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Abstract To investigate potential high organisational

level impacts of persistent organic pollution in the wetlands

in the Sydney Olympic Park (SOP) remediated site, the

benthic macroinvertebrate assemblages of seven wetlands

within SOP and two off-site reference wetlands were

examined. Sediment cores were collected, stained and

preserved from each study site and the macroinvertebrates

identified to the appropriate taxonomic level (Class, Order,

Family, Subfamily). Data were analysed for taxon richness

and macroinvertebrate abundance and multivariate tech-

niques were used to identify chemical/physical character-

istics of the sediment, which were important influences on

the differences in the assemblage between study sites.

Macroinvertebrate abundance was highly variable between

study sites and taxon richness was low across all sites.

Oligochaetes, nematodes, ostracods and chironomids were

the most common taxa found and were the most important

in influencing differences between the macroinvertebrate

assemblages among the study sites. Sediment grain size and

chemical characteristics of the sediments (RPAH, RPCB,

TCDDeq and heavy metal concentrations) were important

in separating the study sites based on taxon richness and

abundance. Canonical correspondence analysis separated

the macroinvertebrate assemblages at newly two created

wetlands from those at other study sites including the urban

reference sites. Increased sediment POP contamination

(particularly as measured TCDDeq and RDDT concentra-

tions) is a likely contributor in excluding pollution sensitive

taxa and, therefore, alterations to benthic macroinvertebrate

assemblages. Further, the influence of TOC suggests the

significance of catchment inputs in contributing to changes

in macroinvertebrate assemblage. The SOP remediation led

to the establishment of wetlands with benthic communities

representative of those expected in urban wetlands.
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Introduction

Fine and coarse scale changes to a macroinvertebrate

assemblage can indicate changes in the health of a wetland.

Decreased overall taxon richness (or simply decreased

richness in the sensitive taxa) may result from physico-

chemical stress (e.g., Sandin and Johnson 2000; Hodkinson

and Jackson 2005), chemical stress (Wallace et al. 1996;

Hickey and Clements 1998; Sandin and Johnson 2000) or

the introduction of exotic species (Stenroth and Nystrom

2003). Decreased macroinvertebrate abundance may be

associated with seasonal effects (Boulton et al. 1992), site-

specific physical characteristics (e.g., Quinn and Hickey

1990) or severe pollution (e.g., Burt et al. 1991; Hirst et al.

2002).

Exposure of benthic organisms to persistent organic

pollutants (POPs) such as organochlorine pesticides

(OCPs), polychlorinated biphenyls (PCB), polycyclic aro-

matic hydrocarbons (PAHs) and polychlorinated dibenzo-

p-dioxins (PCDDs; e.g., 2,3,7,8-TCDD) can have impor-

tant ecological consequences. Since POPs rapidly bind to

fine sediment (Gustafsson et al. 1997) and are slow to

exchange with surficial waters (Achman et al. 1996; Pers-

son et al. 2005) sediments and pore water are likely sites

for exposure of these contaminants to biota. Bioconcen-

tration in benthic organisms is usually high (Neely et al.

1974; Schrock et al. 1997; Thoman and Komlos 1999;

Magnusson et al. 2006) and biomagnification, therefore,

likely. The acute toxicity of POPs to benthic organisms can

be high with targeted (e.g., organochlorine insecticides)

and non-targeted effects (e.g., Mayer et al. 1977; Rey-

noldson 1987; Phipps et al. 1995; Boese et al. 1998) and

exposure can cause changes to invertebrate diversity and

abundance.

Assessment of benthic macroinvertebrate communities

is a useful tool for the assessment of the ecological health

of aquatic ecosystems linked to remediated sites and res-

toration projects. In particular, the rate of recruitment of

macroinvertebrate taxa to a wetland in the post-remediation

period has been used to assess continuing remediation

success (e.g., Nelson and Roline 1996; LeFevre and Sharpe

2002; Simon et al. 2006).

Sydney Olympic Park (SOP) is a remediated site

(425 Ha) situated in an urban residential and light com-

mercial area of Sydney (Fig. 1). Prior to remediation of

the site, soils and sediments contained high concentra-

tions of OCPs (RDDT: 0.7 mg/kg), RPAHs (430 mg/kg),

RPCDD(F)s (316 mg/kg), and RPCB (14 mg/kg) (Lagin-

estra et al. 2001) in many cases exceeding the Australian

interim sediment quality guidelines (ISQG) trigger values

(Ying et al. 2009). During the main remediation program

(1992–1999) a number of wetlands was created on the site

while some were remediated and others were left as rem-

nant. Still others were remediated prior to the main pro-

gram (Laginestra et al. 2001) (Table 1). Chemical and

biochemical analysis have described the current POP

contamination in some of the wetlands within SOP (Raw-

son et al. 2009; Ying et al. 2009). There were measurable

concentrations of RPAHs, RPCBs, and TCDDeq in the

wetlands of the Park and while these were generally toward

the lower end of concentrations measured at remediated

sites elsewhere in the world they still, in some cases,

exceeded of the ISQG trigger value for these compounds

(Ying et al. 2009). Metal (particularly lead and zinc)

N

5000m

Fig. 1 Location of Sydney

Olympic Park (shaded area) in

the Sydney metropolitan area.

The solid circle shows the

location of the Sydney central

business district
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concentrations were also commonly above the ISQG trig-

ger values (Ying et al. 2009).

The aim of this study was to investigate the effects of

POP contamination on the long-term establishment of

healthy benthic macroinvertebrate communities in created,

remediated and remnant wetlands resulting from a very

large remediation program (Sydney Olympic Park, Aus-

tralia). It was hypothesised that wetlands with high con-

centrations of sediment POP contamination would have

benthic communities with lower taxon diversity and lower

abundance relative to reference sites.

