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Table 1.  Classification scheme for watercourse crossings over fish habitat types (Source: 
NSW Fisheries, 1999a). 

Classification 
Characteristics of Watercourse Type Minimum Preferred 

Engineering Solutions 

Class 1 – Major fish habitat Large named permanently flowing steam, 

creek or river. Threatened species habitat 

or area of declared “critical habitat” under 

the threatened species provisions of the 

Act. Marine or freshwater aquatic 

vegetation is present.  Known fish habitat 

and/or fish observed inhabiting the area. 

Bridge or tunnel crossing only.  

Preformed spans or arches are the 

preferred option (up to 30 m width 

of stream) to minimise instream 

construction impacts.  

Class 2 – Moderate fish habitat Smaller named permanent or intermittent 

stream, creek or watercourse. Clearly 

defined drainage channels with semi-

permanent to permanent waters in pools or 

in connected wetland areas. Marine or 

freshwater aquatic vegetation is present. 

Known fish habitat  and / or fish observed 

inhabiting the area. 

A large box culvert or a bridge 

crossing. Cross-sectional area of 

structure should aim to equal the 

cross-sectional area of the 

watercourse.  

Class 3 – Minimal fish habitat Named or unnamed watercourse with 

intermittent flow, but has potential refuge, 

breeding or feeding areas for some aquatic 

fauna (e.g. fish, yabbies).  None to minimal 

defined drainage channel. Semi-permanent 

pools, ponds, farm dams or wetlands 

nearby or form in the watercourse after a 

rain event.  Watercourse interconnects 

wetlands or stream habitat. 

Culverts required and designed to 

allow fish passage. Invert should be 

designed to ensure it is below the 

bed level of the watercourse, and 

that ponding can occur. 

Class 4 – Unlikely fish habitat Named or unnamed watercourse with 

intermittent flow during rain events only, 

little or no defined drainage channel, little 

or no free standing water or pools after rain 

event finishes (e.g. dry gully, shallow 

floodplain depression with no permanent 

wetland aquatic flora present).  No aquatic 

or wetland vegetation present. 

Causeway, floodway or culvert with 

allowance for flow of water to 

downstream areas unhindered. 



Pacific Highway Upgrade, Moorland to Herons Creek - Aquatic Ecology Investigations - EIS Phase

Waterway a e a ar t r
e y a W er e

(Arup 1a) Unnamed 3/4 NA 8’ x  4’ culvert 
(Arup 2) Unnamed 3/4 NA 8’ x  4’ culvert 

3b Stewarts River Rd; 
existing highway

3 2 3 x 2.4 m box 
culverts

4b Existing highway 3 NA 2 x 2.4 m box 
6b Stewarts River; existing 

highway
1 1 Bridge

7 Yaralin 4 NA 2 x 0.5m pipes
8 Passionfruit Gully 3 2 3 x 2.4 m box 
9 750m N of Algona Rd 4 NA 3 x 0.5 m pipes

10 200m S of Haydons Rd 4 NA 2 x 1 m pipes
11 Stony Ck 2 2 Bridge

12-15 S of Ross Glen Rd 4 1 m pipe
16 Camden Haven River; 

existing highway
1 1 Bridge

17 Christmas Hill 4 NA 2 x 1.8 m pipes
20a Walkers Creek 2 2 2 x 2.4 m box 
22a Small tributary of 

Herons Creek
3 NA 2 x 2 m box culvert

22b Herons Creek 1 2 Bridge

Grades Assigned 

Table 2a:  Comparison of waterway grades ( NSW Fisheries 1999b) assigned to each waterway in 
the study area by The Ecology Lab and NSW Fisheries (S. Fairfull).  NA = Waterway not assigned 
a grade.

The Ecology Lab Pty Ltd - Marine and Freshwater Studies
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Pacific Highway Upgrade, Moorland to Herons Creek - Aquatic Ecology Investigations - EIS Phase

Year Catch (t) Value ($'000) No. of FishersNo. Days Effort
1993/94 146 479 32 5029
1994/95 138 481 36 4849
1995/96 121 447 32 4858
1996/97 140 639 42 6318
1997/98 155 673 35 6495
1998/99 175 673 32 6449

Year Total value ($)
Bags Dozens

1994/95 1906 211,336 592,200
1995/96 977 105,610 336,361
1996/97 1259 139,070 431,626
1999/00 1411 155,430 601,735

Table 4a:  Records of commercial catch for the Camden Haven River area between 1993/94-
1998/99.  (source: NSW Fisheries 2000a; 2000b).

