dgdpadoadorg Jo puinof Xa1dWwod SHLPYYg)H U1 JO SPIIGIIOYS JUOH LIS
Jo uonnjoas sy ut Aydesgoadorq pue Auadoldug (6661) T SIPHSIYD 4  ss2T “1 ydoasof
"8-S1 0T #1418 261 "IEPIISOIAINIDY A[TIE] 34 Jo sa13a1ens SuiSesog (/861) A v dossaf
‘09-¢SET ‘€0T (Sojorg wruatutiadxy fo pusnof -prqazoys ueaSiu
20UEISIP-SUO] € JO APNIS [9UUN PULM E :ISIDIIXI DURINPUS 01 asuodsal drjoqe1sur
PUE 3811 1304 (Z00Z) H O IISSIA ([ BWSIDIJ ‘Y WOIISPUFT ‘Y ISIAY “T IUUI({ °§ UUBIIISIZ-IUUS[
'8-17< ‘67 A8ojorg uviay fo ppusnof
"spIiq SuneIdur ur sJUTEIISUOD djoqeldw pue AIddns [ang (8661) § TUEWLIN-TUua( “T ruusf
‘0€-€7°68
UIYDYISUBSSINANIDN "SUISTEW [EDUNUOD [edrdorn Suofe 3a1ew d1wesIo jo uomsodap
pue uon>Nnposd Y3 J0J SIA0IFURUI JO 3DUEAIIY (Z0OZ) A IOMIAN] ‘D I ueliauusf
FC-1°¢
LLOUBPY AUOISHE [DATIDNT JO (121008 0821 1w -Funok Aumop 21 jo sursned JOJ0D
U0 Paseq Apnis JIWOUOXE] V:(SPIIQII0YS) mIpesey) a3 ur sdrigysuoneay (8961) I( ¥ { yaf
“(uteds “BUO[3DIEY :SUOIIPY XUAT) * SOV
01 UIZ1EOH ¢ "JOA'PHOA 33 JO SPIIF 343 JO JOOqPUEH, (9661) [ [e1e8Ies ‘v 101 ‘[P [ 0A0H
£C-G€9 ‘COT +opuo) aq ] sst3ojowroy a8ewnjd pue
[our Jo Ma1A331 y:waqord d1seq 1819 YL (£002) I 4 SI980Y d 9[4d ‘D UGI0D ‘D N § [[PMOH
1L-LS ‘O% T ar8ojoqprui anf ppuinof i(wpasoan
DLISOLLALNIFY) SIID0AY JO S198PNQ ANANDL-OWN Y SIUTUIINSP TeUM (666T) H JONIOH
‘(vsn ‘erydpaperuyd
U] BILRWY YUION JO SPIF UL '(SPH) MO J *9[00d V “.8%€ "ON ‘EOLIDWIV (LION JO
SP3tg JU.L, U] “(Sogouwpaut suprip)) 13didpueg 230109 (866 1) VI BN 'L} SSWIOH
"81-50€ ‘LT 4801007 s11piuagsdy “eIpuny Ueyse[y
uryIIoN uo sradidpues unsixs-00 Suowe dejIaA0 pooq (896T) VI P21 ‘LY SIWOH

"80Z-161 ‘L 1250]j0220 "(mvUL SLAPIVD)
Iadidpueg U113\ 3Y1 JO WISAS SUNEW SU1 PUB “1BIqRY ‘ASUs( (1£61) 1 ¥ SIWOK
‘(3N ‘ysmnoquipy
3 PIOFXQ SUONEDIQN UG ([P ‘G 1-¢0¢ "dd ‘(DT) uosiesm v <,$901m0say
Poo4 11213 01 voneRY ur uonemdod [BWIUy, U "BIPUN] DIDIEQNS PUE DIDIE U0 UHUNJ
Jo Aiddns pooj pue ‘Lerointsa ‘Asusp uonendod ur s90UIIIT (0L61) LY SOWOH
“(eIfenSny ‘QUINOQIII (85314 ANSIDATUN PIOJXO) *,SU0331d 01 s2dIUg € SWINJOA
SPITg SNDIEIUY PUE PUE[EIZ MIN ‘UBH[ENISOY JO jOOQPUEH, (9661) J [ [ S sataeq [ d sy

EEIISOY JO SPIQRIOYS




Lee

‘OF-6£4 697 $22ua1§ |92 T0j01g-6] 31435 UOPUOT Jo A1o1008 [wiloy a1 fo

SSUIPaaI0L *SPIAIOUS [PUONISURI] WG] PAPUIISIP JOU 21T SpIIq UISPOUI 1Y) A0US
saouanbas Jwouad YN | Ipuoydoinu 2aduwory (Zoo) { v Io3eqd ‘O yieippey ‘[ uoled

'L9-L€9 '6€ uonnjoay puv soypuslollyd ivpmasjo “dan

[-OVY 1e3150U Y1 YA 1WINISU0D SpIIq WIONLIPEIEyD 343 Jo Auagordyd payroddns
P4 & 9p1aoxd s5u98 [epuoydoOIW §1 woly saduanbog (9007) (v I97eg ‘YL uoieq

"‘BL-89T 6T Houmoayg
pup sonauafojdyd swpmsajop “spaq uopIpeIey) Wy sdiysuonepas susuagopiyd
94J0831 $30UaNbas -9V ($002) 4 O ySnopmoIreg ‘o [ iois [y JaMed 'y L uored

‘0% L€ NS 24([ "EHPTISOY LINOS JO UOIFI
8u0100D 91 01 0U219J27 [EIdS I UOHESIIDI UBUINY JO JUSWISeur Sy3 pue

SPIIQ INEM JOJ SIDUEISIP 3DULGINISI (000T) O IPPIH d U2MO ‘W PPIQUNZ ) (] UOTE]
‘€99

ISHPIIDN UvDLASRY (INoS oI Stipyp) snusg oy jo 1adidpues mou v (zg6T) v § 19%1ed
$1-%:LON vonednqnd rerads qymi/ 1ddng 65 oN unoqng dnoio Lpmg ISPEM
“(SPE) BISMOIUSIS M W ‘UOSPIAE( ) N . SI9PEM JO suonendog AemAr] [EUONIBUISIU]

JO UONPAIISUOD IYL,U] "BISY I1SEY UT SIENQEY IIPEM JO UOHEAIISUOD (/86T) ( USIE]

(VS “[IOX MIN :$$21J wnuag) ‘cze-cz 1 dd (spD) vpio 1 g 3%y (*.suonemdog
PUE I0IABY2Y SUIPII1g :SPIQIIOUS 'S "[OA S[EIILY SULIE JO Joiaeipag. ur s1adidpues
Jo swia1s4s [eoos a1 pue Anedopyd ey inapy sae Sutpasig (£861) g  YueT ‘A T Sup

"6%S-6TS ‘LET ISHVANIDN uvdtiouLy
a¢/J,"uondII3s 1euqey ur s3eds [erodw pue eneds (1661) 4 [ 1981qULANIM ‘H O SUELO

"(BI[ENSNY ‘QUINOJ[SIN BI[EISny
spag) ._EE.muuubt\wo|wﬁbn\w:o_uuoznsQ\E.-w._u\:vo_n\:«Som.au_u.g\\”aﬁa
'SPIQ PUE SPUB[12MA 121EM [$00Z SPII] S, BI[EIISTIV JO 2181S 21 L(#002) W U01s3/, J U3S[O
‘TL-19S1 ‘€0T ATojorg riusuiady
Jo puumof -spnq ur siydiy HOUS JO 3502 DNI8I5UD YL (000Z) W  Juekig ‘T y SPPON
CO1-68 0% s1qr
"EUEYD UT SUOOZE[ [BISEOD UT SPIQIIIEM JO SISIP PUE SUMNOI TUIPaa) fep 'uonsaas
qdap 13384 (8661) D UopIOD J AS[eqd ‘W 1004 g BWISIRAN L BLUSIOT] ‘A NPIRgG-EOWRnN

"0$-6€9 ‘9§ 4nozavgag jpuipny TPONO AQ SIPPOD J0J SUNDIEIS SIAYDIIEIIDISAO
Jo asuodsar reuonouny o1 pue vonnadwod DUIINU]I (8661) [ UOISULO[ Y SILION
6-C0LIL 'QOT SaUBIIC 1PN BOIOLG-6 $oL15S
uopuoT fo 121905 1pAoy aq1 fo sSurpaaroy “ISNIOW IA[EAIG B U0 SUIpas) sIoudeD
-121840 Ut sausered 01 sxnsodxo pue ayjrur ASus U22M12( HO-9PI V(G66G1) 3 SIION

(BHENSTY DUINOYRIN WOV SPIIg) ‘z¢-5bdd
‘(PH) aseNg J ‘Bifensny ‘Oueqsug ‘9661 MBI L1-91 ‘winisodwdg dnoso saipnig apes,
UBISE[EIISTY 911 JO SBUIP3D01J *, HOISAI DYIDEJ-RISY 21T 1! UONBAISSUOD) PIIONS,
UL "BAE( 1S9 JO ISLOD LIOU Y1 U0 SPIIGRI0Ls 0 Sununy (Le61) N ISN[EPUY Y A JOON
“(ersAefey ‘dwny ereny
-[EUOHEUIDIU] SPUB[I9M PUE D(1INZ) " WEUIIIA ‘BN J2ATY Py ‘Arenisy Aeq en) jo
$92IN0S21 PUERIM PAIII[S JO I8N [B0T, (8661) d T AN, ‘[T rexLy U3SIIP3] ‘S S UISIIN

"L-€0S ‘0T go4vasay
1921301027 "uONNALISIP suaydsnwat 1213 103 suonedyduwr :arneradwa 1UDWIPIS

s sa8ueyd s1adidpues usisom Jo moraeysq SuBero (5007) [© wosdwioy L ‘s 293N

Aydexdonqig

9Z¢

'8=TT6 ‘61T ¥ny 241 "31eds dusydsnuay e uo uonesoisas feneds :uoseas Suipasiquou
oy Supnp (unvwe stpyp)) s1adidpues UIsam (Z00Z) Te 32  d PIH.O ‘4 (1 NUET S JESEIN
TH-1€1 ‘TT qo4vasay a1d)y puv 22194F "suoneldrdiajur (251801002 pue sisAeuE

“BYSP[Y ‘Moreq Jesu susanied omnyesdwal I9WUMS U SUONEIEA (626T) V. PPN 4 [ STOAW

“(UPWISQ)
1€ °d ‘(S M0I0[§ N ¥ ‘SWEPY [ N ‘BILJV [IN0G ‘Ueqn(] *,$s318u07) A30[0IuIQy
[EUONEUISIU] PUZZ, U] “SUninow jo wonmnu pue so1a81oug (8661) 1 W Aydinpy

'0£-09 ‘90T -40pU0D 2¢/[ "eIUIWY YINOS ISYINOS U

s10U3] pay Jo suonemdod Surauia ur saurndaQ (F00Z) [ T SONN Y A SSOY ‘O [ ¥ UOSIIION
"LE-6FF ‘LOT 40pu0) a4 [ ;spunoi3 Suipaaiq 311 01 $31038 Apoq Su1Iq s10U pay

Op AU\ :$3pnIE] YSIY 18 SUONEWIOSUEL] (G007) 1 BWSIN ‘D N UOSPIAB(] ‘D [ Y UOSLILIO
“(BPEUED ‘EMENQ 1DIMEN JO WNISNY UBIPEUE)D) L9-$5¢ "dd
‘(pE) wOISULIIEY Y ) * SPUE[S] DHOJY UBIPEUE) SYI UT AIOISIH PUE 3DUIIDG “UOISUDUI(]
SUISSTI S.EPBUED), UL 'LAN ‘PUB[S] ISWSI[[q ‘1ISY 18 uonergiu Suuds Sunmp spaq

-2I0S JO JNOTARYS( pUE UONIPUO0D £poq ‘uonerSin (0661) D N UOSpIAE( ‘O | Y UOSLIIOW
"10€-06Z ‘9% Stppupg-pyg ePLUE) ‘PUE[S] SISWSIIT

uo auoISHIN, pue Joury uradomy jo somawoydiow pue UoneIsN (S/61) O 1Y UOSIIIOIA]
"801-66 ‘LET S2qI "SWSITEYDIIW SUIPI3J PUE 121 “[[ 'SEATE [EPRINIUT

UO D1J3S0aY DAISOLLLINIIY SIID0AY JO 4301002 SUIPaa) I91UIM SYL (SG6T) I BIRION

'(30UBI[Y SPUE[IDA EIIOY)

"BIENSNY ‘QUeQsiIg Yesurey ‘wodoy SPUBIoN OON [BUOREN ¢ (SIDUENV SPUE[IIA UEIIOY
1ENQEY [AO0JI1EAM SE A[TEIadsD ‘spuepom jueodun AfreuoneuIauy, (6661) N S2I00T
15-0¢¢ Isndny Suzpug 1adidpues papw-dreys p1symAue 3[qissod (100Z) O S MOWPOIA

"€-0€ “€F 711S 241 "T00T PUE 1661 U3:12q s12didpues Mapmy) pue syung pa3¥oau
-y Jo ss200ns SuIpaaiq [enuuk juaiedde ur suoneLrea (€007) D [sseH Y dossaf ‘) uouIy

B-CTLE NuS oI "$94013UEW UO SUNSOOI SI3PEM (0002) D UOTUTN

(erensny ‘Sueqsug :JUIMUONAUY JO Juawireda(q puesuaond))
" PUE[SUIINY) ISEYINOS JOF 129(01d AdAINS PUE LONDIIJOI BIED DS IIPEA, (L66Y) O IMIN

"€-186 ‘€ «nowgag wuiuy uenodun
ANMIQISIA S1ISIOPEM JO SOUB[ISIA U3 UO 1ENQEY JO SI912 YL (FLGT) I N LI

€9-¢SLL

‘7L 4807097 Jo usnof uvrpvuvy -uonepad pnqaioys JO 8109135 pue uoode [edidon
£ Ut A31d 3781G2112AUT JO AIISUSP [EPNINUT U SUONELIEA [BUOSESS (F66T) ¥ IONOIW I ISDISN

"FOF-96€ ‘GOT SOIO "SIENQEY IAEMUSILY
PUE SULrEW Juisn $9103dS PIIQIIOYS UT BLIE[EW URIAL JO 20Ua[EAdId DY) UT SISNU0))

{SUONNAIISTP PIWWI-3SEISIA (S00Z) 9 o SIAPPN ‘g sueeds ‘i booay ‘LBWSIDN “T SOPUIN
"(eEnNSny ‘OUINOJ[IN :BIeNsSny SpIig)
$e-61°dd ‘(pR) MenS J ‘BIMENSNY ‘3ULGSHg ‘0661 YdIeW L1-91 ‘wrusodwiig dnoio
SIIPNIS IIPEA UEISE[ENSTY 1 JO SSUIPIII0I - UOIFI JUIDEJ-BISY S UT UOTIEAIISUOD
PIIqaIOYS, UL ABAAY UBISE[EXISOY-URISY 1SET 93Ul SUO[E SISpEA 03 SIESIUL (/G6T) S A SMIARI
"(IN ‘98prIqure)) :$s31g ANSI2ATUN 2FPLIUIED) "PUERIID] ‘HIABHAIY *,oNory
oy ut S3uey) NeWD U0 WisodwAg [EUoNEUISU] VIOV, U] 98Uy pue AMmqgensea
9EWD 03 SPIIGIIOYS JNDTY JO ANMIqeIaunA (F002) Te 12 ‘H PAOY ‘L PWSISIG ‘H SYOIPIN
'2S-1¥1 ‘VE8 vopiy SNSaIpaiso
sndopiuap ] SIYDIEDINSA0 SULIDWIWEY AQ PIISIATEY 3q UED 18] Sinpa snyldy
S[ISSOIU JO AJISUIP 21 SUIWINGP 01 4309y} SwiSerof rewndo Suisn (966T) W d AIPW

EI[EISNY JO SPIIQI0YS




622

6-€L 00T

ungayng drnoin {pnis 4apug| SISpeM [BISE0d AQ 3T01D 1S00I SpN-YSIH (€002) I g SIS0y
‘(Auewsog ‘umsnyg

PBYOS[[I$ISTE[IIA PUTL -3ONIJ WINSNYH)  BLISCIS [EIIUIY) JO SpNY YL, (Z661) H BAIYIESO0Y

‘6L-69 ‘TET S2QT WRWUONAUD [edidon & ur so10ads
pIIqaI0Ys JO $318318118 SUTp2a] 1S puE Aep 3anereduIo) (8861) ¥ IIINDOI ‘W 13290y

"T-0%1 ‘O 4N 9L SISUIES) PIIG-Ia1em Jo LOud[[2dad 151em UL (L861) I V 24rd
Th-¢Cl ‘o%
$I1LLLOFON "PUE[EIZ MIN] TUOIJ PUE 01 SIOPEA DHIIY PIPUE(] JO SIUSWIAOI (6661) D V U238y
78-2L9 ‘9% szq[ 'spNgaroys A10)e13rm
Aq SIeppnu JIUE[1Y IS2MYIN0S JO UONEZNMN Y1 pue X31d jo uoneSs18ss reneds
‘AIdU3301310Y [eIUdWUIONAUT (F00Z) T AnSaIne[‘d OJIEABN ‘O O SUIEqU] ‘d d 0I1dqry

‘$6-98 ‘00T unayng drnosd dpnis 4apvm "siopem Surpaaiq
-DNDIV TO SFUEYD 31w Jo 1oedun 3y3 SundIpaid (£007) d O H PHD ‘W W YdSyyay
PH-GC1 ‘9 aouUaps
AULADIY IVISVO)D) pup dULYNISY "SPIq Sutpem 01 AW[IqISSIIDE 1T pue (") UagIvq
vuoIvy Jo Yadap SuIAing 3yl Ul SUONEBITEA EUOSEDS (8L61) § A1I0INDW [ D Surpeay