Materials and methods

Study sites and sample collection

Seven wetlands were studied within SOP (Boundary Ck,

Narawang 22, Northern Water Feature, Bicentennial Park,

EWQCP, SWQCP, Wharf Pond) and two reference sites

were chosen outside the Park (Upper Colo, a pristine site, and

Macquarie University, an urban impacted site) (Table 1,

Fig. 2). Physico-chemical characteristics of these sites have

been described elsewhere (Rawson et al. 2009) as have the

sediment POP and metal concentrations (Ying et al. 2009)

and the aqueous and sediment 2,3,7,8-TCDD equivalence

(TCDDeq) (Rawson et al. 2009). Sediment cores (75 cm2)

were collected from five random locations (over 60 m2)

within each study site in February 2007. The top 15 cm of

each core was excised, and preserved with borax buffered

formalin containing 5 ml/l Rose Bengal stain. These were

transferred on ice to the laboratory and stored at 4�C.

Sample processing

Each sample was rinsed to remove as much formalin as

possible and washed through 1 mm and 250 lm mesh

sieves. The animals retained from each mesh size sub-

samples and those removed after examination under a

dissecting microscope were preserved in 70% ethanol.

Preserved animals were sorted into coarse taxonomic

groups before identification to lower levels. All arthropods

were identified to Family level while other non-arthropod

groups were identified to the appropriate taxonomic level.

Based on Resh and McElvray (1993) identification to

Family level for all arthropods was considered sufficient to

detect broad differences in the benthic communities in this

study. Further, with very low taxon richness at this level for

most study sites, lower taxonomic identification of indi-

viduals was not considered advantageous. Taxon richness

and overall macroinvertebrate abundance were calculated

for each study site based on the average content of the

Table 1 Description of the study sites in Sydney Olympic Park and reference sites

Wetland Wetland type Catchment

area (km2)

Description/current land use

1. Wharf pond Remnant pond *5 Bounded by Parramatta River (estuarine) and park. It is a protected remnant pond

providing habitat. Fed by a small creek originating at a nearby prison complex then

running through parkland

2. Narawang

wetlands

Remediated/created

pond

*1.5 Situated between saline creek, containment mound, remnant woodland, road and

residential village. Used as passive recreation, irrigation storage, floodplain, habitat,

green corridor

3. EWQCP Created water

treatment pond

*1* Stormwater collection pond buffered by low vegetated area and habitat ponds. Provides

1st flush before water is recycled to other ponds for re-use and recycling

4. Northern

water feature

Remediated/created

water feature

*2 Consists of several freshwater ponds over 7 ha. Bounded by road and estuarine creek,

containment mounds and parkland, it is part of a green corridor and provides habitat

and stormwater control for re-use and irrigation

5. Bicentennial

Pk.

Remnant mangrove *0.5* On the eastern edge of SOP, Bicentennial Park is bounded by roads, Homebush Bay

(estuarine) and commercial precinct. Mangrove section provides recreational,

educational and conservation value. Inflow from Powells and Boundary creeks and tidal

input from Homebush Bay

6. SWQCP Created Water

Treatment Pond

*1* Oval, steep sided pond surrounded by commercial precinct, road and rail line. Provides

stormwater 1st flush before release to Bicentennial Park

7. Boundary Ck Remediated urban

creek

*2.1 Flows from heavily urbanized areas, under major freeway then runs south of Sydney

Olympic Park into a freshwater lake at Bicentennial Park. It was relocated and lined

with pools and riffles installed to improve aesthetics and provide water quality service

R1. Upper colo Pristine river *3277.2 National park, recreation, light agriculture

R2. Macquarie

uni.

Created pond *2.8 University, open space, standing pond

* Denotes sites which receive inputs beyond this immediate catchment area
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sediment cores. Initially three cores for each site were

examined and where variability in abundance was high

(i.e., patchy distribution) additional cores were sorted and

the macroinvertebrates identified as above.

Data analysis

Differences between study sites based on (log-transformed)

taxon richness and abundance (per m2) were examined

using a single factor ANOVA (after confirming that the

data fitted the assumption of homogeneity of variances). A

similarity matrix (comparing all samples containing

invertebrates) based on the Bray–Curtis similarity index

(4th root transformed data) was constructed and a multi-

variate analysis of similarity (ANOSIM) used to investigate

differences between macroinvertebrate assemblages noted

under examination with a non-metric multidimensional

scaling ordination (PRIMER v6). A hierarchical clustering

procedure was run to show within and between study site

similarities and similarity profile permutation (SIMPROF)

tests indicated the level of similarity required to detect

significant differences between samples (PRIMER v6). A

similarity percentages (SIMPER) routine was used to

examine which species were important in driving the dif-

ferences between macroinvertebrate assemblages which

had been separated by the ordination SIMPROF and clus-

tering routines. All multivariate analyses were conducted

using the PRIMER statistical software (PRIMER v6).

Canonical correspondence analysis (CCA) on the data was

conducted to investigate the influences of selected envi-

ronmental variables (pH, Total Organic Carbon (TOC),

RDDT, RPCB, RPAH concentrations, sediment 2,3,7,8-

TCDD equivalence (TCDDeq) concentrations and sedi-

ment heavy metal concentrations from Ying et al. 2009) on

individual taxa and benthic macroinvertebrate assemblages

at the study sites (MSVP version 3.13p) except Upper Colo

which was removed due to inherent differences between

this study site and others in terms of the type of wetland

(lotic, sandy substrate, geographic separation). To examine

whether environmental factors influenced taxon richness or

abundance a multiple regression was conducted including

the potential predictors TOC, inorganic carbon, sediment

grain size composition, sediment pH, sediment conductiv-

ity and concentrations of RPAHs, RPCBs, heavy metals,

RDDT and TCDDeq in the sediment.

Results

Thirty-two macroinvertebrate taxa were identified in the

sediment cores from the study sites. Of these five were

benthic infauna and six were benthic epifauna (Table 2). A

further 18 taxa may spend some time in intimate contact with

the benthos (e.g., benthic foraging, detrital feeding organ-

isms) and were probably epifaunic at the time of collection

(Table 2). Three taxa are generally not considered to be in

intimate contact with the benthos but have been included in

the analysis as they were likely to have been foraging on the

surface of the benthos at the time of collection.

