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APPENDIX A1

Mangrove species recorded on tidal waterways of the

survey area — Western Australia; Northern Territory:
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MANGROVE SPECIES RECORDED (X) 0.\' TIUAL WATERWAYS IN THE

NORTH—NEST KIMBERLEYS, WESTERN AUSTRALIA.
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LBNGROVE SPECIES RECORDED (X) OX TIDAL WATERWAYS IN THt
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MANGROVE SPECIES RECORDED (X) ON TIDAL WATERWAYS ENTERING
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MANGROVE SPECIES RECORDED (X) ON TIDAL WATERWAYS IN THE DARWIN AREA,
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MANGROVE SPECIES RECORDED (X) ON TIDAL WATERWAYS,
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APPENDIX 1

Student Newman—Keuls' multiple range tests on means

(10ge transformed data) of girths of Avicennia marina, Camptostemon

schultzii and Rhizophora stylosa at stations within the Liverpool—

Tomkinson Rivers System, N.T.



Student Newman-Keuls' multiple range tests were carried

out as described in Zar (1974). Tables used were from Rohlf and Sokal

(1969).

In the conclusions mean values of stations underlined by

a common line are not significantly different at p < 0.05.

Avicennia marina: Liverpool River

To teSt H°‘ “Stn 2 = “Stn 3 = “Stn 4 = “Stn 5 = “Stn 6

Ranks of sample means

X loge cm

1 (Station 3) = 3.2542

2 (H 4) = 3.3193

3 (” 2) = 3.3444

4 (” 5) = 3.7715

5 (” 6) = 3.9120

Standard error (from nested Anova) = 0.07293

Conclusions:

Stn 3 Stn 4 Stn 2 Stn 5 Stn 6
 

Camptostemon schultzii: Liverpool River

T° teSt H0: uStn 2 = uStn 3 = “Stn 4 = “Stn 5 = uStn 6

Ranks of sample means

X loge cm

1 (Station 2) = 3.02814

2 (" 3) = 3.03694

3 (H 4) ‘ = 3.4222

4 (" 6) = 3.5829

5 (” 5) = 3.61616

Standard error (from nested Anova) = 0.05914

Conclusions:

Stn 2 Stn 3 Stn 4 Stn S Stn 6
 



Rhizophora stylosa: Liverpool River

To teSt Ho: “Stn 1 = “Stn 2 = uStn 3 = LlStn 4

Ranks of sample means

X loge cm

1 (Station 2) = 3.0754

2 (” 3) = 3.0770

3 (” 1) = 3.2110

4 (” 4) = 3.4229

Standard error (from nested Anova) = 0.0558

Conclusions:

Stn l Stn 2 Stn 3 Stn 4
 

Avicennia marina: Tomkinson River

To teSt H°: uStn 1 = uStn 2 = “Stn 3 =

Ranks of sample means

X loge

1 (Station 2) = 2.7274

2 (” 3) = 2.9660

3 (” 1) = 3.1427

4 (” 4) = 3.1442

5 (” 5) = 3.5685

6 (” 6) = 3.8431

Standard error (from nested Anova) =

Conclusions:

Stn 2 Stn 3 Stn 1

“Stn 4 = uStn 5 = “Stn 6

CHI

0.0701

Stn 4' Stn 5
  



Camptostemon scthtzii: Tomkinson River

To test Ho: “Stn 1 —

Ranks of sample means

X loge cm

1 (Station 2) = 2.5607

2 (H 1) = 2.6182

3 (” 3) = 3.0365

4 (” 4) = 3.2512

5 (” 5) = 3.3650

Standard error (from nested Anova) = 0.0680

Conclusions:

Stn 2 Stn l Stn 3

Rhizophora stylosa: Tomkinson River

To teSt H0: uStn 1 = “Stn 2 = uStn 3 = uStn 4

Ranks of sample means

X loge cm

1 (Station 2) = ‘2.4654

2 (n 1) = 2.7486

3 (H 3) = 2.9158

4 (" 4) = 3.3131

Standard error (from nested Anova) = 0.0774

Conclusions:

Stn 2 Stn l Stn 3
 

uStn 2 = uStn 3 : uStn 4 = uStn 5

Stn 4

Stn 4

Stn 5



Avicennia marina: Mungardobolo Creek

To test Ho: “Stn 1 - :u :

“Stn 2 Stn 3 uStn 4

Ranks of sample means

= uStn 5

Stn 4

= UStn 6

Stn 3
 

X loge cm

1 (Station 6) = 2.4947

2 (” 5) = 2.9175

3 (” l) = 2.9763

4 (” 2) = 3.0116

5 (” 4) = 3.0750

6 (” 3) = 3.3358

Standard error (from nested Anova) = 0.1183

Conclusions:

_§£n_§ Stn 5 Stn l Stn 2

Camptostemon scthtzii: Mungardobolo Creek

To test H0: = u“Stn 1 = “Stn 2 Stn 3 = uStn 4

Ranks of sample means

X loge cm

1 (Station 2) = 2.5904

2 (" l) = 2.6011

3 (” 3) = 2.6883

4 (” 4) = 2.7892

|lStandard error (from nested Anova) 0.0500

Conclusions:

Stn 2 Stn l Stn 3 Stn 4
 



Rhizophora stylosa: Mungardobolo Creek

T0 “3“ HO‘ uStn 1 = “Stn 2 = uStn 3 = “Stn 4

Ranks of sample means

X loge cm

1 (Station 4) = 2.5030

2 (” 2) = 2.6546

3 (" 1) = 2.6584

4 (” 3) = 2.8170

Standard error (from nested Anova) = 0.0618

Conclusions:

Stn 4 Stn 2 Stn 1 Stn 3
 

 



APPENDIX 2

Location of quadrats and stations used for girth,

basal area and density studies on the Liverpool—Tomkinson Rivers

System, N.T.
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Figure A2.1

Location of stations used for girth, basal area and density
studies of three mangrove species, etc., on the Liverpool—Tomkinson

Rivers System.



LIVERPOOL RIVER, N.T.

Peak Dry Peak Dry
Season Season Random Starting

High Tide Soil Points of
Station Station Salinity Salinity Quadrats
Number length (1979)Woo (1979)900 fin metres)

1 ' , Q1 = 90
Q2 = 180

3 — 4 km 1 km 35 40 Q3 = 240

Q4 = 560

Q5 = 850

2 Q1 = 0

Q2 = 120

15—16 km 1 km 35 40 Q3 = 220

Q4 = 460

Q5 = 810

3 Q1 = 60

Q2 = 220

30—31 km 1 km 35 44 Q3 = 570

Q4 = 980

QS = 730

4 Q1 = 50

Q2 = 370

41—42 km 1 km 30 40 Q3 = 810

Q4 = 520

QS = 680

5 Q1 = 80

Q2 = 190

55—56 km 1 km 18 25 Q3 = 370

Q4 = 560

QS = 640

6 Q1 = 90

Q2 = 230

59—60 km 1 km 9 10 Q3 = 360

Q4 = 170

Q5 = 990

TABLE A 2.1

Quadrat and Station information for the Liverpool River



TOMKINSON RIVER, N.T.

Peak Dry Peak Dry

Season Season Random Starting

High Tide Soil Points of

Station Station Salinity Salinity Quadrats

Number Ifingth (1979)?oo (1979)?oo (in metres)

1 Q1 = 40

Q2 = 220

17.5— 1 km 35 48 Q3 = 390

18.5 km Q4 2 520

Q5 = 800

2 Q1 = 130

Q2 = 190

38—39 km 1 km 35 50 Q3 = 480

Q4 = 680

QS = 800

3 Q1 = 440

Q2 = 640

47.5 — 1 km 25 28 Q3 = 840

48.5 km Q4 = 960

QS = 990

4 Q1 = 360

Q2 = 730

56—57 km 1 km 20 27 Q3 = 190

Q4 = 810

Q5 = 910

5 Q1 = 110

Q2 = 240

65—66 km 1 km 15 24 Q3 = 330

Q4 = 600

QS = 690

6 Q1 = 100

Q2 = 190

68—69 km 1 km 14 15 Q3 = 550

Q4 = 840

Q5 = 920

TABLE A 2.2

Quadrat and Station information for the Tomkinson River.



MUNGARDOBOLO CREEK, N.T.

Peak Dry Peak Dry

Season Season Random Starting

High Tide Soil Points of Quadrats
Station Station Salinigy Salinigy fin metres*)
Number Length (1979) /00 (1979) /00

1 Q1 = 220

Q2 = 420

17.5 — 1 km 35 52 Q3 = 530
18.5 km Q4 2 740

Q5 = 980

2 Q1 = 65

Q2 = 165

22 — 0.5 km 37 60 Q3 = 225
22.5 km Q4 = 320

QS = 480

3 Q1 = 50

Q2 = 160

23 - 0.5 km 40 45 Q3 = 340
23.5 km Q4 = 415

QS = 485

4 Q1 = 140

Q2 = 275

24 — 0.5 km 41 48 Q3 = 495

24.5 km _Q4 — 50

Q5 = 85

5 Q1 = 20

Q2 = 110

25 — 0.5 km 44 50 Q3 = 195
25.5 km Q4 = 225

Q5 = 400

6 Q1 = 50

Q2 = 95

26 - 0.5 km 52 73 Q3 = 275
26.5 km Q4 = 420

QS = 460

TABLE A 2.3

Quadrat and Station information for Mungardobolo Creek

* The length of Station 1 was set at 1 km, and that of each of the

other stations at 500 m.
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Specific location of quadrats within stations on the

Liverpool River, N .'1‘.
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Figure A 2.3

Schematic presentation of quadrats within stations on the
Liverpool River and the start and end points of each randomly chosen
quadrat (in metres).
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Figure A 2.4 Specific location of quadrats within stations on the
Tomkinson River, N.T.
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Figure A 2.5

Schematic presentation of quadrats within stations on the
Tomkinson River and the start and end points of each randomly chosen
quadrat (in metres).
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Figure A 2.6

Specific locations of quadrats within stations on
Mungardobolo Creek , N .T.
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Figure A 2.7

Schematic presentation of quadrats within stations on

Mungardobolo Creek and the start and end points of each randomly

chosen quadrat (in metres).



APPENDIX 3

Densities of Avicennia marina, Camptostemon scthtzii

and Ehizophora stylosa at sites on the Liverpool-Tomkinson

Rivers System, N.T.



For trees/shrubs of a species at ”all inclusive heights”

the densities of the first 10 trees/shrubs at each of the five

randomly chosen quadrats in a station were summed providing an overall

density based on the first 50 trees/shrubs encountered at a station.

For trees ”at canopy height” refers to the summed densities

of the first 10 trees encountered within each of the five randomly

chosen quadrats (50 trees within each station) that attained the

capopy height of the forest.

Densities were converted to trees/hectare.



IAfiLE A 3.r

Densities of Avicennia marina at sites on the Liverpool—
Tomkinson Rivers System.

Station
I\
)

Liverpool

Liverpool 3

Liverpool 4

Liverpool 5

Liverpool 6

Tomkinson 1

Tomkinson 2

k
nTomkinson

Tomkinson 4

Tomkinson S

Tomkinson 6

Mungardobolo

Mungardobolo

Mungardobolo 3

Mungardobolo

Mungardobolo

Mungardobolo

Density: at

”All Inclusive Heights"

50 trees/shrubs in 3730 m2

1 / 74.6 m3
134.0/ hectare

50 trees/Shrubs in 5300 m

l / 106 m2

94.3/ hectare

2

50 trees/shrubs in 5060 m2

1 / 101.2 m2
98.8/ hectare

so trees/shrubs in 5760 h
1 / 115.2 m2

86.8/ hectare
7

50 tree/shrubs in 5960 m“

1 / 119.2 m2
83.8/ hectare

2

SO trees/shrubs in 10296 m

l / 205.9 m2

48.5/ hectare

SO trees/shrubs in 3142 m

1 / 62.84 m2
159.1/ hectare

50 trees/shrubs in 3690 m2

1 / 73.8 m2
135.5/ hectare

50 trees/shrubs in 2110 m2

1 / 42.2 m2
236.9/ hectare

50 trees/shrubs in 4270 m

1 / 85.4 m2
117.0/ hectare

50 trees/shrubs in 19300 m

1 / 386 m2
25.9/ hectare

50 trees/shrubs in 7860 m

1 / 157.2 m2
63.6/ hectare

50 trees/shrubs in 3850 m

1 / 77 m2
129.8/ hectare

SO trees/shrubs in 6360 m2
1 / 127.2 m2

78 6/ hectare

50 trees/shrubs in 2330 m

1 / 46.6 m2
214.5/ hectare

50 trees/shrubs in 760 m

1 / 15.2 m2
657.8/ hectare

50 trees/shrubs in 159.7 m2
1 / 3.1 m2

3,129.8/ hectare

Density: at

:forest Canopy Height”

50 trees in 5070 m2
1 / 101.4 m2

98.6/ hectare

50 trees in 5840 m2

1 / 116.8 m2
85.6/ hectare

50 trees in 6400 m2

1 / 128 m2
78.12/ hectare

50 trees in 6680 m2

1 / 133.6 m2
74.8/ hectare

50 trees in 6680 m2

1 / 133.6 m2
74.8/ hectare

50 trees in 11250 m2

1 / 225 m2
44.4/ hectare

50 trees in 4480 m2

1 / 89.6 m2
111.6/ hectare

50 trees in 5450 m2

1 / 109 m2
91.7/ hectare

50 trees in 3980 m2

1 / 76.6 m2
130.5/ hectare

50 trees in 5310 m2

1 / 106.2 m2
94.1/ hectare

50 trees in 28200 In2

1 / 564 m2
17.7/ hectare

50 trees in 8546 m2

1 / 170.9 m2
58.5/ hectare

50 trees in 7980 m2

1 / 159.6 m2
62.6/ hectare

50 trees in 8970 m2

1 / 179.4 m2
55.7/ hectare

50 trees in 2790 m2

1 / 55.8 m2
179.2/ hectare

50 trees in 1542 m2
1 / 30.5 m2

324.2/ hectare

50 trees in 414.7 m2

1 / 8.2 m2
1,205.6/ hectare



TABLE A 3.2

Densities of Camptostemon schultzii at sites on the Liverpool—
Tomkinson Rivers System.

Station

Liverpool 2

Liverpool 3

Liverpool 4

Liverpool 5

Liverpool 6

Tomkinson l

Tomkinson 2

Tomkinson 3

Tomkinson 4

Tomkinson 5

Mungardobolo

Mungardobolo

Mungardobolo

Mungardobolo

Mungardobolo L
n

Density: at
”All Inclusive Heights”
 

50 trees/shrubs in

1 / 60.2 m2
166.1/ hectare

50 trees/shrubs in

1 / 70.4 m2
142 / hectare

50 trees/shrubs in

1 / 40.8 m2
245 / hectare

50 trees/shrubs in
1 / 24 m2

416.6/ hectare

50 trees/shrubs in

1 / 24.8 m2
403 2/ hectare

50 trees/shrubs in

1 / 80.4 m2
124.3/ hectare

50 trees/shrubs in
1 / 10.6 m2

939.8/ hectare

50 trees/shrubs in

1 / 22.8 m2
437.1/ hectare

50 trees/shrubs in

1 / 20.2 m2
496.0/ hectare

SO trees/shrubs in

1 / 95.2 m2
105.0/ hectare

50 trees/shrubs in

1 / 52.7 m2
189 7/ hectare

50 trees/Shrubs in

1 / 80 m2
125 / hectare

50 trees/Shrubs in

1 / 105.8 m2
94.5/ hectare

50 trees/shrubs in

1 / 105.3 m2
95.0/ hectare

30 trees/shrubs in

1 / 59.4 m2
168.2/ hectare

3010 m

3520 m

2040 m

1200 m

1240 m

4020 m

532 m

1144 m

1008 m

4760 m

2636 m

4000 m

5290 m

5264 m

1784 m

Density: at

”Forest Canopy Height”
 

50 trees

1 /
124.6/

50 trees

1 /
81.9/

50 trees

1 /
188.6/

50 trees

1 /
270.2/

50 trees

1/

93.2/

50 trees

1 /
81.1/

50 trees

1 /
304.1/

50 trees

1 /
246.3/

50 trees

1 /
124.7/

50 trees

1 /
88.6/

50 trees

1 /
93.8/

50 trees

1 /
70.0/

50 trees

1 /
58.3/

50 trees

1 /
68.4/

30 trees

1 /
97.8/

in 4010 m2

80.2 m2
hectare

in 6100 m2
122 m2
hectare

in 2650 m2
53 m2
hectare

in 1850 m2

37 m2
hectare

in 5360 In2

107.2 m2
hectare

in 6160 In2

123.2 m2
hectare

in 1644 m2

32.8 m2
hectare

in 2030 m2

40.6 m2
hectare

in 4010 m2

80.2 m2
hectare

in 5640 In2

112.8 m2
hectare

in 5330 In2

106.6 m2
hectare

in 7144 In2

142.8 m2
hectare

in 8580 In2

171.6 m2
hectare

in 7310 m2

146.2 m2
hectare

in 3066 m

102.2 m2
hectare

2



TABLE A 3.3

Densities of Rhizophora stylosa at sites on the Liverpool—

Tomkinson Rivers System.

Station

Liverpool 1

Liverpool 2

Liverpool 3

Liverpool 4

Tomkinson l

Tomkinson 2

Tomkinson 3

Tomkinson 4

Mungardobolo

Mungardobolo

Mungardobolo

Mungardobolo

Mungardobolo

Density: at

”All Inclusive Heights”
 

50 trees/shrubs in

1 / 10.4 m2

961.5/ hectare

50 trees/shrubs in

1 / 43.8 m2

228.3/ hectare

SO trees/shrubs in

1 / 73.6 m2

135.8/ hectare

50 trees/shrubs in

1 / 65 m2

153.8/ hectare

50 trees/shrubs in

1 / 47.4 m2

210.9/ hectare

50 trees/shrubs in

1 / 15.5 m2

642.6/ hectare

50 trees/shrubs in

1 / 15.6 m2

641.0/ hectare

SO trees/shrubs in

1 / 86.4 m2

115.7/ hectare

SO trees/shrubs in

1 / 15.9 m2

628.1/ hectare

50 trees/shrubs in

1 / 43.72 m2

228.7/ hectare

SO trees/shrubs in

1 / 85.2 m2

117.3/ hectare

50 trees/shrubs in

1 / 92.8 m2

107.7/ hectare

30 trees/shrubs in

1 / 171.2 m2

58.4/ hectare

520 m2

2190 m

3680 m

3250 m

2370 m

778 m

780 m2

4320 m

796 m2

2186 m

4260 m2

4640 m2

5136 m

Density: at

“Forest Canopy Height“
 

50 trees

1 /

588.2/

50 trees

1 /

205.7/

50 trees

1 /

90.5/

50 trees

1 /

134.4/

50 trees

1 /

183.6/

50 trees

1 /

539.9/

50 trees

1 /

312.5/

50 trees

1 /

103.0/

50 trees
,1 /

427.3/

50 trees

1 /

168.3/

50 trees

1 /

103.9/

50 trees

1 /

61.4/

30 trees

1 /

48.2/

in 850 m2

17 m2

hectare

in 2430 m2

48.6 m2

hectare

in 5520 m2

110.4 m2

hectare

in 3720 m2

74.4 m2

hectare

in 2722 m2

54.44 m2

hectare

in 926 m2

18.5 m2

hectare

in 1600 m2

32 m2

hectare

in 4850 m

97 m2

hectare

in 1170 m

23.4 m2

hectare

in 2970 m

59.4 m2

hectare

in 4810 m

96.2 m2

hectare

in 8130 In2

162.8 m2

hectare

in 6224 In2

207.4 m2

hectare



TABLE A 3.4

*Densities for Avicennia marina at sites on the Liverpool-

Tomkinson Rivers System influenced by seawater salinities 35—37qoo

towards the end of the dry season.

 

 

Density: Density:

trees—shrubs/hectare at trees-shrubs/hectare at

Station ”All Inclusive Heights” ”Forest Canopy Height"

Tomkinson 1 48 44

(30% of year under

seawater salinities)

Tomkinson 2 159 111

[11% of year under

seawater salinities)

Mungardobolo 1 63 58

[30% of year under

seawater salinities)

Mungardobolo 2 ' 129 62

(18% of year under

seawater salinities)

Liverpool 2 134 98

(36% of year under

seawater salinities)

Liverpool 3 94 85

(12% of year under

seawater salinities)

* Number of individuals per hectare



TABLE A 3.5

*Densities forAvicennia marina at sites on the Liverpool-
Tomkinson Rivers System influenced by fresh—brackish waters throughout

the year.

Density: Density:
trees—shrubs/hectare at trees—shrubs/hectare at

Station ”All Inclusive Heights” ”Forest Canopy Height”
 

 

Tomkinson 5 117 94

(53% of year under
freshwater,

10% of year under
25—30Woo)

Tomkinson 6 25 17

(60% of year under
freshwater,

6% of year under
20—250/00)

Liverpool 5 86 74
(60% of year fresh
water inundation,

% of year
lO—lsqoo)

Liverpool 6 83 74
(74% of year fresh
water inundation,

% of year
5—10 O/oo)

* Number of individuals per hectare.



TABLE A 3.6

*Densities of Camptostemon schultzii at sites on the Liverpool—
Tomkinson Rivers System influenced by seawater salinities (35—38W00)

towards the end of the dry season.

Station

Tomkinson 1

Tomkinson 2

Mongardobolo 1

Mungardobolo 2

Liverpool 2

Liverpool 3

* Number of individuals per hectare

Density:
trees—shrubs/hectare at

”All Inclusive Heights”
 

124

939

189

125

166

142

TABLE A 3.7

Density:
trees/hectare at
”Forest Canopy Height”
 

81

304

93

69

124

81

*Densities of Camptostemon schultzii at sites on the Liverpool-
Tomkinson Rivers System influenced by fresh and brackish waters throughout
the year.

Station

Liverpool 5

Liverpool 6

Tomkinson 5

* Number

Density:
trees—shrubs/hectare at
”All Inclusive Heights”
 

416

403

105

of individuals per hectare

Density:
trees/hectare at
”Forest Canopy Height”
 

270

93

88



TABLE A 3.8

*Densities of Rhizophora stglosa at sites on the Liverpool—

Tomkinson Rivers System influenced by seawater salinities (35Woo for

75% of the year).

 
 

Density: Density:

trees—shrubs/hectare at trees/hectare at

Station ”All Inclusive Heights” ”Forest:Canopy Height”

Liverpool 1 961 588

*Densities of Rhizophora stylosa at sites influenced by sea—

water salinities for between 30—40% of the year.

Liverpool 2 228 205

Tomkinson l 210 183

Mungardobolo 1 628 427

*Densities of Rhizophora stylosa at sites influenced by

freshwater inundation for 40—50% of the year and brackish waters for

the remainder of the year.

Liverpool 4 154 134

Tomkinson 3 641 312

Tomkinson 4 116 , 103

* Number of individuals per hectare.



APPENDIX 4

Bole basal areas (mZ/hectare) of Avicennia marina,

Camptostemon schultzii and Rhizophora stylosa at quadrats within

stations on the Liverpool—Tomkinson Rivers System, N.T.



TABLE A 4.1

Bole basal areas (mZ/hectare) of Avicennia marina at quadrats

within stations on the Liverpool and Tomkinson Rivers and Mungardobolo

Creek, N.T.

Station Quadrat Liverpool R. Tomkinson R. Mungardobolo Ck.

1 1 2.18 1.99

2 7.44 2.42

3 2.85 8.84

4 1.26 2.29

5 1.36 3.90

2 1 12.49 2.44 2.20

2 6.64 2.33 3.01

3 6.22 2.08 5.21

4 7.53 2.25 1.62

5 5.15 3.14 4.48

3 1 5.70 24.01 1.61

2 4.74 2.07 5.02

3 12.78 2.16 11.16

4 6.33 7.65 3.23

5 2.37 2.44 9.14

4 1 4.77 3.63 9.60

2 7.50 11.53 11.44

3 4.27 8.04 14.46

4 6.17 8.57 15.70

5 6.24 14.22 8.53

5 1 17.49 25.53 10.47

2 8 32 10.24 20.13

3 29.00 16.41 51.10

4 12.85 26.29 12.25

5 13.35 9.26 31.14

6 1 24.70 4.09 6.46

2 5.49 12.08 19.12

3 22.67 30.79 33.89

4 45.90 2.49 17.44

5 36.17 2.07 14.74



TABLE A 4.2

Bole basal areas (mZ/hectare) of Camptostemon scthtzii at

quadrats within stations on the Liverpool and Tomkinson Rivers and

Mungardobolo Creek, N.T.

Station Quadrat Liverpool R. Tomkinson R. Mungardobolo Ck.

1 1 1.65 8.77

2 0.99 0.84

3 2.92 1.10

4 0.57 1.49

5 7.21 2.40

2 1 4.66 7.39 0.76

2 4.26 5.02 4.25

3 3.69 3.50 0.86

4 7.95 4.09 1.38

5 7.29 4.40 0.92

3 1 6.13 24.34 1.67

2 2.80 18.70 0.87

3 2.47 6.37 1.50

4 2.06 6.62 1.01

5 5.02 8.68 1.08

4 1 22.62 7.81 2.40

2 19.35 5.72 2.70

3 12.92 14.73 1.31

4 10.61 7.42 2.58

5 189.29 5.91 1.06

5 1 10.67 9.42 4.37

2 47.27 6.00 1.21

3 58.02 5.18 1.47

4 91.84 7.10

5 41.51 10.70

6 1 12.40

2 4.77

3 18.14

4 19.59

5 22.88



TABLE A 4.3

Bole basal areas (mz/hectare) of Rhizophora stylosa at
quadrats within stations on the Liverpool and Tomkinson Rivers and
Mungardobolo Creek, N.T.

Station Quadrat Liverpool R. Tomkinson R. Mungardobolo Ck.

1 1 30.55 11.39 7.61

2 23.54 1.12 11.11

3 34.29 18.46 4.00

4 27.71 7.66 11.08

5 36.48 10.37 10.80

2 1 3.80 5.57 5.79

2 15.11 14.16 6.44

3 17.45 15.06 1.52

4 9.37 10.78 2.06

5 6.72 4.96 3.54

3 1 6.27 8.58 5.69

2 3.61 20.21 2.55

3 3.19 5.61 4.97

4 1.59 10.69 3.80

5 8.46 21.83 1.44

4 1 5.22 5.35 1.51

2 65.46 9.85 1.02

3 36.04 7.70 0.22

4 10.47 8.89 6.90

5 21.02 12.99 5.44

5 1 1.21

2 1.79

3 0.29

4

5

6 1

2

3

4

5



APPENDIX 5

Analysis of variance of linear and parabolic regression

of girths (loge data) of Avicennia marina, Camptostemon schultzii

and Rhizophora stylosa on peak dry season soil and water salinities

on waterways on the Liverpool—Tomkinson Rivers System, Northern

Territory.



For Avicennia marina on the Liverpool River the best fit

(loge) linear and second degree polynomial regressions were

y 4.268 — 0.022x

3.986 + 0.006x - 0.0005x2IIand y

where y = 10ge tree girth and x is the peak dry season interstitial

soil salinity. The second degree polynomial however did not provide a

significantly better fit than the linear regression (p = 0.05),

indicating that throughout the range of soil salinities under which

Avicennia marina grows on the Liverpool River the relationship between

10ge girth of trees that have attained the canopy height and peak dry

season interstitial soil salinities was linear.

Source 5.5. d.f. m.s. F.

Regression on x (soil 1.97 1 1.97 72.00**

salinity)

Regression on x and x2 2.05 2 1.02 40.50**

(soil salinity and (soil

salinity)2)

Deviations from linear 0.63 23 0.03

regression

Deviations from parabolic 0.56 22 0.03

regression

Curvilinearity 0.07 1 0.07 2.93 N.S.

** Significant at 0.05 level

N.S. . Not significant at 0.05 level

TABLE A 5.1

Analysis of variance of linear and parabolic regression

(Snedecor and Cochran, 1967) of girth of Avtcennta marina en peak

dry season interstitial soil salinities on the leerpool Rlver,

Northern Territory.



For Avicennia marina on the Tomkinson River, the best fit

(loge) linear and second degree polynomial regressions were

Y

and y

4.217 — 0.038x

6.340 — 0.231x + 0.0039x2

where y = loge tree girth and x is the peak dry season high tide water

salinity.

The second degree polynomial was a significantly better fit

than the linear regression, indicating that throughout the range of

water salinities under which Avicennéa marina grows on the Tomkinson

River that the relationship between loge girth of trees that have

attained the canopy height and water salinity was curvilinear.

Source 5.5.

Regression of x (water 3.16
salinity)

Regression on x and x2 4.06
(water salinity + (water

salinity)2)

Deviations from linear 2.10
regression

Deviations from 1.20
parabolic regression

Curvilinearity 0.90

** Significant at 0.05 level.

TABLE A 5.2

d.f.

28

27

3.16

2.03

0.07

0.04

0.90

F.

42.07**

4S.71**

20.32**

Analysis of variance of linear and parabolic regression

(Snedecor and Cochran, 1967) of girth of Avicennia marina on peak

dry season high tide water salinities on the Tomkinson River,

Northern Territory.



For Avicennia marina on Mungardobolo Creek the best fit

(loge) linear and second degree polynomial regressions were

y 4.465 — 0.008x

3.492 + 0.008x - 0.0003x2IIand y

where y = loge tree girth and x is the peak dry season interstitial

soil salinity;

The second degree polynomial did not provide a better fit

than the linear regression indicating that throughout the range of soil

salinities under which Avicennia marina grows on Mungardobolo Creek

that the relationship between loge girth of trees that have attained

the forest canopy height and peak dry season interstitial soil salinity

was linear.

Source s.s. d.f. m.s. F.

