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Litter survey and analysis
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Wader Beach Litter Surveys
December 2014 to March 2017
1. Introduction
Friends of Williamstown Wetlands Incorporated (FOWW) is a group of volunteers
that undertake conservation activities in the Jawbone Reserve and neighbouring
areas in conjunction with the rangers from Hobson’s Bay City Council (HBCC).
FOWW raised concerns about the amount of litter accumulating on Wader Beach
with HBCC and Parks Victoria (PV), and sought funding from the Metropolitan Waste
and Resource Recovery Group (MWRRG) under the Litter Hotspots Program to
identify the nature and potential source of the litter that had built up on Wader Beach,
with an overall aim to clean up the area in order to protect this sensitive environment.
The first litter survey was carried at Wader Beach between December 2014 and May
2015. A second survey, with additional funding from the MWRRG, was undertaken
from February 2016 to March 2017 using the same quadrat sites and data recording
sheets to provide continuity between the two data sets. All data from the two survey
periods are included in this report.
An additional transect survey method was started in February 2016, in conjunction
with the Port Phillip Eco-Centre, to trial a general litter survey method that could be
more readily applied at different sites around the Bay. Data from the transect surveys
are also included in this report.
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Background to Wader Beach

Wader Beach is situated in the north of Port Phillip Bay between the Paisley-Challis
Drain in the west and the Jawbone Marine Sanctuary in the east (Fig. 1). It is a
relatively small isolated beach, about 800 m long and accessed through Parks
Victoria Land. The beach is shallow with an extensive sand/mud substrate at low
water providing an important feeding area for waders and seabirds, including
migratory waders from the northern hemisphere during summer months. In addition
the beach contains remnant saltmarsh which is disappearing around Port Phillip Bay.
Small numbers of white mangroves, Avicennia marina var.australasica, are found in
the Paisley-Challis Drain and along Wader Beach. Visitors are deterred by the
restricted access and limited swimming opportunities, readily available on more
accessible local beaches to the east at the Jawbone and Williamstown. However,
the beach area is popular with some dog walkers, particularly at low tide, and
occasional bird watchers.

Figure 1. Wader Beach between the Paisley
Challis Drain and the Jawbone Marine
Sanctuary. Note the wetland area behind the
beach, which restricts access, and the public
playing fields to the west of the Drain.

30 April 2017

3

!
The Victorian Rifle Association established a rifle range in the area now known as
the Jawbone Reserve and the Rifle Range housing suburb. The entire area,
including Wader Beach, was effectively closed to the public from the late 1870’s
through to the late 1980’s and remained largely unmodified over this time period.
Prior to this an abattoir had operated on Wader Beach during the early to mid 1880’s.
The Rifle range “closure” has been of considerable benefit to the protection and
maintenance of this sensitive coastal environment, which is rapidly disappearing due
to increasing urbanisation around Port Phillip. The downside of this closure has been
that Wader Beach had not been cleared of litter and debris for many years resulting
in a significant build-up of waste.

2. Methods
! Quadrat site selection and size
Three locations (East, Mid, and West) were selected to provide a wide coverage of
the shallow, curved but otherwise fairly uniform bay that makes up Wader Beach. At
each location two 4x4 metre quadrats were marked out, one just above the Mean
High Water, MHW, (the Low site) and a second parallel site a further 4 m inland (the
High site). The high sites were selected to be just above a low (~0.5 m) bank above
the beach gravel/sand mix and that contained some permanent coastal vegetation.
Locations are given in Annex 1 of this report.
An initial pre-survey trial showed that a 2x2 m square quadrat captured limited
information with fewer classes of litter, while bigger quadrats (8x8 m) captured
greater volumes of litter but did not collect more classes of litter than the 4x4 m
quadrats.
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Marking out quadrat sites

Each four metre square quadrat was marked out by placing four wooden pegs into
the substrate/beach at each corner of the square (Fig. 2). The low pegs
(approximately 30 cm above substrate/beach level) were sprayed with orange
florescent paint to allow easy subsequent identification of the quadrats and to warn
walkers of the pegs.
Figure 2. Marking out 4x4 m quadrats, with
orange coloured stakes. The low quadrat is
on the sand/gravel surface of the beach, the
high quadrat is up on the bank where there is
some permanent vegetation.