There were significant (p \ 0.05) differences in both

macroinvertebrate abundance and taxon richness between

some of the study sites (Fig. 3). This was apparent even

over the small spatial scale of the study sites within Sydney

Olympic Park (SOP). Macroinvertebrate abundance was

variable both between and within study sites. The largest

within-site variability was at EWQCP where abundance

was between 2800 and 104,133 animals m-2 (a 37-fold

difference). The lowest variability measured was at Upper

Colo, the pristine reference (1.5-fold difference). The

highest average abundance was at Macquarie University

(121,366 animals m-2) and the lowest was at Upper Colo

(10,399 animals m-2) (Fig. 3). At Upper Colo, overall

abundance was significantly (p \ 0.05) less than that at

Macquarie University, Boundary Ck., Narawang 22 and the

Wharf Pond and at SWQCP abundance was significantly

(p \ 0.05) less than that at Macquarie University (Fig. 3).

7

6

5

3

4

2

1

Parramatta R.

Recreational Use

Roadway

Water (saline)

Commercial /Industrial

SOP parklands Boundary

Special event / sporting

Residential

Water (fresh)

Homebush 
Bay

Fig. 2 Map of benthic invertebrate sampling sites in Sydney

Olympic Park. 1 Wharf Pond, 2 Narawang 22, 3 EWQCP, 4 northern

water feature, 5 Bicentennial park, 6 SWQCP, 7 Boundary Ck
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Macroinvertebrate taxon richness was low across all study

sites ranging from an average of 4.5 taxa at Boundary Ck. to

12 taxa at Narawang 22. Taxon richness was significantly

(p \ 0.05) higher at Narawang 22 than at Boundary Ck.,

Bicentennial Park, Macquarie University, Upper Colo and

SWQCP. EWQCP, Northern Water Feature and Wharf Pond

all had intermediate taxon richness (Fig. 3).

The models for predicting of benthic macroinvertebrate

abundance included positive coefficients for sediment grain

sizes between 500 and 1000 lm, pore water metal

concentration, sediment RDDT concentration and negative

relationships for sediment bound metals and RPAH con-

centration (r2 = 1.000) (Table 3). A multiple regression

model for predicting macroinvertebrate taxon richness in

the study sites gave negative relationships (r2 = 0.999) for

sediment TCDDeq and RPCB concentrations and sediment

grain sizes between 187 and 250 lm (Table 3).

The nMDS ordination indicated that the macroinverte-

brate assemblages at Narawang 22, Upper Colo and the

Northern Water Feature are somewhat separated from the

Table 2 Macroinvertebrate taxa collected at SOP and reference sites

Phylum Class Order Family BC EWQ NWF N22 BP WP MCU UC SWQ H

Nematoda ** *** ** *** ** * *** * * A

Platyhelminthes Turbellaria Temnocephalida * C

Unknown * * * * * C

Mollusca Gastrapoda Pulmonataa Lymnaeidae * * * * C

Physidae * * * C

Annelida Hirudinea Rhychobdellida Glossiphoniidae * * * * C

Oligochaeta *** *** *** ** ** *** *** * ** A

Arthropoda Maxilliopoda Cyclopoida * * ** * ** * A

Branchiopoda Cladocera * * * * * B

Ostracoda ** *** * ** ** ** *** * ** B

Malacostraca Isopoda * C

Arachnida Acarina * D

Insecta Ephemeroptera Baetidae ** C

Caenidae * B

Leptophlebidae * * B

Coleoptera Ptilodactylidae * A

Hydrophilidae * C

Diptera Chironominaeb ** ** *** *** ** ** *** ** * B

Orthocladiinaeb * C

Tanypodinaeb * * * * * * * B

Ceratopogonidae * * * * * A

Culicidae * C

Syrphidae * C

Odonata Corduliidae * * C

Coenagrionidae * C

Tricoptera Hydroptilidae * * C

Leptoceridae * ** * C

Odontoceridae * C

Unknown 1 * C

Unknown 2 * C

Hemiptera Notonectidae * * D

Corixidae * D

Average density (m-2) shown: * \ 1000, ** \ 10000, *** [ 10000
a Informal grouping, bSubfamily of Chironomidae

BC Boundary Ck., EWQ EWQCP, NWF northern water feature, N22 Narawang 22, BP Bicentennial Pk., WP Wharf pond, MCU Macquarie

University, UPC Upper Colo, SWQ SWQCP, H habitat classification, A benthic infauna, B may be either benthic infauna or epifauna at different

life-stages, C may spend time as epifauna, D rarely in direct contact with sediment (from information in Williams 1980 and Gooderham and

Tsyrlin 2002
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other study sites on the basis of a Bray–Curtis similarity

index (Fig. 4). However, there is considerable overlap

between these groups as shown by the clustering procedure

(Fig. 5). Further, the similarity profile permutation (SIM-

PROF) tests show that above a similarity distance of 46.5%

macroinvertebrate assemblages from individual cores were

significantly (p \ 0.05) differentiated. This distinguished

three groups of individual cores; Narawang 22 was sepa-

rated from all study sites while Upper Colo was linked with

one core each from the Northern Water Feature and

SWQCP and all remaining cores constituted a third group.

Analysis of similarity (Table 4) indicated that macroin-

vertebrate assemblages were significantly (p \ 0.05) dif-

ferent from each other but that the pattern was not obvious.

Macroinvertebrate communities at Narawang 22 and Upper

Colo were different from all other study sites. The macr-

oinvertebrate community at Macquarie University was

significantly (p \ 0.05) different from that at Narawang 22,

Upper Colo and SWQCP. SIMPER analysis of the contri-

bution of individual taxa to the dissimilarity between

macroinvertebrate assemblages revealed the importance of

four common taxa and a number of rare taxa (Table 5). In

particular, the lack of common taxa (Oligochaeta, Chiro-

nominae, Ostracoda, Nematoda) separated the assemblages

at Upper Colo from those at other study sites and the

presence of rare taxa (including Baetidae, Caenidae,

Leptophlebidae, Cladocera and Ceratopogonidae) at

Narawang 22 separated the assemblages at this wetland

from that of the other wetlands (Table 5). Table 5 illustrates

the differences between the three groups of sites identified

by the SIMPROF routines in Fig. 5 with Boundary Ck

representing the sites grouped together (other pairwise

comparisons have been removed for clarity).