Regression on x (soil) 1.77 1 1.77 21.13**

Regression on x and x2 1.78 2 0.89 10.32**

Deviatiens from linear 2.34 28 0.08

regre551on

Deviatiens from parabolic 2.33 27 0.09

regre551on

Curvilinearity ’ 0.01 1 0.01 0.15 N.S.

** Significant at 0.05 level

N.S. Not significant at 0.05 level.

TABLE A 5.3

Analysis of variance of linear and parabolic regression
(Snedecor and Cochran, 1967) of girth of Avicennia marina on peak
dry season interstitial soil salinities on Mungardobolo Creek,
Northern Territory.
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FIG. A 5.1

Relationships between original girth data and regressed

loge girth data for canopy trees of Avicennia marina against peak dry

season interstitial soil salinity (#00) on the Liverpool River and

, Mungardobolo Creek and peak dry season high tide water

salinity on the Tomkinson River, Northern Territory.



For Camptostemon schultzii on the Liverpool River, the best

fit (loge) linear and second degree polynomial regressions were

3.945 — 0.022xY

3.194 + 0.063x — 0.0019x2and y

where y = loge tree girth and x is the peak dry season high tide water

salinity.

The second degree polynomial was a significantly better fit

than the linear regression indicating that throughout the range of

water salinities under which Camptostemon schultzii grows on the

Liverpool River that the relationship between loge girth of trees that

have attained the forest canopy height, and water salinity was curvi—

linear.

Source s.s. d.f. m.s. F.

Regression on x (water salinity) 1.32 1 1.32 40.59**

Regression on x and x2 (water 1.68 2 0.84 47.68**

salinity and (water salinity)

Deviations from linear 0.75 23 0.03

regression

Deviations from parabolic 0.39 22 0.02

regression

Curvilinearity 0.36 1 0.36 20.39**

** Significant at 0.05 level.

TABLE A 5.4

Analysis of variance of linear and parabolic regression of

girth of Camptostemon schultzii on peak dry season high tide water

salinities on the Liverpool River, Northern Territory (Snedecor and

Cochran, 1967).



For Camptostemon scthtzii on the Tomkinson River the best

fit (loge) linear and second degree polynomial regressions were

4.087 — 0.042xllY

3.591 + 0.0009X — 0.0008x2and y

where y = loge tree girth and x is the peak dry season high tide water

salinity.

The second degree polynomial was not a significantly better

fit than the linear regression, indicating that throughout the range

of water salinities under which Camptostemon schultzii grows on the

Tomkinson River the relationship between loge girth of trees that have

attained the canopy height and peak dry season high tide water salinity

was linear.

Source s.s. d.f. m.s. F.

Regression on x (water salinity) 2.75 1 2.75 117.23**

Regression on x and x2 (water 2.78 2 1.39 59.83**

salinity + (water salinity)

Deviations from linear 0.54 23 0.02

regression

Deviations from parabolic 0.52 22 0.02

regression

Curvilinearity 0.03 1 0.03 1.24 N.S.

** Significant at 0.05 level

N.S. Not significant at 0.05 level.

TABLE A 5.5

Analysis of variance of linear and parabolic regression of

girth of Camptostemon scthtzii on peak dry season high tide water

salinities on the Tomkinson River, Northern Territory (Snedecor and

Cochran_ 1967).



For Camptostemon Schultzii on Mungardobolo Creek the best

fit (loge) linear and second degree polynomial regression were

1.571 + 0.03xY

IIand y

where y = loge tree girth and x is the peak dry season high tide

water salinity.

16.623 — 0.765x + 0.0104x2

The second degree polynomial was not a significantly better

fit than the linear regression indicating that throughout the range

of water salinities under which Camptostemon schultzii grows on

Mungardobolo Creek, the relationship between loge girth of trees that

have attained the forest canopy height and water salinity was linear.

Source s.s.

Regression on x (water salinity) 0.10

Regression on x and x2 (water 0.12
salinity and (water salinity)

Deviations from linear = 0.22

regression

Deviations from parabolic 0.19

regression

Curvilinearity 0.03

** Significant at 0.05 level

N.S. Not significant at 0.05 level.

TABLE A 5.6

d.f.

18

17

0.10

0.06

0.01

0.01

0.03

8.29**

5.58**

2.28 N.S.

Analysis of variance of linear and parabolic regression of

girth of Camptostemon schultzii on peak dry season high tide water

salinities on Mungardobolo Creek_ Northern Territory (Snedecor and

Cochran, 1967).
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FIG. A 5.2

Relationships between original girth data and regressed

loge girth data for canopy trees of Camptostemon schultzii against

peak dry season high tide water salinities on the Liverpool and

Tomkinson Rivers and Mungardobolo Creek, Northern Territory.



For Rhizophora stylosa on the Tomkinson River, the best fit

(loge) linear and second degree polynomial regressions were

4.219 — 0.0452xY

6.580 — 0.2231x + 0.0032xand y
2

where y = loge tree girth and.x is the peak dry season high tide water

salinity.

The second degree polynomial was not a significantly better

fit than the linear regression indicating that throughout the range of

water salinities under which Rhizophora stylosa grows on the Tomkinson

River the relationship between loge girth of trees that have attained

the forest canopy height and peak dry season high tide water salinity

was linear.

Source 5.5.

Regression on x (water salinity) 1.73

Regression on x and x2 (water 1.81
salinity + (water salinity)2

Deviations from linear 0.75
regression

Deviations from parabolic 0.67
regression

Curvilinearity 0.08

** Significant at 0.05 level

N.S. Not significant at 0.05 level.

TABLE A 5.7

d.f.

18

17

1.73

0.90

0.04

0.04

0.08

F.

41.44**

23.10**

2.13 N.S.

Analysis of variance of linear and parabolic regression

(Snedecor and Cochran, 1967) of girth of Rhizophora stylosa on peak

dry season high tide water salinities on the Tomkinson River,

Northern Territory.



For Rhizophora stylasa on Mungardobolo Creek the best fit

(loge) linear and second degree polynomial regressions were

3.033 — 0.0065xY

and y 10.291 — 0.28SX + 0.0026x2

where y = loge tree girth and x is the peak dry season interstitial

soil salinity.

The second degree polynomial was not a significantly better

fit than the linear regression, indicating that throughout the range

of soil salinities under which Rhizophora stylosa establishes on

Mungardobolo Creek the relationship between loge girth of trees that

have attained forest canopy height and peak dry season interstitial soil

salinities was linear.

Source s.s.

Regression on x (soil salinity) 0.03

Regression on x and x2 (soil 0.11
salinity and (soil salinity)2

Deviations from linear 0.53
regression

Deviations from parabolic 0.45

regression

Curvilinearity 0.08

N.S. Not significant at 0.05 level.

TABLE A 5.8

d.f.

18

17

0.03

0.05

0.03

0.03

0.08

0.91 N.S.

1.98 N.S.

2.95 N.S.

Analysis of variance of linear and parabolic regression

(Snedecor and Cochran, 1967) of girth of Rhizophora stylosa on peak

dry season soil salinities on Mungardobolo Creek, Northern Territory.
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dry season high tide water salinities on the Liverpool and Tomkinson

Rivers and peak dry season interstitial soil salinities on
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Station

Liverpool

Tomkinson

Mungardobol

TABLE A.5.9

readings.

U
]

o
1

2

3

Peak

Dry Season
Sal inity c’/oo
Soil Water

40

44

40

25

10

48

50

28

27

24

15

52

6O

45

48

50

73

35

35

30

18

9

35

35

25

20

15

14

37

40

41

44

52

27.

32

24.

54

66

27.

15

24

49

51

22

16.

20

33

16

16

13

.51

36

.99

.28

16

.53

.68

.47

.27

.04

.99

85

.01

.01

.60

.24

Mean Girths / Quadrat(cm)
 

30

28

27.

45

37.

24

13.

19

23.

33

53

14

19.

33

19.

17.

17

.35

.99

35

.23

54

.01

90

.68

23

.60

.48

.96

70

.85

10

18

.57

33.

30

28

47.

56.

37

14

16

29

47.

15

33.

39

33.

23

12

60

.89

.63

77

74

.68

.93

.25

.78

07

.36

.03

19

.23

95

.40

.09

28.

19

31

41.

50.

18.

17

21.

22

33

46.

25.

20.

26.

21

28

10

50

.55

.08

76

78

97

.06

15

.29

.94

60

18

73

.49

.52

.90

26.

22.

33

41

63.

19

18

22

25.

38

32

23

34

16

24

Mean girths of canopy trees of Avicennia marina for
quadrats within stations on the Liverpool and Tomkinson Rivers and
Mungardobolo Creek, Northern Territory. Salinities are 1979

78

70

.24

.83

59

.49

.52

.90

13

.38

.71

.07

.85

.93

.90

.88

.18



Station

Liverpool

Tomkinson

Mungardobolo

1

2

3

TABLE A 5.10

readings.

Peak

Dry Season

Salinity Woo

Soil

40

44

40

10

48

50

28

27

24

52

60

45

48

Water

35

30

18

35

35

25

20

15

35

37

40-

41

18

21

3O

32

36

15

13.

27

23.

28

13

11

12.

17.

.53

.03

.66

.87

.22

.87

.95

93

.98

.70

.00

74

28

Mean Girths / Quadrat (cm)
 

23.

23

25

38.

37

14

14

22

26

26.

12

15

14.

16

21

.39

.83

60

.31

.81

.43

.37

.81

12

.84

.04

31

.61

24.

20.

40

36

44.

14

19

32

28

13.

15

16.

19

19

.98

.54

58

.96

.84

.66

.09

.35

.40

25

.28

22.

20

32

50

12.

13

21

30

28

14

14.

16

14

13

.82

.21

.54

17

.38

.08

.41

.68

.67

11

.23

.29

19.

20

33

36

35.

13

16.

20.

22

42

15.

14

16

17

Mean girths of canopy trees of Camptostemon schultzii

for quadrats within stations on the Liverpool and Tomkinson Rivers

and Mungardobolo Creek, Northern Territory. Salinities are 1979

13

.83

.73

.55

80

.26

02

24

.25

.62

10

.05

.78

.32



Station

Liverpool

Tomkinson

3

4

Mungardobolo
1

2

3

TABLE A 5.11

Mean girths of canopy trees of Rhizophora stylosa for

Peak

Dry Season
Salinity Woo
Soil

40

40

44

4O

48

28

27

52

60

45

48

Water

35

35

35

3O

35

35

25

20

37

40

41

27

19

26.

34

16.

13.

23

22

13.

13

15

11

.45

.02

14

.07

15

10

.35

.53

10

.81

.65

.77

Mean Girths / Quadrat(cm)
 

22

26

24.

33

16

11

19

36

13

15.

13.

15

.98

.98

22

.63

.28

.67

.87

.65

.94

17

70

.01

24

22.

21.

3O

14

10.

.49

75

95

.04

.53

93

13. 7

28

13.

13

21.

11

.58

35

.88

15

.55

24

21

17

27

17

15

18

36.

17

14

21

11

.97

.30

.49

.32

.93

.05

.30

64

.50

.51

.50

.98

25

22

22

37

15

12

26.

25

16

15.

17

14

.95

.06

.30

.94

.47

.65

14

.99

.88

34

.99

.21

quadrats within stations on the Liverpool and Tomkinson Rivers and

Mungardobolo Creek, Northern Territory.

readings.

Salinities are 1979



APPENDIX 6

Daily plateau measurements of stem xylem pressure

potentials of Avicennia marina, Chmptostemon schultzii and

Rhizophora stylosa during the late wet and late- dry seasons

(1977) on the Liverpool-Tomkinson Rivers System, N.T.

 



TABLE A611

Daily plateau measurements of stem xylem pressure potentials

of Avicennia marina at sites on the Liverpool—Tomkinson Rivers

System, N.T.

Locality ggfe Late Wet Season (May 77) Late Dry Season (Oct 77)

High Tide Water Salinity High Tide Water Salinity

Measurmts. 1145—1430 hrs Measurmts. 1300—1600 hrs

Tomkinson River 1 —2.6 MPa 0 Woo —4.5 MPa 34 900

17 km 2 -2.4 —S.2

3 —3 3 —4.0

4 —3.4 —4.5

5 —3.7 —4.7

Tomkinson River 1 —2.5 0 900 —3.6 16 900

56 km 2 —3.6 —3.6

3 —2.8 —3 5

4 —3.0 —3.5

5 —3.2 —4.1

Tomkinson River 1 -3.4 0 900 -3.4 8 900

68.5 km 2 -3.1 —3.7

3 -2.4 -3 2

4 —3.3 -3.5

S -3.3 —3.9

Liverpool River 1 —3.6 2‘700

60 km 2 -3.4 ”

3
-3.4

4 -2.6

5 —3.0

Mungardobolo Ck 1 —2.3 0 0/00 —4.9 34 0/oo

25 km 2 —2.8 —5.0

3 —2.5 -5 O

4 -2.9 —5.8

5 —3.2 —5.0

Mungardobolo Ck 0 C'/oo —5. 40 0/oo

26 km

0
1
.
5
m
m
»
:

1

(
N

0
0
8
0
\
1
0

I

O
\

N
O
N
O
N



TABLE A 6.2

Daily plateau measurements of stem xylem pressure potentials
of Camptostemon schultzii at sites on the Liverpool—Tomkinson Rivers
System, N.T.

_Locality gzée Late Wet Season (May 77) Late Dry Season (Oct 77)

High Tide Water Salinity High Tide Water Salinity
Measurmts. 1145—1430 hrs Measurmts. 1300-1600 hrs

Tomkinson River 1 -2.7 MPa 0 900 -4.6 MPa 34 900

17 km 2 —2.4 -4.3

3 -2.7 -3.9

4 —2.5 —4.2

5 -2.5 -4.0

Tomkinson River 1 -2.2 O 900 —2.2 16 900

56 km 2 —2.8 —2.6

3 —2.7 —2 9

4 -2.5 -2.5

5 -2.6 —2.9

Tomkinson River 1 -2.8 o 0/00 -3.2 8 °/oo
68.5 km 2 -2.8

3 —2.8

4 —2.7

5 -2.8

Liverpool River 1 —3.3 2 900

60 km 2 -2.5

3 -2.3

4 -2.3

S -2.1

Mungardobolo Ck 1 -2.2 O 900 —4.4 34 900

25 km 2 —2.3 —4.1

3 —2.3 —4 9

4 ~2.1 -4.2

5 —2.1 —4.1

Mungardobolo Ck 1 -2.0 0 900 —4.7 40 900

26 km 2 -2.0 -4.8



TABLE A 6.3

Daily plateau measurements of stem xylem pressure potentials

of Rhizophora stylosa at sites on the Liverpool—Tomkinson Rivers

System, N.T.

Locality 3:?6 Late Wet Season (May 77) Late Dry Season (Oct 77)

High Tide Water Salinity High Tide Water Salinity

Measurmts. 1145—1430 hrs Measurmts. 1300-1600 hrs

Tomkinson River 1 —3.3 MPa O 900 —4.3 MPa 34‘700

17 km ' 2 —3.0 K —4.6

3 ~3.0 —4.7

4 —2.9 —4.4

5 ~3.3 -4.9

Tomkinson River 1 -3.3 0 900 —3.6 16 900

56 km 2 ~3.5 -3.2

3 —3.3 —3 4

4 —3.1 -3.3

5 -3.3 —3.3

Mungardobolo Ck —3 O 900 —4. 34‘700

25 km

0
1
t
h
»
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I

(
N

b
u
l
U
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I
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-
‘
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U
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APPENDIX 7

Girth measurements and height estimates 0"

Avicenmla marina, Camptostemon schultzii and Rhizophora

stylosa at quadrats within stations on the Liverpool and

Tomkinson Rivers and Mungardobolo Creek, Northern Territory.



1. ' Acanthus ilicifblius

2. Avicennéa marina

3. Avicennia officinalis

4. Camptostemon scthtzii

5. Lumnitzera Pacemosa

6. Excoecaria agaZZocha

7. Xylocarpus australasicus

8. Aegiceras corniculatum

9. Osbornia octodonta

10. Aegialitis annuZata

11. Bruguiera exaristata

12. Bruguiera gymnorhiza

13. Bruguiera parviflora

14. Ceriops decandra

15. Ceriops tagaZ var. australis

16. Rhizophora stylosa

17. Sonneratia aZba

18. Derris trifbliata

19. Rhizophora apiculata

20. Diospros férrea var. humilis

21. Acrostichum speciosum

22. FZageZZaria indica

23. Cathormion umbeZZatum

24. Corypha elata

25. CZerodendrum inerme

26. MeZaZeuca Zeucadendron

TABLE A 7.1

Additional plant species recorded within quadrats on the

Liverpool/Tomkinson River System, Northern Territory.
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‘ 7m Wl‘ AT Canopy ”flights
[HIST 10 TREES 0F SPECIES

A1 All Inclusive Heighca
TIPS? IO TREES or SPECIES

A? Faun Canopy Height

 

LIVERPOOL RIVER 
17.2.73 2.8.77

  

31%;"sz L 1

 

OTHER PLANT SPECIES IN CUIIIJHAT

2, 4, 9, 10, 12, 13, 15,

17

 

QUADRAT, 1

 

KB!

'5’ Cmnptosecmon achultu‘i
‘2.’ Rhixophora utylaaa
’Il’ Juice-Mia marina     
 

   

 mmw
Jan" _ (m g

25 24.0
25 25.8

25 25.7
25 36.8
25 22.8
25 26.1
25 32.4
25 18.2
25 22.7
25 27.9
25 33.2
25 26.5
25 20.3

      
Avicennid marina
    

 

HEIGHT (Mama
112mm! 511:1:me gm;

8 *

12
8 *

14
14
14
14
9 *

14
12
14
15
14

 

     
Camgtostamon cchuL xii

 
 

DE‘NSITIIFS OF THE FIRST [0 TREES OF EACH SPECIES AT

(N All Inclusive Heights (B) A: Um (kmupy [might 

11.11.11. . HEIGHT {Helm-57'
Jpn) Visual tatirmn
 

     
Rhinophoru atglcga
 

 
  

 In 5m x 20m

'(a) 10111 X 20m I

 



 

RECORDER Hauser

 

11473 2.8.77

  Wells LIVERPOOL RIVER

LOCATION 4km STATIC” L1

 

L H B OTHER PLANT SPECIES 11V CU/HI'RAT

 

 

 

     

  
  

 

 

        
       

 

  

 

BANK QUADRAI 2

2, 4, 9, 10, 12, 13, 15,
~ TREE Hm AT Canopy ”vigil“ E!

“1151‘ 10 wares or names 17

A? All Inclusive Heights '5' Carptoltentm achulcaii‘

nasa- m TREES or spscxas '2.’ Rhizophom ”gland

A1 Pom“ Canopy Height '1'.’ Auicmia mrina

. 0.8.1 HEIGHT (Metres 0.5.11. HEIGH'I‘ Wan-ac:

Puffin; __ (ml ““st Fagin”, €P“CIES 10-1) Visual Evtimzc

25 24.8 12

25 24.5 12

25 27.3 12

2s 24 . 1 8 *

25 22.3 14

25 21.7 14 — 15

25 13 .4 6 *

25 2 7 .9 14

25 18.4 12

25 25 .5 14

25 18 .6 12

25 18 . 8 14

Avicennin marina Camaffgfiligfnic'huitzii Rhiaophora atlloga

"o     

 

DENSI'I'IIES OF THE FIRST I0 TREES OF EACH SPECIES AT

(A) All Incluiva Heights! (8) A: the Canopy Height

LMJ [‘2’.._________.
 

 

   

'lm 9m x 20m l



 

”CORD” Hauser LIVERPOOL RIVER ”m 2'8'77   

 

 

 

      

   

 
 

 

            

 

 

 

 

Wells

LOCATION 4km 5mm» L1

I ' F’ECIES IN UATF?BANK L.H.B . 0TH“? PLANI' :I Q L u 1‘ QUADRAT 3

2, 4, 9, 10, 12, 13, 15, '

" TREE NOT M“ Canopy Heights 17 KB!
FIRST 10 Taxes or SPECIES
A? All Incluaiua Knights ’5’ Camptoatemon uchultzifl
PXPST IO TREES or spscns '21’ Rhinophom acyloaa
AT Paras: Canopy Height 'Ia' Avicennia marina

0.3.11. Tamar (Metres I 9.3.5. HEIGmWIccm-aja
L-‘PEL'JES __ (ml ‘ 111ml 531),,” SPECIES 1pm) Visual Eveimcv:

25 26.8 14
25 27.7 14
25 27.2 14
25 18.6 12
25 25.5 14
25 18.0 11 *
25 20.8 12
25 21.0 12
25 29.5 14
25 25.5 14
25 22.3 14

'.

nI

Avice’mi“ mam-”‘1 .CEME tostemor. 8071“”3’31' Hhizophora styles/1

‘6       

 

 

DENSITIIE'S OF THE FIRST [0 TRIZ'ES OF EACH SPECIES AT

(A?) All Inc-[min Enigma (B) At the Canopy Height

EA) : (A) __ L {A} 6m x 20m K

E») I he) I {tn 7m X 20m l

   



Hauser

Wells

RECORDER

LOCATION 4km

BANK L.H.B.

 

1‘ TREE nor AT Canopy Heights
FXPST KO TREES 0F SPECIES

A1 All Innluniua Heights

PIPST IO TREES OF SPECIES
AT For“: Canopy Height

 

 
LIVERPOOL RIVER

 
 

 

17

 

OTHER PLANT SPECIES

2, 4, 9, 10, 12, 13, 1s

["1 Q‘UAL‘IM ’1'

 

1mm 2. 8. 77

STATION L 1

0

QUADRAT 4

 

XE!

'2l' Rhinaphom utyloan
’Ia’ Avicennia mm'na 
'5' Cwnptoltcrrm lchultnit’

   
  

HEmm (Ha 11mm

YHWfl mthuc
  

 
v.3.H.

T501175 __ (m)

25 13.8

25 24.5

25 26.8

25 21.5

25 27.0

25 20.8

25 19.7

25 11.4

25 24.1

25 29.5

25 30.4

25 25.4

     
Avicennid marina

 

SPfiCIE‘.“
u. s. a. REIGK": {Ma tree
19*!) Viuual Emma:J
 

 

6 *

14
14
14
14
14
14
6 *

14
14 - 15

14
15

        

    
EA)
W. 

E:::]E:_:::I

Cam tostsmon cchuLtzii—__E._._..__.____._.__q  
 

DENSITIIES OF TUE: FIRST IO TREES 0F EACE SPECIES AT
(/4) All Inclwiuc Height:-

m.—.—.—_..

(A)

(B) At the Canopy Height

 Wm-

Rhizophora atyloaa
 

   

1’” 5m x 20m

I!“ 9m x 20111 I

 



 

”CORD” Hauser LIVERPOOL RIVER ”m 2‘8'77   

 

 
 

      
    

 

            

  
 

 

 

Wells

LOCATION STATrnNI.1

E)" PLANT SPECIES 11V ""2D("1’"BANK L.H.B. 0” ' W ” ‘ mm” 5
7, 12, 17

' TREE: um AT Canopy Heights K81
um 10 runs or spacxas
AT All Inoluniua Heights :5" Catptaltem achuluifl
unn- xo nuts or sxrzcxss 2c Rhg-Ophqm aty'lola
A? For": Canopy Height , 'Ia' Auwmw manna

0.3.!1- man-r {Mum-ea 0.3.14. FIGHTjI-lagreaj
mic-:55 -1211}... W33. 322mm 10") {1514121 Evtwnt

25 20.2 14
25 22.0 14
25 31.3 14
25 21.4 14
25 23.0 15
25 11.8 6 *
25 31.0 14 - 15
25 15.7 6 *
25 17.8 8 *
25 20.3 9 *
25 32.6 14
25 31.8 15
25 21.4 15
25 24.8 14

.I

Avicennia marina Caznptostericln ochuLtzii Rhizophora atgloaa

"I       
 
 

DENSITIIES (2F Till-7 FTRST IO TREES OF EACH SPECIES AT

(A) All Inclusl'vfl high!!! (H) At Me Cdnapy Height

EA) _ (M —. [ EA) 4m x 20m .

ks) I Lu: M“. I 1(m 7.5m x 20m 1
.

Q

   



RECORDERS ' Mam

 

 

 
LIVERPOOL RIVER  
 

 

 

OTHER PLANT SPECIES IN QUADEAT

6, 7, 11, 13, 14

 

17.473 7.8.77

523:1"er L2

QUADRAT 1

 

m

'5' Chwptautemon achultxtd
'Za' Rhiaophom atyloaa
'h' Aviccrmia marina    
  

 
 

 

Myeroaough
Hallo

LOCATION 15 - 16km

BANK R.H . B .

' TREE NOT M‘ Canopy Heights
FIRST :0 TREES or SPECIES
N! All Inclusive Heights
I’IRST Io wuss or SPECXES
AT Fault Canopy Ila-light

WECJFS _m

,_5_ “2.4.9.9-
.le . .-..593
.5"... 1.1129 ..
.i--- . ._11L3.

A: _4_2_.,8,..-

_5__ ._1_&_.
1e ~20. . 6

52.8

_5_ - __1.ZL._8_.
5 .15 .3

.25 _-8 .3

.Z.S.._ _ 21 , 3

5_ -_ - -_1_7..- 8
5 45.8
5__ .. 14 . 7 .

JJL. .jfil.8_v

_.5.._.- -21.}-
25 11 .9

._gi__ ".18. _h

.2.5._ .2129,
§_ 3925. ,
1e. _.2.3_.,6._...
5 24 . 2       

Avicennia marina
 

  
 

EA) ‘

En) 30m x 20m I

 

HEIGHT (Metres
. l c .

15.--.--
15‘. —. -.1_§-

14 *
".112 .1 JV

 

__._-.1.5_ .1 ,

. 14, 1-15....

_-15__._..__
15
12 -._-.,. *

15

15

15

15

15   

 

SFECIES

.16..

1e ..

21.

_lg__

1e.. .

2 s

2 s .

.2 s.

25,

2.5,..-

2-2

  

 

 

 

 

    
Camptodtemon echuztzii
 

 
DENSITIIES OF THE FIRST I0 TREES OF EACH SPECIES AT

(A) All Inaluiva Heights (B) At the Canopy ”night

 

(A). 20m x 20m   

(3) 30m x 20m

'Rhinophoggfistgloea
 

   
 

 
A)‘ 35m x 20m   

It»). 401' x 20m I



RECORDS}? E lwe 1 1

We 1 1 5

LOCATION 15 - 16km

BANK R .H . B .

 

' TREE m M‘ leopy Heights
FIRST 10 TREES OF SPECIES

AT All Inoluaiua Heights
”EST 10 TREES or SPECIES
A‘r Penna Canopy Height

 

LIVERPOOL RIVER
   

 

OTHER FLA T SPECIES IN (,‘UAL‘JLIIT

7, 11, 13, 14

 

ms 7.8.77

sunny L2

QUADRATA 2

 

K1?!

’5' Cmeattamcm uchultzifl
’21' Rhixophom Mylo-a
'Ia’ Avicennia marina   

 

 
‘“EE17“

.TI‘ECIFIS __ (m 1

1e 34.8
5 16.3

1e 11.2
19.4

25 17.9
1e 17.2

le 18.7

1e 20.0

25 21.8

25 22.5

25 26.2

25 39.3

25 20.9

25 36.4
25 31.0

5 > 25.3
25 26.0
25 27.8

1e 34.3
5 19.8
5 24.2
1e 25.9

1e 27.7

5 30.6
5 14.0
1e 44.9

1e 38.7      
Avicennid marina
    
 

EA) 40m x 20m

is) 70m x 20m I

 

  
  

  

           
 

35:33:;8 W 2.5-,"- 53:: 35:22:21
15 - 17 5 11.7. 12 - 14 *

9 * 15.2
12 * 5 15.6 14 - 15

5 32.5 15 - 18
14 - 15 5 17.2 15

12 * 5 14.2 15
12 * 1e 35.7 15

14 - 15 1e 30.9 15 - 18
15 5 22.2 15

15 - 18 5 36.3 15 - 18
15 - 18 1e 43.2 15
18 - 20
14 — 15
15 _ 18

18
15 - 18
15 — 18
15 _ 18
15 — 18

12 *
14 — 15
15 — 18
15 - 18
15 - 18
15 - 18
18 - 20

15 .

Fm‘tostamm: achuLtzii 3);;1gapymra atyloaa  
 

DSNSITIICS OF THE FIRST 10 TREES OF EACH SPECIES AT
(A) All Inclusive .‘Iuig’ltfl (B) At the (7.112.313, Haigh:

 

1" 40m x 20m

L51 55m x 20m 1

   

   

11:“.

'IMEEEZJ

 



RECORDER Elwell

Wells

LOCATION 15 - 16km

BANK R.H.B.

 

‘ TREE NOT AT Canopy Heights
FIRST 10 TREES 0F SPECIES

In All Inclusive Heights
INST IO TREES OF SPECIES
A? Parent Canopy Height

 

 LIVERPOOL RIVER
1247:; 7 .8. 77

  

STATION L2

 

7, 11, 13, 14

 

OTHER PLANT SPECIES IN QUADIMT

QUADRAT 3

 

a!

'5’ Cwnptoltcmcm cchultu’i
'23' Rhilophom style-a
’Ic’ Aviconmla ”nu-inn     

   

 

     
Avicennia marina
    

E“ 42.5m x 20m _

Eu) 54.5m x 20m I

 

 

  

     

. ‘ U.B.H- HEIGHT {Hun-ea 0.5.!1. HE-ZICHT Hughes}
mums __ (mg may“: 533mm sugar: (on) Vuml Enunac.