Figure 2a (above) is to the north and figure
2b (RHS) is looking south, out to sea.
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Sampling times

Litter surveys were undertaken at approximately monthly intervals around low to mid
tide to avoid disturbance to seabirds/waders/ducks that feed and roost on Wader
Beach, in particular waders that feed on the low tide flats during the summer and
early autumn.

!

Litter collection and data recording

A data recording sheet was developed based on the litter sheets used by the
Victorian Litter Action Alliance (www.litter.vic.gov.au), the Port Phillip Eco-Centre
(www.ecocentre.com), and the Tangaroa Blue Marine Debris Initiative
(http://www.tangaroablue.org), with some key litter items added/removed following
initial visual surveys of the litter at Wader Beach. An example of the Wader Beach
Litter Survey Sheet is given in Annex 2 of this report. The same quadrats and data
recording sheets were used in both survey periods.
For each survey at least two volunteers, one to record and one to count, identify, and
remove all litter items from each quadrat, were employed. Counting litter items
involved a hands and knees approach in order to sift through the weed matts (Fig. 3)
to find small litter items, in particular small pieces of plastic <5cm. All litter items were
recorded and placed in rubbish sacks and carried out at the end of each survey and
disposed of in the Hobsons Bay refuse collection.

Figure 3. Volunteers collecting,
identifying, and recording litter
items in the weed matt at Wader
Beach. Note two orange
coloured stakes marking the
lower end of a 4x4 m quadrat.
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Supplementary data

For each survey the date and time of the litter survey was recorded. Additional data
on wind speed and direction and time of high/low tides were recorded. Any
exceptional weather conditions (strong winds and heavy rain) in the days preceding
each survey were noted.
In addition, at every survey, all volunteers signed a record sheet in accordance with
the Parks Victoria Job Safety requirements.
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Transect surveys

Two transect sites were chosen in the east and middle of Wader Beach in February
2016. At each site the transect started in the permanent vegetation above the sand
and continued for 24 m down the beach towards the mid-tide region. Each transect
was 2 m wide and for data recording was subdivided into 4 equal sub-transects 6 x 2
m. Transect lengths and widths were paced out and marked with temporary
cane/stone markers (found along the beach).
All litter items in each sub transect were
counted, identified, and removed at each
survey as for the quadrat surveys (Figure 4).
Figure 4. Transect survey with PPEC.

A separate data recording sheet was trialled
and modified for the transect surveys (Annex
of this report), based on the Victorian Litter
Action Alliance (www.litter.vic.gov.au) and
the Port Phillip Eco-Centre
(www.ecocentre.com) data sheets.
From March 2016 onwards the data sheet was reduced to a single page for ease of
use in often windy and sometimes wet conditions. Furthermore, in contrast to the
quadrat surveys, the number of small unidentified plastic pieces was sub-divided into
4 categories: soft <5mm and hard <5 mm, soft >5mm and hard >5mm. This change
was introduced following the initial quadrat surveys which found that small
miscellaneous plastic pieces (<5 cm) were the dominant litter item at Wader Beach,
but these items had not been separated into soft and hard pieces, and < and > 5mm.

3. Results
! Main litter items in the quadrats
1. Small pieces of plastic
Large numbers of small plastic pieces (multiple colours, generally <5cm long, Fig. 6)
were found entangled in the weed matt above the high water mark. Many of these
plastic pieces would have been missed in a large scale litter survey based on counts
over 100m transects along the beach. Surveyors
needed to be on hands and knees sifting through
the weed matt to identify and count the small plastic
pieces (Figure 5).
Figure 5. Sifting through the weed matt.

Both soft and hard plastic pieces were recorded as

30 April 2017

6

!
small plastic pieces, with no differentiation. Subsequently for the litter transect
surveys the small plastic items were split into four categories: hard and soft, and <
and > 5mm.
Figure 6. Small miscellaneous plastic pieces in the weed matt at Wader Beach.