The CCA separated the macroinvertebrate assemblages

at Narawang 22 and Northern Water Feature from those at

other study sites along an axis which was correlated with

decreasing levels of contamination, in particular concen-

trations of RDDT and TCDDeq (Fig. 6). Decreasing TOC

was also important in describing the separation of these

sites. The separation of the sites other than Narawang 22

and Northern Water Feature was along a second axis which

was less correlated with contamination. The taxon cen-

troids indicated that Narawang 22 and Northern Water
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Fig. 3 Mean (±SEM) species richness (top) and abundance (bottom)

of benthic macroinvertebrates (m-2) at Sydney Olympic Park and key

reference sites. Letters represent significantly different homogeneous

subsets (columns with the same letter are not significantly different)

at a = 0.05

Table 3 Results of multiple regressions on macroinvertebrate community data using physical and chemical characteristics of the sediments as

predictors

F p-value Predictors r2

Abundance 3551.5 \0.001 Grain size \1000 lm, [500 lm (?) 1.000

Pore water metals (?)

Sediment metals (-)

RDDT (?)

RPAH (-)

Taxon richness 948.63 \0.001 Sediment TCDDeq (-) 0.999

RPCB (-)

Grain size \250 lm, [187.5 lm (-)

Chironomidae 24.45 0.03 Grain size \250 lm, [187.5 lm (?) 0.952

RPAH (-)

Nematoda 58.931 \0.001 Sediment TCDDeq (-) 0.959

Oligochaeta 37.255 0.001 Sediment TCDDeq (?) 0.937

Grain size \1000 lm, [500 lm (-)

Ostracoda No significant predictors

Individual taxa are those that regularly influenced the pairwise differences between the sites (SIMPER). The direction of the relationships is

denoted as ? (positive relationship) and - (negative relationship)
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Feature had higher numbers of rare taxa while the other

wetlands lacked these taxa.

Multiple regression analysis indicated that the abun-

dance of Chironominae was negatively affected by sedi-

ment RPAH concentrations but positively affected by

sediment grain sizes between 250 and 500 lm (Table 3).

Differences in nematode abundance were negatively

affected by sediment TCDDeq concentrations and oligo-

chaete abundance was positively affected by sediment

TCDDeq concentrations and negatively affected by sedi-

ment grain sizes between 1000 and 5000 lm. There were

no significant predictors for the abundance of ostracods

(Table 3).

Discussion

Urban wetlands generally have reduced benthic macroin-

vertebrate taxon richness (Hall et al. 2001; Shutes 1984)

represented by taxa that are tolerant to urban contaminants

(Whiting and Clifford 1983). Compared to similar pristine

wetlands, taxa commonly not found in urban wetlands

Boundary Ck
EWQCP
Nth Water Feature
Narrawang 22 
Bicent. Pk.
Wharf Pond 
Macquarie Uni 
Upper Colo 
SWQCP

47%
similarity 
contour

Fig. 4 Non-metric multi

dimensional scaling (nMDS)

ordination plot of SOP and

reference sites using all benthic

macroinvertebrate data.

Contours show significantly

(p \ 0.05) similar groups as

defined by similarity profile

permutations (SIMPROF)

Macquarie Uni
Boundary Creek
Boundary Creek
Boundary Creek
SWQCP
Bicentennial Park
Macquarie Uni
Macquarie Uni
Boundary Creek
Wharf Pond
EWQCP
SWQCP
Bicentennial Park
Wharf Pond
Bicentennial Park
EWQCP
Bicentennial Park
Wharf Pond
EWQCP
Wharf Pond
Northern Water Feature
Northern Water Feature
Macquarie Uni
Northern Water Feature
Northern Water Feature
EWQCP
Narrawang 22
Narrawang 22
Narrawang 22
Narrawang 22
Upper Colo
Upper Colo
Northern Water Feature
Upper Colo
SWQCP

Fig. 5 Dendogram of similar

samples based on benthic

macroinvertebrate assemblage.

Fourth-root transformed data

were analysed by Bray–Curtis

similarity. The dashed vertical
line represents the Bray–Curtis

similarity value above which

divergence is not significant as

determined by similarity profile

permutation tests (SIMPROF) at

a = 0.05
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include odonates, trichopterans, ephemeropterans and

plecopterans, while oligochaetes, nematodes and chirono-

mids often dominate urban benthic communities (Lenat

and Crawford 1994; Hall et al. 2001). The common taxa

found in this study were those expected for degraded urban

habitats with all wetlands having abundant tolerant taxa.

However, a few wetlands contained pollution sensitive taxa

such as trichopterans and ephemeropterans. Only Naraw-

ang 22 and Northern Water Feature within SOP contained

odonates and ephemeropterans but in very low numbers

while trichopterans were moderately abundant only at

Narawang 22. While these are not strictly benthic dwellers

they can be benthic foragers and are, therefore, intimately

associated with the benthos.

The times required for macroinvertebrates to recruit to

created and newly remediated wetlands depend on a

number of factors including organism life-history (e.g.,

generation time and dispersal strength) and the distance to

a refuge or a number of refugia (Niemi et al. 1990). In lotic

systems drift is an important source for recruitment (Nel-

son and Roline 1996) and increases in taxon richness after

remediation can occur quickly if there are upstream seed-

ing sites (Simon et al. 2006). The two urban lotic sites

included in the current study (Macquarie University and

Boundary Ck) have highly degraded upstream reaches

located in highly urbanised land. It is unlikely that taxon

rich regions exist upstream of either wetland. This will

contribute to decreased taxon richness at these wetlands.