25 31.2 15 1e 26.3 15

25 20.6 15 1e 28.5 15

25 12 8 14 - 15 1e 20.9 14 — 15

25 13 0 14 — 15 1e 35.6 15

25 19.6 15 5 15.0 14 *

25 28.8 15 — 18 5 28.6 15 — 18

25 28.2 18 — 20 5 44.8 15 - 18

25 20.3 14 - 15 5 30.0 15 - 18

25 26.8 15

5 21.6 15

5 29.4 15

25 26.2 15

5 15.2 14 *

1e 8.2 12 *

1e 39.5 15 - 18

5 19.2 14 - 15
5 16.3 15
5 12.9 15

5 18.3 15

1e 30.8 15 - 18
1e 18.4 12 *
5 20.8 15

16 25.3 14 *
1e 30.8 15

1e 32.5 15 - 18

1e 26.8 15

1e 14.2 15 1
1e 20.8 ‘ 14 *      

Cam. costumer: schultzii~_Jl_‘~_.._._n__u.fl..

 

 

DENS’ITIIE‘S 0F TIIE FIRST I0 TREES OF EACH SPECIES AT

(A) All. Inclwiua Heights (B) A: the Canopy Height

“mm.

l‘“ 55.5m x 20m _‘

1m 70.5m x 20m I

  

1

Rhizophora atyloaa
 

   

 
IA)

..-—._—..——.——_...._._...

‘lm 12.5m x 20m I



 

 

   

 

 

 

 
    

 
 

 

 

 

 

RECORDER Elwell LIVERPOOL RIVER p.475 7.8.77

Wells

LOCATION 15 — 16km STATION L2

BANK R.}{.B. OTHER PLANT SPECIES IN QUADELT QUADRAT 4

1, 7, 8, 11, 13, 14 '

}' TREE not M‘ Canopy Heights K2!

ranT xo TREES or spcclax .

A? All Incluniua 1194'th ’5’ Cmnptaltenm lchultnfl

r1951- 10 TREES or spzcxas '2a' Rhixophqm Icy'lona

N: For“: Canopy Height; 'Ic' Awtcmnuz manna

_ *DJ-H [HEIGHT (Henrau1 r _ 1 0.11.”. HE'XGln‘ {Ingres}

TI’MTES _ K," “1 Raw fighm (0*) Vtaml EQCLF-at

2s 18.6 15 — 18 1e 23.4 15 - 18

25 19.2 15 - 18 1e 27.8 18 - 20

1e 25.3 15 1e 31.6 15 - 18

25 29.2 15 1e 37.2 14 - 15

5 17.0 15

2s 21.7 14 — 15

23 25.8 15 - 18

25 29.5 15 - 18

25 11.3 12 *

5 25.2 14 — 15

25 . 16.7 14 - 15

5 14.8 12 *

5 21.8 14

5 24.2 14 - 15

5 31.5 15 - 18

25 19.8 14 — 15

5 18.7 14 - 15

5 21.8 14 — 15

5 18.2 15

5 23.4 15

16 22.8 15 — 18

25 15.8 15

1e 25.5 14 - 15

1e 31.9 15 — 18

1e 27.7 18

31.6

s 19.5 14 - 15 J

25 16.7 14 - 15     
Avicennia marina
 

   

{A} 15m x 20m I

{:1 40m x 20m I

 

          
Camgtostamon schuétxii
,._-___.u_.———__———~

1

 
DENKITIIES OF THE FIRST [0 TREES CF EACH SPECIES A?

(A) All [natuaive .‘x'cighm (B) At the Cmrcpy Height

:1
(a2*15m x 20m

<2_ 25m x 20m I

 

  

Rhizophara atgloaa
 

   

 

F1) 20m x 20m I



RECORDEfi E lwe 1 1

Wells

LOCATION 15 - 16km

BANK R . H . B .

 

 LIVERPOOL RIVER   

 

 

‘ 752: NOT AT Canopy Height!
FIRST IO TREES 0F SPECIES

A? All Inclusive Heights
YIBT IO TREES OF SPECIES

M‘ I‘m-ice Canopy Height  

OTHER PLANT SPECIES IN QUADIMT

1, 6, 7, 8, 11, 13, 14

 
 

mm 7 . 8 . 77

STATION L2

QUA1mm 5

X3!

'5' Canptoltmm achultait’.
'2a' Rhizophora abyloaa
'7’ Avicennia marina   

 
 

 

 

 

0.3.11.
Timur" _.(G.'H

5 22.0
5 16.4
1e 25.3
25 25.2
5 21.2
S 18.2
1e 36.3
25 16.2
5 12.0
5 11.5
5 1 22.8
1e 14.5

9.7
25 23.2
25 12.5

1e 20.0

25 25.5

5 17.7
25 15.0

25 19.4
25 19.0

25 16.3
25 27.2
5 20.8
5 15.7
5 19.2
5 17.3
25 22.0  

[ HEIGHT (Hormel:

mm5- 611.121

15
14 -

15
15 —

15
14 —
15 —

12
12
11

15 —
14 —

15
12

14 -
15
15
12
15
15
12

15 -
15

14 -
15

14 -
15 

3135:3155
0.3.3.

lfly
HEIGHT YBetrca
Visual Emil-nae
 

15

18

15
18

18
15

15

18

15

15 ..  
Avicennia marina
    
rm.._____-]

L“). 59111 x 20m l

25

25

25

1e

1e

1e

16

1e

 

{

 

17.5
23.2
18.4
22.5
31.2
36.2
23.
28.
23.

 

14 - 15
14 - 15

15
14 -
15 -
15 -

3 152}
5 15—

15
18
18

18

     

Camatoatsmon cchuitaii

 

...mflflmflflnq‘  
1m 20m x 20m

E)“ 20m 2; 20m 1

CENSI'I'TIES‘ OF THE FIRST {(7 TREES OF EACH SPECIES AT

(A) All Incluiua Height}! (8) At the Gnu)”, Height

 l

 

Rhizopkora atglaaa
 

   

] 
A) 22m x 20m ’

17"“...29mm



 

momma Burrows
Wells LIVERPOOL RIVER   

LOU/3.TION 30km

 

9mm L.H.B.

1, 7, 13, 14, 18
 

OTHER PLANT SPECIES [.V QUAII'IMT

0,473 6 . 8 . 77

STATION L3

QUADRAT 1

 

 
     
   

 

 

 

       
 
 

 

      
     

L‘ENUI'J'IIES OF THE FIWST I0 TREES OF EACH SPECIES AT

(X) All Inclusive Height:- IB} At the Campy Height

  

 MM E“:1971:2111..- "1

  

 

 

TREE NOT AT Canopy ”nights I63!
FIRST :0 TREES or SPECIES
AT All Irmluaiua Heightn '5’ Camptoltcrmn lchultzifl
nits? :0 nuts or srscrcs ‘z’n' Rhiaophom Btyloaa
Kt Fara]: Canopy Height 'Iu' Avicmmia mrirm

3.8.51. histam- {Muu'au 0.5.5. HEIGHT {Metres}
SPECIES _ mm 111151111 Esti-Mc SPECIES 1m) Viaual Bacimu

5 10.8 14 * 25 32.0 15 - 18
1e 25.5 15 25 30.9 18 - 20
5 19.8 14 - 15 1e 34.6 18 - 20
5 19.7 15 1e 25.2 14 — 15
25 17.8 15 1e 26.5 15 - 18
1e 31.4 15 le 45.3 15 - 20
16 36.4 18 - 20 5 22.4 15 — 18
5 13.8 18 5 23.7 15 - 18
1e 32.3 15 - 18
5 16.2 14 — 15
5 4 14.1 14 - 15
5 11 . 1 14 *
25 20.2 14 - 15
5 12 .0 14 *
5 14.6 14 * ‘
S 22.6 15
25 18.7 14 - 15
25 27.8 15
5 29.8 15
25 16.0 14 *
16 34.7 18
25 20.0 14 - 15
5 28.2 15
1e 33.2 15
25 28.5 17 — 18
25 33.3 18
25 32.2 15 J
1e 15.6 14 *

Avicennia marina Magi-inlet... Gchuétz‘fl Rhizophora stylood

i

  

1'” 45m x 2.91.11 I

W E: 30m x3311 I 'lm- QED



RECORDER Burrows

Wells

uxwwum 30km-

BA‘VK L .H. B .

 

B TREE NOT M‘ C‘mwpy Heights
FIRST X0 TRFES OF SPECIES

AT All Inclusion Heights
PXK‘ST IO TREES OI" SPECIES

AT Fore" Canopy llaighn

 

 LIVERPOOL RIVER
IMTE

  

STATIflN L3

 

 

OTHER PLANT SFECIEJ IN QL/ADHAT

1, 5, 7, 15, 14, 18
mmmMT 2

6.8.77

 

XE!

 ’5' Cmcoocamc‘rn schultaii
’Zn' Rhiaophora acyloaa
’Ic' Aviacrmia marina    

  

 

  

mam
31.11755 __ (ml ‘

5 22.2
1e 35.2
5 23.8
5 27.1
5 9.0
25 18.2
5 16.7
5 16.2
5 23.5
5 14.5
25 34.6

5 13.0
25 28.6
5 20.2
5 24.0

25 26.3

1e 15.8

{15.2
12.2

1e 9.4
1e 22.6
1e 35.1
25 16.3
25 20.4

25 24.8
1e 16.5
1e 23.7
1e 19.3
   

Avicennia marina
    

HEIGHT (Ncr-ras
L “55111 Ba 8 1214.125.

 

15 -
15 -
15 —
15 —

11
14 ~

14
14

15 -
14

15 -
12
15

14 -
15 -
15 -

9

9
12

14 —
14

15 —
15
11

15 —
14 —

18
18
18
18

15

18

18

15
18
18

15

18

18 u
15   

DENSITIIES OF THE FIRST I0 TREES OF EACH SPECIES AT
M) All Incluaiw Hcightn (B) At the L7ano;,ul4 Height

5—.m;
[31 72m x 20m I

 

Camntoatemon achuLtzii.mn_zm_..fi_._fl“..__._...a

 
  

3
 

     

D.H.H. Imrcuw ?Netrea
SZECIFfi‘ mu) Viuml Eating:

25 22.5 15 — 18

25 22.7 15 - 18
1e 25.0 15 - 18

1e 28.2 15 - 18
1e 25.0 15 - 18

25 18.3 14
25 19.8 14 — 15
25 24.3 15

25 24.3 15
25 23.8 15 - 18
5 20.8 15
1e 33.8 15
1e 34.9 15 - 18
1e 29.7 15 - 18

5 27.0 15 - 18

5 32.3 15 - 18

    
 

I(n) 80m ; iii; '

  

Rhizaphora stgloaa
 

   

1" 61m x 29m _ 

1”) 66m x 20m I



RECORDER Burrows

Wells

LamTION 30km

 

 

 LIVERPOOL RIVER   

 

OTHER PLANT SPECIES III {QC/110.5311"

1, 7, 13, 14

472' 6.8.77

srurrnm L3

QUADEAT 3

 

XE!

 'Ia’ Auiannm'a marina

'5' Cmptoatamn achuleaii
'21' Rhilopr’wm atylom

  

 

 

3mm R. H . B .

- TREE NOT AT Canopy ”nightw
FXRST xo TREES or SPECIES
At All Inclusive Height-
rmsr 10 T8125 or spscxzs
AT Font: Canopy Height .4

*33177
.Wmtn: __(mz

5 24.7

25 21.0
5 15.4
5 21.7
25 25.7

25 27.0
25 15.4
5 15.6
5 19.7
5 15.3

25 . 22.1

2s 19.3

25 9.0
5 12.2

5 12.5

1e 28.9
1e 35.8
5 16.3
25 22.5
1e 27.4

17.7
28.2

18.0

1e 39.3

1e 22.8

1e 31.8
25 18.2
5 18.4      

Avicennia marina
    

 

I; 30m x 20m I

I“ 30m x 20m I

 

 

 

 

m

HEIGHT (Mu: Lrua
Yiznql Katina:
 

14
15
15

14 -
11
11
14
14

14 -
14 —

6
14
14
15

15 -
14
15

15 -

15 -
14

15 —
14 - 14 -

15 — 18
15 — 18

15

15
15

18

18

18

18
15
15

3
6
3
1
-
3
1
-
3
!
-

>1-

  
 

Cam'toatemon schuthii—_~JL_~__..___..MM_..mq

  
  

 

  

 

   

D. B. 11. rmxcm Trauma
sgfiglfis lgyg Visual Zattmatj

1e 25.8 15 - 18

1e 26.7 15

1e 30.2 18
1e 33.5 18

25 11.6 11

5 18.5 14 — 15
5 19.8 14 — 15
5 18.3 14

5 14.7 12
5 18.7 14 — 15
5 13.6 14

5 11.2 14

5 6.3 9

25 21.8 15

25 21.2 14 — 15

5 17.8 14 - 15

5 16.6 14 - 15

5 14.5 14 - 15

5 37.8 18

25 20.7 14

    
 

DENLTITIIES 0F T/IE FIRST 10 TREES OF EACH :IFEL'F’E AT

(A) All Inclusive Hwy)!” (8) :1: Nu! (Lumpy Height

  

Rhizanhora atgloaa
 

   
I

I‘M 25m x39}; I I“ 33m x 2E2; I

Im 75m 1 20.131 I" I

 

' mEELZ—j
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LOCATION

BANK

Burrows

Wells

30km

R.H.B.

 

b 7mm NOT M- Canopy Height:
TIRBT IO TREES O? SPECIES

AT All Inalxmiua Heights
FIRST 10 TREES OF SPECIES

AT Parole Canopy Height

 

LIVERPOOL RIVER
 

11473 6.8.77
  

SIR-1 TION L3

 

OTHER PLANT SPECIES IN QUAD/MT

1, 7, 13, 14

 

QUADRAT 4

 

KB!

'23’ Rhizophom style-u
’Io’ Avicmia marina.  
'5' Cam: tantalum achultziflP

  

 

.TI’EC'IES‘
 

25

25

25

25

1e

1e

1e

1e

1e

25

1e

1e

1e

1e

25

25

1e

le

25  
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23.2
13.5
13.8
20.2
17.4
19.3
13.3{15.7
7.9
9.2
13.8
23.2
20.4
28.4
15.7
16.6
18.5 

}

  
Avicennia marina
    
EA) 20m x 20m 1

1‘“ 25m x 20m |

  

 

           

‘Eixcxr (Matruu 0.5.”. Hxxcuf'7fiiarcej
[flwuLEa : 1';ng SELECIES M} Viaual Emir-at

15 5 11.3 14

9 * 5 16.7 14

14 - 15 25 15.4 14

15 5 21.0 14 - 15

15 5 18.8 14 - 15
6 * 25 15.7 ‘ 14 - 15

14 * 5 20.4 15
14 — 15 25 13.8 14 — 15

15 5 25.0 15
14 25 15.0 14 - 15

15 25 12.5 14 — 15

15 5 27.0 15
14 - 15 5 18.0 15

14 * 25 20.4 15

14 *

14 — 15

14 — 15

14 — 15

8 *

9 9:

15

14 - 15

15

15 - 18

14 — 15

14 * .,
14 - 15

Qgflaggiigflgi_gchuttxii Rhizophora stylosa  
 

DENSITIIES OF THE FIRST 10 TREES OF EACH SPELTES AT

(Ii) All Incluiua llcifllrfl (E) A: Hm UNIOF'J Height

1"” 31m x 20m .

(“1 85m 3 29m l

 

 

   

[M 35m x 20m_ I

'“3’ 80m x 25; I



Burrows

Wells

RECORDER

LCCATION 30km

 

 

 
LIVERPOOL RIVER

  

 

 

1, 6, 7, 13

OTHER PLANT SI’HC’SS IN CUADIL’iT

 

12475 6 . 8 . 77

warm” L3

QUADRAT 5

 

 

K2!

’5' Campwotmncm ac‘mlanifi

’20' Rhizophom nylon:

’19’ Avicennia mrina

  

  

 

EAHK R.H.B.

L- ran: NOT AT Canopy Heights

F'XRST X0 TRYES 0F SPECIES

AT All Inaluoiva Heights

LIES? 10 TREES 0P SPECIES

AT Foray: Canopy Height

.. 0.3.”- LHEIGHT (Men-M

Th. r5“ __.(ml__‘_- WIEMinxrs

25 36.9 15

25 23.3 15 — 17

25 13.3 12

25 18.2 11 - 12 *

25 {18.0} 14 *

14.3

25 16.0 15

25 10.6 14

25 23.3 14 — 15

5 24.3 15 — 18

5 17.8 14 — 15

5 16.7 14 — 15

5 17.3 14

25 22.9 14 - 15

25 12.8 11 — 12

5 14.2 14

5 16.4 14 — 15

25 23.2} 14 — 15

27.9

5 15.2 14

5 28.2 15

25 17.4 14 — 15

25 26.6 15 - 18

25 18.3 14 - 15

25 18.3 14 - 15

5 23.0 17

5 17.3 15

5 23.8 14 - 15

.__J     

 

 

 

  
Avicennia marina
 

   

'“ 85m x 20m

 

in; 956x 20m... I

   

0.8.H. HEXGHT’TMezreaj

savu‘fis 19:) Visual Estimt.

5 20.8 14 - 15

5 20.0 14 — 15

1e 13.8 14 - 15

1e 17.8 14 - 15

le 25.8 14 - 15

1e 7.7 ' 14

16 9.61 14 - 15

{24.0,
16 23.3 14 - 15

16 25.2 14 - 15

1e 14.8 11

1e 26.2 14 - 15

1e 29.8 15

1e 28.5 15

1e 35.3 15 - 18

    
Cam . 150.9 tamer. schultz" '
_._fl__*w____________LL Rhizaphora stglosa
 

 Wm.-

“mm—w”... --~—_.....—.

DENSZ'I'IIES' 0." TM? FI'RET'A” {C TREES 0F [MC/.7 SPECIES 211’

U.) 411 Irwlusiw Imightn (B) At the wap;, Height

   

[weuwagaml

Ig:..§§111.1<._2_0_m.__:_1

EMIOm x 20m I

‘ltm 25m x, 56]“; I



RECORDS/7 Hans31-

Wells

uxwmum 41 — 42km

BANK R.}i.B.

 

TREE NOT AT Carwpy Height:

FIRST IO TREES 0F SPECIES

AT All Incluaiua Heights

r1951- 10 TREES or SPECIES

AT Fat-alt Canopy Height

 

LIVERPOOL RIVER
   

 

OTHER PLANT SPECIES (1‘7 (UAUFA‘J'

1, 7, 11, 13, 14, 18

 

 

IMTE 5.8.77

srurrnw L4

mmmmw 1

K2!

’5' Camp'woccnxm achultzii

'2l' Rhisaphara atylom

'Ia’ Avictmnia marina

      

 
  

 

  

mam.
23117335 __ (an-l

5 16.8

1e 37.5

5 28.2

5 39.2

5 52.5

25 37.5

25 16.5

5 54.4

25 12.4

25 10.8

5 . 21.7

5 13.3

5 6.8

5 12.6

5 24.7

1e 23.5

5 18.7

S 41.3

25 12.5

1e 15.7

1e 30.4

1e 40.4

25 32.5

1e 14.6

1e 20.0

1e 16.7

1e 18.8

1e 26.0
   

Avicennia marina
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 M.

[:7 55m x 20111 I

 

 

          
  
 

DENSITHE‘S OF THE FIRST [0 TREES 0F EAL‘IE' SPECIES AT

(14) Ah Incluaiva ”sights {H} A: the Cdnupy Height

1111 15111—1.13311 1

[:‘B’JMQLJ

 

 

 

“£10m (Nun-vs 0.3.1:. 11516111 {Morn-91

ngmll :5'755‘1121 .II’ECIFS ((311) Visual Enimat

14 * 25 11.5 9 *

18 25 13.2 9 - 11 *

18 25 23.2 18

18 - 20 25 64.0 18

18 - 20 25 41.0 18 - 20

15 — 18 25 63.0 18 - 20

14 * 25 31.8 20

15 25 24.5 18 — 20

15

15

15

15

11 *

15

15 - 17

18

15

15 — 18

14 *

17 - 18

18 - 20

20

18 - 20

18 - 20

18 - 20

18 - 20

15 — 18 ,,

18 — 20

1

fiflflflifliigflii_fiilii5afii Rhizophora atyloaa
 

   

EA) 95m x 20m I



RECORDER

LUCA TION

BANK
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Wells

41 - 42km

R.H.B.

 

TRLE NOT AT Canvpy Haigktm
[HIST IO TREES 0!‘ SFEZCIES

AT All Inclusive ficfghta
rxnst xo TREES or SPECXES
N! For“: Canopy Height

 

 LIVERPOOL RIVER
0.475 5 .8. 77

  

STA T17)” L4

 

 

OTHER PLANT srgczgs 1N cuavnar

1, 7, 11, 13, 14, 18
QUADRATZ

 

a:
’5' Camptoatem achultaii
'ZI’ Rhixophom Mylo-n
'Ia' Auicennia marina    

 

73c 75:» 

2s

25

25

25

25

25

25

25

25
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H
H
U
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U
'
I
U
‘
U
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I
U
I
U
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'
0
0

U)

le

1e

1e

1e

5

5

1e  

 

  

mam
..1£mL._.

49.3
38.8
34.2
31.3
34.6
33.8
28.4
26.5
31.7
29.6
35.5
35.6
16.7
17.4
16.8
19.4
16.3
28.2
27.4
30.3
20.5
19.8
19.9
28.3
30.8
38.7
27.6
31.2     

Avicennia marina
    
Eu 25m x 20m 1

k1L_4Om x 20m l

l SPEC]Ff."
v.3.a. HEIGET 7Mctrca
{CI-1) Visual Sari-mt
 1..J

20 1e
18 1e

17 - 18
18
18
18

15 — 18
18
18
20
18

20 - 21
15
15
15
15
14 *

15 - 18
15

14 — 15
14 — 15
14 - 15
14 - 15

15
15

15 — 18
15

14 - 15     
DEh'JL‘I‘i'IIE‘S OF THE FIRST ZC TREES OF EACH SPFCFE‘S AT

 

29.3 14 — 15
29.7 19

     
Cam,rostemon schuLtafii.~_£_m._.__«____-.m_.q   

(A) All. Imrlwiue lid-gm.“ (II) At Hm (5.11:1.pr Height

 

5:: “:1
a) 15m x 26;. I

 

Rhigaphora atalosa
 

   

1‘“ 7m x 20m I



 

 

   

 

 
 

    

 
 

 
  

        

 

 

 

       
 

 

fib‘C‘ORDEfi Hauser 1147:: 5 . 8 . 77
Wells LIVERPOOL RIVER

LOCATION 41 — 42km STATmN L4

“ n '“S”' ‘ 1mm57
BANK R.H.B. (mm: ‘LM‘ ”“55 M k 1 QUADRAT 3

1, 7, 13, 18

“ 2:”; 2;:2'2iafizzzté‘ m
X! All Inclusive Heights Cmnptoatcmcm achultzii
"35-: 10 runs or spscxss ’Za’ Rhflophom atylosa
AT Fonz! Canopy Height 'Il’ Miami/1 marina

«am-F. D'E'H' TWIGKT Wu???” H . .- D.E.H. III-31mm (Magmafi
... 1.1.. .3 __ (Du) [kg-”z £3C1rlxt .416”; (On! Visual Eatumc

5 34.7 18 18 27.5 14 — 15
1e 45.6 20 - 21 16 23.4 11 - 12 *

25 17.6 15 1e 6.2 4.5 *
25 24.7 15 - 18 1e 19.2 9 *
25 40.3 20 1e 21.3 9 *
25 25.8 15 - 18 1e 38.4 14 - 15
25 23.0 15 1e 26.5 15 - 18
1e 23.8 8 1e 24.2 15 - 18
1e 27.7 6 1e 21.7 14 - 15
5 61.5 20 1e 22.7 15
5 32.4 15 — 18 1e 28.6 15 - 18
25 51.1 20 — 21 le 24.6 15 - 18
5 28.5 15 — 18 1e 26.5 15 - 18

25 43.0 18
25 26.1 15 — 18
le 11.5 6
25 7.5 8
25 28.2 15 — 17
25 21.1 15 - 17
5 22.5 15
5 6.0 4.5
5 8.9 6
5 44.9 18
5 43.3 15
5 17.2 14
5 44.3 20
5 56.4 20 _,
5 41.3 20

Avicennia marina LGMLEEEE’EWLEJL Rhinophora atylasa   

 

EM 60m x 20m [

E.) 8613} 20m _. l

 
.._._._........_._.—.._—__-q-

 
if“). 40m x 20m_ _..._____.___..__l

lm__5_5m §20m I

DER/3177135 03'” TII'E' FIRST I0 TREES OF EACH SPECIES AT
(A) All Mahatma: Huiflltfl (B) At the Canopy [might

   

I) 10m x 20m

'lta) 11m x 20111 I



RECORDER Hauser

Wells

MMWTMW 41 — 42km

 

 

 LIVERPOOL RIVER
  

 

 
1, 7, 13, 18

OTHER PLANT SPECIES IN (IL/Amt}?

17.473 5 .8. 77

STATION L4

QUADRAT 4

 

X31

’5' Cmrrptaatcwm schuicaii
'2.‘ Rhinophom atyloua
'10’ Auicmmia marina    

  

 

BANK R .H.B .

751:1}: Nm‘ M‘ Canopy ”tights
FIRST 10 TREES or SPECIES
A? All Inclusive Heights
718$? 10 TREES OI" SPECIES

AT Force: Canopy Height 1

0.3.71.
HETLiS 2.101L._..

5 22.8
5 20.9
5 13.2
1e 31.8
5 30.2

25 27.5
1e 31.8
25 30.6
5 36.8
5 26.5
5 10.8
1e 35.7
25 17.0
25 {27.7}

22.7
5 32.6
25 32.3
25 29 . 8
25 30.8
25 42 .0
25 16 . 2
5 10.9
5 19.2
25 14.8
25 21.8
1e 41.0
5 37.6
5 36.3      
Avicennia marina
 

 
  

1" 45m x 20m :
 

1" 65m x 20m 7]

HEIGHT (l-lu :ms
[,1an n: rimr.

18
14 — 15

14
14 — 15
15 - 18
18 — 20
14 — 15
18 20

 
 

14 15

I
L
N
I
W
I

14 15
14 15
15 - 17

15 — 18
18 - 20
15 - 18
18 — 20
18 - 20

15
14
14
14
15

14 — 15
18 - 20

18

 

 

    
 

 

  

D.B.H. REIGN? (Matrcni
iii-#73; ifml Viuwzl Eat {ram

5 42.3 20
5 37.2 18 - 20
5 35.7 20 — 21
1e {23.5} 17 - 18

27.2
1e 22.3 14 — 15
le 16.6 9 *
16 24.5 14
1e 43.2} 18 — 20

{25.9
1e 20.2 17 - 18
1e 43.7 18

     
(Tamgtustermur. cchuétn ii

~__......_..._..._   
SNSITIIES OF THE FIRST IO TREES 05‘ EACH SPECIES AT
{A} All Incluaiva Iluighzn 1‘8) .4: the Canopy Height

5.5"”:

  

Rhfigophora atglcsa
 

   

EEZZKEL2L£¥ML_:::::I

‘ (B)



 

RECORDER Hauser LIVERPOOL RIVER [MT-5" 5 . 8 . 77
   

 

 

 

     

 

   

 

  

               
 

  
 

 

 

Wells

LGCATIOH 41 _ 42km Harm” L4

“fix R.H.B. MWM?MAM’M$mESINammmW' mmmmr 5

1, 7, 13, 18

' 1511‘); N0! M‘ 612?ng Height: XE!
FXKST IO TREES? OF SPECIES

AT All Inaluaiua [flights '5' Campfoatcnvn achulczifl
YIRST xo TREES or spacxzs '28' Rhiaopham atylosc
A: Forest Canopy ”might. 'I'c' Avicermia marina

_' _ “W [7313111757773 _ 0.8.5. Immrca.
:P.‘ :2‘1'5'5 ~1mw , yum; é‘gtwu: SPECIES Lon) Vuwzl Eycvmt.

5 44-2 13 25 46.0 15 — 18
5 48-9 18 25 47.6 15
5 41-3 18 - 20 2s 23.2 14 - 15
5 17-5 14 * 1e 26.4 18 — 20
5 22-2 14 - 15 1e 29.5 18 — 20
5 23-3 15 1e 60.0 20 - 21
5 26-2 15 - 17 1e 45.7. 20 - 21
5 30.2 15 — 17 57.7

5 16.4 11 — 12 * 1e 3g_4

5 6.6 4.5 * 29.2

5 36-8 15 23.6 20 - 21
5 29.5 18 44.0

5 29-7 18 1e 35.3 15 - 18
23 21.7 9 * 1e 13.8 6 *
25 22.5 14 * 1e 20.3 15 — 18
1e , 36.2 15 1e 20,4 '15 - 18
le 15.3

{22.7} 11 — 12 *
15.2

25 45.3 20
25 45.7 20 — 21
25 24.2} 18 — 20

41.2
1e 18.5 15 — 18
25 30.7 18 - 20
25 34.2 15 — 18
25 39.0 20 - 21 d
25 34.8 21

Avicennia marina Mgfiflmxdtsii Rhizophora atglosa       

 
 

DENSITIIES 01" THE PIES?” I‘C' TREES 1‘.” EACH 31756735" AT
(A) All inclusive Iluijhta (F) A: the Limo” Height

1., 68m x 26h ' 1..“‘2m x 265"— 5 {M 22.5m x 20m 5. .._.... . ma.

12,80m x 20m“ l m 2.551120... .1: I W

 

 

  



RECORDER Hauser

Wells

LOCATION 55 - 56km

BANK L.H.B.

 

’ TREE NOT AT Canopy [Nights
FIRST 10 TREES Of SPECIES

A? All Inclusive Heights
FIPST 10 TREES Ol‘ SPECIES

A? Forest Canopy Height

 

 LIVERPOOL RIVER   

 

017757? PLANT SPECIES If! ;La'»'..'l.'z‘.'.1'

l, 7, 8, 14, 18, 20, 22

  

DATE 3.8 .77

ST '1‘an L5

QUADRAT 1

 

 

KB!