Small plastic pieces were consistently the dominant litter item each month, and by far
the most common item overall (1680 pieces) in the quadrats (Figure 6). Small plastic
pieces were absent from 17 of the 102 quadrat/monthly counts. Some small plastic
pieces in the high sites appeared to be derived from single plastic bags that had
broken up once entangled in the weed matt (uniform colour and thickness, brittle,
and clustered in one spot in the weed matt). However, at the lower sites the wide
variety of small plastic pieces (colour, shape, and thickness) would indicate multiple
sources of plastic. Those pieces that could be identified included parts of plastic bags
(grey, black, blue, clear, and clip tops), parts of plastic cutlery, parts of plastic toys,
parts of plastic bottles and tops, plastic ties, plastic wrap, and ice-cream spoons.
In the first six monthly survey the highest counts of small plastic pieces were always
recorded at the EH site, where counts increased over the first three months (Dec 14
to Feb 15; 104, 122, 244), possibly as surveyors became more experienced at
sorting the weed matt, before declining markedly from March 2015 onwards (42, 79,
78). This decline may indicate that regular monitoring of the weed matt over the
summer months had reduced the number of small plastic pieces at the sample sites.
It seems likely that the weed matt is turned over by strong wave and wind action,
which was more frequent in autumn. Indeed the last counts in May 2015 showed that
the low sites were scoured by sand and the high sites had fresh piles of seagrass. In
addition there had been a major clean-up of eastern Wader Beach for Clean-Up
Australia Day in early March.
During the second survey period the apparent declining trend was not so obvious
(see Fig. 8), although the highest counts were mostly at the high sites (8/11 surveys).
Overall the counts of small plastic pieces were lower (highest site range 8-33 pieces)
than in the first survey (highest site range 42-244 pieces).
Nurdles were found in several quadrats during the first survey, but not consistently.
In the second survey nurdles were found mostly at the MH high site. Nurdles were
always partially buried in the sand substrate. Numbers and densities were not
recorded.
The weed matt was dominated by seagrass (Zostera) with smaller volumes of red
(Plocamium sp., Corallina sp.), green (Ulva spp., Caulerpa spp., Codium sp.), and
brown (Hormosira banksii, Cystophora spp.) algae, and to a lesser extent sponges,
in various stages of decay. Observation of recently washed-up weed matt at
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Williamstown Beach (http://www.beachpatrol.com.au/BeachGroups/3016) during
autumn 2015-16 showed that this also contained similar small pieces of
miscellaneous plastic items. The weed matt at Williamstown Beach was different to
that at Wader Beach and was dominated by algae, with little seagrass.
2. Broken glass
Pieces of broken glass (green, brown, and clear colours) were the second most
common litter item (482 pieces) and were found each month, but for the most part
just at one site, ML (477 pieces). There was no decline in counts over the survey
period, but there was an indication of the highest counts during the winter months (67
in July 2016, 49 in June 2016), and possibly storm related. The next highest count
(44) was in December 2016, following a storm event.
Figure 7. Assorted pieces of broken
glass at the ML site. Note the broken roof tile in the
top right.

It is possible that there is a lot of broken glass around the ML site, partially buried in
the sand/shingle and this is turned over by wave action during storms to continually
reveal new pieces. Most of the glass pieces were partially smooth indicating beach
erosion (Figure 7). No source of glass was visible lower on the shore, but pieces
were present along the high tide line on the western section of Wader Beach, outside
the quadrats, and were particularly noticeable after storm events.
3. Polystyrene, plastic film/wrap, rope/twine, plastic bags, plastic straws
Polystyrene pieces were the third most common litter item (205 pieces). The small
pieces, of different shape and thickness, indicating sources such as cups and boxes,
were mostly entwined in the weed matt. The fourth major litter item was plastic
film/wrap (199 pieces), again mostly entangled in the weed matt. Rope/twine, mostly
short pieces <30 cm, was the fifth most common litter item (108 pieces). Several
short uniform pieces of green twine were found and may have been handles from
polystyrene six-pack eskies.
Whole plastic bags, the sixth most common litter item were relatively few in number
(total = 76, low sites 45, high sites 31) and were found at all sites, often partially
buried in the sand. Plastic bait bags (total = 22), identified by logo and name, were
found for the most part at the low sites (16 bags) with the exception of EH (6 bags),
and again partially buried in the sand. The seventh most common litter item was
plastic straws (72) and the eighth cigarette butts (71 items) (Table 1).
Note a wide range of miscellaneous items (207 pieces), including parts of ceramic
tiles and roof tiles, pieces of metal, wood, cloth, and paper, and paper cups, were
recorded and have been pooled for the summary table. Only two syringes were
found (Table 1).
Overall plastic items dominated the litter counts (2200 items) followed by broken
glass (500 items), polystyrene pieces (208 items), then miscellaneous items (207),
and cigarette butts (71).
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High v low quadrats