In lentic sites, only highly aerially dispersive organisms

(dipterans, odonates and ephemeropterans) are likely to

recolonise these wetlands quickly. SOP is located in the

highly urbanised Sydney metropolitan area and there are

few nearby undisturbed wetlands. The wetland with the

highest taxon richness (Narawang 22) is located adjacent to

the Newington Nature Reserve, which may contain refugia

for rare taxa. In their meta-analysis of post-disturbance

recovery times Niemi et al. (1990) broadly described that

(in lotic systems) dipterans were the first insect colonisers,

followed by ephemeropterans, then trichopterans and

finally plecopterans. The lack of the latter order in these

wetlands may indicate slow recruitment to newly

Table 4 Matrix of pairwise comparisons of macroinvertebrate

assemblages at Sydney Olympic Park (SOP) and reference study sites

using ANOSIM

BC EWQ NWF N22 BP WP MCU UPC SWQ

Boundary

Ck

0.03 0.02 0.03 0.02 0.03 0.06 0.03 0.03

EWQCP 0.03 0.03 0.11 0.09 0.06 0.03 0.20

Nth water

feat

0.02 0.01 0.02 0.06 0.01 0.02

Narawang

22

0.03 0.03 0.03 0.03 0.03

Bicent. Pk 0.03 0.06 0.03 0.11

Wharf

pond

0.06 0.03 0.03

Macquarie

Uni

0.03 0.03

Upper

Colo

0.10

SWQCP

Significantly (p \ 0.05) different values in italics

Table 5 Relative contribution of the main taxa influencing pairwise dissimilarity between study sites

Study Site (a) Narawang 22 ? Upper Colo ? Narawang 22 ?
Study Site (b) Upper Colo Boundary Ck Boundary Ck

Average dissimilarity (%) 65.72 46.9 56.88

Chironominae ? ? ? ? ? ? ? ? ?

Ostracoda ? ? ? ? - - - - - - ? ?

Oligochaeta ? ? ? - - - - - - - - - - -

Nematoda ? ? ? ? ? - - - - - - ?

Leptophlebidae ? ? ? ?

Cladocera ?

Caenidae ? ? ?

Baetidae ? ? ? ?

Copepoda ? ? ? ? ?

Tanypodonidae ? ? ? ? ? ?

Ceratapogonidae ? ? ?

Hirudinea - - - -

All pairs of study sites represented are significantly (p \ 0.05) different from each other. Contribution to dissimilarity is represented categor-

ically; ? signifies greater abundance of taxa in study site (a), - signifies greater abundance of taxa in study site (b). 1 symbol [ 5%, 2
symbols [ 6%, 3 symbols [ 7%, 4 symbols [ 8%, 5 symbols [ 9%, 6 symbols [ 10%. Boundary Ck is included as a representative of the main

group of study sites separated by similarity profile permutations (SIMPROF). Other pairwise comparisons have been omitted for clarity
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remediated wetlands or that conditions were unsuitable for

its survival. The time taken for recovery to pre-disturbance

taxon richness in lotic wetlands is generally less than

12 months (Simon et al. 2006) but where the disturbance is

extreme this can be extended significantly. In the case of

the SOP wetlands, given the high degree of disturbance it is

possible that the recovery process is incomplete but given

the time interval (8 years) this is considered unlikely.

Within the study sites, assemblage patchiness was high,

particularly in terms of abundance (37-fold difference

between cores at EWQCP). It is unclear whether the

patchiness recorded in this study was due to habitat patch-

iness (often high: Downes et al. 1993; Heino et al. 2004), or

chemical pollutant patchiness (also often high: Johnson and

Larsen 1985; Swartz et al. 1989; Feng et al. 1998; Koh et al.

2004). Correlation between contamination and benthic

community measures in a patchy environment has been

recorded over very small spatial scales (\500 m) (Stark

et al. 2005) and thus the effects of contaminant heteroge-

neity cannot be ruled out here.

In a study of post-remediation recolonisation, den Besten

and van den Brink (2005) found that that differences

between the sites were likely due to differences in sediment

characteristics. In the current study, sediment grain size was

important in predicting chironomid and oligochaete abun-

dances (and total macroinvertebrate abundance). Benthic

habitat is dependent on interstitial pore size and, therefore,

sediment grain size. Most of the wetlands in the current

study had sediment which was dominated by fine sand to

silt, (62.5–250 lm) the exception being Upper Colo which

had a much larger proportion of medium sand ([250 lm)

(Rawson et al. 2009). The proportion of fine sediment is

generally positively correlated with total organic carbon

therefore a site (such as Upper Colo) with a lower propor-

tion of fine sediment will likely have lower total organic

carbon content. This will restrict the prevalence of macro-

invertebrates using sediment TOC as a food source and

hence impact the entire macroinvertebrate assemblage.

The different assemblage at the pristine reference site

Upper Colo (low abundance of common taxa) is therefore

likely due to differences in sediment type but also to its

geographic separation from the other study sites (about

100 km) and its different wetland characteristics (a lotic

system) with concomitant sediment differences (dominated

by sand as opposed to silt). At Narawang 22 the different

assemblage (increased abundance of both common and rare

taxa) appears indicative of the reduced concentrations of

organic contaminants at this site (Rawson et al. 2009; Ying

et al. 2009), suggesting that these rare taxa are sensitive to

this type of pollution.

Canonical Correspondence Analysis separated the

macroinvertebrate assemblages at Narawang 22 and

Northern Water Feature (the sites with the highest taxon

richness) wetlands along an axis, representing a gradient of

decreasing sediment TCDDeq, RDDT contamination and

TOC. The influence of increasing TCDDeq and concen-

trations of the pesticide DDT and its metabolites (RDDT)

was to reduce the occurrence of rare taxa at the study sites.