9¢-61¢
‘6 SULdISASOIT 42IVMLGSI4] PUD JUILDI] UOHDALISUO)D d1vnDby "s1010e] [edrsAyd oie
1ueodull MoY JPUENIOOS ‘DIYSUIIPIIQY ‘ATenISd UEYIL 311 JO A80[003 a3 ut safueyd
w12 Suof Jolel (6661) N d¥0D °§ uuewuyoy ‘| [ U0SIaNIed ‘'S Aea\ d SIed ‘d HIwIrey
L-C1 ‘TT vAADUIPUDIS SHULQ)
‘s1adrdpueg Ma1In) Jo INotAeY3q SurdeIoy ur SOOUIISIP PIIRRIXIS (1861) W O Yomng

1€-€22 ‘SL AS010q1U4Q) PIowd Jo [puinof “INdNDd3UV0Y) Ul $311S 1940d01S [BISEOD 1B
spatgazoys A103e3S1r £4qQ asn 1enqey pue duepunge A314 (F007) vV g uoiSutirey ‘S [ y4oe[d

‘307-S81 ‘F1 152301007 uvorizuey siddidpues onoIy ur
UONEBZIUESIO [EID0S JO UONTOAS pue 4301007 ($LG1) I 4 § UEYTOE ‘LY SOW[OY V d BY[211d

(uredg ‘euotadieq :suoIpg XudD) "¢¢S-HH% “dd ‘(spa) Te1e3aEg [ 101 V ‘0AOH
9P [ ‘.$3Ny 01 WIZ1BOH :¢ 'TOA ‘PHIOA\ 912 JO SpIIg 913 Jo jooqpuey, uf ‘(sadorereyd
pue sadius ‘s1odidpues) seproedojods Afrwre] (9661) d EWSISTA ‘[ STIO UEA ‘[ BWSISN

L0S-C6% ‘$9 (501007 jruiy J0 pusnof ‘BONNQIIISIP
[eneds s11 (e 1opesm Suiqord ¥ Jo wstueydow SUIpuy-pooj 3y UI| 01 [001 ¥ SE
1Ppow 3suodsal Teuonouny s Sul[foH (SG6T) [ I3 I9p UrA J (1305 op [ S[ID URA 1 BWISID

€8-LLC1

‘€QZ sa0Ud1IS [UIRT0IOLG-G SIS UOPUOT J0 (321008 1wloYy 21 Jo sSUIPaar04]

{SOIBUAD Paqeas Jo sapddunid Jo asn 2y3 :spaiq ur uorida19p A21d JOJ WSIuEydow
A305U25s 21n18831d MIU ¥ (R66T) W ¥ T SEEIW ‘H IPNOUYIDG 3 MY Y ISPV UeA ‘1 BWISIDN]

“(VS[ ‘azommpeq :ss21d AnsIaatu() sunydoy uyof) ‘.

-29z "dd (spg) S1mquaasn) Y ‘BlIEW d d . SPIY £I01BIZIN JO UONN[OAT PUE 450[007 21

‘SPHOA\ OM] JO Spig, U] ;SUOIIPUOD [EPIIIUT [edIdoI) UT JUTEIISUOD [ED180[003 1S3IJAIS

U1 3UIDR] IPIMPIIOA SIOU] PIY UT 21 2883018 [90 (S007) [V IaNeq ‘L q O UOIUT)y
‘] OIUSWIIISEN Op OUEBIIIS BIUTT 3D ‘[ T SIYIN “T SHEM7Z J ZI[BZUOD) ‘[ (] $1980Y ‘], BWSID]

L1-€OT ‘S6 40pu0)H a¢ [ NMPOS PIIEI-Jeg Y} ‘TUeISIU 3DUEBISIP
-8uo] e ur Aarenb AJoyerSiur jo sjeuSts 153U0Y SE $1SE21Q Py ($66T) [ BWwoNn( ‘[ BwSIog

AydesSonqrg

8¢

Le-Cl¢
‘gL vap.y '$311s SUISEIS DAISSIDINS 1B SUMPOL) PI[IEI-JEg JO S[IAI] $IATISII JUILIINU
ut s23uRYD IUEISFW 3DURISIP-SUO B Jo 1YS1Y 2y Suna8png (066T) [ vwIayn( ‘[ BrusIdNg
ST-S0¥ ‘7L 4301007 Woruagoorg puv pIt8o101sdyd prgaIoys
Sunesdnu 3>ueysip-Suo] v ut Suranya1 Suunp sdnoid opsnin pue Ue8I0 [EUONdUNY
JUSIDIIP JO ZIS 21 ut safueyd prdey (6661) J [UEPUSIT] ‘V 5 UOSSPUNWPNL) ‘], BWSII
'COT-961 ‘STT ayny a4
“SIMPOD) PI[IEl-Jeg 3S2Q0 UF SUESIO 2AISISIP [[ewus :A]f 1,U0P SIND (866T) 4 ¥ IO ‘I BWSISN
‘(PUE[EaZ MIN ‘Y2INYDISUYD)
"ZL-19. "dd ¢ DIS0[OIIUIO SHEUONEUINU] SNSSaIZU0) XX 10V, uT ‘suondo syradsqns
13111831 S[IAI[ 321IN0s3I pue 3d0odS DOGEIDW 10T Y] IIPIAI]J A[JIYLIOU 1SOur
S pFom 213 Ut Surraiuim [edidon snsioa 91e33duwal, (1661) d BWSIDTAM Y 1UDI(T [, BLUSISI]
TI-$0S ‘TS goLvasay vas Jo [Puinof sSpuviiaqIaN SIEFPW
reordon pue o1erodud) usam1aq suosITedwod JUBAI[DT SPressol :3andadsiad pigaloys
E WOJJ SIeNqEY SUIP23J [EPIISIUT JO UOLEN[EAD UV (661D I dInL d (1909 aq 11, pwisiatg
'6-S ‘00T unayng
dno.tn (pnis 1appp iso110381Y O1ydeIZowap pue -ofif JIDYJ UIIMIIG SIMWOIOYDIP
[PAUDWEDPUTY PINUIIDIUL :$9103d$ PIIQ2I0YS ,PUBIUL, SNSIDA [EISEO)), ($007) L PWUSISIJ

6-8L7 ‘68 ULDGISUBSSINANIVN "PIIQIIOYS
B UI 3{D0]D [ENUUEDIID SUOIIS B JOJ 2DUDPIAI [SYIUOW QT SIEY JEIA B Uy (Z00Z) L BWSIdN

"1€-€29 08 $0320 ¢21nssa1d
ousered ur uonenrea feneds 01 anp 20UI2dWOIOUNIT UT SJUIUIISIAUT JANR[II Il
JAJOAI-0D $21821E11S UONEISIW puE asn JeNqey jo suraned [eqoid o (L661) L BWsIag

+6-S$81 ‘09 vsoun "paads 1Sty pue Suruaney
‘BuIpaay Aq SI9PEM D1IDIE JO uoneIdnu uo sjurensuo) ¢dwnl 10 doys ‘doH (L8G1) I eWsIaig

'TT-101 ‘9% S1LL0JON “(STpOULNq

SHEAPDADED) 1919110 Papueg o) ut uonexdrw jo suianed [euoiday (6661) [ 4 22191d
CT-¢1 me SI1ULOJON] "IDATY SSE)) 18

(S110U01q SNLAPDADED) S[SIN0( Papueq Jo surdnied [e100s pue Surpaalg (686 1) [ ¥ 221214
0S- 151 ‘L1 21488 SS4304
801037 surivpy "s301epaI1d PIIQIIOYS JIN1 JO INOIABY3q Surde1oy oyl pue axmeradwoag

01 UOTIE[DT UT S9IEIQIIIDAUT [EPIISIUL JWOS JO ANANOE 33eIng (QE8GT) A N DISMONUSTJ
$O-HHT ‘1§ 4N01APGIG [DULLY “SI0IDEY [EIUDWUOIAUD

01 uoneI i s1240[d Jo uroned SumSeroy oy1 ur sa8UEYD (2E€8GT) M I DISMONUSI
6-22%

‘€7 ALOISIH (DDA UDYDLISHY ISNUSIDS o4l pue dways oyl ‘qus UL (0661) H sddimmd
9Z-$11 ‘09 uogwatasuo) wndojorg eaxe SurSels UONEISIW € 1B

SPIIQ2J0YS TO 30ueqINISIp uewny Jo 10edwr oYL (Z66T) W SUIAET ‘V g uoiSurizey ‘) 121sgq
9Z-%1S ‘LOT 40puod
aqgJ *(9ep1oedolodg :SIUWIOITLIPEIe)) SYUEYS 33 UT $2121S [ed1SojoydIow [e11$adUE Jo

UOIIU)3I PUE UOTIN[OAD [3[[eTed J0J 90uapIad 3uag aidninp (€007) [V INey “T § BILDIdJ
'0¢-6TY ‘L8 40puoD a¢ ] "SI9A0[ PIN[2G-3deld

rm uoneosse ut gunssu siadidpueg paiseasq-jng (S861) [ A\ DUeUINdIg Y ([ Uos[nEd
(VSN ‘DA uoiSurysep :uoru() SISISO[OYINUIO UEDLIDWY UL pue ‘eryd[apeyd
1S9DUIDS [eINIEN JO AWDDPEIY YL '(SPA) 1D J [00d V 981 ON ‘BOLIWY

JLION JO SPIg YL, Ul ‘(wjo4vipnbs sypranid) 19401d pPG-2ed (661D 9 g Uos[ned

El[EIISOY JO SPIGaJoys




j1%4

"86-58 ‘T8 Yap4y BLIX(LS JAWIEL UO
SNINUPD SLAPIIPY S10TY JO SOLIIWOIG PUE UONNgINSI (9661) A W ASIAO[OS ‘S J YSTAONWOL,

‘08-%L1
‘$Q (1924150 "SIAPEM BUIPI2IQ SNOIE YSIY UL AW3PY NS (PG61) AW ASIA0[0S ‘S g YIIAONWOL

"Ze-€1

‘B uxed Q0T ©ostan( (rarso1org ‘sisypapAr Jo (331205 mossopy Jo unaymng “[uessny
U] SP4SOETB]Y S1PHPD IOU LI 3171 JO AS0[01q SUIP32Ig (1007) S d UDTAONWOL

C-%¢ LT HUS 2] ({T[eWS 0S S10U3] Py
UBEIISY 31T AYM JO - spunoid Surpaaig-uou uo uonnaduwod Japes (S661) § d UdrAoNwoL

CO-H¢ 'S8 SpLg (sHzLg UOMUN) 131408
ISWIO0Y 51 UT SI3pem Jo safueyd vonendod pue auel-3urpassg (ZEG1) S d YDTAONWOL

(RIELISTY ‘SUINOQ[IA [BI[EIISNY SPIF) "¢H-¢¢ 'dd
{(pI) Meng d ‘Bensny ‘Oueqsig ‘9661 YoJel L1-91 ‘wnsodwig dnoisy sarpnis Iapesy
UBISE[EIISOY 203 JO SSUIPIID0I] ¢ UOITIT DYIDEJ-BISY 1 U HONEAIISUOD PIIQIIOYS,

U "UOLDNIISOP 2[ES I3IE[ JO 4101sT B - uede( UI UoNIBII[e PUE SSO] 1ENGEH (L661) S 1'eqoL

'9Z-L11 ‘86 Muitd "elensny
‘Keg uo12I01y UF uonesienads 1eNqey Iopem Ut s28UBYD [BUOSEISINU] (8661) [ [ vosdwor],

‘(eyesIsny

“aueqsig :419100¢ [Ea13ooynuIQ puesuasnd) (sp) uidel v Im ( ‘Uewsmy 3

I0ISH A d ‘T[BI21ED d D . PUBSUIINY) UT UOIEAIISUOD) PUE SNIEIS [SIENJEL JId(1 pue
spuig, uf “uonepeigapolq pue 3d4) JE1IqEY JO SIOJEDIPUT Sk SPIIqI0qS (¢661) [ [ uosdwoy

‘puesusaNg) Jo AJSISAIUN) YL ‘SISOYL QU PUE[STINY) ‘Aeg
UO12IO\ UT UOLIBSTIIN 1E1IGeY Japea jo suraned [exodws) pue reneds (766 1) [wosdwor],

5/-69T ‘06 722447 "UONEISIU PIEMI[IIOU 23 SuLnp ‘puesusand) Aeg
UOIDIO UI SIMPOS PI[Iel-eq JO UonNJLISIP Pa1e[a3-38e pue Xas 941 (0661) f uosdwoy],

87 ‘% A8oj0rg Auvuoyoag DWY g7 OU 1L ~

AuaBojdyd pargazoys 01 yoeordde somiadns v (qQF007) LARYIZS 'V I ST ‘H O SEWOYL
"9Z-916 ‘0E UonNnong puv $311a1aSolgd vpnosopy “Suljzznd 191renb pue ‘uonnjoad
WNWU ‘92UIIIJUT UeisaAeq ‘Auounsied :ouas g-owoIyd014Ld oy woly (TLpPerey)

:$9AY) SPIDO[E PUE ‘SN ‘SPIQII0YS JO Au3B0JAUd (BH002) L APYIZS VY I SIITA‘H O SEWOy L
‘eIeNSOY ‘AMd[y ‘98¢l puE UONEIIDIY ‘SHIEd JO 21U dU0ISUyof

. BIUBWISE], UT SPXI] Surpess JO UOTIEAIISUOD Y1 pUE SUNsoAIey e, (S661) ¥ [ JOIABL

FO-LS ‘79T SaUd108 (02150101 g-g sarias uopuoy fo (121005 oy aqi Jo sSurpaaroid
SpIIQ210yS UT 21ed [E1uaied UT SUONISUERI] ATeuonnjoAq (G661 d [ SPIOUAIY ‘T, AJX97ZS

08-$.€ ‘12 Aqdpi5007 "e133qIS ‘BMSUIUSJ JAWIE], o) U0 SSUTWII] PUE SIXOJ JI1DIE
JO sIaquInu Y1 U $33UrYd 01 uone[aI ul szadidpues AMo[Ind pue 3s338 1uUs21q patjaq
-¥ep Jo Ananonpoid SUIpaa1q YL (866 1) H I FISAONUDI0ILS O T [[IYISPUL) M Y sTowng

Q-G0T ‘€€ ((pnis parg "SIIDAD JUTWWI] 01 UOHE[DI UT DPILdq
DIIULIq DIUDLG ISIIL) TUIYG PII[Aq-3§E(T Jo uondnpoid Fuipaarg (9861) A ¥ SI2wwng

“(erpensny ‘ASUpAS [[EUOHEBUISIUL SPUE[IIA) ‘L[ SIIPNIS IIPEA\ [EUOHEUIIU] ‘G

SOIIG [EqOTD) [BUOTIEUIIU] PUENIIN 16-L8 dd ‘(PF) meng J ‘erensny ‘BIIdqUe) ‘C00T

I3qQWad3J CT1-¢1 ‘92UAISJUOY) SPMNG2I0YS UEBISE[EIISNY 21 JO sSUIP2201d ‘ ABMAL]

UBISE[ENISOY-UEISY 1SEF 211 UT SPIIGIIOYS JO UONEAIISUO)) PUE SNIEIS, U] 'SIA0IFUEUT
JO 1E2IY1 943 - BIeNISNY UT JUdWoSeuew Jeliqey pIdaioys (F007) N ULINUIeS d MENS

&ydesdonqig

0¢z

"101-0601 ‘0%
A8o100g panyddy fo puinof “eyep AISUSY[DYS PII1d30D A]punnol Sursn Aeliow pIq
-2J04S 121p21d UED [2pOW PISEq-INOTAEY3] [ENPIAIDUT UV (£00Z) TE 12 ' VISIA 'V i UBLINS

"€0L-T769 ‘99 AF07007 unuy Jo ppusnof Inoiaeyaq SurseIof
DISEq WO IOUIIIINUI FUIIPOW (LG61) O A MOPIED ‘d [ PILISND-SSOD) ‘Y Y UBLIIIS

'61€-96T ‘TYT ISHVAMIVN
UVILIULY ¢ (SNTaI4ISO SHJOIPULIVET) INDIEIINSAO pUE (SHUVIO] vSULLL)
JUBYSPII :[$pIIga10ys FuiSe1o] Jo spaads Fumpiess oy ($661) W d 1uedig Y [ ueuryeadg

‘(uedef ‘emeun|Q SWIISAS0I 240ISUE]y JOJ £13100§
[EUONEUISIU] SYL) " SE[IY 2A0IZUB PIIOM, (SPA) (LG6GT) A O PISL 4 0dseld ‘A W Sutpreds

‘9-10Z ‘01 Sap1is LaPYM [PUOLIDULIIU] TAWITE], UIDYLIOU UT SIJPEA UT JIMIDNIIS
2y) pue suoneda1de pooiq jo uouswouayd YL (8661) S d YITAONWO], ‘X W AIIAO[OS

“18-1LZ ‘8ET 225070471140 411f 014n0f "BII]LS TAWIR], UISYIION I BIIE DIV
ySiH ® ur (ILIpeIey)) s1apes ul sa8ueyd ssews Apog (LGGT) S d OTAONWOL, ‘X W AIAO[0S

"6ZH1 ‘B0E
2012705 “s3e] N3y urreaddesiq (S00Z7) A ‘T UBWZUIH ‘W O PIEUOCIEW X SU2YS O T YIS