’5' Camptocccnrm ackultzifl
'21' Rhizaphom atylona
’Ia’ Avicmia marina   

   

 

 

0.51.”.
TF’HKJJE" F— (“I

5 30.7
1e 20.3
5 44.0
5 22.5
5 57.3
5 25.0
5 34.8
5 39.0

,5 18.0
5 {33.2

26.5
1e 17.0

21.8}
5 14.7}

30.4
5 51.2
1e 90.3
5 26.0
5 27.8
1e 89.0

5 26.4
1e 69.0
1e 51.0

1e 58.0

1e 30.6
1e 65.0
1e 25.7

1e 51.0  

HEIGHT (Name

Kim”). Egan-.1:

15 — 17
15
12 *
1.2 *
18
12 *
12 *

17 — 18
15 — 18

15

5.7; 5." F."a...“   

15

~15 - 18

18
18 -
15 —
15 -
20 -
15 —

21
20

20 -
20

21 —
15 ~
18 -

20
18
17
21
18

21

23
18
20    

Auiccnnia marina
    
EA) 80m x 20m 5

1:; 80m x 20m ]

 

  

mm.
(m)

‘1 ‘ HEXGHT Matrca,

Visual Katina:
 

 

 

    
Camp :09 temon sum: 1 $311 1'~.~w_.___.mmm...‘  
 

DENSITH’ES 0'!" THE FIHST 10 TIMES OF EJCH 51":2‘1'..'['3 AT

(A) All {11014313159 .‘iuightu (E) A: the Camp}, Height

[m 30m x 20m “.21.

La; 45m x 20m I

 

 

 

Hhiquhora atglasa
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1(8) 1



RECORDER Hauser

Wells

7100411024 55 - 56km

 

 

 LIVERPOOL RIVER 1
 

 

OTHER PLANT SFECIES 11’1' QU/il‘hlf

  

1473 3.8.77

5.74710” L5

 

   

 

 

    

 

 
   
 

           
 

541m. L .H.B . gar/10.741" 2
1, 7, 8, 14, 18, 20

' TREE NOT M‘ Carwpy Heights XE!
FIRST 10 fans or SPECIES
N!“ All Incluaiva Heights '5' Cmtrptostem achultu‘i
r1357 10 TREES or spsczzs ’zés' flhgsaphqm stgloaa
AT Force: Canopy Haigh: ’Ia’ AULca-nnLa nrmna

“YET” [Imam (Metres 0.3.1:. HE'IGMT YHat'rcaj
73"!TL'.‘E; __1m__._ his-1.12 Engla- Pj'Clr (PM) Vlsual Saturn:

5 43.0 18 - 20

5 58.0 15 - 17

1e 48.2 20

18 18.0 15 - 17

1e 15.1 11 *
5 {33.0 15 — 17

26.0

1e 30.2 17 — 18
5 39.6 18

5 37.4 20
5 ‘ 32.1 17 - 18
5 32.8 18

5 22.6 14

5 {14.4} 12 - 14
19.7

5 35.0 18

5 46.4 18

5 37.2 15

1e 38.1 20 — 21

1e 55.3 20 - 21
1e 19.4 6 *
le 47.6 20
le 58.2 20

1e 26. 20

{48.0

le 24.4} 18

{74.5 J
16 70.0 20 — 21

flifiem‘iaflmbv SL’LLMM: Rhizophor‘a Btyloea   

E: 85m x 20m____{

53:30—63 x 20111 I

  
 

DENSITIIE'S 0.“ THE FIRST [C TREES OF EACH SP5. [17$ 4’."
(A) All [unlawful Hui-thn (B) At the (Lumpy {leiJim

 

E) 12m x 20m _...—.—.... -...._....n

Lax 13m XWZOm I

 

   

mm

'[1 3)
W



RECORDERS Hauser

Wells

L0_CATION 55 - 56km

MEX L.H.B.

 

" TREE N0? AT Canopy Heights
71357 10 TREES OF SPECIES

AT All Inclnaiuc Height.
PXBT IO TREES OF SPECIES

AT Fore“ Canopy Height

 

 LIVERPOOL RIVER
1247:: 3.8. 77

  

STA T177” L5

 

OTHEH PLANT SPECIES IN (HABIT/IT

1, 7, 8, 11, 25

 

QUADRAT‘ 3

 

KB!

'5' Cmrptantenxm uckultaifi
’23' Hhilophom styloea
'Il' Avicmia marina     
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Avicennia marina
    
F) 35m x 20m [

Ea) 35m x 20m 1

  

NEIGIH‘ {Metres
I - 1 ... ,- .1
heral Egczmm, 8;}:an

D. 5.3. Izzxcm—mecreaj
(0'!) Visual Eatirrac
 

 

14
14
18
15
18
6 'k

15
3.5 *

18
14 *
15

20 - 21
18 - 20
18 — 20

18
20
20

20 — 21
20 - 21

20
20 — 21

15
20 — 21

20
18 — 20      

 

     
cam) my temon 60.711.11thi1'.
w—K—v—m--—Infl—mn—W

1,

 
DENSI’I‘IIES OF THE FIRST IO TREES 0!" EACH SPECIES AT
(A) All. Inclusive Huightn (B) A: the Campy fluight

 

EA) 5m x 20m
 

  

-————.

Eggnmxfifinw i I
 

 

Rhizaphora atLZoaa
 

   

EA) I

IKE) i



Ha'convms Hauser

Wells

manflm 55 — 56km

 

 

 
LIVERPOOL RIVER

 
 

IM 7'3 3.8.77

srnrrny L5

 

 

OTHER PLANT SPECIES IN Cl.’/1I‘-.‘L«1 T

 

   
 

 

 

 

  

  

 

BANK R.H.B . QUADRAT 4

8, 14, 20

' TEEE NOT AT Canopy Heights XE!

rmsw IO TREES or spscxzs ‘

AT All Inclusive Height: ’5’ Catrptaltcmn achulcni‘

nasr 10 mars or spear-:5
'2a' Rht'zaphqm atgloaa

AT Format Canopy Height
'Ia’ AvtcannLa marina

5 35.6 15 1e 31.6 14 - 15

5 69.0 15 — 17

5 51.0 15 - 17

5 61.0 18

5 58.0 18 - 20

5 16.2 14 *

5 23.5 14 *

5 56.4 20

5 13.5 11 *

5 32.0 14 — 15

S . 55.5 20

5 35.8 15 - 17

5 51.1 18 - 20

1e 17.6 6 *

{17.3
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5 4.6 4.5 - 6 *

5 44.6 18 - 20

1e 15.2 3.5 *

1e 47.2 20 — 21

5 45.3 18 - 20

1e 48.4 20 - 21

1e 45.2
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5 33.5 17 - 18

5 38.2 18

5 36.2 20

1e 43.5 18 - 20

1e 43.2 18 .

1e 46.6 15 ~ 18 '

Avicennia marina . Qi’ll’ififliemo" “CF“‘UZL'T' Rhizophora atlglasa
 

 

   

 

 

DENSITIIE‘S OF THE FIRST I0 TREES 01'" EACH SIECHI’S AT

(A) All [nelwit'a htighta (I!) At Hm Cant/pg Height

En 38m x 20m T In) 3m x 20m — I 1’” 1 I

I

in) 53m X 20m I kill?!“ x 20m I (B)

   



FECORDERS Hauser

Wells

LOG/1. TION 60km

BANK L . H . B .

 

FIRST I0 TREES 01’ SPECXES

M’ All lnclauiuc Heights
FIRST 10 TREES OI" SPECIES

Ar Fawn: Canopy Height

h TREE NOT AT Canopy ”sighca

 

 

‘2
1

".755 1!
 

16.3
10.2
34.3
22.7
28.7
33.6
12.8
22.2
26.1
36.5
14.4
45.0

e 133.0
40.0
79.0
58.8
57.8
42.8
85.0
39.8

1e 29.6

58.3
79.2
31.3
99.0}
37.4    

”081.
h-u- -——-

  
Avicennia marina..-—.__._____..___u

 

M' 65m x 20m

ks; 80m x 20m '

 

 

 LIVERPOOL RIVER   

 

M118}? PLANT SPECIES IN QUAU/ulT

1, 7, 8, 18, 20, 21

  

ufiTE 3.8.77

STATIHN L6

QUADRAT, 1

 

 

fl!

’5’ Cbmptaacenrm achulcaii
'Zl' Rhizaphom acylosa
’Il' Avicennia marina   

 

 

     

 

 

 

Iii-W 3333 3533.331
56.8
29.1 18 - 20
28.2
65.2 18

    

FEEEFTEE??? H, v
Kikuvfl Ed 1' 1' 8.x m QEJLL

14 1e
3 *

18

17 1e
17

17 - 18
8 9:

11 *
17

15 — 17
9 *

18
18

14 - 15
18 — 20
18 - 20
18 — 20
15 - 17

18
18 - 20

18 - 20

11 *
20

Qgflfliflfiiifliiflfifiifliiiii  
 

DENJIITIIE‘S 0.“ THE FIRST [0 TREES OP Eu‘lCF SPECIES AT

(A) All [111314211110 ”eighth (B) A: the Campy Height

1" 30m x 20m .11

if; 50m x 20m I

 

 

  

Hhizonhora stylosa
 

   

 1E:



RECORDERS Hauser

Wells

LOCATION 60km

BANK IJIPlOBI

 

FIRST 10 TREES or spsczss
AT All Incluaiua Heighta
PIES? 10 TREES OF SPECIES

A? Fox-alt Canopy Height

' TREE NU? AT Cancpy (Nights

 

  

WETTES 

U
1
0
1 0'
!
O A

H
I
F
J

0
C
D

N
M

(
n
o

0
0
:
:

47.0H (D

h
i
h
i
i
d

O
‘
M
V
O
V
‘
O
W
W
N

.
I
'
l
I
O
-
o

he
U
1
~
q
o
a
J
>
C
D
C
h
~
q

G‘

H
g
m
w
m
m
m
m
m
c
n

(
N

e 56.0}
16.2

1e 47.3

1e 22.8

1e {31.9
13.2

1e 39.3
1e 33.2
1e 26.3

1e 61.7

5 46.5
5 28.2
5 25.8      

Avicennia marina
 

   
PA) 100m x 20m !

1%) 110m x 20m I

 

 
LIVERPOOL RIVER   

 

OTHER PLANT SPECIES IN QUADRA’F

1, 8, 18, 20

   

mm 3.8.77

STATInw L6

QUADRAT 2 I

 

KEY

'5' Carpwum achultaii
'21’ Rhilophom nylon

  'Ic ' Avicmnia marina
 

 

ME XGHT (ll-7 L mm
bawd Eatmm 551537]Ff."

0.8.
ififi)

u. ‘ HEIGHT Mrtreo
Visual L'vh‘zm:

 

 

17 — 18
15 - 17

12 *
14 - 15
17 - 18

M
U
'
I
U
'
I
U
‘
I
U
'
I

5
9
1
-
3
1
-
3
6
3
6
’
6
3
‘
3
?

18

18

18 - 20
18
15

20 - 21
17
15
15      

28.7 17
31.5 15
39.6
36.0 17
46.0

 

15 - 17

17 - 18

     

Cam toutemor: achufitnii—.v£_~__m_.._m__w___q

 
DENSI'I'IIES 01" THE: FIRST IO TEE'ES OF EACH SPECIES 11'.”

(B) At {ht} L‘anp}, Height{A} All IIACZJBiL‘d Might!

PA) 8m x 20m !

1(3120;x_20m I

  

Rhizophora atgloea
 

   

1T___:3



RECORDERS Hauser

Wells

 

 

 
LIVERPOOL RIVER

[MT3'

 
 

 

 

3.8.77

 

   
 

 

 

  

     
  

Avicennia marina
 

  
 

 

Ea._._____..._._1

f—..-.————

1“ 60m x 20m

 

DENFI'I'IIE‘E 01" THE FYI—9377' TO TREES OF EACH S?‘é'£‘.'.‘.‘.3‘ AT

All (mohair; Height! (8) A: the Canopy Hat‘ght

M.2s.29r1;_‘

(A)

 

 
 

j
 

      
CGWDCO!) tnwwvz L‘chu L 3:21:13
1...... ...__..-....._.._...._....__.._.4

 um..—

 

E15421; Z: I

 

   

. LOCATION 60km
STATION L6

BAN/'3 L.H.B. OTHER PLANT SPECIES IN CU/HEIMI‘ QUADRAT 3

1, 8, 18, 20, 22

' T93: NOT M‘ Canopy ”nights
EX

rzasr xo TREES or SPECIES

A? All Inclum'un Heights
'5' Cmptcltemon ochultxié

PIRST 10 TREES or spscxzs
'21' Rhizophoru atyloaa

AT For": Canopy Height
'Ia’ Avicmnia marina

W mum: (HeWe ' 0.13.11. Hzxcm YMetrea

‘T’ECIFJS ”L1 » ’ , 31356155 (04) Visual Bettina:

5 27.0 * 1e 30.9 14 — 15

5 4s. 3 le {41.4} 18

5 17. 8 8 * 49.5

5 14. 2 8 * 1e 55.2 20

5 9.8 3 *

5 11.3 8 *

{ 9 .6}
5 17.4 12 *
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~Im'rs: 8.2.77

saws 1mm T1

QUADRAT 3

 

KEY

'23' Rhiaophora atyloaa
'Ia' Avicennia marina 
'5' Cmrptantemn achultzit"

 

 

  

 

 

 

 

 

  

 

 

 

2.: W...
17.2 ”"14... . .

1.2 .9.- .12.- -
12 . 6 12...-.-

11441.. ...._-..4-._#_ .

1.6 11L . -42.. :-_1_4..-

._]:.l_e.§._ ---._1_Z _--._

.16 ..O.. ._12_:.J_4 .

..1 1.5.. 1 2

-11. 3 _ o -_.-__1.Z_._.

,2 3.. 5.-. 12
.32 L6. -_ .--- .._1.2_..--_.

{2.5.9- -____-.._
‘ - -9457 __ __.

{30.8 12 — 14

3.7.11 _... -

”39.2 _12 - 14.

{33.9}- --_.._..

      
Camgtostemon echultsii

 

DENSITIIES OF THE FIRST I0 TREES OF EACH SPECIES AT

(A) All Inclusive Heights (8) At the Canopy Height

lm‘ 23.5mx20m [ 
(3) 31.5m x 20m

 

Rhisophara stalosa
 

   
 

 
A) 215m x 20m   
lm 4.7m x 20m , I
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RECORDER firgfigugh TOMKINSON RIVER mt 8' 2 ' 77

h'aZlo

LOCATION 1 7km
STGTMN T1

OTHER PLANT SPECIES IN QUADRAT

BANK R .H.B . QUADRAT 4

3, 7, 8, 10, 13, 15

‘ mm: mm A? Canopy Heights
m

3115'! 10 TREES OP SPECKES

A“! All IncZuu-iva high“
'5’ Cmnptootcm achuluiq

r1351 :0 mass or SPECIIZS
'2c' Rht'wphom acyloaa

A1: Forest Canopy Height In! Avicennia marina

hp 0.3.!!- HEIGHT (Mm-ea - 12.5.3. mama-r (Men-"1

2 ECIES __ (m; KM“; E2911!“ Sfl‘CIES (an) Visual 35cm:

.25-. {20,21 14,. .__ 5 6.4 _ 9__.___._ *

_- 18.6 5 - ._6.-.8... .19... *

é- . _...74 11 5 6.5. - 9 .*

1e 141.1 ..3. -12. 5_ 184.8... . ,9_ _- *

11.6.. , 8.13. _- .8._ _ * 5, 10,..4_ ___9_--1 *

_1_6 ..6o 1.1.- 5 _ 14.2.- 1.2 1

.216. 12_.6 __.11_ __ 5 . , 919.. 1.1_:._1.Z

.25 . 1.7- 5 r. .12.. __ 5 ,.14.5 11 - 12

25 7 4 . 8 * 5 _9.._8__ 11...: 12

2.5- 111; . _____~- _-___ 5 . 19 .0 _.12.__:__1_4

22.2 111-.- 12._ 1e .21.}. -_ 11..-- -

2.3.6 __ _- _ 5 1.1-2 111 -1

2.5.- ._16_.s 11 - 11.2.- .5 9-5 -._1.1 -

.215. 11. 8 11 — .12- 5 . 3.17.17 ' 1-1-1.4.---

25 11,3 . 9 .. * le . -2116“ . 12 ' 14..

25_ -19 .0--. .12.......__ 1e ,-.15_...7_ 12

25-. .2114)..-“ 11 — 12 1e __ 120.4 12

2.6--. 151.2. 1 1-1 1e. .2_5_.5__ L. 12 _-__1.‘1.

20.4 11 -...-.1.2 16.. “2.62.4.-. 112.; 141

F— “. -.g_5_1§___ ___ 1” _ 1_e_ 7 . 0 8

ZS_. 31,2 111;}? ,_1e 20.1.0. 12 ‘ 14

5._____ _§._3 -7 .9. .. * 1.6... _15 . 7 12 - 14

.§_ __8_.. 7 ....11 . -

5 6 . S 9

Avicennia marina Camgtostemon achuttzii Rhizaphora atylosa
 

   

 

Ln 117m x 20m
 
 

i“ 123m X 20m l

 
DENSITIIE‘S 0F TIIE FIRST IO TREES OF EACH SPECIES AT

(A) All Inc149£v¢ Heighta (a) At the Canopy Height

luu' 12m x 20111 I

 

 

 
  

 

 
A) ‘5 .5m x 20m

  

IE :lfim 3:).2
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LOCATION 1 7km

BANK R.H.B.

 

 
TOMKINSON RIVER  
 

 

 

7m NU!“ M‘ Canopy Height
FIRST IO TRY-ES OF SPECIES

A? All Inclusive Heightu
FIRST IO TREES OF SPECIES
N! For“: Canopy Height  

OTHER PLANT SPECIES IN QUADRAT

1, 6, 7, 13, 15

 

rim 8.2.77

STA arr/w T1

0

QUADRAT 5

 

 

I0?!

’5' Camptoatemon achultzifl
'23' Rhiaophom styloaa
'Ic’ Auicmia marina   
 

 

 

 

 

     
  

 
Auicennia marfna

0.8.11.
3 EC} 5 _ y

.5 _ 12 .2-

_25 , 20 .6

-5.-- __, 6.].
.2.5 .12 .1)

.5- -142-

is .11 . 8
2.5. -.1.1.,.5
25 5 .2

5 - 17. 7

2.5. __15.

25 9 .0
25 16 . 6__

25 16 . 2

.25. __15 .6
5 ”1,4“. 0

.5... -12 . 8 -

§_- .12 . 9- .,

.5 . 11.1

25.- 18 . 2

-25. ., ..1816_

.5. - ..1.4.. ,8

.5... .15 -..7.
_le. '59 .3. -

1 1 . 71
12 . 8}
3 5
 

   
in I

[5’ 120m x 20m l

 

Lnrgxcm- (Mggms

12----

11 — 12

. 11

ll : 12

.1L.:.-12

. .11- 7-12
-11. ..:._.1_2__

- -6 _-_

. 12 -,14.

..11_.:-12.

1 1 _ 1.1.2.

-11. .7-12.
12 - 714

1.2- 1 .14

.. 12 1.14.-

_12...1.£L-

.12 , 7-14.

--. 12-.----

- -12-.. .-

12

...._1.2._. .-_. ,,

 

   12
 

 

  

 

  

0.5.11 ngcm- Way-egg

5756155 (on) Vtaual Enumt

.1e. . g 2 5-5 .12.--
- 10.62.. .--.-_----.-.

1e 28.7. -.. 12 _.-
113- {14-6.} _12 - 14

_ _ 26.31 _ _-_- _- .-

16. ..2.O.._8 -12. T. 14
1e 21 4 12...: 14

16 1619 _12 - 14

1e. 25 .8 “172’ - 14

1e 10 5 .12-: 14.

16.. 6 7 .11-: 12

_-.._ -____._.J

- .. -- , ----. -_4

_ - -- _-_-..-

        
 

Cam toatemon schul taii

(A)

 

 l

(a) 10m x 20m I

DENSITIIFS OF THE FIRST I0 TREES OF EACH SPECIES AT

(A) All Incluuiva Height!- (B) A: the Canopy Height

 

Rhizaphora atyloea
 

   

 _H 5.5m x 20m I

In: 9.4m x 20m I



 

   

 

 
 

     
 

 

  
  

 

 
 

 

 

 

 

             
  

    

  

RECORDERS ' 11:331.9" TOMKINSON RIVER p.473 15 .2 . 77

Fall.

LOCATION 38km ST‘TI’W T2

BANK R.H.B . . OTHER PLANT SPECIES IIV QUADRAT QUADRAT 1

1 , 7 , 8 , 1 3 , 14 , 18

I. TREE Mar 111' Canopy Heights m

r1951- xo rams or spear-:5
N! All Inclusive Height! '5' Cmrptoetmm ”Micah.1

711151 to TREES or SPECIES '31' Hhiwphom atylosa

A'r Fame: Canopy Height ’In' Avicmia marina

‘1’ .. D.B.H- ‘HEICH'X‘ (Metres ’ D-B'H' HEIGHT (Metlrenj
.’ rugs _....Lm)_.... LW' mm”; m”) Vleual satunat

-5 .. 14.7. 14-...-. S . .15...7 ,....14-.-:-15.

.25 13 _7 14 .5 .-5_.-4 _-15__
_5- -_...11 2 12 * 5 _. 14-..-

.1e_. {-3 .5} ._ . 6 .. * -_ {3:113} ___. __.-.-

-__._ .- 5.2 --.._ --_ .__- 5 . .. _M--:...1_5.,

_2_S. . .15 .5 . . 1....4- 2-5- 1016 ._ ..-_14..-__-

25- _.111.3. -__.-14._ _- {11.1} _- ..
75. . 17.2 . .12..___. * 25 ._ll.3 ___14__.

1e { 15 .2} .. ._14 2s .-_.6..7_. --.-.1_.1_--
_ ._1_8._._7_ .--.._-_-_.- 2.51.6 - 8 1.1-2.1-2- *
le 15.2 - .14. - __ {-6.3} ._.-_-.---
.le . .11 . 3 14.--_ -. 25. ..-10...7 . JAM—q

-lew- .._1Q.2-_ .. ._11-.-. * ,2.5_ 111.0- . _..-_1_4-._---

__5.--_ 7 .3 11 .. * 2.5.. 1 ._.1§..-7-. .-_.....liL._

s .-_3.8 6 -. 8 * 25 l.5_.-.§_ ..__1i-.fl
_5_ .. 6.3- _ ..8. .__~ * .25 15.4. ___1.4__.

.§.--- __318- .--. _(1-...-...- * _le- ..1_8-..--§5. - --_-_1_§-.__-
5 - 11.0 .-14 _ - {-14.5} _--- .
5 .. 12.5 .. -..l4_..-- le. -164?- -.-_.J.4_____1

-5 ...-l.4._3_ --_-1.4.- _-.--. le _1219- .......1.4
-Zs__. - _8. ..2 - -_.--1_1--__. * __1.e - .-_2.Q.-_7.. 14
5-..- £12.. 2} -14-_.—._15-. .1e_ .12. 2 . 14
---. .11. 3 . -- . .. ....... {-11.11}.
5 10.7 14 - 15 1e {17.4) 14

18.0

Avicennia marina Camgtostemon achultaii 1e Rhi15géZora atgloala4 — 15        
 

DENSITIIE'S 0F TIIEI FIRST [0 TREES OF EACH SPECIES AT
(A) All Inclusive Heights (8) At the Canopy Height

5’ 20.1m x 20m , lm‘ 3.5m x 20m A) 9.4m x 20m

in) 40111 x 20m I (3) 10.5m x 20m Im 12.5m x 20m l
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LOCATION 38km

 

 
TOMK INSON RIVER  
 

 

 

 

OTHER PLANT SPECIES IN QUADRAT

1, 7, 8, 13, 14

 
 

'nm‘ 15.2.77

STA Tm” T2

QUADRAT 2

K87

 
’5' Cmnptoatemon ochultzii
'23' Rhizophora etyloaa
’[c’ Avicenmla marina  
  

 

 

 

 

BANK R.H. B .

IRES N0! AT Canopy Height
FIRST IO TREES 0F SPECIES

A? All Inclusive Heights
IIRST xo TREES or SPECIES
m Fora: Canopy Height

0.3-".
1 [£755 -15”...

25 £12 . 8 _

_ 9 .5

25 14,. 8
r. _ 10,3 .
__ .2&

«2.; .14 . 77 _

EL, -1242. .
le, 7 9 . 8

25 .,11 .9

25. _ VJL‘L

25 . 9 . 0

25 . . 10 . 0...

2.5.“- d. 8.0 _

5_« -Ll. 5

25 __9..2

25........ H13 .2 _

L_w ALIS-”

-..._V . .10.-.;§,‘
5, ,. 19.5
le -_ v ”1346_

l_e._ _,13V.5

5---- .147. 7 ,

5--” ,.1,9,.0_ _

S 17 . 3     

EIGHT (Metres
JEWES‘EM‘S‘

13, .,_

 

     

Avicennia marina
    
EA) I

t!) 33.5m LZOm I

 

 

 

 

  

 

 

D. H. H I(EIZGlfl‘jMet-renj

$35053 (Cm) Vuual E'numt

. 5.. 7,. 0 _.‘.1__1.-_: .1?
_ 5.- -1442 mill" ,
1e _.13.7 — ...l4-

-5-,, 4.55.6 "7.14----

1?. 1.2.3.5 14

49; J31 14 _.V:_1_5
1e . 13 . 2 “.14._#

1e, - 1,7..0 __L4_.—.V15

1e , w9,.4 “J“a

{16.3} _ __.__

19 11:2, - L‘L..J

 

  

__..._._.___.J

  

 

 

    
 

Camgtostemon echuLtzii

DENSITIIES 01" THE FIRST 1'0 TREES OF EACH SPECIES AT

(A) All Incluivc Height! (8) At the Canopy Height

[m 11.5m x 20m [ 

Im 17.0m x _2_0m I

Rhizophoraoatyloaa
 

   
 

 
A) 4.0m x 20m   

(a: 4.0m x 20m



RETC'ORDERS A L 2 may
Wirccaugh
hulls

1106ATION 38km

BANK R.H.B.

 

TREE NOT M‘ Canopy Holijhta:
FIRST 10 TRIKE 0F SPECIES

AT All IymILuiue Heirixza
FIRST .10 TREES 01" ISPECYLS

AT Parent Canopy might

 

TOMKINSON RIVER
 

1147': 15.2.77

  

 

1, 7, 8, 13, 14

 

0TH“? I’LILV'.‘ SPECIES 1.“! gm“ 1&7;

gm511.11" 3

 

ICE!

"5' cirrpwatnnm “hula-fix
'36' Rhiacphjm Mylwaa
'le' Avicormia marina    

"mirj
_ I”mi.

1e {29.0
19.8

25 7.0

25 .}
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{A} All .r:~...~:..mi:.4 H. (jut! (I!) 4: Nu; 5.1m.

EEZEEELH

£5; 11.2m x 20m m]

PM”: v.‘7;'iv‘1ur‘<z 5 13511094
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L” 3111x2011...
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L'a 1 15

LOCATION 38km

BANK R .H . B .

 

- TREE Norr AT Cauvpy HsiJhrn
FIRST 1') TRFES OP SPECIES

A'r All Inclusive Ifcf‘zhsa
FIRST (0 TREES 0|" 5:1’1'1'1'135

A7: For-vat Canopy [blight

 

 
TOMKINSON RIVER

11.4 71-; 15.2.77
  

STATIHN T2

 

 

OTHER I’IVAHT SPECIES [IV Q’L’xll/‘ILTC

1, 7, 8, 10, 13
QUA0mm 4

 

XE!

Cmnptouccnm achuitaii
’Zn‘ Rhizophom atyloaa
'Ia’ Auicmnia marina

’5'

    

 

[777.“ ”W“
5 4.7

1e 6.2}

{8.3
1e 5.3

1e 6.0}
{5.9

le 9.2

25 {10.4}

V 9.8

25 3.8
5 4.3

5 8.4

5 10.5

5 6.3

5 17.4

5 4.3

5 13.6

5 14.7

25 10.5

25 7.7

5 8.7

25 {35.5}

29.0

25 34.4
5 16.7

25 6.0

25 11.2

1e 23.3    
Avicunnia marina.__._..-._.._.___....__.”up. 
 

3119.19.35.20!“N”...

 

 

 l...__.._._._____.w.

156.5m x 20m 2.

LEVJTI'TIXLIF 0!" 7%? (“IF
[:1 ,. .