While the acute toxicity of TCDD and other aryl hydro-

carbon receptor (AhR) ligands to benthic invertebrates is

not particularly high (West et al. 1997), there is evidence to

suggest they can cause significant chronic effects in even

the most pollution tolerant taxa (Lotufo 1998b; Hwang

et al. 2004) and may reduce taxon richness in the long-term

by excluding sensitive taxa. Many studies have shown the

tendency of TCDD and other AhR ligands to bioaccumu-

late in benthic organisms (e.g., West et al. 1997; Froese

et al. 1998; Lotufo 1998a; Timmermann and Andersen

2003). These two processes (reduction of taxon richness

and bioaccumulation of toxicants) are likely to have neg-

ative impacts on the health of vertebrate consumers (e.g.,

fish and birds) and must be considered together. TOC is

usually high in wetlands affected by urban catchments and

catchment land-use can be an important predictor of sedi-

ment contaminant load (Hoffman et al. 1984). The strength

of the influence of TOC on the macroinvertebrate assem-

blages in the study sites indicates that catchment input is

important in restricting the occurrence of some taxa. These

results are of importance in the context of remediation

since it appears that reductions in contamination and TOC

result in the recruitment of more rare taxa. Variation

between the macroinvertebrate assemblages at wetlands
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Fig. 6 Canonical correspondence analysis ordination for macroin-

vertebrate assemblages at SOP and reference study sites. Vectors

representing environmental variables are scaled 93. TOC = total

organic carbon. PCB, DDT and PAH values are summed analyte

concentrations. Plus denotes centroids for major taxa influencing the

significant dissimilarity between Narawang 22 and other wetlands.

Nem. nematoda, Ost. ostracoda, Olig. oligochaeta, Chir. chironom-

inae, V. a group of rare taxa including Baetidae, Caenidae, Culicidae,

Odontoceridae, Orthocladinae
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other than Northern Water Feature and Narawang 22 was

mainly along an axis which poorly correlates with the

contaminant variables included in the analysis. This sug-

gests the importance of other factors (e.g., physico-chemi-

cal characteristics, habitat variety) in influencing the

macroinvertebrate assemblages in these wetlands. The cores

from the urban reference site, Macquarie Uni, were spread

throughout the analysis (not separated from the remediated

sites) demonstrating that none of the remediated sites were

different from the expected state of an urban wetland.

Pratt et al. (1981) described the disruption to macroin-

vertebrate communities due to runoff from urban catch-

ments and Lenat and Crawford (1994) showed that the

taxon richness within the orders Ephemeroptera, Plecoptera

and Trichoptera was reduced in urban wetlands subject to

urban runoff. Taxa within these orders (the EPT index) are

considered relatively sensitive to a range of stressors (e.g.,

changes in water quality) and relatively insensitive to

natural disturbances (e.g., changes in flow regime) leading

to their wide use as an indicator of wetland health. In the

current study no Plecoptera were recorded. Only three

families of Ephemeroptera and five families of Trichoptera

were found and, in general, these were at the wetlands

(Narawang 22 and Northern Water Feature), which were

least subject to urban catchment inputs.

The SOP wetlands were subject to a variety of remedi-

ation histories. Some were remnant (Wharf Pond), others

were remediated either pre-1991 (Boundary Ck.) or created

post-1991 (e.g., EWQCP) (Laginestra et al. 2001). There

was no clear trend between remediation history and macr-

oinvertebrate community. Nor was there a trend between

contamination history and macroinvertebrate assemblage.

The Northern Water Feature is situated on land previously

contaminated with PCBs and dioxins (Laginestra et al.

2001) while SWQCP is situated on land that did not require

remediation. Yet these sites are separated on the basis of the

presence of rare taxa at the Northern Water Feature. It is

unlikely that differences between the macroinvertebrate

assemblages are the result of incomplete remediation or

variation in remediation efficacy.

Differences in habitat variety were observed at the study

sites. At Boundary Ck there is a stand of emergent mac-

rophytes (Phragmites australis) with no riparian vegetation

or submerged macrophytes. SWQCP and EWQCP are

surrounded by a riparian zone (Casuarina spp.) and a

significant littoral region with emergent macrophytes

(Baumea articulata, P. australis) while Narawang 22 has a

benthic cover of submerged macrophytes, emergent mac-

rophytes (B. articulata) in the littoral zone and some

riparian vegetation. While sampling at each study site

attempted to cover a representative portion of the wetland

to account for small-scale patchiness, the absence of

healthy riparian, littoral and submerged vegetation at many

of the study sites may contribute to a reduction of variety in

the benthic habitat. This may influence the macroinverte-

brate assemblages present at the study sites particularly in

terms of taxon richness.

The highest taxon richness was in the created wetland

Narawang 22 indicating that sufficient time has passed to

allow the establishment of a healthy benthic invertebrate

community and to allow effective monitoring across the

wetlands of the site. As Narawang 22 is primary wading

bird and frog habitat, it is essential that a healthy inverte-

brate population is maintained. This area is regularly sub-

ject to inundation as a result of stormwater amelioration

action (Laginestra et al. 2001) allowing some recruitment

from upstream. However, it is also regularly drained in an

attempt to control mosquitofish populations in the wetland.

The results suggest that inundation is sufficient to allow

recruitment and drainage does not cause long-term dep-

auperation of the benthic community. This wetland should

be designated as a reference site to benchmark taxon

richness in future monitoring of macroinvertebrate com-

munities in SOP wetlands.

Conclusions

While there was variation in the current POP concentra-

tions between the study sites, there was no observable

correlation with diversity or abundance. The benthic

macroinvertebrate communities inhabiting the wetlands of

Sydney Olympic Park (SOP) were consistent with those

expected in urban wetlands (low taxon diversity and an

abundance of tolerant taxa) as represented by the urban

reference site Macquarie Uni. This indicates the success of

the remediation in returning these highly contaminated

wetlands to a condition expected for an urban wetland in

Sydney. Only one wetland (Narawang 22) had noticeably

high taxon richness and this study site was adjacent to

remnant bushland. On the other hand, wetlands without

nearby recruitment sources (those with degraded upstream

catchments in urban surrounds) are likely to maintain

depauperate invertebrate communities. While it is possible

that the SOP wetlands are still undergoing the establish-

ment of a healthy benthic community following their

remediation or creation, this is considered unlikely as

8 years has passed since the remediation. There may also

be an influence of differences in habitat diversity between

the wetlands, which could affect taxon richness. However,

given the strength of the canonical correspondence analysis

(CCA) relationship, increased sediment POP contamina-

tion (particularly as measured TCDDeq and RDDT con-

centrations) is a likely contributor in excluding pollution

sensitive taxa and, therefore, alterations to benthic macr-

oinvertebrate assemblages. Further, the influence of TOC
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suggests the significance of catchment inputs in contrib-

uting to changes in macroinvertebrate assemblage.