'€L-0¢C1 ‘8 4noravgag
*$2ALIP-uIpo0Iq pue -2dEdSd 24188388 JUI JO O[O Y1 01 DUIIJAI [erdads yuim
‘SUBRLIML SPIEAO] SIOPEM JO SUONOEII-J03EPa1d 311 JO oInieu Y] (SCGT) T I I SUOWLIS

0L-LSO1 ‘CE Go4DaSIY L2IVMYSIL] PUD
ULV JO 1puinof uvyvaisny ‘WIISAS0DI JUTenIsd ue woiy swsmedio ur sjdusydiq
paieunIoyd4jod Jo SUONENUIDUOD I SUDUINJUI SI0108] (Z8GT) A d [[PULI0D g O MBUS

"T1-108 ‘86 ¥ny ag [ "uona[dsp
A51d 01 UONE[I UT BONEISIW PIIGAI0YS Jo Surtwi] (18GT) V4 Uo1urirey ‘D) ( JIPIDdUYDS

‘CH-8¢€ ‘97 snupad SpUQI0Ys A301eISu jo SuIpad) pue pooj YL (SRGT) D @ IIPdUYDS

(erensny ‘sueqstig :DYD [€ISe0D) ¢-01% "dd ‘safem yinos

MIN ‘SPEIH PIIML TO0T JIQUIAON 8-F ‘,30UIIJUOD) [EISEOD [EUONEN 70T 1SE0D 01
1S207) 31 JO SSUIPIIDO0IF, U] *30IN0SII YsTewjes Jururoap syl (Z00z) M SI280Y ‘N UBmuIes

CH-67 ¢S

UONNIOAT PUD L0tavgag ‘UL '$1331e11s JUIPIIJ 1I9Y] JO UOTIDULY B SE SPIIQIIOYS Ul
sanIIqeded [ensia [eUIMOOU pue [EUIN (G6661) d JMdeydeT ‘I, eueqe) Y [IPNOIW ‘W 1 selod

HC-CT 9T HHS 2L
$9X3s U] JO EOCENQum JELITAI(] UO PISEQ SO1II9WOIJ MI[INT) UIJISeq Ammmﬁv oY muumom
“(BI[BIISTY ‘ADUPAS [JEUOTIEUIINUT SPUE[IIA)

L1 S9IpNIS ISPEA\ [EUONEUIIIU]L ‘G SI1ISS [ECO[D [EUOHEUINU] SPUENIan ¢z-61 dd
‘(p) MENS d “BIBNSTY “BIIIQUED ‘CO0TZ I3QUIIJ ¢T-$ T ‘IDUIISJUOY) SPIIQIIOYS
URISE[RIISOY 3] JO SSUIPa3D01{ ‘ ABAAT UBISE[EIISNY-UBISY 1SE] 311 UT $pPIIqaI0YS
JO UONEAIISUO)) PUE SNIEIS, U] "adIug paluied Ueensny 3y3 ur surpap uongmndod
pue 1e3qeY SUTpa31q 32aud110q SUIpa21q YL, (¢007) T 12 ‘S UOIed ‘I 20UEH ‘Q siadoy

H-€S 0€ 1S o4 L sniftdvoyni sniappavd) 194019
paddes-pay a1 ur moiaeyaq urjood-333 pue Sunfeos-AT129 (L661) M A Soped ‘I d s1380y

$9-LS1 ‘SL AFoj0411140
191 JO puanof “erfeIisny uIa1soMyPou Uy [ELI) [1YSSa00ns € :SpIiqaroys ur Apedodur
s1n3ded Jo wauneasL (F007) [ D 1PsseH ‘v seeyjooy ‘| smolreds i J Aomed ‘I  sI280Y

BIEIISTY JO SPIIQAIOYS




"6¢ ‘9L unayng dnosn dpms aapuy sudojuviurg sndopuvun gy
BS PIZULM-YDEIG S UT AIPPY-211S I3IUIM (S66T) [ d stoqnq g 191dII], | nosax
TT-H1€ 69 A5oj007
wunuy Jo uinof “(ILIpeIEyD) pIQaI0Ys Jo sa1d2ds 0m] Uy uors1adstp Surgeioy
PUE SUOTIOUTY 2DUIWI1Ul Sunsenuo) (000Z) d [ PIeIsnd)-ssod) ‘Vy UEW]MS ‘D W SIIBX
F19-66S ‘0€ AForoog
vanddy fo jpuinof “ysep 241 JO SYUEQ ISUUT 3] UO SINISUIP ISPEM PUE $ITUSUIP
SIEIQILISAUL ‘SONSLIMNDEILLD JUSWIPIS (£66T) T2 12 °S A1IOIDIIN ‘(I [ PIBISTD-SSOO) ‘D) W $318L
‘9¢-LTL LY ABoj00g
1puonOUn{ "SYUEUSpaY Ul UONED0] SUIp33j JO 3210UD UT JJO-open s uonepasd pue
UOMEAIE]S SU1 UO IIYIEIM JO S109519 S1dnniy (007) A [[24885910 “T [ uum ‘W ANSeA
"LOYFOM'TY (24DISIY S2I4N0SIY 42]4 "UTR( $ITIOD) IIIY [ 1
IaYe pue s1ea4 ¢¢ 15ed 9Y1:83s 3171 01 AGILYDSIP JUSWIPIS I2ATY (9Z15UEy) Suer(3ueyH
a3 vo s1vedwt wed (9002) O 1YS ‘S 0vrd) M 0X ‘Af B ‘X 03ES ‘H Surm ‘7 Suex
'L1-909 ‘62 AFojorg uvray fo puinof sounrsssed Jo uoneIUsLO A101BISNU ayl
UT S31D [ENSIE PUE DHDUFE JO UONIEBINU] (8661) Y ONUYISIIM J IS[PUISA ‘A ONUISI[IAL
"01-101 %8¢ vriojorqopdyy
"686T UI $1u242 anbrun 03 30u210§a1 reMonIEd YIrm Bensny [EIUID Jo e 1pEs
21posida ue ‘Sua1I0) 33ET jo ABolouw] AYL(866T) [ W 1PIUS d I9OIQ 2 ‘a A\ SUrerIA
6L=LST 96 40pU0D ¢ ‘SIOUY PAY JO I[IAD [ENUUE Y1 UT 2IMIpuddxs AG1ous
U0 203 1032181 PUE 12U ‘SUB[DO]S 1eIqEYOID JO S153)JT (F661) LeWSIDN] | BUISIDIA

"T1Z-€61 ‘6§ 4801037 uszuy fo puinof “sasdiorur
DLDUALY JUOISTINT SULIILUIM JO SUONEZIEAds SUIPao) [enpIApUI (066T) d PIRUIYM

"T-01 ‘8% 17115 2¢/T 'AI0111I3) [EJRU ST WOIJ

124014 PApOOH 3tu2An! e Jo uorsIadsIp PaAE[R( (S007) VN UOISIM [ ME[ITYM V MBI
(SpuUeayIaN Sy L ‘uadurniafes [[EUONEUIIUL

SPUB[IA) * UORIPS N0 - sa1ewmsd uonendod prqiaies, (9007) [PUONEBUIIU] SPUE[IaM
L-€L7 6 dBot01g
UONDALISUOD IOV “BIEIISTY UISIM UT SYE[-IES B UO SIDAOIJ PIPOOL] Surpasiq

“UOU U} ONEI-X3S PIASEIQ-3[eW ¥ (F007) T8 32 YSOIUOW “T [ 4 WS-P[IA(TELIY “V A TOISIA
T6-$8T ‘SOT nuty

(SH10914q714 S1U40UIG [[) SIFA0[J PIPOOH UT SIED [EIU3IEJ (AS00Z) V IN TeSIT VN TOISOM
'602-¢61
‘ST [DUOHDULIUT UOYDALISUOD Pty *$30UNDISU0D pue sosuodssr 1S2170014G 7L

SHLIOUIG | 33A0]d PIPOOH SULIESI-PO0I] 01 DUEGINISKT (€$002) VN JESIT 'V W U0ISIM
"TI-11 ‘6T DJ1940D SHJOOLQNL STULOULY ]

1340[d papooH dSrydrowouows Arenxas 3ya ut Aefdsip om1ads-xas v (S007) VA UOISam
"(BI[ENSOY ‘QUINOGII]A (BOIDIA SYIEL) * Uoneuwyoyuy

SUDSIXD JO MDIADI B IELIOIDIA UT JAO[J PIPOOH oy Surdeuey, (007) VN UOISIA

SUINOGRJA JO ANSIDATUN YL ‘SISSUL qUd
$13A0]d PIPOOH JO A30[01q SUIP33Iq ST} UO IDUBQINISIP JO 193133 UL (000T) V N UOISIM

"11-S0T ‘% LOupL0IS3Y
pup uaaSvuvyy (warSoj0ag MIOMISN PIig pIaudIEaIYy |, UBIENSNY 311 WoIJ s1ySrsur
‘UOHBAIDSUOD PIIq U SIINUNJOA ($007) D SOIEZL ‘W [AUDIES Y [oma[ ‘I ASIpUD ‘W UOISIM

Aydexdonqrg

4 4

T6-6LT ‘8% T $91498

ssasdoud £8000g augavpy Konod JuswoSeuew AI3YSLI2YS UO ISTAPE 01 [2pow paseq

-INOIABYD] € SUISTL :SISYDIEIIINSAO puE A13ysyqpYys A1ng Sy L (€007) [dsaeoD‘mda
IoWed d JSM[EA ‘ 3T2ADIS S [[230(] ‘Y Y TBIUNS ‘s 110190 ‘q [ preISn)S509) ‘q Visom

"8-L69 ‘1Y a4ngpN; SWEINS J1E SPIIq

o410 343 Sursn spourad papusixa 10J 2pY3 UED A, & Ul SUIA]y suedIDy - UONEWIO)
1y3iy ur Sutaes A8xoug (1002) § PAONSENI[  2IpUeXIy X vnbiap) f uniep ‘g U2ITSIOWIOM

€6-98% ‘08
7y 24 ] nowW fexnieu Supnp Juswasedar 12qes) jo WSIUeYDIW YT (C96T) T O UOSIEA

“(BITeAISNY ‘SUInoqay :2InieN IO punyg IpIA\ PHOA

puE Uoru() S1SI80[OYIUIQ UEBISE[EISDY [EACY ‘dnoig S3IpMIS IOPEA\ UBISE[EIISTYY) *.06
"ON Hoday NOVY "EIENSOV UT UORPAIISUOD pIrqa30ys oy weld reuoneu v, ($66T) Q SURfIEM

FOL-16 VI8 vopuy “snfajpiiso sndorpuiavyy I3YDIED

-121840 313 JO 121p 243 Ut $3102ds 4o1d U se VIIqIIDq VULOIDIY] DUR 40]OIISIdaLp
S1242N/ JO 2510Ud 341 UT $a3ueld [ePLL(9661) q [ I2yosiny { g sug ‘{3 ay20%sung ‘( § selA 9p

"€6-€HT ‘08 vapuy Arenisas erddwal Yinos e e SIopem
1oy syenqey Surde1oj reprerdns jo sourLIodwr SUL(Z661) ¥ V d 43[20H Y D zanbseap

$-161 ‘¢ 4dojorg

uvgay o uunof sdiysuoneas onoudBojdyd prigaroys uidpow 1e YOOI ysaij e
‘PUNOQDI 913 UO SONEWDISAS JE[NDS[OW UEIAY ($007) [ O 9YAQ ‘d ISNOYINEA ‘T USUIN] UeA

‘0€-021 ‘BL (801097 uguy fo uinof Aep Sunpom

JO q13UD] pUE 3010YD YOIBJ [] "SHINUDI S24pHYD SIOUY PJ UL SUOISIOSP SurSesoy
SI29JJE AU 2A8SIBIT (S00Z) L BWSIANG Y M [UEA ‘g sureds v eSumioq ‘v [ S[E) ueA

'61-SO1 ‘%L A80j007 unuy fo puinof 3D10YD

A31d T smnuvs spapyv) $1009 pax UT SUOISIIOP SUISeI0f S109E 3IoUa10q 2418331
(£002) ¥ 1021 ‘L PWSISY 'V eSURDQ I3 Iop UEA [ 2112g UEA Y § [T00Y (1 *V [ ST wea

'€8-¢L8 ‘€€ 4501007 paryddy Jo ppuinof spiq pavrews Aenpratpur

UO $91pMIS PJay :3wn FUIpasy 3507 Jof aresuadwod oy snSaa1so sndopuavyy
SIIYDIEDIANSAO JO ANME YL, (966T) VA § [I2INC (L A3T° [ pIeISN)-sson vy

$L-LS B8 vopay eIV Jo dn UIdINOS

31 38 sndodvgd SMuUsUNAT SIIqUITY A PUE pjosvivnbs SHvIAn]d SI9A0[d £319
SUIENISI JO $128pnq 431500 [EU0SEIS puE £80]03 SuiBrI0g (9661) ¥ Vd A2300H Y [ ordany,

"12-10T ‘28 vap4y s31n01 uonesdru 3(qissod pue Surwm INOTARY3I( EeNISnY
UID1S9M-IIOU WOJJ s13pes Jo sarniedap A101eISIN (F661) d 1509 2@ ‘s Aoussynopg ‘1 ding,
'S9-¥ST ‘89 501027 usuy fo uinof "PHQRI0ys SUISeIo] € Ur 30UdIIMUT
Jo mBuons 3y pue sduepunqe 4313 (6661) A [ prersn)y-sso9 ‘v y vewqms g 19rduy
'9¢-9¢ ‘€8 unayng dnosn Apnis sopoy 9661
U SEIpun) UeIssty 33 Ui SUOHIPUOD SUIPaalq ISpem (L661) A X AOMIIEYZ ‘S J YDIAONWO],
"6S1-LL 1T datsedaur) agpis mossoyy fo Wnasnpy 1pa1801007 aqa Jo saarqrey
‘[uerssny ur] espodNYD uIv1sEy Jo euney pIIq SYL(£861) O V UDIOI0G ‘S d Ydraoqwoy,
"9T-61 ‘6T SaIPNIS UBPUM [PUOIIDULIIUL "TIDISLS
Burpaaiq 1oy Jo 1Sy amp wn uonnqinsip dorgdeiSoas pue sjnpayos :spunod Supaniq
I3 o warpIn.aiaf stpywv) sisdidpues mapny (9002) X A9140]0S§ ‘S J YIIAONWOL,

9€-ST1 ‘6T pr3ojoqirusi0
BLIA]IS JAUNE] 18 SUTISpUES 543 Jo uoneziueSio TeI20S (100Z) A W ADIAO[OS ‘S  YIIAONWIQL,

BITENISNY JO SPIGRIOYS




€T

181°6 ('dds prusogay) duniys suriq

IZ-¢1 -uwn
8-L07‘0¢-¢z uonepaid
¢-¢z 2red repuared
C-12°¢ swolsds Surrewn
I1Z-01 1mmuqey
¢¢-6 4801002
£-907 suewny Aq 20UBQITISID
61-01 UoONNQINSIp
C1-21 SImsusp
8Z SI1U0J0D
¢-1¢
‘6282 LT 6T €T 2T 0 ‘91 ‘TI-T1T
‘01  SPIIQaIOYs SUIPI3IQ-UBIENISNY
1Z-01 Seale
1-0¢
‘£Z'0T 1T spIgaIoys SUIpasIiq-ondry
Jutpaaiq
60Z ‘8L Ppuesuaang) ‘Aeg uszIn) Furmog

6-BLL'CS'TE L1C1 (sndouvuurg
sndojuvi ) s pasurm-yoerg
L61'6-88'6L ‘8L LL
'S¢ (psous] pSowrT) NABPOL) PafTel-Yde[g
[-091°C¢TE L1 (sdouvpous
S2U.L043S)T) [919110(] PIIUCIOBIG
€1Z°TIT ®BHENSDY JO qN{D SI9AIGQ PIIg
¢/ 192(01d seny enensay sparg
€1Z°21Z 11T '2E ST ®erensny spig
90T ‘C-TLI ‘TE 6T ST O1‘TT
(S24750.43U D10 SNOVST) AIIND-IUOIG yoeaq
Z61 (1adidpues
pueldn) pprvSuo; viwpigivg
I-06 ‘08°6L ‘8L LL 9L ‘CO
'8S ‘€S '8Y LT OF ‘TH 0% ‘6€ ‘0€ ‘7T
‘€1 (waroddvy psounT) UMPOL) pafel-Ieg
80C ‘6% ‘0% ‘1¢ ‘¢Z ‘ma‘na Jumpueq

1-081 %9 °7¢
‘6TLT ST ZI 01 (snpwgdasoonay
SnaIUlgLoPpY]D) NS PIPUBY
S€-¥91 ‘¢¢
‘01 ‘L (40109143 snpppuv, ) 8uimde] papueg
€61 (rparvq stprv)) 1didpues s,pireg

6SPSLF ¢ T $1900AE
€12°80T ‘SL
‘6F ‘A dNO19 SOPTIIS ISPEA UBISE[RIISNY
L-98T1 6L LL'TE 6T 9L TT ‘0T
‘6 (DI1eqDSsE YI12IS) S[ODUNEIJ UBTENISTY
L61'6-891 1T ‘81 CL 11 (sewaasny
vpvgsoy) 3dIUg pIIUTE] UBEIISTY
$1 syne
LI-911°'LL (Smpupvduses
SHUULOLPOULLIT) IIUDNUMO(J UBISY

607 ABa1v.438 UOVALISUOY)

pu1quatopm CLopaStpy oyfiovg-visy
1816 (dumiys suuq) ‘dds vruuary
¢ JBUNIBUDIY

SI-%11

‘18°08°6L 8L 'LLOL 1€ LT ‘TT 11
(Suoisuing Appny) sa4diagier vrvUsLY
8z 6z (sndodvy xadopy) X0 InoIy
oF‘Cl eissny JApeuy
Z1 EISSDY ‘IDATY InWy