  

 

            

['55?E§;_73373332 , 1‘ 5.5 u. ggzcn? (Magrua‘
MMWJw; 1.4”}. C Ir... L 1w.» hawz . 1, wt. um 3

8 * 25 8.1 11 *

8 16 {15.0} 14

9.8

6 * 25 11.8 14

6 * 25 9.2 14

5 12.3 14

4 .5 * 1 6 . 0
14 25 9.2 14

ZS 14.2 14 - 15

6 * 5 14.3 14

4.5 * 5 12.8 14

11 * 5 16.0 14

14 1e 13.8 14 ~ 15

11 * 1e 16.7 14

14 1e {17.8} 14

3 * 16.2

14 1e 16.0 8 *

14 1e {24.9 14 - 15

14 34.8}

14 1e 16.3 14

14 1e 20.7 14

14 1e 10.2 14

16 10.4 14

14 — 15

14
8 *

14

14

”211E: 1.5.15.4;22314 - __.L.....r.‘_1°_r:_1_.L’_J.1.0_._Ha...I
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F)— 10.Sm x 20m I
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LOCATION

BANK

Allab‘ay
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L‘c 1 la

38km
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TOMKINSON RIVER

  

 

 

' TREE NOT M‘ Canopy Heights

FIRST 10 TRFES OP SPECIES

AT All Incluuiua Heights

FIRST 10 TREES 0F SPECXES

AT Parent Canopy ”eight   
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7, 8, 10, 13, 14

 

zmrs 15.2.77
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XI!
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'20' Rhizophom utylmm
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DENSITIIE‘S 0!" THE FIRST {0 TREES OF EACH SPECIES AT

(A) All 111.32.431.19; ”nights

  

 

D.B.H. HEIGHT {Menraa

DRKCIEE gig Visual Eac£m1rj

25 8.7 14

25 10.1 14

25 19.2 14 — 15

1e 21.3

28.4 14 — 15

10.8

9.5

1e 29.8 14

25 9.2 14

1e 6.3 12 *

1e 17.7 14

1e 8.5 11 *

5 10.9 14

{5.2
1e 19.4 15

5 21.7 14 — 15

5 13.4 14

le 11.8 14

5 26.7 15

1e 9.8 14

1e 13.2

20.8} 14

13.6

1e 22.4 15

    
Cametostemon achultzii

(8} A: the £1”;ng Height

‘“ 3.0m x 20m

fi5g5.5m x 20m I

     
Rhizophora aggiosa
 

   

[*1 12m x 20m I

LB)14.0m x 20m 1



 
3300205115 ALIamy nary 13 . 2 . 77

   

 

RJ-gxiocmah TOMKINSON RIVER
lu'm 5

LOCATION 47.5km TA Tm: T3

RANK R H B 0mm PLANT sperms m cyan/11'1"
QUADPAT 11, 8, 1o, 12, 14, 18

 

 

     

    

 
 

             
   

 

 

' TREE not AT Canopy ”nights a!
FXRST IO TREES or SPECIES
A? All Inclusive Heights ’5' Cazrrptontcrrxm schulcaif.
711231- 10 TREES or spscms - '2n' Rhizophom ctylooa

AT For“: Canopy Height '1'" Avicennia mm'na

rpm-:55 __ afimfilf- __ E213:£13222] mtm: €63)”. 74::an {721:3

5 10.4 12 — 14 25 9.9 14
5 3.5 4 * 1e 23.3 15
5 6.8 11 * 1e 16.2 15
5 11.7 11 — 12 * 1e 6.2 8 — 9
1e 8.8 12 5 40.5 17 — 18

5 6.6 9 * 5 26.2 17 — 18
5 3.1 4.5 * 5 25.7 15 - 18
16 14.4 11 — 12 5 34.3 17 - 18
1e 15.7 14 S 26.2 17 — 18
25 7.3 11 * 1e 35.7 15 - 17
2S 1 7.1 11 * 25 23.8 14 — 15
25 5.8 11 * 25 28.7 15 - 17

25 4.5 4.5 — 6 * 25 25.8
25 4.7 4.5 11.8I 15 - 17

25 26.5 11.3
I15.0 14 _ 25 31.2 15
14.5 25 29.3 18

1e 30.6 14 - 15 25 35.4 17 - 18
le 36.0 14 - 15 25 17.8 14 - 15
5 40.0 14 - 15 25 22.5 14 - 15
1e 29.7} 15 — 18

{39.0
5 36.5 15 — 18
5 19.5 15 — 18
1e 18. 6

{38.4} 14 - 15
38.5 J

5 20.2 15 - 17

Avicennia marina figfiwwfiykuttzifi Rhiaophora atylosc

I;       
 

 

EENSITIIFS OF THE FH‘S'.’ IO TREES OF EACH SPEL‘IES AT
(A) All Irwlgniuu Heightn (B) At Um C'erpy Height

EM 9m x 20111 I I‘M 9m x—20m______ I In 17.0m x 20m I

In) 11 gm ; 20;! I Inn 14m x 20m I I‘M 27.5m x 20m I
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Walla

LOCATION 47 .Skm sitarmy T3

9 K . . . OTHER PLANT SPECIES IN QUAwmzr A,

’M R H B 1, 7, 12, 13, 18 “WT 2

I Tim Nm‘ AT C‘mwpy Iicighm ICE!
FXRST xo TREES or spzczss
A'r All Inclusive Heights ’5' Cwnptoatenrm schultzii
rms-r 10 runs or spncxss '20' Rhizoph-Jm atyloaa
AT For-an: Canopy He fight ’16’ Avicmnia marina

V ‘ - 7W "£15m MW.” 0.11.5. mam- Tingreaj
Tunis _ mm Vim-ml Swim; ."PfiL‘Ih‘C 1Q.) Vtsual Eon-m:

25 7.5 11 — 12 * 5 11.5 14 - 15
5 34.2 15 ~ 18 1e 22.6 15
1e 17.3 11 - 12 1e 20.4 15
25 18.0 14 - 15 5 28.8 17

21.6} 5 30.0 17 — 18
25 13.5 14 16 26.2 14 — 15

25 20.6 14 1e 16.4 14
{16.3} 1e {19.6} 14 - 15

25 25.4 14 - 15 7.6
1e 5.8 6 * 1e 24.5 17 — 18
5 12.7 14 - 15 1e 15.0 18
5 2.5 3 * 1e 23.8 14 - 15
5 17.5 15 1e 17.0 14 — 15

5 3.4 4 — 4.5
5 7.4 11 — 12
25 30.5} 15 — 17{21.9
25 17.3 15
5 14.0 14
25 17.6 14
25 20.2 14
25 23.9 15 - 18
25 21.6 14 - 15
5 33.8 18 — 19
5 6.5 6 *
5 4.8 6 *
5 24.5 15 — 17 .,
5 16.7 15

’QiiW. me Rhiaophora utfiloea

. 11.

' b       

 

DENSITIIFS OF THE FIRST f0 TREES OF EACH SPECIES AT

(I?) All Incluiw .‘a’cightn (E) A: the Canopy Height

Em{Warpx L
t”) 76.5m x 20111 I Ina) 12.0m x 20111 I lm 8m x 20m I

 

  



 

   

 

 

 
 

   
 

 

  

 

  

 

   

   
 

  
 

Rsamouw 233334» TOMKINSON RIVER zuT- 13.2.77

Hallo

LOCATION 47 . 5km STA TWIN T3

BANK R,H,B . OTHER PLANT .JIACILS 11V 1.11m 11.” QUADRATS

1, 5, 7, 8, 12, 18

' TRLE NOT AT Canopy ”nights XE!
r1115? x0 Tarts or SPECIES . ,.
AT All Incluaiua Heights ’5' Cwquatcmn achulcnt
[IRST x0 'nuzrs or SPECIES 'zn' Rhgaophqm ”glam
A? Force: Canopy Height 'Ic' Avmcmua may-ma

- mm» “mom (Hen-ea 12.13.11. “mom—{Wagru
7:755:17: __ (Cal Vimml 53cm" Eggrfm: 1m) Visual gamma:

5 15.8 14 5 17.2 15

5 10.2 11 * 5 21.3 15

5 2.7 3 * 25 21.0 , 15
25 15.2 14 — 15 1e 18.2 15

25 10.8 14 1e 16.2 14 — 15

25 8.3 14 1e 18.3 14 - 15

25 11.8 14 1e 16.3 14 — 15

25 17.5 14 1e 5.7 8
5 20.5 14 - 15 1e 17.6 14 — 15

25 8.2 14 5 30.6 15 - 17

25 8.3 12 * 5 23.2 17

le 13.2 14 1e 12.2 14

5 23.3 15 le 17.0 14 - 15

25 9.6 12 * 16 10.5 14 - 15

5 17.7

21.2

19.4 14 — 15

15.8
25 10.0 12 *

25 7.4 11 - 12 *

le 23.0 14 - 15

5 16.0 14

5 12.6 11 *

5 10.2 14

5 5.2 9 *

25 13.5 14

25 11.2 14 ,
25 18.0 14 — 1s '

Avicermirz marina Cametostemon uchultzii Rhizophora stgloaa

h   
{A1,36.5m x 20m _ I

131292 x 20m :1

  
 

DENSITIIES 01’ THE FIRST [0 TREES 0F E/ICI'X' SPECIES AT
(A) All Inclgaiva Heights

1‘“ 11.7m x 20m [

lm 25.5m x 20m I

 

     
 

   
(B) At E’u‘ Canopy Height

[M 4.5m x 20111 I

IN” 14m x 20111 I

 

 



  

RECORDER-‘2' Allmmy
”geracaugh
Halls

LOOUTON 47.5km

BANK L.}{.B.

 

‘ TREE NOT AT Canopy Ilaights‘
FXRST IO TRFES OF SPECIES

A? All Incluuiua [Nights
PIUT IO TREES OF SPECIES

AT Fox-act Canopy Height

 

 TOMKINSON RIVER
D4 TE]

  

ST}? '1' TON

 

 

OTHER PLANT SPECIES IN QUAI‘ICAI‘

1, 7, 8, 13, 18

14.2.77

T3

 

ICE!

  
’5’ Comptostermn ac’mltzii
'21" Hhinophom atylom
'II’ Avicennia marina   
 

   

 
- mam.

ITS/.755 ~ LOU—.—

5 30.0

25 11.0

25 16.4

25 15.5

25 15.5

25 {24.81

16.4

1e 26.3

1e 17.7

5 9.3

5 8.8

5 3.8

5 8.1

1e 23.4

1e 19.8

1e 8.8

1e 16.6

25 15.8

25 7.2

25 12.4

25 23.9

25 10.8

25 38.8

5 37.7

1e 33.9

5 15.7

5 5.3

1e 22.5     
Avicennia marina
    

£51," [

115 25.5m X'zom |

 

 

2|
 

   

HEIGHT (Men-ea D. 3.”. HEIGHT (Metres

Viaxul Encimt 5151175 {Or} Visual lint-mt

15 5 13.8 15
12 * 5 6.3 9

14 - 15 25 13.7 15
14 - 15 5 26.3 15
14 - 15 5 13.6 15
15 - 17 5 12.6 14 - 15

5 119.21 15
14 22.6
14 1e 13.8 15 - 17
11 * 5 16.7 15
11 * 5 23.5 17
4 * 1e 28.7 15

11 *
14 — 15
14 — 15

14
14 — 15
14 — 15
11 — 12 *

14
15
14
17

15 - 17
15 — 17
15 — 17

6 *

15 — 17 ”

Cametcstemon achultzii Rhfizophora utgloaa

. 1

 

        
DENSITIA'E‘S 0.“ THE FIRST [0 TREES OF EACH SPECIES AT
(A) All [minim Heights:

 

1m) 30m x 20m 1

(B) At the Campy Height

In) 25m x 20m [

 

   

A) 9.0m x 20m '

(3) 14.5m X 20m



RECORDERS A l lauay
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LOCATION 47 . 5km

BANK L.H.B.

 

 TOMKINSON RIVER   

 

 

TREE NOT AT Causpy Heightd
FIRST x0 TREES 0r SPECIES
X: All Inclusive Ileighca
nRST IO TREES or SPECIES
:11 Forest Canopy Height  

OTHER PLANT SPECIES IN CUMHCAT

1, 5, 7, 8, 13, 18

 

1147:.“ 13.2.77

523: Tiny T3

QUADRAT 5

 

KB!

’5' Camptoatawm achulcsifl
’za' Hhinophom acyluaa
'Ia’ Avicennia marina   
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Avicennia marinaWM...   

E13618 x 20m ll

§55109m 3;_20m !

   

 

     

 

HEIGHT (Henrca _ D.B.H. gigch'f—(Magregj
mfg Ewan“; .‘IQfiCIFS (0-,) Vzauu botum:

11 * 5 22.3 15
15 5 14.7 14 - 15
6 * 5 24.5 15 — 17
6 * 5 19.0 15
9 * 5 29.3 1 15
8 * 5 18.9 15
6 * 5 10.8 14 - 15
8 * 1e 11.8 15
6 * 1e 54.6 15 — 18
8 * 1e 21.3 11
9 * 1e 15.7 15

11 * 1e 7.8 11
11 * 1e 26.3 15

15 - 17 1e 28.3 15
15 - 17 1e 12.6 15

15 1e 21.5 15
15
15
15
15
15

18 _ 20
18 - 20
18 — 20
18 — 20
14 - 15
14 — 15

15 ”

nggmon cchultziih Rhichhora 5331090

1,?

   
55715177185 (31" THE FIRST 10 TII'E'ES 0F Elit'il' 35‘LL‘CKES AT
(5) All. Incluuiva h’uighta

lm 2m x 20m__ “ I

I‘m 20m x 2_0m I

   
(B) A: :hu Canopy Ilm'ght

En 3.5m x 20111 I

l”) 16.0m x 20; i



 

RECORDERS Allamy Mrs 1 1 . 2 . 77

   

 

 

 

     
 

 

    

   
  

              
 

 

 

 

8Mfimwwh TOMKINSON RIVER

L‘a I

LOCATION 56km 51.: Tim; T4

ANK R.H.B. OTHER PLANT SPECIES IN QUADR/‘IT .

3 1, 7, 8, 18, 19, 20 9“” 1

b mu m AT C‘mmpy lhlt'ghtu‘ KEI

nus-r x0 Taxes 0? SPECIES

A? All Inclusive Heights ’5’ Cmrptontcrnon achulcaii

IIPST xo TREES or srzcxss '21' Rhfizophqm atlfloaa

AT Fore-t Canopy Height ‘Io' AULCW‘LQ manna

711175155 :_D'B'Hl I 2:31:1- $253: aqua-s. 105:)”- fi:fl 5&1:sz;

5 23.2 14 - 15 5 21.3 15

25 44.0 18 — 20 25 15.5 15 - 17

5 23.9 3.0 * 25 14.8 15 — 17

5 23.0 14 — 15 25 8.8 12

5 24.3 14 — 15 25 19.2 14 - 15

25 19.4 14 - 15 5 26.4 15 - 18

25 27.5 broken off 16 36.0 15 - 18

5 24.2 broken off 1e 19.0 15 - 18

5 29.0 15 - 17 5 24.3 15 — 18

5 8.2 11 * 25 20.2 ‘ 15 — 18

25 21.4 broken offi 1e 28.4 14 ¢ 15

1e 13.5 11 * 16 29.3 12 — 15

1e 21.2 14 — 15 1e 31.7 14 - 15

25 10.3 9 — 11 * 1e 14.2 14 - 15

5 11.0 11 * 25 14.2 14 — 15

5 9.7 11 — 12 * 25 29.4 17

5 6.6 4 * 1e 24.2 14 — 15

5 4.8 4.5 * 16 7.6 ,6 - 8

5 15.2 14 - 15 1e 24.8 14 - 15

25 14.3 14 — 15 1e 25.9 15

5 23.2 15

1e 13.3 8 - 9 *'

s {42.8} 17 - 18

16.0

25 15.2 iroken off

5 30.2 roken off

25 34.3 18 _,

25 10. 7 ttroken off

Avicennia marina ’ “L60””Ewmm‘ lick-”$3755 Rhizuphora stgioaa

. 1':      

 

DENSITIIE‘S (7.“ THE FIRST [(7 TREES OF FAN? HEEL-7175 .‘QT

(12) All Inclusive 1111'th (I!) At the Canopy Height

M 46.0111 x 20m 1‘“ 9.5m X 20m J. W

In) 74.0m x 20111 l ‘13 29.5m x 20m I Its) 44m x 20m l

  



RE'C‘ORDERS

LOCATION

BANK

Allavay
Hgtrccoug’l
Ha I. la

56km

L.H.B.

 

' TREE NOT M‘ Canopy Iluightm
FKRST 10 TREES OI" SPECIES

1.1- All Invluaiva Heights
FIRST X0 TREES OF SPECIES

AT Fore“ Canopy Height

 

TOMKINSON RIVER   

 

OTHER PLANT .fFF’ECIEIS IN 1.1016101?

7, 8, 12, 18

  
 

1247'): 11.2.77

STATINN T4

Quuumr 2
1

X1?!

 
'5’ Cmptaatcmn schulcaii
'2.’ Rhiuop’wm stylona
'Il’ Auicennia run-ind   

 

TI’EL'J5'5

1e

1e

1e

1e
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H
H
H
H
N
M
H
M
W
M
W
M
W
W
H

(D
(
D
C
D
C
D
C
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U
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CD

 1e
  
E2 14m X 20m l

$5) 20111 X 20111 I

 

  

- 0.3.".

._J.CILL...a

32.
11.
30.
10.
8.
7.
3.

19.
9.
9.

10.
8.
6.
5.
6.

24.
19.
39.
13.
13.
30.
13.
35.
27.
26.
54.
14.   \

I
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N
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J
b
V
O
V
N
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N
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N
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N
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Avicennia marinaW

..—axn/I——s--—_  

 

          
 

lmxcur {Nechs 0.3.5. HEIGHT FMrtras1
Lu“; Sari-711:5 35>}E‘zSIES 10-») Visual Kati/mt;

14 — 15 1e {10.7} 14 — 15
14 27.5

14 - 15 25 25.0 15

5 30.1 15

8 ~ 9 * 25 34.6 15 - 18

5 24.9 14

25 36.3 18 - 20

14 25 14.6 12

8 * 25 23.8 21

8 * 25 14.0 12

6 * 5 31.5 15

6 * 5 40.6 15 - 17

4.5 * 5 21.8 15

6 - 8 * 25 49.7 18

6 * 5 23.5 14 - 15

14 25 47.3 18 - 21
15 ' 25 20.6 15

15 — 18 25 42.2 18 — 21

14 25 47.2 18 - 21

6 — 8 *

15 - 18
8 -k

15

14 - 15

15 — 17

braken trunk

14 ,

14 — 15 ' :
1

Camatoatemon uuhuLtsii Rhizophora atgloaa

h   
 

CENSI'I'IIE'S OF THE FIRST 10 T5355 OF EACH SPECIES AT

(A) All Inclgsiva Knight? (8) At the Canopy Height

”‘1 12.4m_§_20n1 _

Ln: 53m x 20m I

 

   

[H 55.5m x 20m I

'w> 57.5m x 293 '



RECORDERS

LOCATION

BANK

Allah‘ay

Hyarcaough

Valle

56km

R.H.B.

 

h TREE NOT AT Canopy ”flights

FIRST IO TREES 0F SPECIES

AT All Inclwiua Heights

FIRST IO TREES OF SPECXES

AT Parent Canopy Height:

 

 
TOMKINSON RIVER

  

STATION

 

 

OTHER PLANT .‘S‘I‘ECIES IIV CUAIIKAT

1, 8, 12, 18

047$

QUAORA

11.2.77

T4

 

  

K1?!

'5' Cmtaatcnvn schultzii

'Ze' Rhiaopl‘wm scylosa

’Ia’ Auicannia marina

  

 

7’56‘1 5'5
 

l
—
I
U
'
I
M
U
'
I
W
W
U
'
I
'
U
'
l
m
U
'
I
U
’
I
U
I
U
‘
I
U
'
I
N
t
-
fi

(
D

(
n
o

5
»
U
1
<
n

u
1
t
o

+
4
h
i
y
a

h
i
h
l
k
d
l
v

0
m

m
.
o

m
o

o
m

m

  
 

 

I
n

H
R
.
)

a

F
?

p
—
A

H
O
‘
C
O
‘
O
M
W
C
‘
W
‘
D
N
O
U
‘
I

H
O
O
N
M
O
W
O
O
Q
N
C
N
O
O
‘

£
>
P
a
i
d

#
4

27.0

W
W
N
V
U
‘
N
O
O
V
C
N
U
J
'
O

.
I
O
D
C
I
I
O
O
O
I

M
O
H
V
V
#
O
M
H
m
‘
D

h
i
£
>
U
1
5
4
U
I
F
J

   
Avidennid marina
m_.__~__¢_._

  

EA) 16.0m x 20m I

EM 55m x 20m I

 

  

 

14

8

4

6

8

6

11

11

11

11

14

15 -

15

15 -

15 —

14

 

HEIGHT (New-en

fimfllEth%

broken off

17

17

17

18

15

15

15

17

17

17

*
X
-
X
-
X
-
X
-
X
-
X
-

3
(
-

  
 

Cametoatemorz sclqutzii

-——«

 

  

 

        

0.3.5. H515“? (Metres

575,1.7IFS (94:) Visual Eat {1’16le

le 16.7 14

1e {32.4} 14

37.4

5 17.2 15 - 17

25 10.2 8 *

25 16.2 14

5 27.8 15 — 17

25 39.5 18

5 38.8 15 — 18

25 26.7 14 — 15

{39 .2

25 8.5 8 - 9 *

2s 4 . 0 broken

25 15.3 11 *

25 34.5 18

1e 63.7 21

25 21.5 15

25 {25.6} 14 — 15

18.7

25 22.7 15

25 24.0 14 - 15

16 33.2 15 — 18

1e 24.7 15 - 17

Rhizophora atylosa

 

DENSITIIES or THE FIRST [0 79555 0F EflCH SPECIES A7

(A) All Incluuiua Knights

 
(B) A: Md Canopy Height

In) 7.5m x 20m l

131 31.5m x 20m E

 

   

1M 36.5m x 20m I

la) 48.5m x 20m 1



RECORDERS A l Zawy

Myerscough

bio I. ll

LOCATION 56km

 

 

 

 

     
 

BANK L.H.B.

" TREE NOT AT Cavay ”sights

rinsr x0 TREES or SPECIES

A? All Incluaiua Heights

FIRST 10 Tkzss or SPECIES

AT Font: Canopy Height

Wrens :_ 0.3.71-

le 29.3

5 13.0

5 13.0

le 20.3

25 20.5

5 32.6

25 44.9

25 41.5

25 48.4

5 25.3

5 27.0

5 34.8

5 27.5

S 34.3

1e 27.3

1e 25.2

§ 8.7}

34.8

1e 21.2

(24.8}

8.8

1e 11.0

{24.5;

19.5

5 26.4

1e 23.7

1e 22.5

1e 28.8

Avicennia marina

   

M 17.5m x 20m

 

 
TOMKINSON RIVER

12473 11.2.77

 
 

STATION'T4

 

1, 8, 12, 18

 

OTHER PLANT SPFCIES 11V QUADIMT

QUA DRAT 4

 

K2!

'5' L‘ampeoatcmcm achulczit'

'2.’ flhiwphmm atylonu

'Ia’ Auicennia maria:   

 

HEIGHT (Metres "

zfimql Entiflutc oLfCIES

  

 

 

14 ~ 15

9 9:

9 — 11 *

14 — 15

15

15 - 17

18 - 21

18 - 21

18 — 21

15

15

15 - 17

18 - 21

15 - 17

15 — 17

17

14

14

15 - 17

15 — 17

15 — 17

15     
 ~——

DENSITHFS OF THE FIRST TO TIx'EES OF EACH SPECIES AT

{.4} All Inclusive might" (H) M £11.: Canopy Height

Lay 11.0m x 20m

25

25

5

5

5

25

25

25

25

.

      

Ccmgtosteman uuhuLtsi-i

 l

Em 24m ; 20m I lw) 55.5; ; 25; ]

 

Rhizophorrz atglosa
 

   

X
-
fl
-
X
-
X
-
X
-
X
-
X
-
X
-
X
-

18.2 14

15.2 14

21.4 I 15

40.0 15

34.8 15 - 17

39.0 15 - 17

26.8 15 — 17

{31.8}

44.9 17 — 18

64.5 17 - 18

1.7 3

2.5 3

6.3 6

2.8 4

2.0 3

8.5 8

7.7 9

8.5 9

4.2 3

13.2

{12.22 14

9.5



 

   

 

 
 

      
   

 
   

 
              
   

 

Allaway
RECORDERS 13:11:cough TOMKINSON RIVER 1747}; 12 . 2 . 77

LOCATION 56km STJ‘TION T4

BANK L.H.B ' OTHER PLANT SPECIES 1.1} QUANMT QUADAFMT 5

1, 7, 8, 12, 18

. 751:: um AT Canopy Height. [(21
FXRST xo TREES or SPECIES _ .
AT All Inclusive llcighta '5’ Cajrpeoatcnrm achultni
FIRST 10 TREES or spicnzzs '2a' Rhgxophqm aeglam
AT Fowl: Canopy Eaigh: 'Id' Auwauma manna

-... , ”'05.”. [TEREWTET . 0.3.11. 116mm (Magma;
~~“~'~’-‘».‘5 __ (m; > yin“: 54:79.4; spec”: (m) lmwfl. anmm

25 54-2 14 - 15 1e 29.3 15 — 17
5 4.8 6 * 25 23.5 14 - 15
5 9-6 6 * 25 18. 3 14 — 15
5 1-8 2-5 * 25 43.2 15 — 17
5 4-7 6 * 2s 41.4 15
25 {17.6} 12 — 14 1e 76.0 15

42-1 s 16.9 14
25 13.5 14 — 15 5 19.4 . 14 _ 15

25 16.9 14 — 15 5 17.3 15

25 22.5 14 - 15 {49.9}

5 10-5 9 * 5 6.6 15
1e 15.9 14 - 15 {20.5}

5 10- 8 9 * 5 22.3 14
5 19.6 14 ~ 15

1e 13.5 14 - 15

1e 7.7 9 *

1e 16.0 14 - 15

le 17.2 15 — 17

5 36.4 14 - 15

1e 21.1 15 — 17

1e 15.3 15

1e 21.2 15

1e 25.8 15 — 17

5 18.3 14

1e 13.1 11 *

5 20.0 14 - 15

5 22 .5 15 - 17
25 16.6 15 J

Aw_i_d_marina _ gmtc-stamon schuitsi‘i Rhizaphora utyloaa      
   

DENSITIIES OF THE FIRST IO TREES OF EACH 31111575 AT
(A) All Imluaiua Huiyhtfl (B) At the 5.91::py Height

EIZm x 20.11:— I luv 13m x 20m : Eu ..... l

1.“.26’“ x 20m I lm__ 36m x 201m l 1““ 23.5131} 20m I

 

 

  



 

Hauser 

   
”ORDERS Wells TOMKINSON RIVER W” 2-8-77

LOCATION 65km smmw T5

 

OTHER PLANT SPECIES 11V (.‘Lr’xh'Ylv‘flT
BANK L.H.B . QUADRAT 1

1, 7, 8, 18, 20
 

 

     

  

 
  

               
 

 

" TREE um M' Canopy Huighta K8!
FIRST TO TRYES 0P SPECIES

AT All Incluaiva [Nights ’5' Cmnptcutemn achultzit‘.
nus-r xo TREES or smtchs 'Za' Rhixophom atyloaa
AT Fawn: Campy Height 'Ia’ Avicmnia marina

7“"“3’5'5 -- M. 1.. [—15:33 53:15: 3min: 0'23)” 15:61.21 #:fifl

1e {65.8} 18
21.4

1e 53.3 18 — 20
le 98.0 18 - 20
16 102.0 15 — 17
5 31.5 17
5 21.3 6 *
5 40.4 17 — 18
S 20.2 8 *
5 31.8 15
5 27.8 15 - 17
5 13.2 9 *
5 17.8 15
5 21.3 15 v
5 28.4 17
5 21.2 18
5 38.0 17
5 31.6 14 - 15
le 21.3 17
1e 18.2 14 - 15
1e 20.8 14 — 15
1e 94.0 17
1e 14 . 7

10.5 15
16.7

18 27.6 15 - 17

Avm. C‘fl‘ii‘szifi schuLcnii Rhizophora ntglosa
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_..—_.....1. .

EM 10.5m x 20m , jun 29.0m x 20m 1 in 5.0m x 20m

E“) 39.0m x 20m I It“ 85.0m x 20m I '01 7.5m x 20m 1
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1, 3, 8, 13, 14
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QUADRAT 3
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'2" Rhixophom stylaaa
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Hyenooug’l
Volta

LOCATIO” 1 7 . 5km

BANK R.H . B .

" TREE “(71‘ AT Canopy Heights
FIFST 10 TREES or SPECIES
A? All Inclusive Heights
FIRST 10 mass or SPECIES
M‘ Forest Cmapy Height

0.3.”.
2736. F5 —-va-—

.25 -.. 8 . 9. -

.25 , 8.0
2§. .15.7
2.5. . ---7. . 3. .
25.. 3.1L.

.23.. .. .8.-.8 -.

.25 - , . Egg-9
5. .10 . 0

5 9 . 3

Le- . -23- 4...
le 3 . 8

1e . 16 . 8

111-.- 22..D_- .

1e, .13 .0

1e ,-9.. 8

.§---_- ‘13 , 7 .

1Q -. .. _.6-:..Z..

.13: .16 .2 .
16. 13 . 2

25- “1.0-3---

5 - ._-Z .- 8

le— - _-7 .77,

.5_ ..... ..-13L.0... -

25 4 . 9    
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Ea) 11.3m x 20m I
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’ D.B.H. HEIGHT Yuecrea

SPK‘CIES 10-2) Visual infant:

25 . 7 . 9 _. 9_-.:-- 1.1.-- *

. .25. .-]:.-8.-.-8...--14- -.,-_

1e -19 .0 -_ .111. M--.
-le. -14..-- .-1.4..- .. .
1e ..._12.-..0.. 14

.-Z$. --ll:9- -- 14

2 s 15. . 9 -.1-4...-__1_5_-

25 - .12.9 14
25 - .9 .9, .. “111-.“-

2.5 . 1.7 - 2. .-1_4-'_1§. .-
5 -6... 3 --_9-.---_ *

5. . 6.5 .9_ “'1 *

-5 .- ---6_4 - .9 _-. *

S -..-....48 -_§_ _.-

5 -44}.- --------§_ ...-4
S - 1-4.5 .-1.2_-__1.4

. 5... . -...19.._3_ - _.1...4.._.-

5., .1111; ,-l£-:.15

5 . 2.2..-.5 ...-_..1.5__.-
5 ---9-.5_ 14

.5..- 4.8.3 -..-1.5._-.
. 5 .. - 16-.8. 15

.. 5..-. “1.24.2. 14 ' 15    
 

Cam toatemon cchuLtzii

 

DENSITIIES 0:7 THE FIRST IO TREES OF EACH SPECIES AT

{A} All Irwlaaivc Heights (3) At the Canopy Height

f" 22.8m x 20m [ 

In” 73.0m x 20m I

Rhiaophora otyloaa
 

   
 

 
A) ‘5 .5m x 20m   

I‘M 18.5m x 20m l
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BANK R .H . B .