Total Production

Table 4b:  Oyster production statistics for the Camden Haven River for the years 1994/95-
1996/97 and 1999/00. (Source :  NSW Fisheries undated)

The Ecology Lab Pty Ltd - Marine and Freshwater Studies
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Pacific Highway Upgrade, Moorland to Herons Creek - Aquatic Ecology Investigations - EIS Phase

a) Bait traps (n = 10) Fourth root transformations
Factor Permutations Global R P
Location 280 0.506 0.011
Site(Location) 999 0.079 0.011

b) Gill nets (n = 3) No transformations
Factor Permutations Global R P
Location 280 0.202 0.175
Site(Location) 999 0.146 0.147

Note: Whilst there were significant differences between locations, there were not enough permutations available to 
differentiate locations using pairwise comparisons.

Table 6: Two 2-way nested Analysis of Similarity (ANOSIM) results comparing fish 
assemblages among locations and sites within locations.
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Pacific Highway Upgrade, Moorland to Herons Creek - Aquatic Ecology Investigations - EIS Phase

a) Loc 3 (Stewarts River) and Loc 2 (Camden Haven River - existing crossing) Average dissimilarity = 79.14

Species
Av.Abundance
Stewarts River

Av.Abundance
Existing crossing Av. Diss Diss/SD Contrib % Cum.%

Hypseleotris compressa 8.27 0.33 17.16 1.45 21.69 21.69
Ambassis jacksoniensis 2.57 22.07 15.18 1.12 19.18 40.87
Liza argentea 6.63 15.44 13.18 0.91 16.66 57.53
Pseudomugil signifer 1.87 3.78 9.61 0.9 12.15 69.67
Ambassis marianus 0.87 1.85 8.25 0.87 10.42 80.09
Acanthopagrus australis 0.07 0.78 6.21 0.7 7.85 87.94
Gobiomorphus australis 0.43 0.07 4.7 0.64 5.93 93.88

b) Loc 3 (Stewarts River) and Loc 1 (Camden Haven River- K-A option) Average dissimilarity = 66.40

Species
Av.Abundance
Stewarts River

Av.Abundance
K-A option Av. Diss Diss/SD Contrib % Cum.%

Hypseleotris compressa 8.27 4.17 15.29 1.12 23.03 23.03
Ambassis jacksoniensis 2.57 5.21 12.11 1.04 18.24 41.26
Pseudomugil signifer 1.87 10.55 10.32 0.81 15.54 56.8
Gobiomorphus australis 0.43 0.59 8.62 0.85 12.98 69.78
Liza argentea 6.63 6.62 6.58 0.59 9.92 79.69
Ambassis marianus 0.87 1.62 5.42 0.62 8.16 87.85
Philypnodon grandiceps 0.13 0.38 5 0.6 7.54 95.39

c) Loc 2 (Camden Haven River- existing crossing) and Loc 1 (K-A option) Average dissimilarity = 79.90

Species
Av.Abundance

Existing crossing
Av.Abundance

K-A option Av. Diss Diss/SD Contrib % Cum.%
Ambassis jacksoniensis 22.07 5.21 15.77 1.11 19.74 19.74
Liza argentea 15.44 6.62 13.63 0.96 17.06 36.8
Hypseleotris compressa 0.33 4.17 11.42 0.97 14.3 51.1
Pseudomugil signifer 3.78 10.55 10.02 0.86 12.54 63.63
Ambassis marianus 1.85 1.62 8.63 0.87 10.8 74.44
Gobiomorphus australis 0.07 0.59 7.29 0.81 9.13 83.56
Acanthopagrus australis 0.78 0 6.07 0.67 7.6 91.16