961 ‘L (voruuop
SyvIan]d) I9A01d UIPIOD) UEDMIIUIY

861 AemAy UedLDIWY
71 9epOIV
1 9ed[V

¢I-¢I1
@adidpues uowwo)) soanajodiy susy

60T  SP41QaL0qS 40f UV 1OV

XIpu]

vee

OL-1%% ‘L€ qo40asaY 1S JO [PUInOf SPUDLLaIaN "SNBIGILIIA JEJEPT JO INOIARYI]
pue yidop Suifing ‘ssewolq ‘1gSom Apoq ‘Krsusp A315us w1 uoneLEa 1) UO spuadap
3G UIPPEA\ U3 UT SIopeM Aq 3[qeisaarey A[ddns pooJ o1 Mol (€661) H [ NUIUEM “T S1IeMZ

“L-186 ‘L8 123070220 A31d pemidrews juasazdai
Aewr s19pEM 01 I[QISSIDIE VOTIDEI] SOYIUIGOIDBUS D1 L(I661) H [ Yurueg ‘T SHemy7

$O-6E¢ ‘8L VapLY "SUONEISIW IDUBISIP-FUO[ JOJ JJO 93E1 O1
Apear s1opEMm Jo 2Fuel 1ySiy pue sSew INoK (066T) L BWSIANg ‘A U21819Y ‘[ g Suq “T S1LIEMZ
8T-CIT
‘€R $91498 ssauFo4d £80j007 surwpy dqerese a1k s31dads £a1d XIS UM PIIGIQ
DULOIPI PAZISTWNIPIW INEL SHINUDI Stipyv) 10w AUM (2661) IN-V LESWOY “T SUEMZ
TI-C ‘€L vap4y Essig
“EQUIND UL SISpEM Aq 4a5up) vIj) SqEID IS[PPY JO UONENO[dXD 15U YL (S8GL) T SUEMZ
(SPUELHISION UL WEPIONOY (EWIME) "6- 1,7 *dd ‘(SPD) JToM [ A\ ‘YIS [ 838
UIPPEA\ 243 JO SPaig, UJ ‘spxiq Suipea ur uonnaduwod pue uonda[as 1enqer (18G1) T SUEMZ
"IN 98pHQIE) 121U FULIOIUON UONRAIISUOY) PHOA) .1 1°'ON
S AJSISAIPOIT DIND A "SPAIF 19184 SUIPaaIg ouday uo 1edwr sfueyd Meunpd
JO 1U2WISSISSE TE[OdWNOID 1811 “98Pa 1 U0 SPIIq I1EM, (0002) T ONUISAT ‘D IapP0Z
Th-ges
‘c¢ AFojorg uvray Jo [pusnof ;UONBISI 3I0J2q T8I eIt s19mof 1ey) £o1d uo pasy
SISUDIAVISDTVPDUL SHIUIULTN SMI[IND LISED OP AYA (QFO0Z) VO I2I[DIS A AOYLIEYZ

"09-L$9°6Z 4307027 wa3sny Teyy fepnisjul [eo1donqns g 4o SPIQaIoYs
SuIP321q-UOU pUE SUBWNY U32M13] SUOHDIBIINUI [BAU10] (B5007) VO IS ‘A AONIIEUZ

"SI-$0L ‘9L AToj007 wanuaqoorg puv

192250701504 “IUTENSUOD 2aNSAJ1P Juasedde Ue JO 5$NEI9q UONEISI FDURISIP-FUO]

91033q £JU3OYJ 2ANSIFIP IO IYLIUT JO 1B DYI ISEIIDUY 10U O SISUILIVISUSDpUUL
SMIUBULRAT SMI[IND UIINSED FUIPIIIQUON (£007) V O I213[IDIS ‘X AOYLIBYZ

$8-19%

‘6L A12100§ UPBUUIT 841 JO PULnof [w150101g (saay) spiiq ur 4Sojoydiowr 3y pue
2SN 1ENQEY U29M19q UONE[DII0D [BUONDUN (£007) ¥ OIGIUWIEN ‘) UOSSUBYO( *V I9JJOZ

Dururerdold eUTYD [BUOHEUIINUT SPUENIA PUE 19§ e Tyodng

‘vedefIMA\ ' BUIYD ;T SWNJOA ‘UONEAIISUOD AISISATPOI] I0J SESIE DULIEW PUE PUE[IDM
wueroduwly Se UORESYNUIPT U0 130daI DOUESSIEUUOIII :UOIS2I00] 8IS MO[[A, (1002) [ uenx

‘CeuryD ‘Surlrog :$90IM0say

ID1EM JO ANSIUIY) 0002 1AV ‘9911uio)) ADUBAIISUO)) IFARY MO[[3X ‘21mnsu] DIsacq
pUE SUTUUE[ ‘SdUEBSSIEUT0DIY “Sututreid [01IU0D POO[J IFATY AO[[a 39507, (0007) DDUA

I[EIISOY JO SPIIGIIOYS




Extracts regarding Banded Stilt (especially p.206) from ‘Ernest
Hodgkin’s SWANLAND: estuaries and coastal lagoons of South-
western Australia’ by Anne Brearley (2005).

The Banded Stilt stuff draws heavily on materials provided to
Brearley by JL for this book.
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of freshwater fishes. Greg Jenkins, WA Maritime Training Centre, Fremantle
Challenger TAFE, provided information about the estuarine black bream.
Glenn Hyndes of Edith Cowan University (ECU) advised and assisted with
the preparation of illustrations of fish use of estuaries. Alan Kendrick of the
Department of Conservation and Land Management (CALM) provided advice
on the Leschenault Inlet and fish communities in south coast estuaries.

I received valuable advice about birds from John Dell, Department of
the Environment (DoE). Jim Lane, CALM, Busselton gave me access to
information on birds of the Vasse-Wonnerup and Peel-Harvey, and assisted
with illustrations. I also thank Kylie Ryan, John Hunter, Ron Kawalilak,
Kevin Bancroft and Nick D’Adamo for assistance. John assisted with access to
photographs in the Babs and Bert Wells Collection, and others were provided
by Cliff Winfield and Graeme Chapman. Mike Bamford of Bamford Consulting
Ecologists also provided information on birds of the Swan Estuary.

Over the years, Ernest Hodgkin developed a great interest in estuarine
evolution and his final paper was written with Patrick Hesp of Massey
University, Palmerston North, New Zealand. Patrick’s research and the field
trips during the 1980s in which I was occasionally included were of particular
use to me in writing this book. George Kendrick’s work at the Western
Australian Museum (WAM) on the fossils shells hidden below the estuaries
also contributed greatly to Ernest Hodgkin’s ideas about estuarine evolution,
and for more than 30 years George has also enriched my understanding
of molluscan communities. Cleve Hassell assisted with information about
sediments and evolution of the south coast estuaries, and reviewed some
text. T also acknowledge the many years of estuarine research undertaken
by Vic Semeniuk of V. & C. Semeniuk Research Group, and thank him for
illustrations of the Leschenault Inlet Estuary.

A number of colleagues at the Western Australian Museum (WAM)
provided advice and assistance to me as they had to Ernest in previous
years. 1 thank Shirley Slack-Smith, a long-time friend and associate of
Ernest, who guided my early work on molluscs and with whom 1 still have
the most enthralling conversations. For support in my first forays into work
at the Western Australian Museumn, I thank Barry Wilson and Ray George.
For assistance with photographs I thank Clay Bryce, Barry Hutchins, Sue
Morrison and Di Jones. Ken McNamara provided advice and illustrations
of fossils in the Pallinup Siltstone and Tumblagooda. Fred Wells advised on
the Peel-Harvey and Albany Harbours and, through the Marine Biological
Workshop program, provided me with many opportunities to participate
in fieldwork along the coastline of Western Australia from Dampier to
Esperance. The workshops also provided me with the opportunity to
meet many international marine scientists. In particular I would like to
acknowledge Carole Hickman, The University of California at Berkeley,
for her inspiration and encouragement over many years including those
predating the workshops. Similarly, Emeritus Professor Alan Kohn and Dr
Marian Kohn University of Washington supported my endeavours and made
a generous donation to the Emest Hodgkin Tiust. Charles Dortch and Moya
Smith (WAM) assisted with advice and photographs of the structures built
by Aboriginal people around the estuaries. Irene Stainton, past Chairperson
Aboriginal Cultural Material Committee, provided information on the fish
traps in Oyster Harbour and the Barragup Weir. I thank Harley Coyne of
Albany for assistance with my interpretation of aspects of Aboriginal culture
and use of estuaries. Robert Reynolds, Department of Indigenous Affairs
liaised on my behalf with Vernice Gillies and the Albany Heritage Reference
Group, Wayne Webb, a custodian of the south coast estuaries and Joe Walley,
Lorna Little and other members of the Bilya Noongar Organisation.

Staff at the Department of Environment, Government of Western
Australia (DoE), previously the Water and Rivers Commission (WRC)
provided advice and prepared illustrations; in particular I thank Malcolm Robb,
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A special place for birds

The Peel-Harvey, together with the Yalgorup, McLarty and Mealup Lakes,
is recognised as a significant waterbird habitat and a Wetland of International
Importance under the Ramsar Convention. More than eighty species have
been recorded in the area including twenty-seven species listed in the Japan
Australia Migratory Birds Agreement (JAMBA) and the China Australia
Migratory Bird Agreement (CAMBA), In 1977 more than 100,000 birds were
recorded on the estuary. Each year in summer around 20,000 migratory birds
visit the estuary to feed on the rich pickings of the sandy flats before flying
off to breed in the following Northern Hemisphere summer. The area is
also important for species resident in Australia such as pelicans, swans, ducks,
grebes, stilts and avocets. (See Box 1.10 Global travellers: living a double
summer life—transequatorial migrant birds and Box 3.5 Types of birds
using the Peel-Harvey.)

The Peel-Harvey environment with its wide sandy shallows, low-
lying fringing marshes, and abundant food supply has been a waterbird
haven. Although extensive areas remain undisturbed, the increasing
urban development along the northern and western shores at Mandurah
and Dawesville and the recent subdivisions to the east are increasing the
fragmentation of suitable habitat and disturbance to bird populations.

The greatest numbers of birds occur in the north-central and south-
eastern areas (Austin and Robert Bays) of the Peel Inlet and the southern
part of the Harvey Estuary. The southern part of the Harvey is a particularly
important refuge for waterfowl that congregate on the lower reaches of the
river and the extensive delta. While the eastern shores and outer delta are
reserved for nature conservation with a narrow reserve for ‘drainage and
conservation’ on both banks of the lower river, most of Harvey Estuary is not
officially protected as a waterfowl refuge area. Land to the west is privately
owned, and the population is increasing as farmland is subdivided on both
sides of the estuary.

The continuing value of the area for birds is unclear. The fringing
vegetation, at the limits of physical tolerance, is particularly vulnerable to
higher tides and more saline water. Since the Dawesville Channel was opened,
some trees and shrubs appear to be showing signs of stress, the paperbarks are
paler and more yellowish in late summer—autumn with some dead branches
and a few trees have died. River salinities also appear to be increasing.

Box 3.5

TYPES OF BIRDS USING THE PEEL-HARVEY

The main types of birds using the °

Peel-Harvey and other estuaries

in south-western Australia are:

s migratory waders (e.g.
sandpipers, plovers and
stints), which feed on
benthic invertebrates in the
intertidal areas at low tide

o resident waders (e.g. Banded
Stilts, Black-winged Stilts,
Red-necked Avocets and Red-
capped Plovers). Banded Stilts
are usually found in shallow
inland non-tidal wetlands
and rarely in estuaries with
marked tidal influence

long-legged waders (herons,
egrets, ibises and spoonbills),
which feed on fish and benthic
invertebrates in shallow waters
fish-eating birds (pelicans,
cormorants, darters and tems),
which occur all year round

and fish in deeper water than
waders, along with grebes that
also feed on invertebrates
waterfowl (ducks, swans, coots
and swamphens). Black Swans
feed mainly on large aquatic
plants (especially the seagrass
Ruppia and some species of
macroalgae) and are found all year

round providing there is access

to low-salinity water for drinking
e gulls, which are omnivorous

scavengers.

Most of these groups roost on

the sandy spits and cays, or in the
fringing vegetation (salt marsh and
trees) of estuaries. Only a few species
breed in estuaries: pelicans, swans
Pacific Black Ducks and Grey Teal,
which usually build their nests on
low-lying islands in undisturbed
fringing vegetation, and Australian
Shelducks (Mountain Ducks),
which generally breed in trees.

Adapted from D. A. Lord & Associates, 1998

Swanland




Ultimate vagabonds

In general, birds are highly mobile, typically using the estuary as a feeding
ground and breeding elsewhere, for example in the nearby swamps or the
distant Arctic tundra. Numbers may vary greatly from year to year depending
on breeding success and conditions in other parts of their range, as well as
changes in the estuarine environment of the Peel-Harvey or similar water
bodies throughout the South-West. At least 44,939 birds were present on the
estuary during surveys in 1998-1999, the most common being Red-necked
Stints with 16,436 birds recorded (Table 3.6).

Australian resident species such as pelicans and cormorants are present in
varying numbers all year round, while migratory waders arrive in spring and
stay through summer. The resident waders such as the Banded Stilt are more
characteristically found in non-tidal lakes (Fig. 3.24). It has been suggested
that their presence in Peel-Harvey during 1976-1977 was linked to a recent,
inland breeding event and the small tidal influence in the pre-channel era

(Table 3.7). (See Box 3.6 The Banded Stilt.)

TABLE 3.6 Forty most fommon sp.eaes Species 1998507 —y—
of birds recorded in surveys in the

peel-Harvey 1996—1997 and 1998-1999. Red-necked Stint* 14,672 16,436

Source: Lane et al., 2002a & 2002b. Grey Teal 12612 4,581

Banded Stilt 6,954 186

Australian Shelduck 4,527 3,890

Sitver Gull 4,405 3,383

| Red-necked Avocet 2,443 1,399
Black-winged Stilt 2,293 1,400

Little Pied Cormorant 1,665 1,693

Little Black Cormorant 1,368 2,636

Sharp-tailed Sandpiper* 1,285 1,322

Pied Cormorant 1,096 727

Black Swan 1,052 1,130

Red-capped Plover* 876 1,754

Pacific Black Duck 749 693

Whiskered Tern 736 337

Australian Pelican 641 774

Australasian Shoveler 501 100

Common Greenshank* 314 319

Curlew Sandpiper* 313 566

Bar-tailed Godwit* 307 137

| Fairy Tern 262 167
: Hoary-hieaded Grebe 220 NR
| Caspian Tern 180 298
i White-faced Heron 134 126
Grey Plover* 116 81

Great Egret 114 88

! Crested Tern 112 121
Darter 95 79

! Little Egret 89 78
Austratian White Ibis 48 70

Pacific Golden Plover* 54 29

| Great Cormorant 39 30
| Red Knot* 39 34
| White-fronted Chat 33 28
[ Black-tailed Godwit* 28 NR
I Pied Oystercatcher 27 20
Great Knot* 26 37

Eastern Curlew?* 19 24

Little Grassbird 15 22

Musk Duck 4 48

* denotes transequatorial migrant species; NR—not recorded in survey.
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As bird numbers naturally fluctuate from year to year, the effects of the
new environment created by the channel are difficult to assess. Larger tides
will alter some roosting, feeding and breeding areas but will potentially create
similar conditions elsewhere. Disturbance is potentially a greater threat due
to increased urban development, access and the popularity of boating.

Little Egrets Egretta garzetta have become more numerous and widespread
around the estuary than in 1976-1977 when a major survey was conducted,
reflecting a general increase in numbers of this species in south-western
Australia in the past twenty-five years. Small numbers (ten to twenty) of Eastern
Curlews Numenius madagascariensis, rarely observed elsewhere in the southern
half of Australia, are still present particularly around the northern end of the
Peel Inlet. Curlew Sandpiper Calidris ferviginea are now less abundant due to

Box 3.6 THE BANDED STILT

For a time in the mid-1970s, Banded
Stilts Cladorhynchus leucocephalus
were the most abundant waterbirds
on the Peel-Harvey (Tables 3.6 and
3.7). Their presence was probably
due to the low tidal amplitude and
extensive area of shallow water
available for feeding and roosting.
Generally they are more common
on non-tidal wetlands, particularly
saline lakes of the coast or interior.
Numbers can fluctuate greatly: 8,800
were recorded in December 1976,
increasing to 63,000 in the following
February and decreasing to only 27
in June 1977. The largest numbers
have been found in the eastern and
southern sides of Peel Inlet and in the
Creery marshes, with few in Harvey
Estuary. Although stilts were not as
abundant in the same survey areas in
1996-1997, there were still quite large
numbers on other parts of the estuary.
The number of stilts in the area
also varies over shorter time scales,
for example, mare than 2,000
birds were found in Creery Wetland

TABLE 3.7 Numbers of Banded Stilt on the Peel-Harvey. Source: Lane et al., 2007a &

2002b; Lane & Pearson, 2002.