# TREE NU! AT Canopy Height

r1351 10 TREES or SPECIES

N! All Inclusive Heighta

PIES? 10 73:55 or spscxzs

M" Parent Canopy Height

D. 8. Il-

may -1011)...

2 s ., 1.9.. 7..

25 {17.6}

1 -.14 . 3

25- _19.3

5 ml 341)..

EL 6-..: ..7 , .

.2-” 1.1.91.0.“

2 s 29 . 8

s -11 . 2

3.3. - _1.Zi

25 . 7 . 2

25 . 7 . 2..

25_ lLL

2.5 {19 ., 8}

. . 2215

S.__ . 2 1 . 7

5....1. 16 . 2..-...

Le . 15 ..3 _,.

S 7 1 3 . 3

5 . -1 _ 1.11.2.....

5_.. -.2 . 8

,5. _ __,.. _17 . 4

L- _9 . 2 ___

S 1 1 . 6
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omen PLANT SPECIES IN ouwmr
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QUADRAT 4
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'21' Rhiaophora atyloua
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. D. 3.11. ‘ m

17.3 0 wmli.

11.31, .0. .. _ _--.1.4._ _

13.5.. _..1.4__.,-_.

.111;le .15 .. .._-

.1015. 1111:“1Z.*

13221.52. - .14... 7.12

. 2 2 ..8_ ..l.4.:._._1.5.

. .31 .9 --l§_.;_15.

.48.81 H-_115_flfl

{18.4 ..H__l4___‘.

. -6101 -.--.___ -

.-4 1 JL .,.l1.5_.;_1_'71

1146— _ -.__14 A

_.._.__ _W.._J

     
 

. 14___ 1e

14 . , 5

5

1.2__- 14 .111

_14_- 1e.

_.- .-...8__ * 111:.

..1.2.-_L4.- 1e

,._..1_4___.__- le

..,..14,. 1e

. 1__1_4 _ Je

1121:. 1.4.-.

11 — .12__ * 1e.

__.15L_....... ..1e.

12 — 14

14. .115_

14.._.:_.15 .........

H.141 _._ _

”-14.. . .1.

14.-11151- - -

__.1_4-___ ,- -

.14. .

.-12 *
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DENSITIIFS OF THE FIRST I0 TREES OF EACH SPECIES AT

(A) All inclusive Height: (8) At the Canopy Height

 

 
[W 56.0m x 20m

Inn 59.5m x 20m I
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H 12.0m x 20m
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BANK R.H . B .

' m m AT Canopy Height:
FIRST 10 TREES 0P SPECIES

AT All Inclusive Heights
FIRST IO TREES 0T SPECIES
M" For“: Canopy Height

YFEL‘IE“ __ am.8'1".

..5, . -,,.3.,_4.
”25 ,25.0

5 “l4, .0.
5...... ___6 . .3 ,
#5. 1.4. ,..0 .._- {11,31
2.5.- .25. :8 -
S , . ._6 .3

5 ”.8.5

-5.- ".8.0.

le 20.8
5 7 11 . 2.7

.275.-. «2.3312.

.25: -17.2

2 s .- 13 . 0
,_g__s__ .. 9.8»

2.5..- {liii}
._9-.3.

25 _8.8

2.5_ .15. ._4_,
2.5.- .49 . 9

5 _ _11 . 4

.5_- ~_..7 .9 -

5 7 .0

Avicennia marina
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mm: mm SPECIES IN QUADRAT

7, 8, 10, 13, 14, 15
QUADRAT 5

 

l3!

'5' Cmnptoatem achultxifl
'Zn' Rhiaophom stylaaa
'Io' Avicermia marina    
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[£ng Begin-1c

. .72.. ..

14

14

.1.4--.-.-15
W14- 
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5 _, . .16....6, ....1.4..:-.l_5_-
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1e .56.. ,2 .15. g. . -1§
.5_. ..17.,.5,__ ”1.4.. 1
5, _ 14.9.9... __~l4.-___._

_S.~__. - 1.6.3.7. ._ l4, 1. 15"

1e 30’. 0.. ' _ l4._=._15..

le -55. 3.8 .14._ —__._]‘..5.

1e 42 ..3._ -15. _:__1_?_

.1 e 39 . 2 -17.. .1184

1e. 69.0. H15,;_l§

1e. 12 . 5 - - _14_.__.

..1_€L .391... “LL.”
le._ “JAJ 14 : 15

___________ _.__-_.__4

_ - “W -__-____J

 

 

   
DENSITIIES OF THE FIRST IO TREES OF EACH SPECIES AT

(A) All Inchaiva Huightl (B) M: the Campy Height

[m 21.5m x 20m
 

I”) 40.0m x 20m I

  

      
Rhizaphora atyloaa
 

   
 

  M 9.0m x 20m

In) 11 5.7 g 55; l

 



*connms ‘ AlldI-‘ay
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5'9 1 19

LOCATION 22km

BANK L.H.B.

TREE Ntn‘ AT Canopy ”alight

 

 MUNGARDOBOLO CREEK
'nm- 12.2.77

  

anarm” M2

 

 

OTHER PLANT SPECIES IN QUADRAT

1, 6, 7, 8, 10, 13, 15
QUADRAT l

 

KB!

’5’ Canptaocemn ochultaii
'Zn' Rhizophom atyloaa
'Ic' Avior/mic marina    

  

     

 

HRS? Io TREES or SPECIES
AT All Inclusive Heights
FIRST 10 TREES 0F SPECIES

AT Forest Canopy Height

.16. 1.12.18- 12 7.1.15}
275 11.0 > 12 ._

12.5.. _ .14. . 7 1 2
.12-.. -2313 12..- 14

__... _ . 2.9.112 “.1.“
-2 .- .4. -5 . 4...: 5..
.5._ -...-.._57. 6
.5. -. _.4 . 7 -1 6.... _.

5 1.5.1 - .1 6. .

-25 - -52 -- .3. -__.
5 . 4 . 8 1 _ . .6
5 . 5 .5... ..6. ._-.
i". _§_._2_.... --8_. .-
s__ .8- s 6
Zs _.15..8 12
2_S. . 11-2. . -12 _-_
2s _10.-2. . _-...--1.2.-. ..__
.25.. .-11 .4. . .11. 1-12.-.
25 .5 .4 8. _-

. 25... ......4.5. _ __..._.8..-_.__ .
.2.s_ _ 5.4 ..-.,__6..-....-
.2.§_. __1.3 . 8 -11.-..- ...1.2 , .
12$“ _14 . 8. 1 _.ll_-:.. .12..

25 14 .6 12 - 14   
Avicennia marina
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1' —-——————-—-
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0.5.H. ngcnw TMcfreuJ
SPECIES 13-1) Visual 63mm:

25 20.6 11.1.27 1.4-
-le . {211;} .-.1§.._

26...7 -.. . _....

.19... 1.1 L61. ,1.2_ .1 1.4
.13 {1719} ._121:_l£.
.__.-- .1414 __-
s. 11.0- 11L;111
S . __7.87 11

s -.7.8_ 111:.12.
..5... 5.7 __ .11. 11
s ..9.3. ..11111-
5 - ..13.-.§. 4.2.1.11”:
.5._ 1-§.§- . -11-- 12
5 . 1.10,; ..-12 - 14

5 .1318_. 12
1e ._.1.9.._& 12 " 14
.16- _.l7...8__ _1Z,_:..l.4.
1e. ..._..7_._5_. 12 - 14

1 e [.19 . 9} -121-.-_.1_41

13.5.

1-1e .14 -8.. 11

s . _21111. 12 - 14 
        

DENSITIIE'S OF THE FIRST 10 TREES OF EACH SPECIES AT
(A) All {mlqaiva Height! (8) At the Canopy Height

 

l‘“ 8.5m x 20m
 

m 70.7m x 20m

 

Rhizaphora atyloaa
 

   
-__—.__...“

M '11.3mx20m I

I‘m 13:5mx20m I
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 MUNGARDOBOL0 CREEK  
 

 

 

' TREE "at AT Canopy Height
PIES? 10 TREES OF SPECIES

M‘ All Inclusive Heights
YIRST IO TREES OF SPECIES

N: For“: Canopy Height  

OTHER PLANT SPECIES IN QUADRAT

6, 7, 1o, 13, 14, 1s

 

'mrs 12.2.77

TA TITW M2

QUADRAT 2

 

m

'5’ Canptastcmcm achultzifi
'21' Rhisophom atylona
'h' Auicermfia marina   

 
 

 

.25 {.11. 2}

-.. 7,. 8

25_ - 2.

16.3

 

   

halal Egtinnt.

. W121.--”

0.3.".
SPECIES -1211...—

_ 1 e ._2.1...5
_2s ,15 ._4

5. _-_20. 3.

-5... . “141.0.

25 - 11.1

26. .._1.66
-5.“ ._19+2..

25 . 18 .2 .

25 12 . 3

-25... {.1
,. 10. ~13

-5 .. , .14 ..4. .

5 . "13.67,

 

Imxcu'r (Matreu)

12.1.14

12 — 14

. 12

12 - 14
12

8

---- _.J..4___..

_11 -.... 12.

......._.__. _.__‘

 

 

 

    

_1é. ..__51.5.-.
25,. ._23 . 3

.25. , “13 .5

.5“- _16,0-
1e 641.31

14.3?
12 2

Avicennin mariha

- D_g,y_ HEIGHT (Metreai
WECIES L Visual Eatflmn

1e $231.6] __- -_ _ _
11_:_()‘ 12“: 14

.12 ._2 - ._. .. -

jg .Wgé_ 13:31
.25. .-.1.2_._2_.. 1f? _..

._]_e-_ 13_._6_. _ -_ 12...»
1e 22.5- ......_l.1-.--... *

5 112.4 ..JJ_:_lZ

5 .m12.4; Ll_:nléL

.5- _ 14.0 ___.__.1.4

5 -14111 .-12 - 14.
1e 3.6.1.6. , ..-__1,-

__ _ 1104.3 11 - 1.2.

W ...5. _ _____

1e. .- 101.5; 9

1e --.1..§._-_1_ - _1.1_.'_13,
,1 e.. "11.3...8. ..._1_l._;_1_2_~
1e. _ 30.8. .._._l_41_..-.

19. {2.7.1.8.} . . 12 ' 14
. -..8_..3.  

    
En 51.0m x 20m I

[In 55m x 20m l
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Can tostcmon achuttzii«~————-——~q

 

DENSITIIES OF THE FIRST IO TREES OF EACH

(A) All Inclusive Heights (8) At the Canopy Height

'1'” 20.5m x 20m '

m 21.5m x 20m

 
 

 

 

 

 

 

  

       
SPECIES AT

 

Rhizophora atylaaa
 

   
 

 
A) 1'0.0m x 20m   



 

 MUNGARDOBOLO CREE K   

 

(71778}? PLANT SPECIES IN QUADRAT

6, 7, 11, 13, 14, 15

  

.17.47:: 12. 2. 77

STATm” M2

QUADRAT 3
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'5' Cmrptoneem Ichultsifl
'20' Rhilcphom styloaa
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350030535 ' “zany
Mjaracoug’l
Fella

LOCATION 22km

BANK R.H . B .

F rm: not A? Canopy Height;
FIRST 10 TREES OF SPECIES

111‘ All Inclusive Heights
PIPST 10 TREES OF SPECIES

AT Forest Campy Height

0.87”-
TPEC'IE‘S __ (ml

"1e - _ 3 .,2_

.2 s 4 . O

52.5.. __ 5 . 8

.25-.. ___8..5

._2§ . .._.1518_

_5.- - .12....5 .

.-____ . .§ .0

_2.5. . - 5 .8

2 s - 14 . 2

Jigs--1242-

25 12 . S

2 s . . 1 1 ..0., .

.lfi... - _6 “9.

.lg- .-6.0

.le ....6..5

...J._e_.. 5 .4.

1e“ ._Z.6--..

Jew .. -.5...-.0

1e _3 . 8

._1_:e_ . ALL-

.19. _ .3 2

25.. , - 8 . 5

7.23 - ...20.5 -
25 15 . 3

Avicennia marina
    

E“ 17.5m x 20m -,
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“F0“ (Magma) . D_B,H 1113mm- (Met-r985
Wm #5055 jam) Vtaual Baum:
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-1; .-.. .14 25 . 12.18 __ _1.4__ -
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L. .11_ - - * 5 __ .9...8 wuL- *
_ --14.. 5 10.9.-. ..-1.4__.

44_____ .16. .. 71 .0 . __.15__r-_18-

-- __1.4 ...... 5 13-6 ,. .44.--
-14..... 5.- 2.2.2 ....1.4_ - 1.5
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. 8 - .5.w ~-22.5. -4
.8 . * 5... 19.6 14 - 15

.. . ....-8..__~ * 5 .13 L2. 14.: 15
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-”14 .le. -15,2_ 14

-__-... 14. __-__. m.
14

1

Cam toscsman schuLtzii Rhizophora atyloaa 
 

DENSITIIES OF THE FIRST I0 TREES OF EACH SPECIES AT

(A) All Inclusive ”eight! {8) At the Canopy Height

(A1

(3) 116m x 20m

 

 

   
 

A)
 23m x 20m

  

ll“ 52m x 20111 I
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5, 6, 8, 10, 11
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BANK L . H . B .

b In: m AT Canopy Iicighea
FIRST 10 TREES or SPECIES
A? All Inclusive Heights
rxasr to TREES or SPECIES
A? Parent Canopy Height

spurs _3m.a.lfl. ‘
le 3.3..

le 4 . 9

1.e. . .- 7 . 3
.le __4 .6

le.- .10T8_

13,- {42 . 7 _

5. 10 . 0

5 .19 .4

..5 -_ .-1_Z_lt-.
5 11.3

5-, 15 .0.

25-- 424-9--

5__ -22.7

1e . 8 . 2

5--.-_ __..12 . 2

5.-.. .1225

S..- - ...-3.8 -,

25 ..6 . 5

5 .- - L- 1+4

,1_e_._ 14- 0
2.1-- -1.7.. 8

25— «1412
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Avicennia marina
    

5’ 53.0m x 20m I
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DENSITIIES OF THE FIRST I0 TREES OF EACH SPECIES AT

(A) All Inclusive Heightn (B) At the Canopy Height

I‘M 23.0m x 20m 1

m 61.5m x 20m
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Mycraomqh MUNGARDOBOLO CREEK
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LOCATION 22km
STA 1"an M2

BANK L H B OTHER PLANT SPECIES IN QUADRAT UA RAT 5

o . c Q 0

5, 6, 7, 8, 10, 13, 14,

5 Tan: um- “ Canopy Heights 15 K8!
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nns'r m “was or SPECIES :zn' Rhgsophgm atgzoua

A1 Pom-t Canopy Height Ia’ Avwcrmw mam-m
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Introduction

A survey of mangrove communities across a wide area of northern Australia

was commenced in 1975. To date, seventy-seven tidal river and creek systems

have been examined, most of them at least twice. The survey area (Fig. 4.1)

extends from the Kimberleys in the north-west of Western Australia, around

the coastline of the Northern Territory to and including rivers and creeks

entering the western and southern shorelines of the Gulf of Carpentaria.

It is the purpose of this paper to report primarily on the distribution of

mangrove species in the survey area, and on the highest water salinities

recorded for each species. Some comments are also included on the shade

tolerance of different“species based on extensive field observations.

Details of variation in density, girth and height of a number of mangrove

species in different types of tidal rivers will be given in a series of papers now in

preparation. Brief descriptions of fringing riverside mangrove vegetation

_ along many tidal waterways in the study area have already been given in a series

of monographs (Messel et al., 1979).

Twenty-five species of mangroves were recorded in the Northern Territory,

although one, Nypa fruticans, occurs only at one site on Melville Island.

FOurteen species were recorded in the Kimberley region of Western Australia

(Wells, 1981a). An additional species, Scyphiphora hydrophyllacea, has been

reported in this area by Semeniuk er al. (1978). One species, Avicennia

officinalis, has not been recorded previously in Australia. Bruguiera

sexangula, Ceriops decana’ra, Ceriops tagal, Rhizophora apiculata and

Sonneratia caseolaris are previously unrecorded in the Northern Territory, and

Xylocarpus granatum has not been recorded previously in Western Australia.

Survey area

The area surveyed (Fig. 4.1) included several types of tidal river and creek

systems. Rivers showing major structural control of drainage were covered in

the north-west Kimberleys of Western Australia and parts of the Cambridge

Gulf-southern Joseph Bonaparte Gulf regions of Western Australia and the

Northern Territory. A detailed discussion of mangrove ecology and deltaic

estuarine geomorphology for the 0rd River (which lies within the survey area)

is given by Thom et a1. (1975). Other rivers entering Hyland and Anson Bays

(N.T.) in this region meander across alluvial floodplains. Included also are the

relatively short tidal river systems along the north coast of Melville Island

(N.T.), the long meandering river systems flowing across the extensive alluvial

floodplains that drain into Van Diemen Gulf, the admixture of drowned river
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valley systems and meandering rivers that occurs across the north coast of

Arnhem Land (N.T.) and the relatively short tidal rivers that enter the western

shores of the Gulf of Carpentaria. Within the survey area, the estuarine tidal

portions of rivers draining the north-west Kimberleys experience a semi-

diurnal tidal range of up to 11 m whereas rivers at the other extremity of the

study area (western shores of the Gulf of Carpentaria) normally experience a

diurnal tidal range up to 1.5 m.

Drainage basin characteristics, tidal ranges, currents, salinity regimes,

climatic patterns and the variety of substrates suitable for colonisation and

seedling establishment are considered to be major factors influencing the

present distribution and abundance of mangrove species in the survey area.

Methods

The tidal river systems were surveyed from the University of Sydney’s 21 m

research vessel. A 5.5 m boat was used for work within rivers. All navigable

tidal waterways in the river and creek systems in the survey area were examined

and lists made of the mangrove Species present. Mangrove swamps on the

majority of rivers within the area were also surveyed from the air.

Locations were marked on maps prepared from aerial photographs

(accurate to i 0.1 km). Quadrats 100 m long and 20 m wide—or the maximum

width of the mangrove forest if it was less than 20 m —— were located on both

banks at 2.5 km intervals on each tidal waterway. Within each quadrat,

mangrove species were listed and their percentage cover assessed.

High and low tide salinity profiles were normally taken in the tidal waterway

adjacent to each quadrat location. Measurements were made at the surface,

midwater and bottom using an Autolab (Model 602) salinity/ temperature

bridge. Surface salinity was also measured with a refractometer (American

Optical Co.). Up to three Foxboro tidegauges were used simultaneously on the

various rivers in order to record tidal information.

Identifications were based on keys for mangroves in eastern Australia

(Jones, 1971), in Sarawak, Malaysia (Chai, 1972, 1973) and in Sabah, Malaysia

(Fox, 1970). Mangroves collected have been deposited at the Herbarium

Australiense (Canberra), the John Ray Herbarium (University of Sydney) and

the Northern Territory Herbarium (Darwin).

Regional distribution

Within the survey area, five broad biogeographical regions were distinguished

on the basis of changes in species number, climate and geomorphological

features. These regions are shown in Fig. 4.1.

Region 1: North West Kimberley Area.

This region is characterised by an extremely rugged coastline and a large tidal

range of 8-11 m during spring tides. The lack of suitable sites for colonisation

by many species is accentuated by steep topographic gradients along the banks

of a number 'of coastal river systems. Rainfall (1000— 1250 mm annually) is

strongly seasonal, all falling during the summer monsoonal wet season. For the



regions into which it was divided
Map of northern Australia showing the survey area and the biogeographicFig. 4.1.
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Table 4.1 Distribution of mangrove species in Biogeographic Regions of the

 

 

survey area.

Family Species Region Region Region Region Region

1 2 3 4 5

Acanthaceae Acanlhus

i/icifo/ius X X X

Avicenniaceae Avicennia

marina X X X X X

Avicennia

offlcinalis X

Bombacaceae Campmstemon

schullzii X X X X

Combretaceae Lumm'lzera

[illorea X X

Lumnilzera

racemosa X X X X X

Euphorbiaceae Excoecaria

agallocha X X X X X

Meliaceae Xylocarpus

granatum X X

Xylocarpus

auslralasims X X X X X

Myrsinaceae Aegiceras

corniculalum X X X X X

Myrtaceae Osbornia ‘ . ‘

ocrodonla X X X X X

 

remainder of the year the climate is arid. Local climatic factors thus may

influence the number of mangrove species colonising this area.

Fifteen species of mangrove have been recorded in this region (Wells, 1981a;

Table 4.1.). Monospecific stands of Bruguiera are noticeably absent from this

region. The occurrence ofXylocarpus granatum
amongst the fringing riverside

vegetation in the upstream reaches of the Prince Regent River (Wells, 1981a) is

unusual and obviously reflects local site conditions; this part of the river

remains brackish for most of the dry season. Xylocarpus granatum was not

found at any other site in the Kimberley region.

Region 2: 0rd River-Victoria River Area.

Straddling the Western Australian-Northern Territory border, this region,

with an annual rainfall of 750-900 mm, is more arid than Region 1. The

extremely seasonal rainfall pattern is likely to be a major factor influencing

species diversity (Fosberg, 1975).

A total of thirteen Species were recorded from this region (Table 4.1). Twelve

Species were found in the 0rd River system (almost twice the number

previously reported by Thom et 01., 1975), and ten and eleven species were

recorded respectively in the Victoria and Fitzmaurice river systems.
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Family Species Region Region Region Region Region

1 2 3 4 5
 

Plumbaginaceae Aegialilis

annulata X X X X X

Rhizophoraceae'Bruguieia

exart‘slala X X X X X

Bruguiera

gymnorhiza X X

Bruguiera

parviflora , X X

Bruguiera

sexangula

Ceriops

decandra

Ceriops raga!

var. auslralis X X

Ceriops tagal

var. Iagal

Rhizophora

apiculara

Rhizophora

stylosa X X

Rubiaceae Scyphiphora

hydrophy/lacea X

Sonneratiaceae Sonneralia '

alba X X

Sonneraria

caseolaris

X K

X
X

X
X

X
X

X
X

X

X

 

Region 3. Daly River-Gove. ’

This region has the highest annual rainfall (1100-1600 mm) of the five

regions in the survey area. Although rain is restricted to the summer wet

season, conditions over the remainder of the year are considerably less arid

than in other regions within the survey area.

Although a total of twenty-four species were recorded for this region (Table

4.1), only 15-20 commonly occur within most tidal waterways. The greatest

diversity (18-20 species) was found in Arnhem Bay where the tidal reaches of a

number of tributaries feeding the bay remain fresh or slightly brackish

throughout most of the year. The low salinity of these rivers affords greater

scope for colonisation by species with a low tolerance to high salinity.

Region 4. Gove-Limmen Bight River.

This region of the coastline can be considered seasonally arid, with

considerable evaporation during the latter half of the dry season. Annual

rainfall is 750-1000 mm.

Sixteen species have been recorded for this region (Table 4.1), but two of
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these, Camptostemon schullzii and Bruguiera parviflora, were found only on

the Limmen Bight River. Most tidal waterways in the region have 8- 13 species.

The extreme aridity and increasing latitude of this section of the coastline may

account for the less diverse mangrove flora of this region.

Region 5: Limmen Bight River-Calvert River (Northern Territory/Queensland

Border).

This is the most arid of the five regions within the survey area, receiving less

than 750 mm rainfall annually, most of which falls during the summer wet

season.

V Eleven species were recorded in this region (Table 4.1), though more

commonly only 7—9 Species were found in a given river. As in the previous region,

the extreme aridity is probably the major factor limiting the number of species.

About 25 species of mangrove are found in the region of Cairns at a similar

latitude on the moist, humid east coast of Australia (N. Duke, personal

communication, 1979).

Species distribution and ecological features

Acanlhus ilicifolius L. (Family Acanthaceae)

Acanthus ilicifolius occurs as a small Sparsely branched herb or small shrub,

1-2 m high. It has a restricted distribution in the survey area, being found on only

41 of the 77 tidal waterways examined.

This species is commonly found colonising accreting portions of river

meanders. On such sites, it may form a monospecific understorey within pioneer

stands of Sonneratia alba, Avicennia officinalis or Avicennia marina. Acanthus

ilicifoliw: is frequently observed amongst understorey of fringing riverside

vegetation along tidal waterways particularly along portions of rivers that remain

brackish for a considerable period of the year.

The species tolerates up to 7 months’ inundation by freshwater annually but is

frequently observed along banks of tidal waterways that become hypersaline at

the end of the dry season. Within the survey area, A. ilicifolius was found in

arm inundated by waters of salinity up to 65 parts per thousand.

Australian distribution. The southernmost limits of distribution reported for A.

ilicifolius are the Daly River (13° 10’ S, 130°14’E) on the west coast of the

Northern Territory and St Lawrence, Qld (22° 15 ’ S) on the east Australian coast

(Jones, 1971).

The species has not been recorded south of the Walker River (13°35 ’ S,

"135°53 ’E) on the east coast of the Gulf of Carpentaria (N.T.). It occurs at least

as far south as Weipa (12°40’ S, 141°50’ E) on the eastern shores of the Gulf of

Carpentaria, but is not abundant there (L. Love, personal communication,

1978). Saenger and Hopkins (1975) found the species at Tarrant Point (17°23 ’ S,

‘ 139°25’E) in the south-eastern portion of the Gulf of Carpentaria.

A closely related Species, Acanthus ebracteatus Vahl., has been reported once

in Australia, 'at King River near Wyndham (15°30’S, 128°05’E) in Western

Australia (Semeniuk et 01., 1978).
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Aegialitis annulata R. Br. (Family Plumbaginaceae)

5 This species grows as a herb or small shrub of up to 3 m height. Itis widely

- distributed throughout the survey area and was found on 71 of the 77 tidal

waterways examined.

Aegialitis annulata is frequently observed on rock/mud substrate in estuarine

locations, particularly around headlands. It occurs as a shrub in mixed

associations of Avicennia marina, Excoecaria agallocha, Lumm’tzera racemosa

and Ceriops tagal var: australis in the more landward, less frequently inundated

zones. It may also occur as a monospecific community, principally on sand/mud

. substrates within estuaries. Aegialitis annulata - often occurs as a carpet-like

understorey beneath Sonneratia alba on consolidated muds in the Kimberley

area of Western Australia and within Darwin and Bynoe Harbours. It is

common as an understorey amongst fringing riverside vegetation (sometimes in

association with Avicenm'a marina) in tidal waterways that become hypersaline

by the end of the dry season. It is also often observed as a stunted shrub (height

5 0.5 m) on the periphery of saltpans.

Aegialitis annulata appears intolerant of long periods of inundation by

freshwater and normally occurs only on substrates that are inundated by highly

saline waters for most of the year. Within the survey area, the species was found

in areas inundated by waters of salinity up to 85 parts per thousand.

Propagules of A. annulata are dispersed easily by the tides and colonise sites

with high light intensities. Seedlings do not appear to survive in heavy shade. A

dense seedling cover is often observed along riverbanks of hypersaline

waterways.

Australian distribution. The southernmost limits of distribution reported forA.

annulata are at Exmouth Gulf (21°53 ' S, 114°22’ E) on the west Australian coast

(Semeniuk et al., 1978) and Fraser Island, Qld (25°30’ S) on the east Australian

coast (Jones, 1971).

Aegiceras corniculatum (L.) Blanco; (Family Myrsinaceae)

This species occurs as a shrub, up to 5 m high. It is particularly widespread and

was found on 71 of the 77 tidal waterways examined.

~Aegiceras corniculatum is frequently observed as understorey in fringing

riverside tree associations along tidal rivers. The species colonises consolidated

muds and may also form groves at the landward edge of swamps, particularly

along portions of rivers that remain brackish for long periods during the dry

season. In upstream areas of tidal waterways that become hypersaline by the

end of the dry season, A. corniculatum may form an association with

Sonneratia alba on soft unconsolidated muds, forming impenetrable thickets

beneath the Sonneratia tree canopy. Aegiceras corniculatum forms

associations with most mangrove species. It tolerates a wide range of

_ environmental conditions, and can withstand up to 9 months of flooding by

freshwater. It also occurs frequently in hypersaline waterways. Within the

survey area, the species was found at sites inundated by waters of salinity up to

67 parts per thousand.

Dense crops of seedlings are often observed under mature shrubs fringing
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tidal waterways. The seedlings appear intolerant of heavy shade, but odd

shrubs may occupy sites within the inner mangrove zones if the canopy is

broken. Seedlings often establish along the exposed inner margins of mangrove

swamps.

Australian distribution. The southernmost limits of distribution reported for

A. corniculatum are at Cossack (20°1’S, 117°12’E) on the west Australian

coast (Semeniuk et a1., 1978) and Merimbula, N.S.W. (36°53 ’ S, 149°55 ’ E) on

the south—east coast of N.S.W. (P. Weate, personal communication, 1978).

A vicennia marina (Forsk.) Vierh. Syn. A. eucalyptifolia Zipp ex Miq. (Family

Avicenniaceae)

This species occurs as a tree (canopy height 5 25 metres) to small shrub

(canOpy height 5 1 metre). It is widespread, being found on 76 of the 77 tidal

waterways examined in the survey area.

A vicennia marina often forms a monospecific pioneer community on newly

accreting mudbanks in estuaries. It may also be found in a mixed pioneer

association with either Sonneratia alba, Camptostemon schultzii or both.

Avicennia marina forms associations with all mangrove species but more

commonly with Rhizophora stylosa and Camptostemon schultzii along

riverside fringes. It also occurs in association with Ceriops tagal var. australis

and Excoecaria agallocha in less frequently inundated, more landward sites,

and with Aegiceras corniculatum in many upstream areas of tidal rivers that

remain fresh for most of the year.