Table 7: Similarity Percentages (SIMPER) results comparing the relative contribution of 
various fish species (captured by bait traps) to the dissimilarity of the assemblages at each 
location.  Only those species that appear in the top 90% of cumulative contribution are 
displayed in these tables. 
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Pacific Highway Upgrade, Moorland to Herons Creek - Aquatic Ecology Investigations - EIS Phase

a) Bait traps: Total number of species Transform = None Cochrans C = 0.2094, N.S. 
Source DF SS MS F P F versus
Loc 2 10.47 5.23 2.05 0.210 Si(Lo)
Si(Loc) 6 15.33 2.56 1.57 0.166 RES
RES 81 131.80 1.63
TOT 89 157.60

b) Bait traps: Total number of fish species Transform = None Cochrans C = 0.1807, N.S. 
Source DF SS MS F P F versus
Loc 2 0.16 0.08 0.03 0.974 Si(Lo)
Si(Loc) 6 17.47 2.91 2.13 0.059 RES
RES 81 110.70 1.37
TOT 89 128.32

c) Bait traps: Total number of individuals Transform = None Cochrans C = 0.2372, N.S. 
Source DF SS MS F P F versus
Loc 2 7377.22 3688.61 1.51 0.228 1-POOLED DATA
Si(Loc) 6 11926.13 1987.69 0.81 0.564 1-POOLED DATA
RES 18 201226.70 2484.28
TOT 26 220530.06
POOLED DATA 24 213152.83 2450.03

d) Bait traps: Total number of fish individuals Transform = None Cochrans C = 0.2380, N.S. 
Source DF SS MS F P F versus
Loc 2 5611.67 2805.83 1.20 0.305 1-POOLED DATA
Si(Loc) 6 10015.53 1669.26 0.72 0.638 1-POOLED DATA
RES 18 192978.40 2382.45
TOT 26 208605.60
POOLED DATA 24 202993.93 2333.26

a) Bait traps: Total number of economic individuals Transform = Sqrt(X+1) Cochrans C = 0.2205, N.S. 
Source DF SS MS F P F versus
Loc 2 30.7123 15.3562 1.73 0.1828 1-POOLED DATA
Si(Loc) 6 43.2707 7.2118 0.81 0.562 1-POOLED DATA
RES 18 727.6146 8.9829
TOT 26 801.5976
POOLED DATA 24 770.8853 8.8608

Table 8: Two-way nested Analysis of Variance (ANOVA) results for the bait trap data 
comparing the means among locations and sites within locations. 
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Pacific Highway Upgrade, Moorland to Herons Creek - Aquatic Ecology Investigations - EIS Phase

Table 8: Cont... 

f) Bait traps: Total number of carid shrimp Transform = Ln(X+1) Cochrans C =  0.2592, N.S. 
Source DF SS MS F P F versus
Loc 2 22.94 11.47 11.02 0.010 Si(Lo)
Si(Loc) 6 6.24 1.04 1.44 0.209 RES
RES 81 58.44 0.72
TOT 89 87.63
SNK: K-A option < Stewarts River = Existing crossing (see figure 5a)

g) Bait traps: Total number of empire gudgeon Transform = Ln(X+1) Cochrans C = 0.2079, N.S. 
Source DF SS MS F P F versus
Loc 2 36.21 18.10 11.16 0.010 Si(Lo)
Si(Loc) 6 9.73 1.62 2.12 0.059 RES
RES 81 61.84 0.76
TOT 89 107.77
SNK: Existing crossing = K-A option < Stewarts River (see figure 5b)

h) Bait traps: Total number of flat-tail mullet Transform = Ln(X+1) Cochrans C =  0.1968, N.S. 
Source DF SS MS F P F versus
Loc 2 14.55 7.28 4.04 0.021 1-POOLED DATA
Si(Loc) 6 11.26 1.88 1.04 0.403 1-POOLED DATA
RES 18 145.29 1.79
TOT 26 171.10
POOLED DATA 24 156.55 1.80
SNK: Stewarts River = K-A Option < Existing crossing (see figure 5c)

i) Bait traps: Total number of pacific blue-eye Transform = Ln(X+1) Cochrans C = 0.2519, N.S. 
Source DF SS MS F P F versus
Loc 2 0.06 0.03 0.02 0.977 1-POOLED DATA
Si(Loc) 6 2.58 0.43 0.33 0.918 1-POOLED DATA
RES 18 109.48 1.35
TOT 26 112.12
POOLED DATA 24 112.06 1.29