Year Aug Oct Dec Feb Apr June
1976-77 761 1,503 8,806 63,000 5.948 27
1996-97 . 124 760 6,954 = -
1998-99 = 58 15 186 - -

— indicates no survey at this time.

in summer 1995 but most birds
had departed by March. Similar
departures have been observed

on Rottnest Island. A count in the
middle of March 1983 recorded
3,000 birds, with another count

24 hours later recording only 200.
This sudden drop in numbers is
now known to be a response to

the filling of the saline lakes of the
arid interior following exceptionally
heavy rain. When the lakes fill the
bird’s main food source, the brine
shrimp Parartemia, hatch from
drought resistant eggs and the birds
congregate to breed. Although the
birds were first scientifically named

FIG. 3.24 Banded Stilts. A. G. Wells Collection, Courtesy CALM,

in 1816, their nesting habits eluded
investigators until 1930 when nesting
was first observed at Lake Grace.
Three to four eggs, chalky fawn to
pure white with black to dark brown
twisted lines or blotches, are laid on
the ground. The young are covered
with pure white down, an unusual
colour for young wading birds. Young
birds in the first year of life lack the
chestnut band across the chest.
Banded Stilts are also known as
Rottnest Snipe. In the early colonial
days, when Rottnest Island was
used as the Governor’s summer
residence, shooting parties were a
favourite entertainment. Bush brakes
were erected around the lakes and
prisoners used as beaters to move
the birds towards the shooters.
Today the summer flocks are a great
attraction as they swim and feed
on the brine shrimps or crowd into
‘rafts’ for resting. With increasing
development along the coast, the
shores of the Rottnest lakes are likely
to become even more important
for large groups of Banded Stilts.
Sources: Lane et al., 19g7; Saunders & de
Rebeira, 1985; Serventy & Whittell, 1962; C02t€ &

johnstone, 2003
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year to year variation in numbers migrating to Australia from the Arctic, a
longer term decline in abundance in Australia or change in the Peel-Harvey.

Although not popular, the cormorants are an important part of the estuary
system. As fish feeders, their numbers in part reflect the abundance of fish
such as the small hardyheads and the health of the system. In the mid 1970s
Little Black Cormorants roosted in single flocks of several thousands birds
on the sandbars of Herron Point Ford and thousands of Pied Cormorants
roosted on high points of a low sand cay north of Point Birch and on
Nirimba Cay.

Pelicans

Increased water levels and disturbance are quite likely to affect the pelicans
that historically have nested on low-lying islands such as Nirimba Cay,
Creery, Channel, Boodalan and Boundary Islands and an unnamed island in
Boggy Flat. Nesting has often failed due to human interference, vandalism,

fox predation or flooding of nesting sites. (See Box 3.7 The Pelican.)

re——

Box 3.7

THE PELICAN

The Australian Pelican Pelecanus
conspicullatus regularly nests at eight
or nine locations in Western Australia.
Most nesting sites are located in the
northern part of the state, between
Shark Bay and the east Kimberley.

A few also breed in the south in the
Peel-Harvey at Nirimba Cay since
1962, Boodalan and Boundary Island
in the Peel-Harvey, on Green Island

in Oyster Harbour, Albany since 1985,
and more recently in Shoalwater

Bay on Penguin Island since 1998,

and Seal Island since 2001.

Peticans nest in colonies, generally
on small low islands near the coast
and around inland lakes. The nests are
placed pecking distance apart and are
typically simple scrapes in the ground,
often without nesting material,

although they are sometimes lined
with plant material. The two to three
eggs are white, elliptical in shape, and
the young hatchlings are featherless.
In recent times, nesting in the
Peel-Harvey has been most successful
on Boundary Island, although the
ongoing success is doubtful due
to disturbance from boats using
the channel, its jetty access and
status as a recreation reserve.
Boundary Island, created in 1987
from spoil dredged out of the natural
outlet channel, is now an important
bird habitat as many of the traditional
shallow grounds have been altered or
are no longer quiet due to increased
people pressure. The first nesting of
peticans was recorded in 1989, but
the numbers of successful hatching

EP. Hodgkin Collection.

-l-.____-_-_____

FIG. 3.25 Pelicans at Falcon on the Peel-Harvey, July 1983.

are unknown. Since the channel
was opened there have been four
periods of breeding varying from four
to eleven months between July 1994
and July 1997 producing 500-700
young. These numbers are probably
sufficient to maintain pelican
populations, but there is no clear
relationship between the number of
pelicans counted on Peel-Harvey
and the number of young fledglings
from Boundary Island. The fluctuating
numbers are typical of this highly
mobile species. Many newly fledged
young probably dispersed to
other water bodies, like the older
pelicans that use a variety of water
bodies and breeding grounds.

Source: Abbott, 2001; Lane et al., 1997;

Lane et al., 2002a & b.

75/76 76/77 95/96 96/97 97/98 98/99 99/00 00/01 01/02 02403

GRAPH 3.7 Numbers of pelicans on the Peel-Harvey,

February 1975 — May 1977 and October 1995 — February 2003.
No counts were made in January 2001. Courtesy ). Lane, CALM.
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Australian pelicans are most abundant in the south-western estuaries in
summer—autumn, and least abundant in winter-spring. Leg banding and
monitoring of breeding colonies indicate numbers vary as adults leave to
breed in the northern part of the state in winter, and with the return of both
adults and young birds in summer. Birds staying in the South-West all year
are cither non-breeders, or in the case of the Peel-Harvey non-breeders and
resident breeders (Fig. 3.25).

Counts of pelicans in the Peel-Harvey between 1995 and 2003 ranged
from 268 in October 1995 to 998 in February 2003. These numbers are
similar to those recorded from February to November 1975, but much lower
than numbers recorded from October 1976 to March 1977 (Graph 3.7). The
very high numbers of pelicans in 1976-1977 have been be linked to the
filling of Lake Eyre in 1974. The Lake Eyre event supported a large breeding
population that may have persisted into 1975-1976. As the waters receded
and salinity increased, fish died and thousands of pelicans flew in search of
food to other parts of the continent and New Guinea, possibly reaching the
west coast including the Peel-Harvey. As 1976 was a drier than average year
in the South-West, this would have also been an influence contributing to
the high bird numbers in the permanent coastal waters.

Swans

The Peel-Harvey is also one of the most significant habitats for Black Swan
in Western Australia. Populations fluctuate between years and throughout
the year as swans range over a wide area of the South-West, but numbers
appear to have declined since the late 1970s (Graph 3.8). This decline may
be a short-term trend rather than a long-term change as numbers observed
in the surveys of 1975 were similar to those in 1996-1997. Reasons for the
decline are not known but could include differences in breeding success
between years, of water habitat available across the South-West and possibly
across the whole continent, food and differences in disturbance. A census
in December 2002 at the height of an Australia-wide drought revealed a
dramatic increase in swan numbers on Peel-Harvey, almost matching that of
October 1976. (See Chapter 2 The Swan-Canning Estuary: Recreating
Swanland—bringing back the Black Swans.)

Swans are abundant in the shallow areas of the Peel-Harvey, particularly
over seagrass Ruppia sp. on the eastern and southern sides. The highest
number recorded was 8,100 in October 1976. In some years they congregate
in the southern part of Harvey Estuary in late summer and autumn where
they have access to fresh drinking water that flows all year from the Harvey
River. Small numbers also breed on the nearby freshwater wetlands and lead
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their young to the permanent waters of the estuary where they are reared.
Other birds leave the area in winter to breed elsewhere on the Swan Coastal
Plain or further inland, returning in summer as inland waters recede.

Like pelicans, swans are sensitive to disturbance from boats, and people
or dogs wading in the shallows. They are pardcularly vulnerable for a period
of four to six weeks when they undergo their annual moult of flight feathers.
During this time they cannot fly and need large areas of undisturbed permanent
open water with assured food supplies and fresh water for drinking.

As well as having great aesthetic appeal, swans are also an important
component of the estuary food web playing a major role in cycling of
nutrients. They graze extensively on submerged aquatic plants, particularly
the seagrass Ruppia, hence the alternative name of swan grass. Their feeding
also affects the distribution and composition of the plant community and the
nutrient status of the sediments.

What of the future?

Problems in the Peel-Harvey emerged slowly as each of the small changes
came together to create a huge effect, sending an ecosystem into distress in
less than 150 years. The questions remain. Do the cures work? Do we like
the result of our cures? Are they cures? And the most important question:
have we learnt from the mistakes? The story of the Peel-Harvey is echoed
throughout Swanland, throughout the state, the continent and the world: it
was just larger, more visible in the Peel-Harvey being close to urban centres,
and the cures more drastic and expensive.

If we had the chance to start again, we would probably go down much the
same pathway. The land would have to be cleared, the watertable would rise,
drains would be dug and we would add fertilisers to promote the pastures to
feed the large animals we have added to the landscape. But there are some
things we could do differently.

The first is probably accepting that small mistakes can add to a large
whole and, conversely, adopting the idea that small remedies can make a
difference. The birth of the Landcare movement and development of a
stewardship for the land by communities as well as farmers has facilitated
many small remedies through planting trees and revegetation of streamlines
that buffer erosive water flows and filter nutrients, as well as creating a more
pleasant landscape. The scale, however, is difficult to visualise. In 1995 an
estimated 150 kilometres of the waterways had been revegetated, but there
are about 2,000 kilometres of similar drains on the coastal plain.

Alternative types of fertilisers and reduced application rates will gradually
reduce phosphorus stores and losses from the land. Certainly some of the
land should never have been cleared, and clearing went on into the 1980s.
Fertiliser use on farms has received most of the attention but the rivers
flowing off the scarp are not those of 200 years ago, their flows having
been impounded to provide water demanded by more distant communities.
When the phosphorus application problems were being addressed, point
source pollution from piggeries and sewage works commenced, and the
growing population around the estuary used septic systems. Although
some of the point source polluting industries have been ‘cleaned up’, some
have become diffuse polluters with more intensive land use and stocking
densities.

The waters flowing to the estuary still contain high concentrations
of nutrients and these, together with those stored in the sediment, are
the fuel for algal blooms that now plague the river reaches instead of the
main estuarine basins. Then there are the acid sulfate soils that are likely
to exacerbate problems. Although the masses of macroalgae have decreased,
seagrasses along with algal epiphytes now grow profusely in the shallow
well-lit waters indicating that nutrients are still abundant (Fig. 3.26). It is
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interesting that problems in the New Peel-Harvey continue to fuel political
argument as they did in the 1970s and 1980s.
Today we have more knowledge at our disposal, and we should use it.
Land clearing is no longer necessary: we have enough land, although it may
not be in a state to make full use of its potential. The landscape needs to be
viewed as a whole composed of many pieces. Large-scale engineering works
have large downstream impacts, and we need to consider what these are or
might be. We can use new products, or modify our practices. Drain flows can
be regulated to accommodate irrigation and prevent flooding, but perhaps
we do not need so many and perhaps they do not need to be so large or deep.
It is in our own interests to maintain a healthy system, be it for the view (who
wants to look only at buildings?), for the fishing (we all want to fish), for fan ~ FIG. 3.26 Could this happen again?
(there is no doubt that it is best to walk and swim in clean healthy water), or  Ernest Hodgkin examining algae removeqd
for the birds as they revive our spirits and show us that an environment is  from the beach at Coodanup, June 198,

healthy and functioning. E. P. Hodgkin Collection.
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Clarke, A., Muir, B., Elscot, S. & Lane, J. (2004). Banded Stilt
breeding attempt at Lake Disappointment. The Stilt 46:39.

Records ACI and BM’s observations on 23" August 2004.

Makes reference to dead chicks, predation, cats, dog/dingo,
‘anostracan shrimps and ostracods’, BaSt feeding, did not locate
BaSt nesting island, BaSt at Coral Bay (CDTM), previous records of
breeding at or near Lake Disappointment (Butler in 1971, Percival
Lakes, ‘Kolichis (1976)’).

Alan Clarke’s original report (06/09/2004) to JL. and SE on these
23/8/2004 observations is also here and has more detail.
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BANDED STILT BREEDING ATTEMPT AT LAKE DISAPPOINTMENT

ALAN CLARKE', RBILL MUIR', SUE ELSCOT> AND JIM LANE?

Department of Conservation and Land Management.

! pO Box 51, Wanneroo, Western Australia, 6065. 2 14 Queen Street,

Busselton, Western Australia, 6280.

On 23 August 2004, two of the authors (A.C. and B.M.)
visited Lake Disappointment in central Western Auvstralia.
At the northernmost access point to the main lake, between
Wells No. 20 and No. 21 on the Camning Stock Route, a
large (3 km x 5 km), banana-shaped embayment was found
to be mostly dry with the exception of two small, shallow
(1-2 em deep) ponds of water at the base of a dune on the
north-eastern edge of the lake. The remainder of the lake
floor was covered with a thin salt crust which was broken
through to reveal damp to wet sediment. A total of 220
juvenile Banded Stilt Cladorhynchus lewcocephalus were
found lying dead both around and within the two remaining
areas of water. A few were scattered further away from the
waters edge and two were found on the dune adjacent with
evidence of predation. A third, similarly-sized pool with
only a film of surface water was located approximately
1 km to the east-southeast of the access point and an
additional 10 dead Banded Stilt were found there. The dead
Banded Stilt found in the embayment appeared to be close
to fledging. None had chest-band markings and they were
noticeably smaller than adult Banded Stilt. The birds
appeared to have been dead for around two weeks. A series
of strand lines around the shore of the embayment had a
light spread of white feathers. Small, dead, salt-preserved
frogs were collected from the pools.

A second part of the main lake was accessed from a
track off the Canning Stock Route located 5 km south of the
turnoff to Well No. 20. Here approximately 40 dead
juvenile Banded Stilt were found both within and around a
small, very shallow pool on the lake surface, just below the
samphire line. The dead stilts at this site appeared to be
smaller than those found 10 km further north although all
were fully feathered with no down visible. At this site, the
lake edge had been eroded by runoff from a recent major
rainfall event and some of the reswltant erosion gullies still
contained water.

The lake was also accessed where Savory Creek enters
Lake Disappointment. The creek system leading into the
lake was deep (about 1.5 m) and there was evidence that the
creek had recently flooded and broken its banks. Where the
creek entered the main lake basin, it opened out into a fan
with a main body of water that became progressively
shallower and was dry approximately 1 km from the creek
mouth. Larger, very shallow pools of water were scattered

39

further into the lake for some kilometres. At this site, more
dead juvenile Banded Stilt were seen than at the previous
two sites. Approximately 500 dead birds were scattered over
an area of about 1 km’ and there was evidence of predation
of live young by cats. Dog/dingo tracks were also evident.
Sixteen Banded Stilt without chest bands were observed
feeding in shallow water in the lake, approximately 200 m
from the entrance of Savory Creek. Both anostracan shrimps
and ostracods were observed in the water where the birds
were feeding, Other birds feeding in the vicinity were 10
Avocet Recurvirostra novaehollandiae, 60 Red-capped
Plover Charadrius ruficapillus, two Red-necked Stint
Calidris ruficollis and 11 Sharp-tailed Sandpiper Calidris
acuminata. More dead stilts were seen upstream along
Savory Creek for at least 3 km.

Although several large islands were visible further out
into the lake, the exact location of the Banded Stilt breeding
site could not be located, due to the distance and difficulty
of access.

During 6-9 September 2004, two weeks after the dead
Banded Stilts were recorded at Lake Disappointment, Clive
Minton {pers. comm.) recorded 28 Banded Stilt, all

juveniles, using a small, ephemeral saltmassh lagoon located

about a kilometre from Coral Bay, 1,000 km west of Lake
Disappointment. This sighting suggests that some birds may
have successfully fledged from Lake Disappointment.

Banded Stilt have previously been recorded breeding at
or near Lake Disappointment. In August 1971, W.H. Butler
recorded both adult and juvenile Banded Stilt using a
claypan 30 km south of Durba Spring on the Canning Stock
Route, and others using a claypan 4 km north of Well No.
11 (Kolichis, 1976). He collected an immature specimen
that was thought to have come from a presumed nesting
attempt at Lake Disappointment, which had filled in May of
that year (ibid.). In 1975, the Western Australian Museum
received fragments of Banded Still eggs which were found
partly buried in clay in the Percival Lakes, to the north-east
(ibid.). The eges were still pigmented and were evidently of
recent age.

REFERENCE

Kolichis, N. 1976. New breeding records of the Banded Stilt in Western
Austialia, Western Australian Naualist 13:114-119.
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BANDED STILT BREEDING ATTEMPT AT LAKE DISAPPOINTMENT
BY ALAN CLARKE!, BILL MUIR', SUE ELSCOT? AND JIM LANE”.

Department of Conservation and Land Management. PO Box 51, Wanneroo, Western Australia, 6065. ? 14 Queen Street,
Busselton, Western Australia, 6280.

On 23 August 2004, two of the authors (A.C. and B.M.)
visited Lake Disappointment in central Western Australia.
At the northernmost access point to the main lake, between
Wells No. 20 and No. 21 on the Canning Stock Route, a
large (3 km x 5 km), banana-shaped embayment was found
to be mostly dry with the exception of two small, shallow (1-
2 cm deep) ponds of water at the base of a dune on the north-
eastern edge of the lake. The remainder of the lake floor was
covered with a thin salt crust which was broken through to
reveal damp to wet sediment. A total of 220 juvenile Banded
Stilt Cladorhynchus leucocephalus were found lying dead
both around and within the two remaining areas of water. A
few were scattered further away from the waters edge and
two were found on the dune adjacent with evidence of
predation. A third, similarly-sized pool with only a film of
surface water was located approximately 1 km to the east-
southeast of the access point and an additional 10 dead
Banded Stilt were found there. The dead Banded Stilt found
in the embayment appeared to be close to fledging. None had
chest-band markings and they were noticeably smaller than
adult Banded Stilt. The birds appeared to have been dead for
around two weeks. A series of strand lines around the shore
of the embayment had a light spread of white feathers.
Small, dead, salt-preserved frogs were collected from the
pools.

A second part of the main lake was accessed from a track
off the Canning Stock Route located 5 km south of the
turnoff to Well No. 20. Here approximately 40 dead juvenile
Banded Stilt were found both within and around a small,
very shallow pool on the lake surface, just below the
samphire line. The dead Stilt at this site appeared to be
smaller than those found 10 km further north although all
were fully feathered with no down visible. At this site, the
lake edge had been eroded by runoff from a recent major
rainfall event and some of the resultant erosion gullies still
contained water.