A vicennia marina also forms a paired association with Aegialitis annulata,

typically in areas that are inundated infrequently. This association sometimes

occurs as a fringe in rivers along the southern coastline of the Gulf of

Carpentaria. It may also form a near monospecific woodland in the most

landward mangrove zone where tidal inundation is infrequent and soil

salinities rise to values greater than 70 parts per thousand by the middle of the

dry season. ‘

The species tolerates a wide range of environmental conditions. It has been

observed growing in sites that are inundated by freshwater to a depth of over In

for upto 3 months of the year. Within the study area, A. marina was found at

sites inundated by waters of salinity up to 85 parts per thousand, and it

probably tolerates even higher water salinities.

. The propagule is dispersed by the tide. Seedlings initially establish

throughout the mangrove forest in the wet season but most subsequently die

apparently due to low light intensity on the forest floor. Other seedlings may

initially colonise bare mudflats during the wet season but most die during the

dry season. Successful seedling colonisation is most noticeable on bare muds of

accreting banks and within the more landward mangrove zones.

Australian distribution. The southernmost limits of distribution ofA. marina

in Australia are at Bunbury (33° 16' S, 115°42’E) on the west Australian coast

’ and on the south-east Australian coast at Corner Inlet, Vic. (38°45 ’ S,

146°30'E), the southernmost limit of mangroves in the world.
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Avicennia officinalis L. (Family Avicenniaceae)

The growth form of A. officinalis varies from a shrub to small tree with a

canopy height up to 7 m. The species is restricted in distribution and was found

on only 15 of the 77 tidal waterways examined.

Avicennia officinalis colonises soft muds along banks of rivers in Region 3

, (Fig. 4.1) that remain brackish for most of the year. There it is found

frequently on accreting convex parts of meanders where it occurs as a pioneer

shrub, often with Sonneratia alba. The understorey in this association is

normally provided by Acanthus ilicifolius.

. The restricted distribution of this species is unusual insofar as it is absent

from many portions of river systems in the same latitudinal belt which appear

to provide suitable habitat for colonisation. Seedlings ofA. officinalis colonise

bare mud on accreting portions of river meanders. They appear intolerant of

shade and have not been observed amongst the understorey of fringing

riverside vegetation on tidal Waterways. Within the survey area, the species was

found in areas inundated by waters of salinity up to 63 parts per thousand.

Australian distribution. This is the first record of this species in Australia. The

restricted distribution ofA. officinalis in terms of tidal waterways and the area

surveyed and the habitat it occupies suggest that this species is at the southern

limits of its geographical range. That it does not occur in rivers entering the

north coast of Melville Island is also unusual as the species is quite widely

distributed throughout South-east Asia (Chai, 1973; Chapman, 1975).

The species was not recorded west of Buffalo Creek (Shoal Bay, near

Darwin), N.T. (12°20'S, 130°57’E) or east of the Clyde River (12°16'S,

135°03 'E) in eastern Arnhem Land.

Bruguiera exarzlstata Ding Hou (Family Rhizophoraceae)

This species grows as a shrub to tall tree of up to 12 m in height. It is

widespread throughout the survey area, being found on 64 of the 77 tidal

waterways.

—In the northernmost parts of its range in Australia, B. exaristatalis found

frequently along the riverside fringe in mixed association with other species. It

sometimes occurs as monospecific stands but more commonly forms

associations with Bruguiera parviflora, Bruguiera gymnorhiza, Ceriops raga!

var. australis, Avicennia marina, Rhizophora stylosa and Camptostemon

schultzii. It is sparsely represented in Ceriops dominated thickets.

Bruguiera exaristata normally colonises well drained sites that are regularly

inundated by tides. It appears tolerant both of long periods of inundation by

freshwater and of hypersaline conditions. Within the survey area, the species

was found in areas inundated by waters of salinity up to 72 parts per thousand.

' The light, relatively small propagules are dispersed by tides or floods. They

quickly establish on muds throughout mangro’ve forests in the wet season but

many seedlings within the forest die, probably due to the low light intensities on

the forest floor.
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wtralian distribution. The southernmost limits of distribution reported for

‘5; , exaristata in Australia are at Cossack (20°41 ’S, 117°11’E) on the west

figfiustralian coast (Semeniuk et al., 1978( and St Lawrence, Qld (22°15 ’S) on the

flfist Australian coast (Jones, 1971). The species is reasonably well represented

'f‘within these limits except along the west Australian coastline, where it is

. uncommon.

Bruguiera gymnorhiza (L.) Lamk. (Family Rhizophoraceae)

The growth form of this species varies from a shrub to a large tree of up to 18

min height. It was found on 32 of the 77 tidal waterways examined.

'Bruguiera gymnorhiza is frequently observed in backswamp areas that are

inundated by spring high tides. The species occurs in association with most

mangrove species and in particular with Rhizophora Sty/05a, Rhizophora

apiculata, Bruguiera exaristara, Lumm‘tzera racemosa, Camptostemon

schultzii, Xylocarpus australasicus, Avicennia marina and a strand plant,

Diospyros ferrea var. humilis

Bruguiera gymnorhiza is often abundant amongst the fringing vegetation

along portions of tidal waterways that remain brackish for considerable

periods of the year. It occurs most frequently on rock/mud substrates and on

well drained soils having a high sand content, but may also occur on poorly

drained soils. In estuaries, B. gymnorhiza may occur towards the landward

edge of mangrove swamp, particularly in areas that receive considerable

freshwater seepage throughout the year. It shows a preference for lower

salinity sites and can tolerate up to 9 months of flooding by freshwater.‘ Within

the study area, the species was found in areas inundated by waters of salinity

up to 37 parts per thousand.

The propagules are dispersed relatively easily by the tides and appear to be

shade tolerant. Seedlings frequently regenerate in areas where tidal inundation

is infrequent. Seedlings of Bruguiera gymnorhiza have not been observed

colonising sites beneath the canopy of mature trees of their own species.

Australian distribution. In the present survey, B. gymnorhiza was not recorded

west of Darwin, NT. (12°25 ’ S, 130°48 ’ E), but occurred eastwards of there to as

far south as the'Rose River, N.T. (14°17’S, 135°44’E) in the Gulf of

Carpentaria. On the eastern shores of the Gulf of Carpentaria, it has been

reported as far south as Tarrant Point (17°23’S, 139°25 'E) by Saenger and

Hopkins (1975). Along the east Australian coastline, the species has been

recorded south to 29°25’S, 153°21’E on the Clarence River, N.S.W. (W.

McCormick, personal communication, 1978).

Bruguiera parvzflora (Roxb)W. & A. ex Griff. (Family Rhizophoraceae)

The growth form of this species is variable, ranging from a shrub to a tree of

up to 14 rn in height. It was fOund on 56 of the 77 tidal waterways examined.

Bruguiera parviflora often forms monospecific stands 'in mangrove zones

that are not' frequently inundated. It may occur in mixed associations,

principally with Bruguiera exaristata, Rhizophora stylosa, Rhizophora
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  apiculata, Ceriops decandra, Camptostemon schultzii and A vicennia marina.

? The species is also found as isolated small trees or shrubs amongst fringing

. riverside vegetation on rivers that are of seawater salinity or higher by the end

of the dry season. Monospecific stands on consolidated mud substrate have

' been observed at sites mainly inundated by brackish water and also on sites

,1 inundated by seawater for most of the year. The species thus appears to be

. tolerant of a wide range of salinity and has been found in areas inundated by

' waters of salinity up to 66 parts per thousand.

‘ The propagules are dispersed by the tide. This species quickly establishes

itself in cleared or open areas of forest or at sites along the riverine margins of

the forest where ample light penetrates to the forest floor.

Australian distribution. The southernmost limits of distribution reported for

B. parviflora in Australia are the Sale River (15°57 ’ S, 124°33 ’ E) on the west

Australian coast (this study) and Proserpine, Qld (20°30’ S) on the east

Australian coast (Jones, 1971).

The species does not appear to be abundant on the southern or eastern shores

of the Gulf of Carpentaria. Neither Saenger and Hopkins (1975) nor Specht et

al. (1977) report the species at Tarrant Point (17°40’ S, 141°50’E), and Weipa

(12°40’S, 141°50’E), respectively, in the Gulf of Carpentaria, but specimens

have been seen recently by the author at Port Musgrave (12°00’ S, 141 °54’E),

65 km north of Weipa.

Bruguiera sexangula (Lour.) Poir. (Family Rhizophoraceae)

This species occurs as a tree up to 12 m high. It is not common, being found

in only two of the 77 tidal waterways examined.

On the Cato and Peter John Rivers in Arnhem Bay (N.T.), B. sexangula

occurs within the fringing riverside vegetation in mixed association with

Rhizophora stylosa, Camptostemon schultzii, Bruguiera parviflora and

Avicennia marina over a wide range of sediment types and tidal regimes.

Bi-uguiera sexangula was found at sites inundated by brackish water at the end

ofvthe dry season and tolerates long periods of inundation by freshwater. This

species seems to prefer low salinity conditions and was not found at sites

flooded by water with a salinity above 33 parts per thousand.

Australian distribution. Bruguiera sexangula is previously unrecorded in the

Northern Territory (specimens which were labelled B. sexangula in the NT.

Herbarium, Darwin, are B. exaristata).

Within the survey area, the species was recorded only on the Cato and Peter

John Rivers in Arnhem Bay, N.T. (12°15’S, 136°21’E).

On the eastern shores of the Gulf of Carpentaria this species has been

recorded south to 12°00' S, 141°54’E at Port Musgrave (Wells, 1981b) while

on the east Australian coastline, B. sexangula has been recorded south to

18°15'S at Hinchinbrook Island, Qld (N. Duke and J. Bunt, personal

communication 1979).
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Camptostemon schultzii Mas. (Family Bombacaceae)

The growth form of this species varies from a shrub to a large tree, of up to

25 m in height. It is widespread, being found on 63 of the 77 tidal waterways

examined.

Camptostemon schultzii occurs in association with most mangrove tree and

shrub species within the survey area, often on well drained sites. It frequently

forms an association with Rhizophora stylosa and Avicennia marina as

fringing vegetation along tidal waterways.

On accreting mudbanks to seaward, particularly in the Kimberley area of

Western Australia (Region 1, Fig. 4.1), C. schultzii may form a pioneer

association with Sonneratia alba (ca
nopy height 5 8 metres). Such an association

is unusual for Camptostemon. This species normally prefers to colonise well

drained soils at sites that are inundated only by spring high tides. However, on

the extensive gently sloping mudbanks of many of the embayments of the

Kimberley region (Wells, 1981a) (particularly Port Warrender) the species is

inundated up to twice per day by tides of up to 8 m that allow high tide waters to

inundate all but the upper portions of the canopy of this association.

Camptostemon schultzii is quite common in estuarine localities and along

the banks of hypersaline waterways. Within the study area, the species was

f0und in areas inundated by waters of salinity up to 75 parts per thousand.

The seeds are dispersed by the tides and seedlings survive below forest

canopies in fringing riverside swamps.

Australian distribution. Camptostemon schultzii is one of the few mangrove

species that comes close to being endemic to Australia. It has a wide

distribution around the far north Australian coastline as well as throughout

rivers entering into the Gulf of Papua (Percival and Womersley, 1975; Floyd,

1977). The species has also been observed on Ambon Island in the Moluccas

(Chapman, 1976). The southernmost limits of distribution reported for C.

schultzii are Cape Bossut (18°43 ’ S, 121 °38 ’ E) on the west Australian coastline

(Semeniuk et (11., 1978) and the Pascoe River, Qld (12°31'S) on the east

Australian coast (N. Duke, personal communication 1979). On the eastern

shores of the Gulf of Carpentaria, it occurs at least as far south as 12°40l S at

Weipa (Specht et al., 1977). The species was not found on any river system

entering the eastern shores of the Gulf of Carpentaria, nor was it recorded by

Saenger and Hopkins (1975) at sites in the south-eastern part of the Gulf of

Carpentaria.

Ceriops decandra (Griff.) Ding Hou (Family Rhizophoraceae)

This species grows'as a shrub to small tree of up to 5 m in height. It is

relatively common in the survey area and was found on 40 of the 77 tidal

waterways examined. '

Ceriops decandra typically occurs as an understorey in various mixed

associations of fringing riverside trees. It is commonly found beneath mixed

canopies of Rhizophora stylosa, Camptostemon schultzii, Bruguiera
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parviflora, Bruguiera exaristata and Avicenm'a marina. The species often

occurs on consolidated muds on the riverine edge of stands dominated by either

Bruguiera parviflora or Ceriops tagal var. australis. Ceriops decandra is also

frequently observed as an understorey plant (mixed with Aegiceras

comiculatum and Aegialitis annulata) on tidal waterways that become

hypersaline by the end of the dry season. It appears intolerant of long periods

of inundation by freshwater but more tolerant than Ceriops tagal var. australis

or Ceriops tagal var. tagal. The species was found in areas inundated by waters

of salinity up to 67 parts per thousand.

The small fluted propagules are easily dispersed by the tide. Seedlings appear

' intolerant of heavy shade.

Australian distribution. Ceriops decandra has not previously been recorded

from the Northern Territory. In the present survey it was not fOund west of

Darwin, NT. (12°25’S, 130°48’E) or on any tidal waterway entering the

western or southern shores of the Gulf of Carpentaria. The distribution of this

species throughout the remainder of the Gulf of Carpentaria is largely

unknown, although it occurs at least as far south as 12°00’ S, at Port Musgrave

on the eastern shoreline of the Gulf of Carpentaria (Wells, 1981b), and

possibly as far south as Weipa (L. Love, personal communication, 1978). On

the east Australian coastline, the species has been recorded as far south as

18°15'S at Hinchinbrook Island, Qld (Duke and Bunt, personal

communication).

Ceriops tagal var. australis C.T. White (Family Rhizophoraceae)

This species occurs as a shrub to small tree up to 12 m high. The species is

widespread, being found on 72 of the 77 tidal waterways examined.

Ceriops tagal var. australis frequently forms monospecific thickets in the

landward, less frequently inundated zones. It is often in a mixed association

with Excoecaria agallocha, Avicennia marina, and Lumnitzera racemosa,

where it commonly forms the understorey. Ceriops tagal var. australis

sometimes forms an association with Bruguiera parviflora on certain sites.

Shrubs of Osbornia octodonta and Bruguiera exaristata may occur in the

mixed. Ceriops dOminated association, particularly in thickets bordering

portions of rivers that become hypersaline by the end of the dry season.

, The species appears intolerant of long periods of flooding by freshwater. lt is

normally found on well drained consolidated clays in less frequently inundated

zones of mangrove swamps. Within the survey area, the species was found at

sites inundated by waters of salinity up to 72 parts per thousand.

Propagules are dispersed by the tide. Successful colonisation occurs only on

sites infrequently inundated by tides. Seedlings are moderately shade tolerant.

They often colonise bare saltpans during the wet season only to die during the

dry season.

- Australian distribution. The southernmost limits of distribution of C. tagal

var. australis are at Exmouth Gulf (21°53 'S, 114°22’ E) on the west Australian
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coast (Semeniuk et al., 1978) and the Tweed River, N.S.W. (28°11’S,

153°32’E) on the east Australian coast (Lear and Turner, 1977).

Ceriops Iagal var. tagal (Perr). C .3. Rob. (Family Rhizophoraceae)

This species grows as a small shrub up to 3 m high. It is restricted in

occurrence in the survey area and was found only on 7 of the 77 tidal waterways

examined.

Ceriops tagal var. tagal occurs as an understorey in fringing riverside

associations. It was observed with Bruguiera gymnorhiza, Ceriops tagal var.

australis, Excoecaria agallocha and Avicenm'a marina.

The species colonises consolidated muds or rock/mud substrates,

particularly in areas that are infrequently inundated. Within the survey area,

the species was found at sites inundated by waters of salinity up to 36 parts per

thousand.

Australian distribution. Ceriops tagal var. tagal was previously unrecorded

from the Northern Territory. It has not been recorded in Western Australia or

within the Gulf of Carpentaria.

In the study area, the species was not recorded west of the Goomadeer River,

N.T. (11°50’S, 133°49'E) or east of the Cato River, N.T. (12°16’S, 136°21’E).

In eastern Australia this species extends south to 24°01 ’S at Bustard Head, Qld

(R. Dowling, personal communication, 1978).

Excoecan‘a agallocha L. (Family Euphorbiaceae)

The growth form of this species ranges from a shrub to a large tree of up to

10 m in height. It is widespread, being found on 73 of the 77 tidal waterways

examined.

Excoecaria agallocha frequently occurs in association with Ceriops tagal

var. australis, Avicenm'a marina and Lumm’tzera racemosa on consolidated

muds in the more landward, less frequently inundated zones. It also occurs as

tall trees amongst fringing riverside vegetation along portions of tidal

> waterways that remain brackish for the greater part of the dry season.

Excoecaria agallocha in association with Avicennia marina is a noticeable

cOmponent of fringing riverside vegetation on all upstream portions of tidal

waterways in the north-west Kimberleys (W.A.) the 0rd (W.A.), and the Victoria

and Fitzmaurice rivers in the Northern Territory. This association is inundated

Only by spring high tides. The large tidal range and rapidly increasing land

gradients back from the river banks that occur within these areas may be

largely responsible for the lack of suitable sites for colonisation by other

mangrove species. High soil salinities towards the end of the dry season at sites

colonised by the Excoecaria/Avicennia association may also be above the

tolerance levels of most other mangrove species. It is likely that the occurrence

of this association as fringing riverside vegetation in these areas is the result of

complex interactions Of several environmental factors. Excoecaria agallocha

also appears to tolerate long periods of flooding by freshwater. Within the

survey area, the species was found at sites inundated by waters of salinity up to

85 parts per thousand.
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Propagules are dispersed by the tide. Seedlings are often found in peripheral

localities at the landward edge of mangrove swamps, particularly in areas

abutting saltpans. Seedlings of the species are also frequently observed on

consolidated muds within fringing mangrove forests and appear tolerant of

low light levels.

Australian distribution. The southernmost limits of distribution of E.

agailocha are at Thangoo Station (18° 16’ S, 122° 10’ E) on the west Australian

coast (Semeniuk et al., 1978) and the Clarence River, N.S.W. (29°25’S,

153°21’E) on the east Australian coast (W. McCormick, personal

communication, 1978).

Lumnitzera Iittorea (Jack) Voigt (Family Combretaceae)

This species was observed as a shrub to small tree of up to 8 min height. By

contrast it occurs as a tree of up to 25 m in many situations in Malaysia and the

northern parts of Cape York Peninsula. This species is not common in the

survey area and was found in only 8 of the 77 tidal waterways examined.

Lumnitzera Iittorea normally occurs as a shrub on rocky or muddy

substrates, commonly in landward mangrove zones where it often forms an

association with another shrub, Scyphiphora hydrophyllacea. ‘

Lumnitzera [ittorea is found mainly on sites which are infrequently flooded

by the tide. Within the survey area, the species was found in areas inundated by

waters of salinity up to 35 parts per thousand.

Australian distribution. Lumnitzera Iittorea was not recorded west of the

Johnston River on Melville Island, N.T. (11°18’S, 131°10’E). Along the

western shores of the Gulf of Carpentaria, it was recorded south to the Rose

River (14°17'S, 135°44’E). On the eastern shore of the Gulf of Carpentaria

the species occurs at least as far south as Weipa (I... Love, personal

communication; 1978) and it has also been recorded at Momington Island

(Woolston, 1973), and Tarrant Point (17°23’S, 139°25’E) (Saenger and

Hopkins, 1975) in the south-eastem portion of the Gulf of Carpentaria.

"Onthe eastern Australian coast, L.littorea is recorded south to 18°32'S on

the Herbert River, Qld (Jones, 1971).

Lumnitzera racemosa Willd. (Family Combretaceae)

This species is commonly found as a shrub to small tree of up to 8 m in

height. It is widespread and was found on 61 of the 77 tidal waterways

examined. ‘

Lumnitzera racemosa colonises the more landward less frequently inundated

mangrove zones. It occurs amongst fringing riverside vegetation along

portions of tidal waterways that remain fresh or slightly brackish for the

greater part of the year. It sometimes forms nearly monospecific stands on the

landward fringe of mangrove forests, particularly in areas where the landward

fringe merges into a sedge swamp. Lumm'tzera racemosa also commonly

occurs in association with Ceriops tagal var. australis, Excoecaria agailocha,
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Avicennia marina and Aegialitis annulata on consolidated muds in areas that

are flooded infrequently. ln seasonally flooded areas, it often grows in mallee

habit (canOpy height 5.2 m).

Lumnitzera racemosa can withstand considerable periods of flooding by

freshwater, but can also tolerate extremely saline conditions. The species was

found in areas inundated by waters of salinity up to 78 parts per thousand.

Australian distribution. The southermost limits of distribution of L. racemosa

are Beagle Bay (16°56 ’ S, 122°32’ E) on the west Australian coast (Semeniuk et

a1. 1978) and Moreton Bay, Qld (27°30’S) on the east Australian coast (R.

Dowling, personal communication, 1979).

Osbornia octodonta F.v.M. (Family Myrtaceae)

This species is found as a shrub to small tree up to 6 m high. It is widespread

along the northern coastline and was found on 53 of the 77 tidal waterways

examined.

Small trees or shrubs of O. octodonta are common on rocky headlands and

in peripheral locations bordering sand beaches within estuaries. It also occurs,

sometimes forming groves, along cutaway (concave) portions of meanders on

waterways that become hypersaline by the middle of the dry season. It is

common in Ceriops dominated thickets and is also found amongst mangrove

species colonising the less frequently inundated inner zones. In the Kimberley

area of Western Australia, 0. octodonta commonly forms a closed shrub

community bordering saline mudflats.

The species colonises sites that are inundated by waters of seawater salinity

or greater on a wide range of substrates and appears to be absent from sites

which receive more than 60 days flooding by freshwater annually. Within the

survey area, the species was found at sites inundated by waters of salinity up to

56 parts per thousand.

Australian distribution. The southermost limits of distribution reported for O.

octodonta are at Cossack (20°41 ’S, 117°11'E) on the west Australian coast

(Semeniuk et a1., 1978) and Tin Can Bay, Qld (25°30’ S) on the east Australian

coast (R. Dowling, personal communication, 1978). Specht et a1. (1977) record

this species at Weipa (12°40’ S, 141° 50’ E), but Saenger and Hopkins (1975) did

not report its presence at Tarrant Point in the south-eastern portion of the Gulf

of Carpentaria.

Rhizophora apiculata Blume (Family Rhizophoraceae)

The growth form of this species varies from a tall shrub to a small tree of up

to 10 m in height. This species has a restricted distribution within the survey

area, being recorded in only 8 of the 77 tidal waterways examined.

Rhizophora apiculata usually colonises estuarine areas that are inundated

regularly. It normally occurs in mixed association with Rhizophora stylosa,

Camptostemon schultzii, Bruguiera parviflora, Bruguiera gymnorhiza and

Avicennia marina.
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On Dongau Creek, Melville Island (N.T.), R. apiculata forms an association

with Rhizophora stylosa, both species being stunted (canopy height 5 1.5 m).

Imperfect tidal flushing and poor drainage may account for the stunted habit

of this association. Although R. apiculata was found at sites inundated by

water of salinity up to 65 parts per thousand the species normally colonises sites

inundated by waters of 35 parts per thousand or less. It tolerates long periods

of inundation by freshwater. .

Propagules of R. apiculata are produced in large numbers on mature trees

and either embed themselves in muds below the parent tree or are carried by

tides to other areas. They appear to tolerate shade. As the propagule is shorter

than that of Rhizophora stylosa, R. apiculata seedlings are carried into

shallower waters and hence can establish themselves on higher ground than R.

stylosa.

Australian distribution.

Rhizophora apiculata has not been previously recorded from the Northern

Territory. It has not been recorded in Western Australia. The species has not

been recorded west of Andranangoo Creek, Melville Island, NT (11°21'S,

130°51’E) or east of Gove NT (12° 15 ’ E). On the east Australian coastline, the

species has been recorded south to Port Clinton, Qld (22°30’ S) (N. Duke and

J. Bunt, personal communication, 1979.

Rhizophora stylosa Griff. (Family Rhizophoraceae)

This species grows to a tall tree of 20 m in height. It is common within the

survey area, being found on 71 of the 77 tidal waterways examined.

Rhizophora stylosa is the dominant species along the banks of tidal creeks,

commonly growing in nearly monospecific stands. It may occur as a seaward

pioneering species or, alternatively, form a band of variable width behind a

pioneer community of Sonneratia alba. However, the species also occurs

frequently on firm consolidated muds in more landward zones which are

inundated less often. Along tidal rivers and creeks, R. stylosa often forms a

mixed tree association with Camptostemon schultzii and Avicennia marina. It

is also present in other mixed associations, chiefly with Bruguiera parviflora,

Xylocarpus australasicus, Bruguiera gymnorhiza, Bruguiera exaristata,

Aegiceras corniculatum and Ceriops decandra. Rhizophora stylosa grows to

maximum proportions in sections of tidal rivers that remain brackish for most

of the year and it tolerates a considerable period of inundation by freshwater.

Within the survey area, the species was found in areas inundated by waters of

salinity up to 74 parts per thousand.

The propagules are dispersed by water. The great length of the fruit

compared to other species may limit its landward dispersal by water. Species

that colonise the shallower landward areas, generally have small fruits, e.g.

Ceriops spp., Avicennia marina, Aegiceras comiculatum, Lumm'tzera spp.

The species is- rarely observed colonising sites more than a few hundred metres

inland. Further inland it is apparently replaced by other species with smaller

fruits.
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Australian distribution. The southernmost limits of distribution reported for

R. stylosa in Australia are at Yardie Creek (22°20’S, 113°51’E) on the west

Australian coast (Semeniuk et 01., 1978) and the Richmond River, N.S.W.

(28°31 'S) on the east Australian coast (Jones, 1971). The species is common

throughout this range.

Scyphiphora hydrophyllacea Gaertn. (Family Rubiaceae)

This species grows as a shrub up to 4 m high. It has a restricted distribution in

the survey area, and was found in only 15 of the 77 tidal waterways examined.

Scyphiphora hydrophyllaceae occurs on mud/ rock substrates, often

forming a shrub layer along the banks of tidal waterways that are of seawater

salinity or greater by the middle of the dry season. The species normally

occupies sites that are inundated infrequently and appears intolerant of lengthy

periods of inundation by freshwater. Within the survey area, the species was

found in areas inundated by waters of salinity up to 63 parts per thousand.

Scyphiphora hydrophyllacea also appears intolerant of shady conditions.

Sites on which it occurs (rock/ mud substrates) appear unsuitable for

colonisation by most other mangrove Species.

Australian distribution. The limits of distribution reported for S.

hydrophyllacea in Australia are at Cape Londonderry (13°48’S, 126°46’E),

the most northerly point of Western Australia (Semeniuk et a1., 1978), and

Townsville, Qld (19°12’S) on the east Australian cost (Jones, 1971).

Within this area of coastline, the distribution of S. hydrophy/lacea is patchy.

In the Northern Territory it was not found west of Darwin (12°25 ’S,

130°48 ’ E) or on the west shore of the Gulf of Carpentaria. It has been reported

as far south as Weipa (12°40’ S, 141 °50’E) on the eastern shore of the Gulf of

Carpentaria (Specht e! a!., 1977).

Sonneratia alba J. Sm. (Family Sonneratiaceae)

This species grows to ‘a tree of up to 12 m in height. It is very common and

was found on 57 of the 77 tidal waterways examined.

Sonneratia alba often occurs in monospecific stands or in mixed association

with Rhizophora stylosa, Camptostemon schultzii and/ or Avicenm'a marina

on accreting mudbanks to seaward. Although a pioneering species, it occupies

sites that are largely protected from strong wave action. In some rivers of the

Kimberleys (W.A.), Aegialitis annulata forms a short carpet-like understorey

beneath trees of Sonneratia a1ba(Messeletal., 1977). Sonneratia alba occurs

far upstream on some tidal rivers that do not receive a substantial freshwater

input after commencement of the dry season (e.g. South Alligator River). In

such saline rivers, it forms a shrub association with Avicennia officinalis on

accreting mudbanks around convex portions of river meanders; Acanthus

ilicifolius is often observed as understorey in this association.

Sonneratia alba colonises sites that are inundated by most high tides. It

frequently occurs on consolidating soft muds and appears intolerant of long

periods of exposure to freshwater. The species was found in areas inundated by
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waters of salinity up to 44 parts per thousand. Seedlings of Sonneratia alba are

never prolific but always occur on bare newly-accreting mudbanks. The

species was not observed regenerating under tree canopies and appears

intolerant of shade.

Australian distribution. The southernmost limits of distribution of S. alba in

Australia are at Cape Bossut (18°43 ’ S, 121 °38 ’ E) on the west Australian coast

(Semeniuk et al., 1978), and Port Clinton, Qld (22°30’ S) on the east Australian

coast (N. Duke and J. Bunt, personal communication, 1979). The species was

prevalent in estuarine areas within the survey area, but was not recorded on any

river system entering the western or southern shores of the Gulf of

Carpentaria. Sonneratia alba occurs at least as far south as Weipa on the

eastern shore of the Gulf of Carpentaria (L. Love, personal communication,

1978).

Sonneratia caseolaris (1..) Engl. (Family Sonneratiaceae)

This species grows to a tree of up to 18 m in height. It is restricted in

distribution, being found on only 12 of the 77 tidal waterways examined.

Sonneratia caseolaris occurs as a pioneering species on accreting mudbanks

. in some rivers that remain fresh or slightly brackish over most of the year. It

normally colonises soft muds but may occur on firmer more consolidated

muds. It is restricted to riverine sites that are inundated by most tides.

Sonneratia caseolaris may form monospecific stands along riverbanks or occur

throughout the river course. It often forms mixed associations with other

pioneering Species such as Avicennia marina, Avicennia officinalis, Aegiceras

corniculatum and Acanthus ilicifolius. In some localities, the species may

occur in a mixed association with Sonneratia alba. Sonneratia caseolaris is

more abundant at sites inundated by brackish waters, but can tolerate higher

salinities. The species was found in areas inundated by waters of salinity up to

35 parts per thousand. In the more saline areas, Sonneratia caseolaris is a

shrub. It only attains tree dimensions in brackish or predominantly freshwater

sites. This species only regenerates on accreting exposed bare mudbanks.