j) Bait traps: Total number of Port Jackson perchlet Transform = None Cochrans C = 0.7120, (P < 0.01)
Source DF SS MS F P F versus
Loc 2 5254.02 2627.01 3.36 0.039 1-POOLED DATA
Si(Loc) 6 5838.60 973.10 1.25 0.291 1-POOLED DATA
RES 18 62131.20 767.05
TOT 26 73223.82
POOLED DATA 24 67969.80 781.26
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Pacific Highway Upgrade, Moorland to Herons Creek - Aquatic Ecology Investigations - EIS Phase

a) Gill nets: Total number of fish species Transform = None Cochrans C = 0.4565, N.S. 
Source DF SS MS F P F versus
Loc 2 7.41 3.70 2.27 0.125 POOLED DATA
Si(Loc) 6 8.44 1.41 0.86 0.535 POOLED DATA
RES 18 30.67 1.70
TOT 26 46.52
POOLED DATA 24 39.11 1.63

b) Gill nets: Total number of fish individuals Transform = None Cochrans C = 0.4551, N.S. 
Source DF SS MS F P F versus
Loc 2 3.63 1.81 0.28 0.761 POOLED DATA
Si(Loc) 6 46.00 7.67 1.17 0.355 POOLED DATA
RES 18 111.33 6.19
TOT 26 160.96
POOLED DATA 24 157.33 6.56

c) Gill nets: Total number of economic individuals Transform = SQRT(X+1) Cochrans C = 0.4419, N.S. 
Source DF SS MS F P F versus
Loc 2 0.32 0.16 0.43 0.652 POOLED DATA
Si(Loc) 6 2.87 0.48 1.28 0.303 POOLED DATA
RES 18 6.08 0.34
TOT 26 9.28
POOLED DATA 24 8.95 0.37

d) Gill nets: Total number of luderick Transform = None Cochrans C = 0.4551, N.S. 
Source DF SS MS F P F versus
Loc 2 8.67 4.33 0.83 0.481 Si(Lo)
Si(Loc) 6 31.33 5.22 1.88 0.140 RES
RES 18 50.00 2.78
TOT 26 90.00

e) Gill nets: Total number of sea mullet Transform = Ln (x+1) Cochrans C = 0.4487, N.S. 
Source DF SS MS F P F versus
Loc 2 0.66 0.33 1.97 0.162 POOLED DATA
Si(Loc) 6 1.15 0.19 1.13 0.374 POOLED DATA
RES 18 2.91 0.16
TOT 26 4.72
POOLED DATA 24 4.05 0.17

Table 9: Two-way nested Analysis of Variance (ANOVA) results for the gill net data 
comparing the means among locations and sites within locations. 
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FIGURES

Figure 1: Map of study area showing sampling sites for fish and water quality in November, 
2001. Purple line indicates preferred route option.  Blue squares = Water Quality, Red 
triangles = Electrofishing, Bait trapping and Water Quality, Green circles = Gill netting, Bait 
trapping and Water Quality.  Refer to Tables 1,4,9 and 10 for results. 

Figure 2: Sampling design for the bait trap, gill net and water quality surveys, November 
2001 (Bait trap N = 90; gill net N = 27; water quality river surface N = 18; water quality river 
bottom N = 18). 

Figure 3:  Map of Camden Haven Estuary which shows position of oyster leases in 1992.  
The red dots indicate the approximate location where new crossings would be constructed 
across waterways in the study area.  (Source of Map; Carter 1995). 

Figure 4: nMDS of fish assemblages captured in bait traps at each location and site at 
Camden Haven River and Stewarts River during November 2001. (Stress = 0.15) 

Figure 5: nMDS of fish assemblages captured in gill nets at each location and site at Camden 
Haven River and Stewarts River during November 2001. (Stress = 0.06) 

Figure 6: Mean abundances per bait trap at each location in Camden Haven River and 
Stewarts River during November 2001 (n = 30). 