Acknowledgments This research was funded by an Australian

Research Council (ARC) Linkage Grant (LP0455131) awarded to UTS.

References

Achman DR, Brownawell BJ, Zhang L (1996) Exchange of

polychlorinated biphenyls between sediment and water in the

Hudson River estuary. Estuaries 19:950–965

Boese BL, Lamberson JO, Swartz RC, Ozretich RJ, Cole FA (1998)

Photoinduced toxicity of PAHs and alkylated PAHs to a marine

infaunal amphipod (Rhepoxynius abronius). Arch Environ

Contam Toxicol 34:235–240

Boulton AJ, Peterson CG, Grimm NB, Fisher SG (1992) Stability of

an aquatic macroinvertebrate community in a multiyear hydro-

logic disturbance regime. Ecology 73:2192–2207

Burt AJ, McKee PM, Hart DR, Kauss PB (1991) Effects of pollution

in benthic invertebrate communities of the St Marys River, 1985.

Hydrobiologia 219:63–81

den Besten PJ, van den Brink PJ (2005) Bioassay responses and

effects on benthos after pilot remediations in the delta of the

rivers Rhine and Meuse. Environ Pollut 136:197–208

Downes BJ, Lake PS, Schreiber ESG (1993) Spatial variation in the

distribution of stream invertebrates: implications of patchiness for

models of community organisation. Freshwater Biol 30:119–132

Feng H, Cochran JK, Lwiza H, Brownawell BJ, Hirschberg DJ (1998)

Distribution of heavy metal and PCB contaminants in the

sediments of an urban estuary: the Hudson River. Mar Environ

Res 45:69–88

Froese KL, Verbrugge DA, Ankley GT, Niemi GJ, Larsen CP, Giesy

JP (1998) Bioaccumulation of polychlorinated biphenyls from

sediments to aquatic insects and tree swallow eggs and nestlings

in Saginaw Bay, Michigan. USA Environ Toxicol Chem

17:484–492

Gooderham J, Tsyrlin E (2002) The Waterbug book: a guide to the

freshwater macroinvertebrates of temperate Australia. CSIRO

Publishing, Collingwood, Australia

Gustafsson O, Haghseta F, Chan C, Macfarlane J, Gschwend PM

(1997) Quantification of the dilute sedimentary soot phase:

implications for PAH speciation and bioavailability. Environ Sci

Technol 31:203–209

Hall MJ, Closs GP, Riley RH (2001) Relationships between land use

and stream invertebrates community structure in a South Island,

New Zealand, coastal stream catchment. New Zeal J Mar Fresh

35:591–603

Heino J, Louhi P, Muotka T (2004) Identifying the scales of variability

in stream macroinvertebrate abundance, functional composition

and assemblage structure. Freshwater Biol 49:1230–1239

Hickey CW, Clements WH (1998) Effects of heavy metals on benthic

macroinvertebrate communities in New Zealand streams. Envi-

ron Toxicol Chem 17:2338–2346

Hirst H, Juttner I, Omerod SJ (2002) Comparing the responses of

diatoms and macroinvertebrates to metals in upland streams of

Wales and Cornwall. Freshwater Biol 47:1752–1765

Hodkinson ID, Jackson JK (2005) Terrestrial and aquatic inverte-

brates as bioindicators for environmental monitoring with

particular reference to mountain ecosystems. Environ Manage

35:649–666

Hoffman EJ, Mills GL, Latimer JS, Quinn JG (1984) Urban runoff as

a source of polycyclic aromatic hydrocarbons to coastal waters.

Environ Sci Technol 18:580–587

Hwang H, Fisher SW, Kim K, Landrum PF (2004) Comparison of the

toxicity using body residues of DDE and select PCB congeners

to the midge Chironomus riparans, in partial life cycle tests.

Arch Environ Contam Toxicol 46:32–42

Johnson AC, Larsen PF (1985) The distribution of polycyclic

aromatic hydrocarbons in the surficial sediments of Penobscot

Bay (Maine, USA) in relation to possible sources and to other

sites worldwide. Mar Environ Res 15:1–16

Koh C-H, Khim JS, Kannan K, Villeneuve DL, Senthilkumar K,

Giesy JP (2004) Polychlorinated dibenzo-p-dioxins (PCDDs),

dibenzofurans (PCDFs), biphenyls (PCBs), and polycyclic

aromatic hydrocarbons (PAHs) and 2,3,7,8-TCDD equivalents

(TEQs) in sediment from the Hyeongsan River. Korea Environ

Pollut 132:489–501

Laginestra E, Slattery E, Statzenko A (2001) Sydney olympic park:

post remediation reference manual, 2001. Sydney Olympic Park

Authority (SOPA), Sydney, Australia

LeFevre SR, Sharpe WE (2002) Acid stream water remediation using

limestone sand on Bear Run in southwestern Pennsylvania.

Restor Ecol 10:223–236

Lenat DR, Crawford JK (1994) Effects of land use on water quality

and aquatic biota of three North Carolina Piedmont streams.