The lake was also accessed where Savory Creek enters
Lake Disappointment. The creek system leading into the lake
was deep (about 1.5 m) and there was evidence that the creek
had recently flooded and broken its banks. Where the creek
entered the main lake basin, it opened out into a fan with a

REFERENCE

main body of water that became progressively shallower and
was dry approximately 1 km from the creek mouth. Larger,
very shallow pools of water were scattered further into the
lake for some kilometres. At this site, there were larger
numbers of dead juvenile Banded Stilt than had been
observed at the previous two sites. Approx1mately 500 dead
birds were scattered over an area of about 1 km” and there
was evidence of predation of live young by cats. Dog/dingo
tracks were also evident. Sixteen Banded Stilt without chest
bands were observed feeding in shallow water in the lake,
approximately 200 m from the entrance of Savory Creek.
Both anostracan shrimps and ostracods were observed in the
water where the birds were feeding. Other birds feeding in
the vicinity were 10 Avocet Recurvirostra novaehollandiae,
60 Red-capped Plover Charadrius ruficapillus, two Red-
necked Stint Calidris ruficollis and 11 Sharp-tailed
Sandpiper Calidris acuminata. More dead stilts were seen
upstream along Savory Creek for at least 3 km.

Although several large islands were visible further out
into the lake, the exact location of the Banded Stilt breeding
site could not be located, due to the distance and difficulty of
access.

During 6-9 September 2004, two weeks after the dead
Banded Stilts were recorded at Lake Disappointment, Clive
Minton (pers. comm.) recorded 28 Banded Stilt, all
juveniles, using a small, ephemeral saltmarsh lagoon located
about a kilometre from Coral Bay, 1,000 km west of lake
Disappointment. This sighting suggests that some birds may
have successfully fledged from Lake Disappointment.

Banded Stilt have previously been recorded breeding at
or near Lake Disappointment. In August 1971, W.H. Butler
recorded both adult and juvenile Banded Stilt using a
claypan 30 km south of Durba Spring on the Canning Stock
Route, and others using a claypan 4 km north of Well No. 11
(Kolichis, 1976). He collected an immature specimen that
was thought to have come from a presumed nesting attempt
at Lake Disappointment, which had filled in May of that year
(ibid.). In 1975, the Western Australian Museum received
fragments of Banded Stilt eggs which were found partly
buried in clay in the Percival Lakes, to the north-east (ibid.).
The eggs were still pigmented and were of recent age.

Kolichis, N. (1976). New breeding records of the Banded Stilt in Western Australia. Western Australian Naturalist 13:114-
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From: Lane, Jim -
Sent: Monday, 23 April 2007 4:05 PM
To: Elscot, Susan
Subject: FW: Banded Stilt at Lake Disappointment

----- Original Message-----

From: Clarke, Alan

Sent: Tuesday, September 07, 2004 9:31 AM
To: Lane, Jim; Elscot, Susan

Cc: Pearson, Grant

Subject: Banded Stilt at Lake Disappointment
Jim and Sue,

Please call me to discuss any further information that you require regarding this event. | have recorded everything
from my notes, but further questions may prompt additional information.

]
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Alan Clarke

Senior Technical Officer

Science Division

Woodvale Wildlife Research Centre

Department of Conservation and Land Management
Ph 08 94055141



Department of Conservation and Land Management
CALMScience Division

Woodvale Research Centre
Wildlife Place (off Ocean Reef Road) Woodvale Western Australia
PO Box 51 Wanneroo Western Australia 6065
® (08) 9405 5101 = (08) 9306 1641

To: Sue Elscot
Jim Lane
From: Alan Clarke
Date: September 6, 2004

Subject: Lake Disappointment Banded Stilt Breeding event 2004

Observations made by Alan Clarke and Bill Muir, Senior Technical Officers, while investigating new
Directory of Important Wetlands sites and adding additional information to cutrent sites in the Little
Sandy Desert. Lake Disappointment was visited on August 23, 2004. Access to the western shore of
Lake Disappointment is via The Canning Stock Route. Vehicle access to the lake can be made at four
places.

The first of these visited was the northern most access point where the Track intersects the lake
between Well 21 and Well 20. The coordinates for this site are GDA94, S 23 14.482 E 122 42.089
UTM Zone 51 469463 E 7497280 N. At this site a banana shaped embayment sweeping to the
northwest from the main lake was mostly dry. Two small, shallow (1-2 cm See photos) areas of water
remained on the northeast edge of the lake where a dune protected the water from drying northeast
wind. The water bodies did not contain any aquatic invertebrates visible to the eye. The remaining lake
surface was dry with a thin salt crust. This crust could be broken through to reveal damp/wet soil. A
total of 220 dead Banded Stilt young lay around and in the two bodies of water. A few were scattered
further south along the shore progressively away from the water. Two stilt were found near the top of
the dune adjacent to the water bodies with evidence of predation. A third similarly sized water body,
which had only a film of water, was 1 kilometer to the ESE in the main body of the lake. An additional
10 dead Stilt lay around this area. None of the Stilt had chest bands, but were close to fledging,
although noticeably smaller than adult birds (Stage 3). A few birds had been predated, but there was no
evidence of a struggle in the mud. The birds seem to have been dead for approximately two weeks. Dog
tracks were observed through the area. The majority of birds seemed to be unmarked by physical
trauma. A series of wash lines (Debris from higher water levels) had only a light spread of white, Stilt
?, feathers. No Anostraca bodies were observed on these wash lines. Small frogs, dead and preserved in
salt, were collected in the middle of the embayment that contained the dead Stilt. They were common
in an area traversed from the main lake across the embayment on the dry salt crust. 8 specimens were
collected.

The second site heading south involves taking a track heading east off the CSR at a point 5km south of
the turnoff to Well 20. The track leads into the main lake body. Once again dead Stilts were observed
around the edges of the lake just below the samphire line. The highest concentration of dead birds was
in and around a small, very shallow pool on the lake surface. Approximately 40 dead birds in total with
the average size noticeably smaller than the previous site, which is 10km further north via a straight
line. The birds were fully feathered with no down visible. The lake edges had been eroded by
significant rainfall runoff causing deep rutting and small creeks feeding into the lake. Some of these
recently created drainage lines were deep enough to still contain water.

The third site visited to the south was the entry point of Savory Creek into Lake Disappointment. The
creek system leading into the lake was deep (1.5m) and filled the drainage line, but scars of a recent
high water flow braking its banks were evident. The creek opened out into a delta system with a main
body of water that progressively became shallower and dry lkm from the creek entrance. Larger very
shallow areas of water were scattered further into the lake for some kilometers out and along the main
lake area. The dead Stilt were scattered in higher concentrations than the previous two sites. Most of
the Stilt bodies had been predated resulting in severed heads and or wings. Evidence of cats chasing
and catching young Stilt (see photos) and dog tracks were seen in the mud. 500 dead Stilt were
estimated to be at this site over an area of 1km square. More dead Stilt were seen upstream along
Savory Creek for 3 kilometers where we crossed the creek and headed south. 16 Banded Stilt were
feeding in water connected to the creek 200m into the lake from the Creek entrance at a depth of 0.3m.
The coordinates for this site are GDA94 23 21.441 S 122 39.855 E or UTM Zone 51 465682 7416881.
Anostraca and small Ostracoda were observed in the water at the site where the Stilt were feeding.



water samples and aquatic invertebrate sweeps were collected at this site for analysis in the laboratory.
None of these birds had any breast band markings at all. They were observed flying strongly when
approached. Other birds feeding at or adjacent to this area were 10 Red-necked Avocet, 60 Red-capped
Plover, 2 Red-necked Stint and 11 Sharptailed Sandpiper. Three low, small ‘islands’, which had been
covered by the recent flood event, each had a nest scrape. One had an eggshell with coloring consistent
with that laid by Banded Stilts. Large islands could be seen further out into the lake. The site or sites
for the breeding event/s were not located because of the lack of appropriate transport. A forth and
southern most access point was not visited. Access to this point is via a track heading east from the
Stock Route 18 kilometers south of Well 19.

Alan Clarke



‘Breeding ecology and conservation of the Banded Stilt’ (SPP
1999/0013) extract (pp.83-84) from WA Dept. of Conservation &
Land Management (CALM) Science Division’s ‘Annual Research
Activity Report: July 2003 — June 2004°.



ANNUAL
RESEARCH
ACTIVITY REPORT

July 2003 — June 2004

Science Division

Discovering the nature of WA
http://www.naturebase.net/science/science.html

AAAAAAAAAAAAAAAAA



of the species as outlined in its Recovery Plan (Pearson and Jones 1997).

Summary of progress and main findings

e Translocation of captive stock to Favourite Island (total 130 skinks) appears to have been successful
with recaptures of released animals and the capture of a neonate indicating breeding.

¢ Reports on progress of Lancelin Island Skink Recovery Team to Corporate Executive.

Management implications
e The establishment of a second wild population of the skink will greatly improve its conservation status
o Captive breeding research indicates that the species is long lived and can be bred easily in captivity.

Future direction(s)

e Monitoring of Favourite Island translocated population and Lancelin Island population in Nov and Dec
2004. No further releases of captive-bred skinks contemplated but a direct transfer of individuals from
Lancelin Island may be undertaken in the future to provide more genetic diversity in the translocated
population.

e Publication of results of captive breeding and translocation to Favourite Island.

CALM Region
Midwest.

IBRA Region
Geraldton Sandplains.

Breeding ecology and conservation of the Banded stilt
SPP # 1999/0013

Team members
J Lane (0.05), G Pearson, A Clarke; Total (0.05).

Aim

To identify principal breeding locations of Banded Stilt in Western Australia.
To develop improved understanding of breeding biology.

To quantify factors governing breeding success.

To identify threats.

To disseminate knowledge to ensure conservation.

Summary of progress and main findings

o An aerial survey of 2 lakes in the Eastern Goldfields is proposed for June 2004, following heavy rains
earlier in the year and subsequent sightings of adults and young.

o Report on previous breeding activity was not prepared, due to priority being given to other work.

Management implications

o Discovery of new nesting locations (lakes and/or islands) has implications for mining and other
potentially disturbing activities, for establishment of a comprehensive, adequate and representative
conservation reserve system in the goldfields, and for conservation of the Banded Stilt.

Future direction(s)

o Rainfall reports from the Eastern Goldfields (main breeding range of Banded stilt in WA) will continue to
be monitored.

¢ Following exceptional rainfall events and reports of flooding, aerial surveys will be conducted to locate
and monitor breeding colonies.

o Colonies will be photographed from the air and, if feasible, visited on the ground to determine number of
breeding pairs, nesting and fledging success, water depths, water chemistry and food availability.
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¢ Chicks will be banded and leg-flagged to obtain information on movements and longevity.
e A report on previous breeding activity will be prepared.

CALM Region
Goldfields.

IBRA Region(s)
Great Victoria Desert, Murchison.

Ground parrot recovery
SPP # 2000/0002

Team members
AH Burbidge (0.05), J Rolfe (0.02) B Barrett (1.0); Total (1.07).

Aim

e To develop an understanding of habitat requirements, including response to fire.

o To create management prescriptions that will increase the survival chances of the Ground Parrot and
increase its total population size.

Summary of progress and main findings

¢ All contemporary and historical records brought into a digital environment, and accuracy validated, for
use in a GIS, to facilitate planning of specific management actions.

e In collaboration with regional staff, discussion paper concerning fire management at Waychinicup—

Manypeaks presented at workshops on the South Coast.

Obtained significant NHT funding.

Recovery Plan developed.

Protocol being developed for translocation.

Major systematic survey conducted in Fitzgerald River National Park.

Monitoring surveys carried out in Cape Arid National Park and at Waychinicup.

Surveys conducted in collaboration with the Friends of the Western Ground Parrot.

Numerous media releases and presentations to community groups and the public.

Management implications
e Improved basis for decision-making concerning management, especially in relation to fire, in major
conservation reserves on the South Coast.

Future direction(s)
Develop monitoring protocol.

¢ Analyse data from monitoring program.

¢ Finalize Recovery Plan.

¢ |mplement Recovery Plan where funds permit (including monitoring and a trial translocation).
CALM Region(s)

South Coast, Warren.

IBRA Region(s)
Esperance Plains, Jarrah Forest, Warren.

Probait trials: phase 2
SPP # 2000/ 0014
(includes 99/ 0018)
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‘Breeding ecology and conservation of the Banded Stilt’ (SPP
1999/0013) extract (pp.69-70) from WA Dept. of Conservation &
Land Management Science Division’s ‘Annual Research Activity

Report: June 2002 — June 2003’.
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Implementation of the Lancelin Island skink Recovery Plan
SPP # 1999/0011

Team member
D Pearson (0.1), Perth Zoo - captive breeding; Total (0.1).

Aim
To ensure the survival of the Lancelin Island skink through strategic research, monitoring and translocation
of the species as outlined in its Recovery Plan (Pearson and Jones 1997).

Summary of progress

e The Lancelin Island skink is known only from Lancelin Island (7.6 ha) and a singie location on the
adjacent mainland. Further surveys have failed to find any other individuals on the mainland.

e Two translocations undertaken to Favourite Island (total 90 skinks) after 12 months monitoring of the
existing lizard populations. First translocation of a lizard in WA and one of the few translocations of
reptiles worldwide.

¢ Ongoing collaborative work with Perth Zoo in maintaining captive colony (monitoring condition, selecting
breeding stock, measuring and sexing neonates and selection of individuals for translocation).

e Reports on progress of Lancelin Island Skink Recovery Team provided to Dennis Hockey and Corporate
Executive.

Future direction(s)

e Monitoring of Favourite Island translocated population and Lancelin Island population in Dec 2003 and
March 2004. Further release of captive-bred skinks and direct transfer of Lancelin Island wild stock
proposed for Dec 2003.

e Publication of results of captive breeding and translocation to Favorite Island.

e Report to Recovery Team and Corporate Executive.

e Supervision of student (Z Hamilton, UWA) examining genetics of sympatric skinks on Jurien Bay islands.
e Analyse collected genetic material to examine reproductive dynamics of captive colony.

DCLM Region

Midwest.

IBRA Region
Geraldton Sandplains.

Breeding ecology and conservation of the Banded stilt
SPP # 1999/0013

Team members
J Lane, G Pearson, A Clarke; Total (0.0).

Aim

e To identify principal breeding locations of Banded stilt in Western Australia.
o To develop improved understanding of breeding biology.

¢ To quantify factors governing breeding success.

¢ Toidentify threats.

o To disseminate knowledge to ensure conservation.

Summary of progress

e No field work was undertaken during 2002-03, due to annual rainfall in Eastern Goldfields being
insufficient to warrant aerial inspections for Banded stilt breeding activity.

o Report on previous breeding activity was not prepared, due to priority being given to other work.

69



Future direction(s)

e Rainfall reports from the Eastern Goldfields (main breeding range of Banded stilt in WA) will be
monitored.

e Following exceptional rainfall events and reports of flooding, aerial surveys will be conducted to locate
and monitor breeding colonies.

e Colonies will be photographed from the air and, if feasible, visited on the ground to determine number of
breeding pairs, nesting and fledging success, water depths, water chemistry and food availability.

e Chicks will be banded and leg-flagged to obtain information on movements and longevity.
A report on previous breeding activity will be prepared.

DCLM Region
Goldfields.

IBRA Region
Murchison.

Ground parrot recovery
SPP # 2000/0002

Team members
A Burbidge (0.05), J Rolfe (0.02); Total (0.07).

Aim

e To develop an understanding of habitat requirements, including response to fire.

e To create management prescriptions that will increase the survival chances of the Ground parrot and
increase its total population size.

Summary of progress

e All contemporary and historical records brought into a digital environment, for use in a GIS, to facilitate
planning of specific management actions.

e In collaboration with regional staff, discussion paper developed concerning fire management at
Waychinicup~Manypeaks.

e In collaboration with regional staff, options have been developed for fire management for the major
population in Fitzgerald River NP.
Monitoring at Cape Arid NP has led to the rediscovery of the species at this location.
NHT funding proposal developed in collaboration with regional staff; high likelihood of being funded.

Future direction(s)
e Validate accuracy of all location records using GIS framework.

e Develop monitoring protocol.

¢ Analyse data from monitoring program.

e Write Recovery Plan.

e Implement Recovery Plan where funds permit (including monitoring and a trial translocation).
DCLM Region(s)

South Coast, Warren.

IBRA Region(s)
Esperance Plains, Jarrah Forest, Warren.

Probait trials: phase 2
SPP # 2000/ 0014 (includes 99/ 0018)

Team members
N Marlow (0.35), A Williams (0.4); Total (0.75).
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Printout (05/08/2003) from CALM website of ‘Science Project Plan
Summary: SPP 1999/0013. Breeding ecology and conservation of the
Banded Stil?’. Note the start (15/03/1995) and finish (15/03/2005)
dates of this SPP.
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Databases
Seimimes
Science Project Plan Summary
SPP
Number: 1999/013
Title: Breeding ecology and conservation of the Banded Stilt.
Staff: Supervising scientist (15%)
Technical officer (25%)
Technical officer (5%)
Associated scientist (5%)
_Dr CDT Minton (Australian Wader Study Group),
External Collaborators: s n~ Naural History Unit.
Associated
SPPs:
Aims: . Determine the principal breeding locations of Banded Stilt in Western

Australia and their relative importance.

- Develop an improved understanding of their breeding biology.

- Quantify key environmental factors (e.g. hydrological regime, salinity)
goveming breeding success,

- Identify any significant human-induced threats to nesting colonies and

habitats.
. Obtain and disseminate knowledge needed to ensure conservation of the

species.