In the first quadrat survey (December 14-May 15) the total litter item counts were
consistently higher in the high quadrat sites, with approximately 2x the number of
items recorded in the low quadrats (1157 v 537); the EH quadrat always had the
highest counts. In the second survey (February 2016 to March 2017) the situation
was reversed and the low quadrats had a greater number of items overall (838 v
723). The low ML quadrat had the highest counts on 6 out of 11 surveys and this was
largely driven by the large number of pieces of broken glass consistently found in this
quadrat. Only 5 pieces of broken glass were found outside the ML quadrat, in the MH
quadrat.
The reversal of highest counts in the high to low quadrats after the first survey can in
part be explained by the overall fall in plastic items (Figure 8), in particular small
plastic pieces (median count first survey 168 items, second survey 62 items) and the
relative stability of glass pieces recorded in the ML quadrat (median count first
survey = 27 items, second survey = 30 items). The ML quadrat was unusual in the
number of pieces of broken glass recorded and this quadrat was removed for the
mean counts shown in Figure 8.
It seems likely that the litter surveys had removed a large number of items that had
built up in the high quadrats over a long period of time and these were less likely to
be replaced by wave action than in the low quadrats, that brought in new items.
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Quadrat v transect

Small plastic pieces, both hard and soft, were the dominant litter item (264 pieces)
recorded in the transects, as in the quadrats. From March 2016 onwards these
plastic items (total =213) were subdivided into 4 categories (in the transects). The
most common item was soft plastic >5mm (120 pieces), soft plastic <5mm (37
pieces), hard plastic <5mm (41 pieces), and hard plastic >5mm (15 pieces). Not
surprisingly the same type of litter items were found in the transect surveys as in the
quadrats. However, the relative order of some of the common litter items was
different (Table 1). Plastic film/wrap (43 pieces) was the second most common item
found in the transects (4th in quadrat), and broken glass (31 pieces) the third most
common item (second in the quadrats). Polystyrene pieces (16) were the fourth most
common litter item (third most common item in the quadrats). As in the quadrats
surveys there were a large number (33) of miscellaneous items, including parts of
roof tiles, pieces of metal, wood, cloth, and paper, and paper cups.
The highest litter counts were in the first transect survey (62 and 73 pieces) and
declined markedly (range 2-24 pieces) until the January 2017 survey (49 and 63
pieces), which followed the late December 2016 storm event (Fig. 9). It was noted
during the January 2017 survey that there were a larger number of plastic bags and
plastic bottles than usual along the beach. It is likely that heavy rain had washed
debris down the Paisley Challis Drain and Kororoit Creek and the south westerly
winds pushed this debris along Wader Beach. The high counts off soft plastic items,
both <5mm and >5mm, in the January 2017 survey were to a large extent made up
of parts of plastic bags which were entwined in the weed matt (43/47 pieces at the
western transect and 26/37 pieces at the eastern transect).
Overall plastic items dominated the transect litter counts (418/473 items). Only 5
cigarette butts were found and there were no syringes (Table 1).
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Table 1. The most common litter items found in the quadrat and transect surveys.

!
Item
Small plastic <5cm
Broken glass
Polystyrene pieces
Plastic wrap
Rope/twine
Plastic bags
Plastic straws
Cigarette butts
Plastic lids
Syringes

!
!

Quadrats (6)
in declining order
Dec 14-Mar 17
1680
500
208
199
108
76
72
71
69
2

Transects (2)
(relative order)
Feb 16-Mar 17
264 (1)
31 (3)
19 (4)
45 (2)
15 (6=)
18 (5)
7 (8)
5 (9)
15 (6=)
0