Hydrobiologia 294:185–199

Lotufo GR (1998a) Bioaccumulation of sediment associated fluo-

ranthene in benthic copepods: uptake, elimination and biotrans-

formation. Aquat Toxicol 44:1–15

Lotufo GR (1998b) Lethal and sublethal toxicity of sediment-

associated fluoranthene to benthic copepods: application of the

critical-body-residue approach. Aquat Toxicol 44:17–30

Magnusson K, Ekelund R, Grabic R, Bergquist P-A (2006) Bioac-

cumulation of PCB congeners in marine benthic infauna. Mar

Environ Res 61:379–395

Mayer FL, Mehrle PM, Sanders HO (1977) Residue dynamics and

biological effects of polychlorinated biphenyls in aquatic

organisms. Arch Environ Contam Toxicol 5:501–511

Neely WB, Branson DR, Blau GE (1974) Partition coefficient to

measure bioconcentration potential of organic chemicals in fish.

Environ Sci Technol 8:1113–1115

Nelson SM, Roline RA (1996) Recovery of a stream macroinverte-

brate community from main drainage disturbance. Hydrobiolo-

gia 339:73–84

Niemi GJ, DeVore P, Detenbeck N, Taylor D, Lima A, Pastor J

(1990) Overview of case studies on recovery of aquatic systems

from disturbance. Environ Manage 14:571–587

Persson NJ, Bucheli TD, Gustafsson O, Broman D, Naes K, Ishaq R,

Zebuhr Y (2005) Testing common sediment-porewater distribu-

tion models for their ability to predict dissolved concentrations

of POPs in the Grenlandsfjords, Norway. Chemosphere

59:1475–1485

Phipps GL, Mattson VR, Ankley GT (1995) Relative sensitivity of

three freshwater benthic macroinvertebrates to ten contaminants.

Arch Environ Contam Toxicol 28:281–286

Pratt JR, Coler RA, Godfrey PJ (1981) Ecological effects of urban

stormwater runoff on benthic macroinvertebrates inhabiting the

Green River, Massachusetts. Hydrobiologia 83:29–42

Quinn JM, Hickey CW (1990) Characterisation of benthic inverte-

brate communities in 88 New Zealand rivers in relation to

environmental factors. New Zeal J Mar Fresh 24:387–409

Rawson CA, Tremblay LA, Warne MSJ, Kookana RS, Ying G-G,

Chapman JC, Lim RP (2009) Bioactivity of POPs and their

effects in mosquitofish in Sydney Olympic Park, Australia. Sci

Total Environ 407:3721–3730

Resh VH, McElvray EP (1993) Contemporary quantitative

approaches to biomonitoring using benthic macroinvertebrates.
In: Rosenberg DM, Resh VH (eds) Freshwater biomonitoring

Benthic macroinvertebrate assemblages 1599

123



and benthic macroinvertebrates. Routledge, Chapman and Hall,

New York, pp 159–194

Reynoldson TB (1987) Interactions between sediments and contam-

inants and benthic organisms. Hydrobiologia 149:53–66

Sandin L, Johnson RK (2000) The statistical power of selected

indicator metrics using macroinvertebrates for assessing acidi-

fication and eutrophication of running waters. Hydrobiologia

422(423):233–243

Schrock ME, Barrows ES, Rosman LB (1997) Biota-to-sediment

accumulation factors for TCDD and TCDF in worms from a 28-

day bioaccumulation test. Chemosphere 34:1333–1339

Shutes RBE (1984) The influence of surface runoff on the macro-

invertebrate fauna of an urban stream. Sci Total Environ

33:271–282

Simon ML, Cherry DS, Currie RJ, Zipper CE (2006) The ecotoxi-

cological recovery of Ely Creek and tributaries (Lee County,

VA) after remediation of acid mine drainage. Environ Monit

Assess 123:109–124

Stark JS, Snape I, Riddle MJ, Stark SC (2005) Constrains on spatial

variability on soft-sediment communities affected by contami-

nation from an Antarctic waste disposal site. Mar Pollut Bull

50:276–290

Stenroth P, Nystrom P (2003) Exotic crayfish in a brown water

stream: effects on juvenile trout, invertebrates and algae.

Freshwater Biol 48:466–475

Swartz RC, Kemp PF, Schults DW, Ditsworth GR, Ozretich RJ

(1989) Acute toxicity of sediment from Eagle Harbour,

Washington, to the infaunal amphipod Rhepoxynius abronius.

Environ Toxicol Chem 8:215–222

Thoman RV, Komlos J (1999) Model of biota-sediment accumulation

factor for polycyclic aromatic hydrocarbons. Environ Toxicol

Chem 18:1060–1068

Timmermann K, Andersen O (2003) Bioavailability of pyrene to the

deposit-feeding polychaete Arenicola marina: importance of sed-

iment versus water uptake routes. Mar Ecol-Prog Ser 246:163–172

Wallace JB, Grubauch JW, Whiles MR (1996) Biotic indices and

stream ecosystem processes: results from an experimental study.

Ecol Appl 6:140–151

West CW, Ankley GT, Nichols JW, Elonen GE, Nessa DE (1997)

Toxicity and bioaccumulation of 2,3,7,8-tetrachlorodibenzo-p-

dioxin in long-term tests with the freshwater benthic inverte-

brates Chironomus tentans and Lumbricus variegatus. Environ

Toxicol Chem 16:1287–1294

Whiting ER, Clifford HF (1983) Invertebrates and urban runoff in a

small northern stream, Edmonton, Alberta, Canada. Hydrobio-

logia 102:73–80

Williams WD (1980) Australian freshwater life: the invertebrates of

Australian Inland waters. Macmillan Publishers Australia, South

Yarra, Australia

Ying G-G, Rawson C, Kookana RS, Lim RP, Warne MSJ, Zhou J-L,

Peng P-A, Li X-M, Laginestra E (2009) Distribution and sources

of inorganic and organic contaminants in sediments from Sydney

Olympic Park and the surrounding Sydney metropolitan area.

J Environ Monit 11:1687–1696

1600 C. A. Rawson et al.

123


	Benthic macroinvertebrate assemblages in remediated wetlands around Sydney, Australia
	Abstract
	Introduction
	Materials and methods
	Study sites and sample collection
	Sample processing
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