Commenced: 15/03/1995

Finishes: 15/03/2005

Loc.ation of SID Section:  Species Conservation

project: Dept Program: Nature Conservation and Wildlife Management
Region(s): Goldfields
District(s): Kalgoorlie

Methods: Phase 1 (1995-2000): Conduct aerial survey of Lakes Barlee & Ballard
following Cyclone Bobby (Feb 1995) to locate breeding colonies. Establish
base camp on Lake Ballard. Establish quadrats in nesting areas for daily
monitoring (photographs) to determine laying rate, clutch size, incubation
period and hatching success. Collect adults and chicks to determine diet.
Conduct macro-invertebrate (standardi sed sweeps) to monitor food
availability. Install continuous recorder to monitor lake water level. Sample
water chemistry. Develop safe method of catching chicks. Band / leg flag

http://calmweb.calm.wa. gov.au/drb/science/waspp/ 1999-013 html 5/8/2003
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chicks. Conduct additional aerial surveys to monitor fledging success.
Analyse results. Prepare for publication. Publish.

Phase 2 (1999-2005): Rainfall in the main breeding range of the Banded
Stilt (in WA) will be monitored using daily rainfall data obtained by the
Bureau of Meteorology. Following exceptional rainfall events (approx 3-7
year intervals) and reports of flooding, aerial surveys will be conducted to
locate and monitor breeding colonies. Colonies will be photographed from
the air and, if feasible, visited on the ground to determine number of
breeding pairs, nesting and fledging success, water depths, water chemistry
and food availability. Chicks will be banded and leg-flagged to obtain
information on movements and longevity. Standard statistical techniques
will be used where appropriate.
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Z CALMWweb
Projects

CALM
% Science Division Science Project Plans (WASPP) are available online
S Steucture 2 using the WASPP database.

[P frojects

Biological Information Group | A
‘.L'.—st‘fr " Collections Management
("l Documents 2 Regional Information Network
o — . . . .
Bioprospecting =

>

i Databases

[nformation Systems Administration

Information Systems Rescarch and Development
Descriptive Taxonomy and Biosystematics
Forest Region Flora

Regional Forest Assessment

Biodiversity Conservation Group

Western Shield - [Fauna Recovery
Western Shield - Introduced Predator Control
Western Everlasting - Flora Recovery
Carnarvon Basin Biological Survey
Marine Fauna Conscrvation and Management
& Aquatic Ecosystems Conservation
Salinity Action Plan
Monitoring Rabbit Calicivirus Discasc
Disturbance Management Ecology
Remnant Vegetation Reconstruction
Monitoring River Health
CAR Reserve System

<1

Forests and Tree Crops Group
[icologically Sustainable Forest Management
Forest Microbiota Managenment
Forest Fire Management
Genetics and Trec Breeding
Western Bluegum Plantations
Tropical Plantations
Sandalwood Ecology and Management
Dryland Tree Crops
Softwood Plantations
Vegetation Health Service

Astronomical Services Group

Astronomical Research
Astronomical Education
Astronomical Information

http://calmweb.calm.wa.gov.au/drb/science/projects/index.himl 5/8/2003
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Biodiversity Conservatlo&
roup

Swieres

Aquatic Ecosystems Conservation

PROJECT LEADER

Jim Lane

SCIENCE PROJECT PLANS / CORE FUNCTIONS

1993-013: Affect of Dawesville Cut on adjacent estuary vegetation
1993-058: Lake Clifton nutrient inputs
1993-059: RAMSAR Wetlands Monitoring Guidelines
1993-060: Monitoring wetlands in WA conservation reserves
1993-062: Busselton wetland disturbances & Black Swan breeding
1993-093; Conservation Biology of Vulnerable Frogs
1993-1062: Aquatic invertebrate surveys and atlas
1998-008: Taxonomy and zoogeography of aquatic oligochaetes of Western Australia
: Silver Gull monitoring
: Breeding ecology and conservation of the Banded Stilt
1999-014: Directory of important wetlands - third edition
: Tropical inter-tidal benthic invertebrate communities
: Affect of Dawesville Cut on adjacent estuary waterbirds
: Assessment of vegetation and current use of Vasse-Wonnerup estuary by
waterbirds
TBA: Assessment of biota and physico-chemistry of Byenup-Muir wetlands

STAFF

Staff Location FTE

http://calmweb.calm.wa.gov.au/drb/science/beg/projects/aec/index.html 5/8/2003




Email (24/7/2000) from Peter Copley (NPW SA) to JL making
reference to HANZAB [Vol.2, pp.780-790] treatment of BaSt
populations and movements. Seeks JL’s comments on conservation
status of BaSt and asks about Silver Gull numbers in inland WA.



To: Jim Lane@buss.sid@CALM
From: "Copley, Peter (DEH)" <pcopley@deh.sa.gov.au>
Cc:
Subject: Banded Stilts

Attachment:

Date: 24/Jul/2000 4:16 PM
Hi Jim

| gather Andrew Burbidge has forwarded an e-mail request to you from me
earlier today conceming the current whereabouts of Banded Stilts other than
at Lake Eyre. I'd be very interested to know what the "WA population" is
doing at present and how many birds are at what general localities to
compare with current SA data. The treatment about Banded Stilts in HANZAB
seems rather equivocal about how large the population(s) is (are), and which
birds move from where to breeding colonies on inland salt lakes during such
events.

At my ‘kite-flying' suggestion 1o Andrew B that perhaps these Stilts are a
species that may warrant listing as 'conservation dependant’ because of the
need to protect any future breeding events from gull predation, Andrew
pointed out that "most breeding has been on remote WA salt lakes and there
have been plenty of successful breeding events without any management".
What is your impression on this point? What is happening with Silver Gull
numbers in the inland areas of WA following lake flooding events?

Hope you can assist.
Regards

Peter Copley

Senior Ecologist, Species Conservation

Biodiversity Conservation Programs

National Parks & Wildlife SA

Department for Environment, Heritage and Aboriginal Affairs

Email: pcopley@dehaa.sa.gov.au
Phone: +61 8 8204 8781
Fax: +61 8 8204 8889

The information in this e-mail may be confidential and/or legally
privileged. Use or disclosure of the information by anyone other than the
intended recipient is prohibited and may be unlawful. If you have received
this e-mail please advise by retumn e-mail or by telephoning +61 8 8204
8786.
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Article (The Weekend Australian, May 20-21, 2000, p.5) regarding
recent partial filling of Lake Eyre. Has a photo of ‘Lake Eyre
shrimp’.
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Copy of Minton, Jessop & Collins (2000). Visit to Banded Stilt
breeding colony on Hughes Island, Lake Eyre North, 1" — 5" April
2000 and covering letters recommending that ‘[Silver Gull] control
measures be prepared now and implemented when the next Banded
Stilt breeding event occurs in South Australia’. Received by GBP and
JL in electronic format (as CLIEYRE3.doc).



- «,. .o -To: ALAN CLARKE@WOOD.SIDG@CALM, Jim Lane@BUSS.SIDECALM
From: Grant Pearson@WOOD.SIDE@CALM
Origtlted by: "Rosalind Jessop” <rosij@penguins.org.au>
) Cc:
Subject: fwd: Lake Eyre Report
Attachment: CLIEYRE3.doc
Date: 19/Bpr/2000 2:33 PM

Jim
Attached copy of Minton report as discussed.

Grant Pearson

Department of Conservation and Land Management
WA Wildlife Research Centre

Wildlife Place

Woodvale WA 6026

Tel:(8) 9405 5163, Fax: (8) 9306 1641

Email: grantp@calm.wa.gov.au

-——mmew= Original Text --------—

From: "Rosalind Jessop" <rosj@penguins.org.au>, on 19/04/2000 5:59 AM:

To: ISMTP@CALM.COMO.1@Servers["Sandra Harding"
<joyceh@dragon.com.au>],iSMTP@CALM.COMO.1 @$Servers["Phil Straw"
<pstraw@mpx.com.au>],iSMTP@CALM.COMO.1@Sewers{<john.read@wmc.com.au>],iSMTP@CA
LM.COMO.1 @Servers[<donaId.coventry@birdsauslralia.com.au>1,Grant
Pearson@WOOD.SID@CALM



To: Jim Lane@BUSS.SIDECALM
From: Grant Pearson@WOOD.SIDECALM

Cc:
Su’ject: re: fwd: Lake Eyre Report

Attachment:

Date: 19/Apr/2000 2:47 PM

 think i have word 7 and it extracts without any problem. Do you get a prompt
asking how to extract it? If so tell it to extract in whatever is later than 6

if you can. I'll fax a copy anyway.

ap

Grant Pearson

Department of Conservation and Land Management
WA Wildlife Research Centre

Wildlife Place

Woodvale WA 6026

Tel:(8) 9405 5163, Fax: (8) 9306 1641

Email: grantp@calm.wa.gov.au

---------- Original Text ----------

From: Jim Lane@BUSS.SID@CALM, on 19/04/2000 2:44 PM:
Which format is the attachment in? It looks weird. Did you have to convert it?

| am using "Word for Windows Version 6" at the moment, but will be updating to
Office 2000 in a week or so.

From: Grant Pearson@WOOD.SID@CALM, on 19/Apr/2000 2:33 PM:

Jim
Attached copy of Minton report as discussed.

Grant Pearson

Department of Conservation and Land Management
WA Wildlife Research Centre

Wildlife Place

Woodvale WA 6026

Tel:(8) 9405 5163, Fax: (8) 9306 1641

Email: grantp@calm.wa.gov.au

---------- Original Text ----------

From: "Rosalind Jessop" <rosj@penguins.org.au>, on 19/04/2000 5:59 AM:

To: ISMTP@CALM.COMO.1@Servers["Sandra Harding"
<joyceh@dragon.com.au>],ESMTP@CALM.COMO.1@Servers[“PhiI Straw"
<pstraw@mpx.com.au>],iSMTP@CALM.COMO.1@Sewers[<john.read@wmc.com.au>],iSMTP@CA

LM.COMO.1 @Servers[<donald.coventry@birdsaustralia.com.au>],Grant
Pearson@WOOD.SID@CALM
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Lake Eyre Visit
Clive Minton, Rosalind Jessop, Peter Collins

We thought that you would like a copy of this report which we have prepared
following our recent visit to Lake Eyre.

This report was primarily written for the South Australian National Parks and Wildlife
Service and for those who financially supported us but it contains detail which we hope
you will find of interest.

We were particularly pleased with the reception which our verbal report to the District
Manager and Head Ranger at Port Augusta received. They indicated enthusiasm for
the immediate preparation of an action plan for control of Silver Gulls at future
Banded Stilt breeding events in South Australia.

A copy of the letter sent to SANPWS is attached

Address for correspondence 165 Dalgetty Road, Beaumaris. Vic. 3193.

(email: mintons@ozemail.com.au).
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Visit to Banded Stilt breeding colony on Hughes Island, Lake
Eyre North

1%t - 5™ April 2000.
Dr. Clive Minton', Dr. Rosalind Jessop? and Peter Collins?

'165 Dalgetty Road, Beaumaris. Vic. 3193. (email: mintons@ozemail.com.au).
*RMB 4009, Cowes. Vic. 3922.

Executive Summary

Heavy rains in central Australia in the middle of February facilitated major breeding
activity by Banded Stilt, Australian Pelican, Silver Gull and Caspian Tern on Hughes

Island in the centre of Lake Eyre North.

A five day visit to the island in early April 2000 found that large scale predation of
Banded Stilt eggs and young was being carried out by Silver Gulls. The net result was
that the estimated 18,000 pairs of Banded Stilt, the majority of the South
Australia/Victoria population, produced very few young. If such low breeding success
continues in future there will be a major reduction in the population.

It is strongly recommended that control measures be prepared now and implemented
when the next Banded Stilt breeding event occurs in South Australia.
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Introduction

The Banded Stilt is an endemic species of Australian wader which requires ephemeral
salt lakes in inland South Australia and Western Australia for breeding. Breeding
opportunities therefore only occur at irregular intervals following major rain events.

The Banded Stilt populations of South Australia/Victoria and Western Australia are
thought to be largely separate, with a total estimated population of at least 100,000
individuals.

During the last 20 years Banded Stilts are only known to have nested in South
Australia four times - in 1984 (probably at Lake Eyre), 1989 (Lake Torrens), 1997
(Lake Eyre North) and now in 2000 (again at Lake Eyre North).

Maintenance of population numbers in a bird which can breed only irregularly is
dependant on a high adult survival rate and good breeding success. However detailed
studies at Lake Torrens in 1989 by SANPWS staff indicated exceptionally high nest
failure due to predation by Silver Gulls. By contrast similar studies at Lake Ballard in
Western Australia in 1995 showed no guil predation and reproductive success was
extremely high. Photographs taken at Lake Callabonna in South Australia n 1930
clearly show that Silver Gull predation was not a problem then.

The principle purpose of this visit was to obtain up to date information on Silver Gull
predation at South Australian Banded Stilt breeding events since this potentially affects
the long term viability of this part of the Australian Banded Stilt population.

Field Work

Major rains fell in the northern parts of South Australia in February. On the 12/13th
February some 150+ mm fell in the area of Lake Eyre and to the north and west of
there, causing severe local flooding. A week later a further 50 mm of rain fell over a

wider area.

Experience at Lake Ballard in 1995 showed that Banded Stilts were capable of laying
eggs within 1 to 2 weeks of a major rain event. CDTM travelled to William Creek at
the beginning of March and made fixed wing aerial surveys over Lake Eyre on 2" and
3™ March. A nesting colony of 2-3,000 Banded Stilts was located on Hughes Island in
the middle of Lake Eyre North. 1,200 Pelican nests and 1,000 Silver Gull nests were
also present on the same island.

CDTM, REJ and PCC returned to William Creek on 30® March and carried out a fixed
wing aerial survey on 31* March. They were then deposited on Hughes Island by hired
Jet Ranger helicopter from April 1%to 5* A further fixed wing aerial search for
Banded Stilt chicks was carried out over the lake on 6™ April.

A detailed census of all the birds encountered on Hughes Island was undertaken. Also
prolonged observations were made of Silver Gull predation at the Banded Stilt colony

over the 5 day period.



Results

a) Banded Stilts

On the 1% April it was estimated that there were 9,000 occupied Banded Stilt nests at
the colony located about half way along the western side of the island (which was
about 2 km long by 250 metres wide, with the long axis running in a north/south
direction).

The original colony located on 2/3 March, which had apparently subsequently doubled
in size (per local air tour operators), had already been vacated. Furthermore a segment
of the new colony had also already been recently vacated.

Measurements of the total areas covered by the colonies, nest densities (up to 10 per
square metre) and the area of the colony occupied by nests gave an estimate of 4,500
nests for the original colony and 13,500 nests for the ‘new colony’ giving a total
estimated breeding population of 18,000 pairs.

A brief incursion into one end of the colony indicated that the majority of nests
contained 3 eggs, with some with 2 or 4 eggs. The average clutch size will be

calculated once the photographs taken at the time have been developed. But itis
clearly similar to the average clutch size of 3 eggs recorded in the Lake Ballard colony.

b) Australian Pelican

The island contained 4,714 Pelican nests located in 12 separate colonies/subcolonies.
The majority were on the southern half of the island. Most colonies favoured areas
with small (half metre high) bushes around the perimeter of the island but some
colonies were on bare ground in the centre of the island.

Full details of the nest contents are given in Table 1. Two eggs was clearly the
dominant clutch size (92.6%) with 3.2% having laid 3 eggs and 4.2% laying 1 egg.

Hatching in some southern parts of the colony appeared to have commenced a few
days prior to the census and on the 2 April 625 of the nests (13%) contained at least
one hatched young.

Table 1. Contents of the 4714 Australian Pelican nests on Hughes Island on 2 April
2000.

1 egg 2 eggs 3 eggs 4eggs (abandoned eggs)
164 3793 131 | (53)
1 young 2 young 3 young
33 348 9

1egg/l young 1egg2young 2 eggs/lyoung
222 8 5

Total breeding pairs = 4714



¢  Silver Gulls

Silver Gulls nests were spread over approximately 400 metres at the northern end of
the island. On 2™ April 2,152 nests were counted. Nest contents are detailed in Table
9. The most common clutch size was 3 eggs (62%), followed by 2 eggs (28%). Some
of the anomalous nest contents were due to roaming chicks temporarily crouching in
other nests because of our presence.

Hatching was in progress with some chicks up to 10 days old. On 2 April 37% of the
nests had hatched at least one chick.

Table 2. Contents of the 2152 Silver Gull nests on Hughes Island on 2 April 2000.

1egg 2 eggs 3 eggs 4 eggs S5eggs  6eggs
116 360 785 7 3 1
1 young 2 young 3 young 4 young 5 young
111 176 100 9 1
1 egg/l young 1 egg/2 young 1 egg/3 young 1 egg/7 young
104 79 18 1
2 eggs/1 young 2 eggs/2 young 2 eggs/3 young
159 18 5
3 eggs/1 young 3 eggs/2 young 3 eggs/4 young
23 7 1
abandoned predated eggs dead chicks empty nests  *runners
eggs
6 16 24 68 95

* (young not attached to nests).

Total estimated breeding pairs = 2152.

d) Caspian Tern

Only two Caspian Terns were seen on 2/3 March but by 1* April a large colony had
formed on a sand bank close to the gull colony on the north end of the island. A
census on 3™ April showed 114 nests and 36 scrapes indicating a breeding population
of 150 pairs (Table 3). Two nests contained newly hatched chicks.

Two eggs was the most common clutch size (51%) followed by 3 eggs (37%).