Clean-up events and storms

The impact of clean-up events can be seen in Figures 8 and 9. Three major clean-up
events were on Clean-Up Australia Days in March 2015, 2016, and 2017. Two large
winter clean-ups of Wader Beach were organised by FOWW with volunteers from
Sea Shepherd Group, Scab Duty, Beach-Patrol 3016, and FOWW in August 2015
and 2016.
There was a marked decline in litter items recorded in quadrat surveys undertaken
soon after the 2015 Clean-Up Australia Day event, but no declines after the 2016
and 2017 CUAD events and the August 2016 clean-up (Fig. 8). There were marked
declines in litter items recorded in the transects after the 2016 Clean-Up Australia
Day event in Mar 2016 and 2017, but not the clean-up event in August 2016 (Fig. 9).
There was a marked increase in litter items in the transect surveys in October 2016
and January 2017 after the storm events
(Fig.9), but only a minor increase in October 2016, and decline in January 2017, in
the quadrat surveys (Fig.8). This difference between the quadrat and transect
surveys is possibly due to larger litter items (bags and bottles) blowing along Wader
Beach during storms and accumulating at the eastern end of the beach, where the
transects were undertaken, but only one set of quadrats.
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Figure 8. Summary of Wader Beach quadrat surveys. Mean total numbers of plastic
and polystyrene items (blue) and other items (red) recorded over five quadrats.
Three Clean-Up Australia Day events (yellow arrows) and two specific Wader Beach
Clean-Ups (green arrows) are shown, as are two major storm events (black arrows).

Figure 9. Summary of Wader Beach transect (East and West) surveys. Total
numbers of plastic and polystyrene items (blue) and other items (red) recorded in two
transects. Clean-Up Australia Day events (yellow arrow) and a specific Wader Beach
Clean-Up (green arrow) are shown, as are two major storm events (black arrows).

30 April 2017

11

!
!

Changing nature of Wader Beach

Although not a primary aim of this project, changes to the vegetation at Wader Beach
were noted over the quadrat survey periods. In particular the vegetation at the “high”
sites about 8 m inland from the high water mark had increased in height and density
(Fig. 10). Several of the stakes that had been placed to mark out the 4x4 m quadrats
had become overgrown by plants. On the shore below the high water mark white
mangroves, Avicennia marina var.australasica, increased in number, with numerous
small (<30 cm tall) plants appearing, particularly at the western end of Wader Beach
(Fig.11).

Figure 10. Recent saltmarsh growth at the
eastern end of Wader Beach

Figure 11. Recently established
mangroves at the western end of
Wader Beach
!

!
!
!
!
!
Conclusions
A large number of small litter items were found in surveys at Wader Beach, in
particular small plastic pieces (<5 cm). It is likely that many of these small items
would have been missed in wide transect (100 m) surveys, and is an important
result/outcome for these surveys. Finding similar small plastic items in the weed matt
at Williamstown Beach suggest that this type of litter is widespread in the north of
Hobsons Bay. Multiplying up the initial counts from the Wader Beach sites (4 x 4m
transects) would indicate in excess of 28 000 pieces of small plastic items along this
beach alone during the initial period of this survey (800 x 12 m beach, quadrats 96
m²). Such small plastic items are a potential danger to marine life in Port Phillip Bay.
Ingestion of small plastic pieces by fishes (Boerger et al. 2010) and seabirds, in
particular the Procellariiformes (albatrosses, petrels and shearwaters, storm petrels,
and diving petrels) has been reported from major oceanic regions (e.g. Hutton et al.
2008, Rodriguez et al. 2012.
A wide variety of seabirds, waders, and ducks feed on the intertidal flats and waters
off Wader Beach. However, only common myna Sturnus tristis, willie wagtail
Rhipidura leucophyrys, and silver gull Chroiocephalus novaehollandiae (rare) were
observed sifting through the weed matt at Wader Beach, although surveyors were
not present at high tide when waders may have moved onto the shore above the
high water line.
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A large number of visitors at weekend sports events, congregate around the playing
fields along Maddox Road to the west of Wader Beach (Fig. 1). Unfortunately, there
are few rubbish bins around this sports field and none along the eastern side of the
playing fields, where cars are parked. A large volume of light rubbish items were
removed from this area and Paisley Challis (inland of Wader Beach) on the Clean-Up
Australia Days in 2015, 2016, and 2017. Litter items included polystyrene cups,
plastic bags, and straws. In spite of these clean-up efforts, it was noticed on
subsequent working days carried out by FOWW volunteers in 2015 and 2016, that
the plastic and polystyrene litter items had rapidly built up again in this area, both in
bushes alongside the playing fields at Maddox Road and at Paisley Challis. In
particular a strandline of plastic and polystyrene rubbish items was observed above
the MHWM on the vegetation of Paisley Challis, parallel to and east of the drain.
These litter items could derive from flushing down the drain during high rainfall
periods and/or from a tidal surge during strong south-westerly winds, bringing in
debris from Kororoit Creek and areas to the west of Wader Beach, as well as windblown items from the playing fields.
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Annex 1.
Locations of the quadrats and transects at Wader Beach