Figure 7: Mean (+/-SE) values for water quality parameters at each location in Camden 
Haven River and Stewarts River in November 2001. (n = 9) --- = ANZECC (2000) Guidelines 
for the protection of aquatic habitats.
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Figure 1.  Map of study area showing sampling sites for fish and water quality in November, 2001. 
Purple line indicates preferred route option.  Blue squares = Water Quality, Red triangles =
Electrofishing, Bait trapping and Water Quality, Green circles = Gill netting, Bait trapping and Water
Quality.  Refer to Tables 1,4,9 and 10 for results.



T
he

 E
co

lo
gy

 L
ab

 P
ty

 L
td

 -
M

ar
in

e 
an

d 
Fr

es
hw

at
er

 S
tu

di
es

Fi
gu

re
 2

: S
am

pl
in

g 
d

es
ig

n 
fo

r 
th

e 
ba

it
 tr

ap
, g

ill
 n

et
 a

nd
 w

at
er

 q
ua

lit
y 

su
rv

ey
s,

 N
ov

em
be

r 
20

01
 (B

ai
t t

ra
p 

N
=

 9
0;

 g
ill

 n
et

 N
=

 2
7;

 w
at

er
 

qu
al

it
y 

ri
ve

r 
su

rf
ac

e 
N

=
 1

8;
 w

at
er

 q
ua

lit
y 

ri
ve

r 
bo

tt
om

 N
=

 1
8)

.

P
ac

ifi
c 

H
ig

hw
ay

 U
pg

ra
de

, M
oo

rl
an

d
to

 H
er

on
s 

C
re

ek
  -

A
qu

at
ic

 E
co

lo
gy

 In
ve

st
ig

at
io

ns
 -

E
IS

 P
ha

se

Si
te

(Lo
ca

ti
on

)
S1

S3

Fa
ct

or
T

re
at

m
en

ts
D

es
ig

na
ti

on

R
an

d
om

 &
 o

rt
ho

go
na

l

R
an

d
om

 &
 n

es
te

d

Lo
ca

ti
on

K
-A

 O
pt

io
n

S(L
)

C
od

e

L
E

xi
st

in
g 

cr
os

si
ng

St
ew

ar
ts

 R
iv

er

x xx
Bai

t t
ra

p 
re

pl
ic

at
es

S2
S1

S3
S2

S1
S3

S2

x

x

x
x xx x

x xx x

x

x
x xx x

x xx x

x

x
x xx x

x xx x

x

x
x xx x

x xx x

x

x
x xx x

x xx x

x

x
x xx x

x xx x

x

x
x xx x

x xx x

x

x
x xx x

x xx x

x

x
x xx x

x xx
Gill

 n
et

 
re

pl
ic

at
es

x xx
x xx

x xx
x xx

x xx
x xx

x xx
x xx

x xx
Wat

er
 q

ua
lit

y 
ri

ve
r 

su
rf

ac
e 

re
pl

ic
at

es

x xx

x xx x xx

x xx x xx

x xx x xx

x xx x xx

x xx x xx

x xx x xx

x xx x xx

x xx x xx
Wat

er
 q

ua
lit

y 
ri

ve
r 

bo
tt

om 
re

pl
ic

at
es



Figure 3:  Map of Camden Haven Estuary which shows position of oyster leases in 1992.  The 

red dots indicate the approximate location where new crossings would be constructed across 

waterways in the study area.  (Source of Map; Carter 1995). 
The Ecology Lab Pty Ltd - Marine and Freshwater Studies
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Figure 4: nMDS of fish assemblages captured in bait traps at each location and site 
at the Camden Haven River and the Stewarts River during November 2001. (Stress 
= 0.15)
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Figure 5: nMDS of fish assemblages captured in gill nets at each location and site at 
the Camden Haven River and the Stewarts River during November 2001. (Stress = 
0.06)
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Figure 6: Mean abundances per bait trap at each location in the Camden Haven 
River and the Stewarts River during November 2001 (n  = 30).
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Figure 7: Mean (+/-SE) values for water quality parameters at each location in the 
Camden Haven River and the Stewarts River in November 2001. (n = 9) --- = 
ANZECC (2000) Guidelines for the protection of aquatic habitats.
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