Because the Silver Gulls were occupying the higher ground on the northern end of the
island, which was used by the Caspian Terns in 1997 (CDTM per. obs.), the terns
appeared to have been forced to nest on this lower bank which had been submerged
immediately after the mid-February rains. They could thus be vulnerable to flooding
when the next pulse of water reaches Lake Eyre in late April from the
Georgina/Diamantina/Warburton River system

Table 3. Contents of the 150 Caspian Temn nests on Hughes Island on 3 April 2000.

legg 2eggs 3eggs 1egg/lyoung 2 eggs/1 young empty nests Total



(new)
12 56 44 1 1 36 150

e Other Species.

At least 12 pairs of Red-capped Plover were nesting on the island.

A single Gull-billed Tern was regularly seen and on two occasions behaved as if
nesting. However no nest was found.

Five pairs of Orange Chat were present and breeding. Budgerigars, Zebra Finches and
Little Button Quail were also seen but not thought to be breeding.

At least 200 Sharp-tailed Sandpipers were seen feeding on the salt flats around Hughes
Island an most days. Their “fat profile’ suggest that they had already accumulated
large fat reserves and were ready for departure. About 100 Red-necked Stints (some
in breeding plumage) and a single Curlew Sandpiper (non-breeding) were also seen.

No raptors were seen. However a Wedge-tailed Eagle had been reported visiting the
island a few days before our arrival. Wedge-tailed Eagles had apparently bred on the
island, on the ground, in 1997. Remains of their prey, including several Bearded
Dragons, were seen at several locations.

An old dingo scat was also found.

There was evidence of two active rabbit burrows on the island but no rabbits were
seen.

Silver Gull Predation

a) Banded Stilt

Thirteen hours of systematic observations of Silver Gull predation at the Banded Stilt
colony were made between 1* and 5 April. Observations were made from a distance
of 80 metres by two observers with the aid of binoculars and a telescope.

Marauding Silver Gulls were present throughout the Banded Stilt colony at all times -
day and night. Counts made at 15 minute intervals showed that numbers varied
between 25 and 162 with typically 80 to 100 present at one time (Figure 1). Five and
fifteen minute counts of gulls newly arriving at the Banded Stilt colony from the Silver
Gull colony to the north ranged between 3 and 12 per minute with an average of 6.5
per minute. This suggests that during daylight hours, on average 390 visits were made
by Silver Gulls each hour to the Banded Stilt colony. This equates to around 4,875
visits each day. If Silver Gulls visited the colony at the same rate during the night as
observed close to dawn/dusk then an additional 4,100 visits would have been made
making a total of around 9,000 visits each 24 hours.

Silver Gulls patrolled on foot within the colony seeking every opportunity to seize an
unguarded egg or chick. Sometimes several gulls appeared to be working together in
concert and on occasions gulls were even seen to pull at adult Banded Stilts in order to
try and drag them off their nests. Other gulls would hover over nests and drop into the
colony causing a disturbance which created opportunities for predation of eggs and /



or young by a number of gulls. On one occasion a low flying Pelican caused
disturbance leading to the contents of 40 or so nests being lost.

Whenever it was possible to identify that an egg or a chick had been taken by a Silver
Gull this was recorded. In many cases predation was followed by a melee of up to ten
gulls fighting for the egg or chick. Eggs were often eaten on the ground close to the
nest. However chicks were often carried away to be eaten, resulting a chase by up to
10 other gulls in aerial pursuit. Sometimes the chick was dropped and then retrieved
by a different bird.

Inevitably the number of eggs/chicks predated was under recorded as it was often
difficult to tell if all the contents of a clutch were taken. Also when the egg/chick was
consumed rapidly and no melee or chase resulted the predation event may have been

missed.

Predation was already at a high level at first light (about 0600) and continued at the
same level until mid-moming (Figure 2). There was some reduction in the rate of
predation in the middle of the day, especially on hot days, when the gulls appeared to
seek shade or stand in the water. However heavy predation resumed again from mid-
afternoon and was still continuing when it became too dark to see (around 1830).
Predation appeared to continue during darkness judging by the sounds emanating from
the colony and gulls appeared to be arriving and departing from the colony all night.
Night time predation was also recorded at the Lake Torrens Banded Stilt colony in
1989.

The number of chicks recorded as being predated averaged 1.85 per minute during
daylight hours. 51% of the predation events involved chicks and 49% eggs (28% one
egg and the remainder clutches of eggs). It was not possible to quantify night
predation rates but judging by the noticeable reduction in the size of the colony
between dusk and dawn the following day it must have been very significant.

The recorded daytime predation rate equates to a loss of 1,350 eggs/chicks per day.
However during the five day period the colony was under observation it decreased
from an estimated 9,000 to 3,000 nests. This is equivalent to around 18,000
eggs/chicks. However over the same period only 322 chicks were seen to successfully
depart from the colony (escorted by protective adults) for the relative safety of the

open lake.

Tt therefore appears that most of these 6,000 nests failed due to predation. The
combination of unmeasured night-time predation and the under recording of day-time
predation meant that the actual predation losses were more than twice the recorded
level i.e. around 3,000 eggs/chicks per day.

Tt was also notable that the extent and effectiveness of gull predation increased as the
Banded Stilt colony decreased. This was particularly because massive gull predation
became more possible as open areas appeared in the colony allowing greater gull
access. Similar observations were made at Lake Torrens in 1989 when the final 3,000
nests were totally destroyed by Silver Gull predation. At Hughes Island there was a
further reduction in the colony size to only 1,500 nests by the morning of the 6th April
(fixed wing aerial survey) - equivalent to the loss of 4,500 eggs/chicks in only about 20
hours). It is estimated that the colony will have been empty by 8th April.



b) Australian Pelican

The Silver Gulls were not attempting to predate either Pelican eggs or newly hatched
chicks. However they were increasingly depriving the young Pelican chicks of food by
stealing the partially digested fish regurgitated by the adult Pelican prior to feeding the
small chicks.

While large chicks can take food from within the Pelican’s beak/crop, small chicks
have to be fed by the adult with small pieces of fish held in the bill. To achieve this the
adult Pelican regurgitates a large portion of its crop contents onto the ground and it is
then that the adult gulls working in concerted packs of 8 to 10 birds were observed
stealing up to 90 % of the regurgitant. With the imminent termination of the Banded
Stilt colony as a source of food for Silver Gull adults and chicks, it is likely their
attention will turn even more onto the predation of Pelicans in the future. This
presumably could have a detrimental effect on the survival of young Pelican chicks.

c) Caspian Terns

There was no evidence of current predation by Silver Gulls at the tern colony even
though their colonies were adjacent. However previous experience elsewhere has

shown that Silvers Gulls can be a major predator of Caspian Tern eggs and chicks.
Gull predation may therefore increase in the future.

d) Red-capped Plover
Two young chicks were seen to be taken by Silver Gulls.

Other Activities

Banding
No banding was undertaken because so few young birds were successfully leaving the
colony and because of the risk of associated further gull predation opportunities.

An exciting discovery however was the presence of a yellow leg flagged breeding adult
bird in the colony. This bird had been banded as a chick at the Lake Ballard, Western
Australia, colony in 1995. This is the first evidence of any interchange between the
South Australian and Western Australian Banded Stilt populations.

b) Blood Sampling.
Blood samples from 14 dead Banded Stilt chicks were collected for DNA analysis.

These were chicks accidentally dropped by gulls during aerial chases or collected from
beside nests in the Silver Gull colony (one Silver Gull nest had 10 dried chicks in it).

These blood samples will be sent to Professor Allan Baker at the University of Toronto
for use in his wader classification studies. (he is the world expert in wader classification
using DNA techniques). They will also be used to see if any DNA characteristics have

yet developed to separate the Banded Stilt populations of South Australia and Western
Australia (from where blood samples already exist).



c¢) Photography

A detailed photographic record was obtained of all aspects of the breeding waterbirds
on Hughes Island. The gull predation in the Banded Stilt colony was also
photographed extensively.

Conclusions and Recommendations

The exceptional mid- February rains in central Australia put sufficient water in Lake
Eyre North to trigger a major breeding event for Banded Stilts, Australian Pelicans,
Silver Gulls and Caspian Terns. However the breeding success of the Banded Stilts
has been limited by massive predation of eggs and chicks at the colony by Silver Gulls.
In due course the breeding success of Pelicans and Caspian Terns is also likely to be
adversely affected by Silver Gull predation.

It is too late for any remedial action to be taken to improve the breeding success of this
particular Banded Stilt breeding event. However it is strongly recommended that
SANPWS prepare a plan for the intensive control of Silver Gull numbers at and
immediately adjacent to, any future Banded Stilt colony in South Australia. Unless
such remedial action is taken to greatly reduce the massive predation by Silver Gulls in
the future it is likely that there will be a major reduction in the Banded Stilt population.

Proven methods exist for gull control, including the use of bread soaked in alpha-
chloralose. This has proved effective in extensive gull control programs carried out in
Western Europe and North America over the last 30 years.

The appropriate approvals need to be obtained well in advance and control methods
and the necessary products decided upon and purchased. An appropriate budget
allocation needs to be made also. This is because it will be necessary to act very
quickly after a future rain event not only to locate the Banded Stilt colony but also to
implement control measures within 10 to 14 days of the rain event occurring. These
measures will need to be sustained for a period of 4 to 6 weeks to ensure that the
expected continual inflow of gulls is controlled and that all the Banded Stilts get an
opportunity to hatch young successfully and get them to the relative safety of open

water.

It is also recommended that SANPWS endeavour to carry out an extensive aerial
survey of Lake Eyre North during the next two weeks (before April 20th) to determine
just how many young are successfully produced to fledging by the 18,000 pairs of
Banded Stilt that nested on Hughes Island and to try and ascertain the breeding success
of Pelicans and Caspian Tems.

The expected further inflow of water from Queensland should sustain the water levels
long enough for these to successfully complete breeding. It is even possible it may
stimulate renewed breeding activities by the Banded Stilts, especially in view if their
poor breeding productivity at the first attempt. This would enable an immediate
testing of the effectiveness of gull control measures in limiting predation activities.
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Figure 1. The average number of Silver Gulls present in the Banded Stilt colony
during daylight hours, Hughes Island, Lake Eyre, 1st to 5th April 2000.
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Figure 2. The average number of Banded Stilt eggs and chicks predated by Silver
Gulls, Hughes Island, Lake Eyre, 1st to 5th April 2000 (note the large number of eggs
taken at 17.00 hours was due to an overflight by an Australian Pelican which disturbed
the Banded Stilts allowing the Silver Gulls to predate the eggs and chicks).
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Australasian Wader Studies
Group

Lindsay Best

Acting Director SANPWS
GPO Box 1047

Adelaide

SA 5001

Recommendations for Silver Gull Control at Banded Stilt Colonies.

Dear Mr. Best,

We attach a copy of a report we have prepared after our recent visit to Hughes Island
in Lake Eyre North where we observed massive predation at the Banded Stilt colony
by Silver Gulls. The data collected supports earlier information collected by the South
Australian National Parks and Wildlife Service during the Banded Stilt breeding event
at Lake Torrens in 1989.

We consider that there will be a major reduction in the Banded Stilt population in
South Australia and Victoria if drastic measures are not taken to restore a reasonable
level of breeding success at Banded Stilt breeding events in South Australia in the
future.

We recommend that SANPWS immediately make appropriate preparations to
implement a Silver Gull control programme at, and near, future Banded Stilt colonies
in South Australia, whenever and wherever these infrequent breeding opportunities
occur.

We have already verbally presented our findings and recommendations to John
Watkins and Pearce Doherty at Port Augusta and were most pleased at their generally
supportive reactions.

We would be most grateful if you would please accept this report and consider
initiating action on the recommendations as a matter of urgency.

Yours Sincerely
Dr. Clive Minton
Dr. Rosalind Jessop
Peter Collins

Address for correspondence 165 Dalgetty Road, Beaumaris. Vic. 3193.
(email: mintons@ozemail.com.au).

~



Letter (20/7/1999) from Mary E. White, D.Sc., to JL seeking BaSt
photos for a book she is writing. JL recommended she contact
CDTM. Also see her letter of 27/4/1999 below.
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34 Beatty Street
Balgowlah
NSW 2093

ph. 02 99485269

20" July, 1999

Mary E. White

SSELTON
A 6280
/

Dear Mr Lane,

| wrote to you in April hoping that you might be able to supply me with a
photograph of banded stilts. As | have had no reply and | am getting close to
finishing my book, | am writing again to find out if you could be kind enough
to direct me to someone else who might have a slide | could use, if you are
unable to help me.

| can have the slide professionally copied and return the original promptly so
that the time taken for publishers to return material does not cause any
inconvenience.

| am sorry to be a nuisance. | know everyone is so busy these days, and | am
grateful for an help you can give me.

Yours sincerely,



Fax (02/8/1999) from JL to GBP replying to CDTM’s 23/7/1999 fax to
GP in which he wrote: ‘I would like to put a brief note in Tattler re
the final outcome of the [1999] Banded Stilt breeding attempt’ and
asked a number of questions related to BaSt breeding activity and

movements in WA in 1999.

Check for / obtain copy of resultant article.
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s .
_llars of cemented laterite pebbles somewhat reminiscent
of thePinmaeles. There was little evidence left of the Cobb

@gtfgmg Post which had been built nearby. The Main
* Road through the area had skirted thefestern side of the

Valley.

We-lunched in a pleasant
Lake. Several of our p
and home on Tuesdgy.

alypt woodland down by the
left leaving six to return to base

Of I'course the pdtanists and the birdoes had their eyes open
on all the odtings. Several birds sighted were not on the
Station ¢f Park lists and also several plant spegcies. 32

everywhere and tadpoles and frogs evident around the
soak areas. The wet conditiong-had brought up a lot of
fungi even including mushroorfis at the mallee fowl mound.
Kevin will tell you about ghe birds including his adventures
o on Lakc Goongarrie, ira separate account.

In spnc of the disappointing Mallee fowl mound sweep, the
ost successful. The recerit heavy rain had

itiC sandy country including sand ridges,

breakawaysA with many colours and forms, tie lakes and
clay pans, the granite outcrops and the sdaks. Thanks to

“Daphne for a well organised Excursiefi and to CALM for

the use of their excellent facilities.

Tt Tle Nahedod News '

Gilbert Marsh

flowefing plant specimens were callected, t yet to be_
idéntified. Many Euros were sight;ic.gméﬁ lizards werd'
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“sand, blown into piles or washed down the slope into the
lake.

Since Cyclone Vance the colony has restructured and
breeding is continuing with many fresh scrapes and newly
laid eggs. It is expected that the breeding colony of Stilt
will increase rapldly over following weeks as hundreds of
copulating pairs were to be seen on the lake. However, the
depth of water covering the lake was low and unless there
is more follow up rain in the area within the next month, it
could well be that the colony will be abandoned. Due to the
isolated nature and difficult access to areas where these
birds breed, there have been less than 25 breeding records
in Australia since white settlement.

Shield Shrimp and Brine Shrimp were plentiful in
- ephemeral lakes close to Goongarrie Station homestead and
others we visited on the way to Goongarrie National Park.
Black Swan, Hoary-headed Grebe, Australian Shelduck,
Grey Teal (up to 96 on one lake), a single Australian
“Shoveller, Red-necked Avocet and White-faced Heron were
_recorded. . &, '

On our early morning bird walks from the homestead,
interesting birdlife included about six Hooded Robin. Red-
capped Robin were reasonably plentiful and there was a lot
of courting behaviour going on between pairs. Splendid
Wrens, Southern Whiteface, Chestnut and Yellow-rumped

_ Thornbill were also reasonably common. Horsfield’s
Bronze-Cuckoo were seen and heard. Spiny-cheeked
Honeyeater were common. and Crested Bell Bird heard
often. The Owlet Nightjar calling at dawn near the shed
close to the homestead possibly had aroost there. After our
unsuccessful hot walk in formation along grid lines to
monitor Mallee Fowl, it was gratifying next day to find
distinctive fresh tracks near an unused nest mound not far
from the grid line area. While doing this walk Shy Heath
Wren, Mulga Parrot, White-fronted Honeyeater and White-
eared Honeyeater were seen.

MA« 1999

BIRD NOTL‘S FOR THE EASTER CAMPOUT
7 AT GOONGARRIE: STATION.

Some Club members travelled directly to Goongarrie
. Station; while others with more time took alternative routes.
On the Mt Jackson road Lake Deborah and small ephemeral
 lakes were full and attracting all kinds of waterfowl,

“including Pink-eared Duck and Australian Shoveller.
‘Several Australian Shelduck and Maned Wood Duck were
seen in forested areas, obviously seeking nesting hollows.
Two Major Mitchell Cockatoo ‘were seen 30kms north of
" Lake Deborah. S

- . On_the 2nd Apnl 1999, Banded Stilt were discovered

. breeding on a very isolated low island in Lake Goongarrie
by :following their distant' sounds carried on a strong
- easterly wind. Initially it was thought the breeding colony
at a conservative estimate, consisted .of about 3,000 birds

- ~with about the same nuniber feeding out in the lake away

‘from the breeding area. (The shallow water had an

abundance of Brine Shrimps.) However, after looking at
..photographs taken at the ume, it is poss:ble there could be
_-upto 10 000 birds. '

Tt appcarcd as if they had all suddenly gone down to nest
after Cyclone Elaine. During Cyclone Vance in March
thousands of eggs weré abandoned after being covered with

Page 4 -

On Lake Wangine near Siberia, there were considerable
numbers of Black Swan, Grey, Teal, Australian Shelduck
and Eurasion Coot to be seen. Returning to Perth, near
Northam we stopped to view a Barn Owl s1tt1ng on a road
sign.

—

Kevin Coate

YOUN ATURALISTS DXCURSION
A BUGS LIFE

And it certainly was a bug’s hfe }Lhaun(ttjngb/, over

ventured into a world of

at completed the pack.. At
's bobtail provided the group

of apple.
back regio
fascinating arachnids from a close ran
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