Site
East Quadrats
Middle Quadrats
West Quadrats
East Transect
West Transect

30 April 2017

latitude
37o 51’ 41.0”S
37o 51’ 33.8”S
37o 51’ 32.4”S
37o 51’ 36.49”S
37o 51’ 34.14”S

longitude
144 o 52’ 26.4”E
144 o 52’ 13.0”E
144 o 52’ 8.4”E
144 o 52’ 22.4”E
144 o 52’ 16.77”E
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Annex 2. Wader Beach Litter Survey, quadrat data collection form
Wader Beach Litter Survey

Site:

E/M/W (circle one) high/low (circle one)

Date

Start time

Time high tide

Height high tide (m)

Wind direction

Wind speed

Temperature

Wet/dry

Surveyor 1.

Email /phone:

Surveyor 2.

Email /phone:

Litter type

Tally

Total

Litter type

Tally

bait bag

light bulb

ball

metal bottle caps/pull tabs

balloon

metal

bones

newspaper

bubble wrap

6 pack can holders

cable tie

paper

can -aerosol

paper cup

can - beer

plastic bag

can- food

plastic bag - shopping

can - soft drink

plastic bottle - water

can - spirits

Total

- soft drink

can - paint/oil

- other

carton - cardboard

plastic lids/caps

carton - fruit juice

plastic container

carton - milk

plastic cup

cask - wine

plastic film/wrapper

cellophane wrapper

plastic pieces

cigarette butt

plastic strapping

cigarette lighter

plastic stationery

cigarette packet

plastic straw

cloth

plastic twine

cork

polystyrene cup

dog poo

polystyrene food-pack

fish hooks

polystyrene piece

fishing line

pottery/tile

fishing gear recreational

rope

foil wrappers

sanitary items

glass bottle - beer

shoes

glass bottle - soft drink

syringe/needles

glass bottle - wine/spirits

take away food container

glass bottle - other

take away food wrap

glass - broken

toy -plastic

glass jar

nurdles

hamburger box

wood

ice-cream stick

other - define

ice-cream wrappers

other - define

1. Beach condition:
seaweeds, litter items, beach erosion, dead birds, fish, or inverts, oil globules, anything unusual?
2. Storms since previous visit:
record date(s), wind direction(s), and speed(s)
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Annex 3. Transect data form: Port Phillip Baykeeper – Street to Beach Litter Audit.
Beach

Wader Beach

Date

Start landmark

Transect direction (compass reading)

Transect length

24m

Last high tide time

Transect width

2m

Start & Finish times

Survey by
Material Type
PLASTICS

Email/phone
Total

Material Type

Total

OTHER PLASTICS

bags - bait
bags - shopping
bottles - soft drink
bottles - fruit juice
bottles - water

POLYSTYRENE

bottle caps

bead

bottles bleach/cleaner

cups

bubble wrap

food boxes / trays

cartons - fruit juice

pieces 5mm +

cellophane wrap

packaging

cigarette lighters
cigarette butts
cling wrap / film

GLASS

coffee cups / lids

broken pieces

confectionery wraps

bottles - beer

dental floss

bottles - beer stubbie

fishing line

bottles - wine

fishing lures
forks, knives, spoons
nurdles

METAL

pens / markers

bottle tops - metal

pieces - hard <5mm

cans - aerosol

pieces - hard 5mm +

cans - beer

pieces - soft <5mm

cans - soft drink

pieces - soft 5mm +

cans - spirits

rope / twine

fish hooks

6 pack can holders

syringes

strapping
sauce sachets
soy sauce (fish)

RUBBER / ELASTIC

straws

balloons

takeaway containers

bands

ties (cable)

hair ties

tile spacers
toys
OTHER LITTER
Notes on site condition: public use on-site/nearby, recent rainfall events, birds, dead fish
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