Seedlings appear to be intolerant of shade.

Australian distribution. Sonneratia caseolan’s has not been recorded in

Western Australia and this is the first report of this species in the Northern

Territory, where the most westerly occurrence of the species is on

Andranangoo Creek, Melville Island, N.T. (11°21’S, 130°51’E). It is

abundant on river systems entering Van Diemen Gulf (N.T.) and also occurs in

certain rivers in Arnhem Bay (N.T.), but was not recorded east of the Peter

John River, N.T. (12°15'S, 136°21’E). The species has not been observed on

any river system entering the Gulf of Carpentaria. On the east Australian

coast, it occurs south to the Murray River, Qld (N. Duke and J. Bunt, personal

communication, 1978).—

’ Xylocarpus australasicus Ridl. (Family Meliaceae)

Xylocarpus australasicus grows as a shrub to large tree up to 14 m high. It is
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widespread, being found on 72 of the 77 tidal waterways examined.

Xylocarpus australasicus is common amongst fringing riverside vegetation

in Northern Australia. In portions of rivers that remain brackish for long

periods of the dry season, Xylocarpus australasicus occurs as the dominant tree

species in association with Diospyrosferrea var. humilis, Bruguieraparviflora

and RhizOphora sly/05a. The most extensive forest types of this nature occur

on Andranangoo Creek, Melville Island and the Koolatong River (Blue Mud

Bay, N.T.). Xylocarpus australasicus has not been observed as a pioneering

species. The species can withstand long periods of inundation by freshwater

(up to 8 months) and also tolerates limited periods of hypersaline conditions.

Within the survey area, the species was found in areas inundated by waters of

salinity up to 76 parts per thousand.

Seeds of X. australasicus are widely distributed by the tide but many are

attacked by boring insects and fail to germinate. Seedlings appear to tolerate

low light levels.

Australian distribution. The southernmost limits of distribution reported for

X. australasicus are King Sound, Derby (17°19’S, 123°38’E) on the west

Australian coast (Semeniuk et al., 1978) and Gladstone, Qld (23°50’ S) on the

east Australian coast (Saenger and Robson, 1977).

Xylocarpus granatum Koen. (Family Meliaceae)

This species occurs as a shrub to small tree up to 9 m high. Its distribution

within the survey area is very restricted, being found in only 2 of the 77 tidal

waterways examined.

Xylocarpus granatum occurs on various substrates, but seems to prefer

consolidated muds. It is often associated with Rhizophora apiculata,

Rhizophora stylosa, Bruguiera gymnorhiza, Xylocarpus australasicus and the

mangrove fern Acrostichum speciosum. It can withstand considerable periods

of inundation by freshwater, but occurs most frequently in brackish water at

sites that are flooded infrequently by seawater. The species was found at sites

inundated by waters of salinity up to 34 parts per thousand.

Australian distribution. The southernmost limits of distribution reported for

X. granatum are the Prince Regent River (15°27’S, 125°03’E) on the west

Australian coast (Wells, 1981a) and Fraser Island, Qld (25°30’ S) on the east

Australian coast (R. Dowling, personal communication, 1979).

In the Northern Territory, it occurs on Andranangoo Creek, Melville Island

(11°21 ’S, 130°51'E) and Yirrkala on the Gove Peninsula (Specht, 1958).

Specht et al., 1977 have also recorded the species at Weipa, and Saenger and

Hopkins (1975) have reported the species at Tarrant Point, Qld (17°23’S,

139°25 ’ E) in the south-eastern portion of the Gulf of Carpentaria, though in

the latter case there is a possibility that X. australasicus has been misidentified

as X. granatum. Xylocarpus granatum has not previously been recorded from

Western Australia.
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PART 3

A SURVEY OF RIVERSIDE MANGROVE VEGETATION

FRINGING TIDAL RIVER SYSTEMS

OF KIMBERLEY, WESTERN AUSTRALIA

A.G. WELLS*

ABSTRACT

Distribution, assessment of cover abundance and pertinent ecological observations are

given for mangrove species fringing five tidal river systems in Kimberley, Western

Australia.

Fourteen species of mangroves were observed, one of which (Xylocarpus granatum) has

not previously been recorded from Western Australia.

INTRODUCTION

Limited information is available on the mangrove flora of the Kimberley region in

Western Australia. Brief reports have been provided by Gardner (1923), Sauer

(1965), Beard (1967) and Perry (1970). Miles et al. (1975), Thom et al. (1975), Messel

et al. (1977) and Semeniuk et al. (1978) have provided more detailed accounts of

tidal wetland plant distibution of the area.

The region described here includes five tidal river systems along the north—west

Kimberley coast of Western Australia (Fig. 1). All systems are located within deep

structural embayments. Floodplain development is minimal and tides in the area are

semi-diurnal with amplitudes of up to 10 m.

The 14 species recognized as mangroves in the study area during this survey are

listed below and follow the nomenclature of Jones (1971).

Aegialitis annulata R. Br.
Aegiceras comiculatum (L.) Blanco.
Avicennia marina (Forsk.) Vierh.

Bruguiera exaristala Ding Hou.

Bruguiera parviflora (Roxb.) Wright and Arn ex Griff.

Camptostemon schultzii Masters.

Ceriops tagal (Perr.) C B Robinson var. australis C T White.

Excoecaria agallocha L.
Lumnitzera racemosa Willd.
Osbornia octodonta F. Muell.
Rhizophora stylosa Griff.
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Sonneratia alba J E Smith

Xylocarpus granatum Koen.

Xylocarpus moluccensis (Lamk.) Roem. Syn X. australasicus? Ridl.

The purpose of this paper is to outline the distribution and abundance of

mangrove species occurring as fringing riverside vegetation and to discuss pertinent

ecological observations.

METHODS

The study was carried out during July 1977 from the University of Sydney’s 21 m

Research Vessel The Harry Messel while it was involved in surveys to determine the

status of the salt-water crocodile in the north-west Kimberley (Messel et al., 1977).

Surveys were made from a 5 m boat. Locations were marked on maps prepared from

aerial photographs (accurate to i 0.1 km).

Quadrats 100 m long (along each bank) and 20 m deep (back into the fringing

riverside vegetation) were determined at 2.5 km intervals on each river. In areas

where rocks abut the banks and the depth of mangrove swamp extends less than 20

m back from the bank, the quadrat is still 100 m long with variable width. The scale

of cover abundance used is modified from Braun-Blanquet (1932). It consists of:

1. Cover up to 5070.

3. Cover between 25-50% of area.

4. Cover between 50-75% of area.

5. Cover between 75-100% of area.

High and low tide salinity profiles were taken at 2.5 km intervals along the rivers.

Measurements were made at the surface, midwater and bottom using an Autolab

(Model 602) salinity/temperature meter.

Lawley River System

The Lawley River, with two major creeks, Mindjau Creek and Rail Creek, (Fig.

2), enters the southern portion of Port Warrender. Tidal range is approximately 7

m. Maximum distance upstream of tidal influence is 10—20 km in all three arms.

Basalt cliffs rise towards the Mitchell Plateau and delimit the catchment areas; 41

km2 and 149 km2 of Mindjau and Rail Creeks respectively. The catchment area of

the Lawley River—573 ka—lies for the greater part within Precambrian sand-

stones.

High and low tide salinity profiles were determined for the 3 tidal arms (Fig. 5).

These indicate that even into July (mid dry season), some fresh water is still entering

the tidal portion of the river from drainage areas upstream. Mindjau Creek has
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salinity values typical of seawater at both high and low tides because of its small

catchment area.

The Lawley River and Rail Creek show slight decreases in salinity as distance
upstream increases, indicating that some fresh water is still entering from the catch-
ment area. Complete vertical mixing of salinity profiles was evident only in Mindjau
Creek. Rivers in Arnhem Land, N.T., which have similar salinity profiles in the mid
dry season, become hypersaline by the end of the dry season, when fresh water
ceases flowing in from the catchment areas. It is considered that all 3 tidal arms of
the Lawley River System could become hypersaline by the end of the dry season.

There is approximately 47 km2 of mangal within the Lawley River-Port
Warrender system. The extent of the mangal is:

Lawley River 10.5 km2 Mindjau Creek 12.0 km2 (CK A)

Port Warrender 11.5 km2 Rail Creek 13.0 km2 (CK B)

Along the Lawley, the dominant riverside mangrove community is a low closed
forest (canopy height $8 m) of Avicenm'a marina, Camptostemon schultzii and
Rhizophora stylosa. A shrub understorey (canopy height 52 m) of Aegiceras corn-
iculatum occurs along the banks while the pioneer species Sonneratia alba (canopy
height 5 8 m) occurs along convex portions of river meanders and also colonizes ac—

creting mudbanks to seaward.

Distributions and assessments of cover abundance for mangrove species along the

tidal arms of the river system are shown in Fig. 4.

Around the river mouth, Sonneratia alba forms an association with Avicennia
marina and Camptostemon schultzii on extensive gently shelving mudbanks (Plate
1). During high tides, these pioneer mangrove associations are inundated nearly to

the top of their canopy.

Dominant mangrove vegetation along Mindjau and Rail Creeks was also low
closed forests of Avicennia marina, Camptostemon schultzii and Rhizophora
stylosa (canopy height 58 m), a shrub understorey of Aegiceras corniculatum
(canopy height 52 m) being present in both arms. In Rail Creek, Aegiceras corn-

iculatum forms an association with Aegialitis annula‘ta (canopy height 50.5 m).
Shrubs of Osbornia octodonta, Aegialitis annulata, Lumnitzera racemosa and
stunted Avicennia marina (canopy height 52.5 m) occupy peripheral positions

around many of the saline mudflats.

An association of Ceriops tagal var. australis, Excoecaria agallocha and
Lumnitzera racemosa (canopy height 54.5 m) occur as the landward extension of
mangroves bordering the saline mudflats that are colonized in some areas by various
samphires—Arthrocnemum sp, Suaeda australis and Sporobolus virginicus being
dominant. Most of the saline mudflats are devoid of vegetative cover. As shown in
Fig. 4, Xylocarpus moluccensis was infrequently observed. Bruguiera spp. were also

sparsely represented in the mangrove forests.
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Mitchell River System

The Mitchell River follows a fault line entering Admiralty Gulf through Walmsley

Bay (Fig. 7). Deeply dissected Precambrian sandstones occur along both banks. The
catchment area occupies 3193 km”. Mangal occupies 45 km2 along the river and the

short sidecreeks (Fig. 6). From Pickering Point about 8 km upstream, there are a
number of wide shallow embayments encompassing a further 14 km2 of swamp—the
dominant species here is Rhizophora stylosa.

Measurements of high and low tide salinity profiles (Fig. 8) illustrate that during
July there is a decrease in salinity from 350700 (seawater) near the river mouth to
200700 at 36 km—the furthest limit of tidal influence.
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Mangals are widespread along the sidecreeks but a relatively narrow mangrove
fringe lines the main channel up to 36 km. The landward extension of the mangal is
limited by rocky terrain along both banks (Plate 2). Extensive, gently sloping mud-
banks are found throughout the entire river system, particularly along the first 20
km. The pioneer community on these mudbanks is an association of Sonneratia alba
and Avicennia marina (canopy height 58 m). Low closed forest of Rhizophora
stylosa (canopy height 58 In) occurs immediately behind this riverine fringe. The
more landward forests include associations of Camptostemon schultzii, Avicenm'a
marina, Rhizophora stylosa and Xylocarpus moluccensis.

Thickets of Ceriops tagal var. australis occur on heavy clay soils—at sites having
slightly higher physiographic relief.

Distribution and assessments of cover abundance of mangrove species occurring
as fringing riverside vegetation are shown in Fig. 9. The most abundant species are
Avicennia marina, Rhizophora stylosa and Aegiceras corniculatum. Fringing forests
of Avicennia marina and Sonneratia alba occur up to 26 km upstream. From this
point, fringing riverside vegetation species merge into a tree association of Avicen-
nia marina, Rhizophom stylosa and Camptostemon schultzii often with a shrub
understorey of Aegiceras corniculatum. On rocky sites from 22.5 km upstream, an
association of Excoecaria agallocha and Xylocarpus moluccensis occurs. The species
Bruguiera exaristata, Lumnitzera racemosa and Osbornia octodonta occur within
the river system but were not observed at any of the specified quadrats.

Roe River System

The Roe River enters Prince Frederick Harbour. On each side of the river mouth
is a sheltered embayment with numerous short tidal creeks (Fig. 10). The catchment
area of the Roe/Moran River System occupies 3570 kmz. The river course winds bet—
ween Precambrian sandstone gorges—some cliffs, particularly to the north, are of
basalt. The tidal range is up to 8 m and tidal influence extends 33 km upstream.
Around Prince Frederick Harbour, 68 km2 is vegetated by mangrove species. A fur-
ther 25 km2 of mangal occurs along the Roe River (Fig. 11). Salinity profiles
upstream are shown in Fig. 12 and are similar to other systems still receiving some
fresh water input at this time of year. Several of the side creeks were also found to
have significant fresh water inputs.

Distribution and assessments of cover abundance of the various mangrove species
occurring as fringing riverside vegetation are shown in Fig. 13.

Around the river entrance and within the adjacent embayments (Fig. 11), Son-
neratia alba and Avicennia marina form the seaward pioneer plant association.
Rhizophora stylosa forms a band of variable width—up to 80 m—immediately
behind this Sonneratia zone. A mixed association of Camptostemon schultzii,
Avicennia marina and Rhizophora stylosa (canopy height 5 8 m) is present behind
the Rhizophora zone. On more landward sites, thickets of Ceriops tagal var.
australis, Excoecaria agallocha and Avicenm'a marina occur. These Ceriops zones
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are usually less than 5 m canopy height. This zone merges into the most landward

mangrove community of Avicennia marina (canopy height 5 5 m). Tidal flat areas

found beyond this Avicennia zone are in most cases devoid of any vegetative cover.

Tidal flats do not occur further upstream than 17 km.

Riverside vegetation (Fig. 13) is a low closed forest of Camptostemon schultzii

and A vicennia marina (canopy height 5 10 m) with a shrub understorey of Aegiceras

corniculatum and Aegialitis annulata.

Although the Roe River winds through steep sandstone gorges, extensive mud-

banks are present—particularly around the convex portions of the river channel.

Rhizophora stylosa and Sonneratia alba are almost entirely absent from upstream

riverside vegetation. An association of Avicennia marina and Excoecaria agallocha

(canopy height 55 m) becomes the dominant riverside vegetation along the last 8

km of the tidal portion of the river.

Hunter River System

The Hunter River enters Prince Frederick Harbour flowing through deeply

dissected sandstone cliffs. A tributary creek meets the Hunter River 4 km from its

mouth (Fig. 10). Tidal influence extends some 15 km up both arms. The catchment

area of the Hunter River System occupies some 352 kmz. The area of mangal is not

extensive, being 7.5 km2 within the Hunter River and 13.5 km2 within ‘Porosus

Creek’.

Measurements of high and low tide salinity are illustrated in Fig. 12. The flow of

fresh water entering the river system at this time of year is minimal. It is likely

therefore that the Hunter River System becomes hypersaline by the end of the dry

season.

Along fringing mudflats, groves of Sonneratia alba (canopy height 58 m) are

abundant, often with a carpet-like understorey of Aegialitis annulata (canopy height

20.5 m) (Plates 5 and 6). Further upstream along both arms, this pioneer Son-

neratia fringe merges into a mixed association of Sonneratia alba, Camptostemon

schultzii and Avicennia marina. Behind this riverine fringe is a closed forest of

Rhizophora stylosa (canopy height 5 8 In) (Plate 3). As steep rocky terrain borders

the actual river channels in many places, the more landward mangrove communities

are often absent. Scattered thickets of Ceriops tagal var. australis and Excoecaria

agallocha occur on consolidated clays at a slightly higher level of physiographic

relief.

Distribution and assessments of cover abundance for mangrove species occurring

as fringing riverside vegetation on the Hunter River System are shown in Fig. 14.

It should be noted that although the species Lumnitzera racemosa, Osborm'a oc-

todonta, Bruguiera exaristata and Bruguiera parvrflora were not recorded at the

time in any of the quadrats, all these species occur in the river system.

Prince Regent River System

The course of the Prince Regent River follows a fault line and enters St George

Basin (Fig. 15). The catchment area of the river system occupies 3218 kmz. The tidal
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range can reach 10 m and tidal influence extends 45 km upstream along the main
river course. Rugged Precambrian sandstone cliffs form much of the banks, and
there are few areas of mudbank along the river. Within the north bay of St George
Basin, mangals occupy 70 kmz. A further 72 km2 of mangal occurs within the
southern bay of the basin (Fig. 15). These two bays contain the largest mangals in
Western Australia. A further 24 km! of mangal occurs along the river and its creeks.

The low tide salinity profile (Fig. 17) shows that considerable fresh water was still
flowing into the river system from areas of upstream drainage in July 1977. Salinity
readings taken in St George Basin were as of seawater salinity (340700).

Creekside vegetation within the north and south bays is comprised predominantly
of Camptostemon schultzii with Rhizophora stylosa and Avicennia marina in-
terspersed throughout (canopy height 58 m) with an inner zone of Rhizophora
stylosa. Groves of Sonneratia alba (canopy height 5 9 m) occur nearest the seaward
extremities of the bays on accreting mudbanks.

Fig. 18 illustrates the distribution and assessments of cover abundance of
mangrove species occurring as fringing riverside vegetation in the Prince Regent
River. Along the downstream portion of the main channel, narrow fringe forest of
Camptostemon schultzii, Rhizophora stylosa and A vicennia marina (canopy height
5 8 m) occurs.

Plate 4 illustrates the different growth habits of Camptostemon schultzii on mud
and rock substrate. Sonneratia alba is frequently observed as the pioneer species col-
onizing accreting mudbanks in sheltered bays along the main river course to 65 km.
A shrub understorey of Aegialitis annulata and Aegiceras corniculatum is present
throughout the riverside vegetation. Thickets dominated by Ceriops tagal var.
australis, Excoecaria agallocha and Avicennia marina (canopy height 54.5 m) are
limited along the river, due in part to the rocky terrain that precludes a landward ex-
tension of the mangal. Xylocarpus moluccensis is sparsely represented throughout
the riverside vegetation while Xylocarpus granatum appears from 63 km upstream,
forming an association with Camptostemon schultzii and Avicenm'a marina.

Although mangrove associations were only studied to 70 km upstream, it appears
from inspection of aerial photographs that this tree association could continue to
around 79 km upstream—the limit of tidal influence. Bruguiera exaristata and
Bruguiera parviflora were infrequently observed. Lumnitzera racemosa did not oc-
cur within any of the riverside quadrats, this species normally being found in more
landward mangrove associations. Osbornia octodonta was observed on rocky banks
around the mouth of the river to 45 km upstream.

DISCUSSION

Within the study area, mangroves are present as fringing riverside vegetation
along sheltered tidal waterways and within coastal embayments that provide protec-
tion from strong wave action. Species differ in their tolerance ranges for aeration
and salinity. This is evident because plants are zoned in relation to frequency of tidal
flooding. It is also demonstrated by the different species composition of the fringing
riverside vegetation in lower and upper reaches of a river.
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Pedley and Isbell (1971), Bird (1972) and Thom et al. (1975) have described
somewhat similar mangrove habitat in northern Australia. Along the east Australian
coastline, Macnae (1966) classified habitat zones using dominant mangrove species.
His six zones comprised:

1. The landward fringe 4. Bruguiera forests

2. The landward Avicennia zone 5. Rhizophora zone

3. Ceriops thickets 6. The seaward fringe

Within the Kimberley area, all of these habitat zones occur, with the exception of
zone 4—the Bruguiera forests. Bruguiera spp. were absent from nearly all quadrats.
This is reflected in the fact that this area of the Western Australian coastline ap-
proaches the southernmost limit of distribution of this genus (Semeniuk et al.,

1978).

Thirteen species recognized as mangroves were observed in each of the river
systems. An additional species, Xylocarpus granatum, was observed only in the
upper reaches of the Prince Regent River and represents a new mangrove species

recorded for Western Australia.

In many of the rivers studied, Rhizophora stylosa and Sonneratia alba are con-
fined to sites in the outer estuaries. They are usually absent from mangrove associa—
tions occurring in the upper reaches of portions of the rivers. Thom et al. (1975)
postulate that the distribution of Rhizophora stylosa could be a result of the species’
inability to tolerate periodic low salinities in upstream areas. From my own
examination of numerous tidal river systems in northern Australia (unpublished
data), it is evident that Rhizophora stylosa can in fact tolerate periodic low salinities.
An explanation offered here for the absence of the species from upstream sites is
that sites of suitable physiographic relief for colonization are lacking. In the upper
reaches of tidal portions, the most common riverside tree association is of Avicenm'a
marina and Excoecaria agallocha. This association is normally found on more
landward sites that are inundated only by spring tides. Steep rises in river and
surrounding land gradients in the Kimberley result in the more landward mangrove
associations now becoming the fringing riverside tree association in upstream areas.
Such sites are only inundated by spring tides. Rhizophora stylosa normally grows in
areas frequently inundated by the tide and because the upstream sites are only
periodically inundated soil salinities experienced in the Avicennia/Excoecaria
association could be well above the tolerance level of Rhizophora stylosa by the end
of the dry season.

Sonneratia alba colonizes accreting mudbanks in the outer estuarine areas. The
salinity tolerance of this species is not as wide as Rhizophora stylosa, but again the
restricted distribution of the species is most likely a combination of lack of suitable
sites for colonization and the relatively high soil salinities that would occur in the
riverside Avicennia/Excoecaria association towards the end of the dry season.
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Plate 2: Avicennia/Excoecaria association established in mud substrate along the sandstone

banks of Surveyors Creek , a tidal arm of the Mitchell River system.



 
Plate 3: Rhizophora stylosa showing two growth habits (with and without aerial roots). Avicennia marina is in the

centre with seedlings of Aegialitis annulata in the foreground. ‘Porosus’ Creek ~ Hunter River system.
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Plate 5: Saplings of Sonneratia alba with dense carpet-like understorey of Aegialz'tis annulata, Hunter River system.
Note the rocky terrain limiting landward extension of the mangrove swamp.
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CHAPTER 6

Distribution of mangrove species in Australia

A.G. WELLS

Department of Environmental P/rvsir's, School af’P/tvsics, University of Sydney, NS W, Australia 2006

Abstract. In Australia, mangroves occur in small pockets around the coastline. They are most prominent

- around the northern coastline and have only isolated occurrences in Victoria, South Australia and south of

Carnarvon in Western Australia. No mangrove species is recorded for Tasmania.

The geographical location of the continent provides scope to look at present distribution of the various

species through an extremely wide latitudinal range (110380 S). Many species show restricted distributions

which may be attributed to past and present historical and environmental conditions. The number of

mangrove species in Australia (33) decreases with increasing latitude with most distributions extending further

down the eastern than the western coastline and at the southernmost limit of mangroves in the world 7 Corner

Inlet, Victoria (38045’S, 146G30’E) ~— only the species Avicennia marina var. australasica remains.

Introduction

Within Australia, studies by various workers, over-

viewed by Gill (1975) and Saenger et a1. (1977) and

additional researches by George and Kenneally

(1975); Lear and Turner (1977); Messel et a1. ( 1977);

Saenger and Robson (1977); Specht et al. (1977);

Semeniuk et a1. (1978); Bunt (I978); Dowling

(1979); Duke and Bunt (1979); Messel et al. (1979,

aig), (1980, a4), (1981, aic); Bunt and Williams

(1980): Olsen et a1. (1980); Semeniuk et al. (1980);

Dowling and McDonald (1981); Kenneally (1981)

and Wells (1981a,'b), now provide considerable

information on occurrences of the various man-

grove tree, shrub and herb species around this

continent.

With a mainland coastline estimated at 19,650

km and extending from 11‘? to 39‘s. mangrove

communities change in floristics and structure un-

der various climatic, physiographic and edaphic

conditions. The area occupied by mangrove vege-

Tasks fur vegetation science, Vol. 8 ed. by H.J. Teas

tation is estimated by Galloway (1981) at 11,617

kmz, of which 10,827 km2 occurs north of the

Tropic of Capricorn (23“S). His estimate for the

Queensland coastline (4,629 km?) is closely fol-

lowed by the Northern Territory (4,130 kmz) and

Western Australia (2,517 kmz), with the southern

mainland states of New South Wales, Victoria and

South Australia accounting for only 341 kmz, or

3%, of mangrove swamp in Australia (Galloway,

1981).

Floristically and structurally, mangrove vege-

tation shows greatest development in north-eastern

Queensland where at least thirty—three ‘mangrove‘

species belonging to sixteen families of angiosperms

have been recorded. Within the Northern Territory

occur twenty-six species from thirteen plant fa-

milies, whilst only seventeen species from twelve

families are presently recorded from Western Aus—

tralia (Table 2).

From the point of view of species distributions,

the only portion of the coastline that now requires
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Fig. I. Number of Mangrove species recorded in 2“ latitudinal

subdivisions down the east and west coasts of Australia.

intensive study lies between Weipa and Karumba

on the eastern shores of the Gulf of Carpentaria

(Queensland). Work is currently underway at the

Australian Institute of Marine Science to describe

several new Sonneratia species and their respective

distributions.

Methods

This study involved a detailed survey of species
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Table l. Mangrove species recorded in Australia.
 

Acanthaceae

Avicenniaeeae

Bignoniaceae Dolichandrone spathac'ea (L.f.) K. 5011‘

Bombacaceae Cumprosremon schultzii Mas.

Combretaceae Lumnilzera litmrea (.lack.) Voigt.

Lunmitzera racemosa Willd.

Lumm'tzera rosea (Gaud.) Presl.

Euphorbiaceae Excoecaria agallocha L.

Leguminoseae Cynametra ramifloru var. Bi/uga

(Spanoghe) Benth.

Meliaceae Xylocarpus australasicus Ridl.

Xyloc'urpus granatum Koen.

Myrsinaceae Aegiceras (-orniculatum (L) Blanco

Myrtaceae Osborm'a octodoma F. Muell.

Nypaceae Nypa _/'ruticans Wurmb.

Plumbaginaceae Aegialin's annu/(Ita R. Brt

Rhizophoraceae Bruguiera cylindrica (L) B1.

Bruguiera exarismta Ding Hou.

Bruguiera gymnorhiza (L) Lamk.

Bruguiera parvifloru (Roxb.) W & A

ex Griff.

Bruguiera sexangula (Lour.) Poir.

\. Cer'iaps deamdra (Griff.) Ding Hou.

Ceriops raga! (Fern) C.B. Rob. var.

australis CT. White

Ceriops taga/ (Fern) CB. Rob

Rhizophora apiculala Blume

Rhizophura Iamarckii Montr.

Rhi:oplwra mucronma Lamk.

Rhizophora stylosa Griff.

Rubiaceae Sc'yphiphora hydrophyllacea Gaertnt f.

Sterculiaceae Heririeru littoralis (Dryand) Ait.

Sonneratiaceae Sonneratia alba J.E. Sm.

Acamhus ebracteatus Vahl.

At'anthus ilic‘ijblills Lt

Aviz'ennia marina (Forsk.) Vierh.

Avicenniu officinalis L.

Sonneratia L'aseolaris (L) Eng].

Sonneratia spp.

 

present on most tidal waterways across northern

Australia where previously distributions of man-

grove species were very imperfectly known. The

extreme distributional limits of many species on the

east coast of Queensland draw largely on the

findings of Jones (1971), Bunt (1978), Duke and

Bunt (1979), the latter authors” current research at

the Australian Institute of Marine Science and of

Dowling at the Queensland Herbarium. For much

of the west Australian coastline not surveyed by the

author 0fthis article, the findings ofSemeniuk et al.

(1978) have also proved invaluable.



Table 2. Distribution of mangrove species in Australia in latitudinal subdivisions.

 

 

 

 

 

ensuing figures are not indicative of a particular

locality recorded with a herbarium specimen, al-

though this may be the case, but rather the specific

area of the coastline over which the species has been

recorded.

Voucher specimens of mangroves from most

portions of the coastline have been deposited in the

various herbaria throughout Australia. ‘

Species Northern East Australian West Australian

coastline coastline coastline

(N.T.)

5"5" 7, _ bé‘m 5" .

he 2:2283x3fi2fi:w+3 flzfesmxfififimf

uawaammamafi ééiééa‘o‘iaéa‘:

Aram/ms ebrac'temus x X

Acamhus ilici/‘b/im X x x x x x x x x x

Aegiu/itisannulara x x X x x x x x X x x X x x

Aegiceras (-ornic'ulamm x x x x x x x x x x x x x X x

Avir'ennia marina x x X x x x x X x x x X x x X x x x x x x

Avicenniu qflicina/is ><

Bruguir’ra ('ylindrit'u x x x

Bruguieru exarislam x x X x x x x x x x x x x

Bruguiera gynmorhiza x x X x x X X x X

Bruguieru parviflora x x X x X x X X x

Bruguiera sexangula X x x x x x

'Camptasremonschultzii X X X X X X X X

Ceriops det'andra X X X X

Ceriops raga/ var. australis x x x x x x x X x x x x x X x

Ceriops raga] x x x x X x x

Cynometra I'amifloru

var. bi/uga x x x X x x

Dolir'lmndrone spat/mom ><

Excoewria agalloclm x x X X x x x X x X x x x x x x

Heritieru lilloralis x x x x x x

Lumnilzeru linorea x x x x x x

Lumni/zera racemosa x x X x x x x x x x X x

Lumnitzera rosea

Osbornia oc'todomu X x x x x x x X x x x x x x

Nypa frurit'cms x x x x x

Rhimphora apit'u/am X x x x x x

Rhizophora [amarr'kii X X x x x x

Rhizophora mm'ronam x x x x x

R/zizaphorusrylosa x x x x x x x x x x x x x x x x x x x

Sz'yphiplioru

hydroplu‘l/aceu X x x x X x X

Sormeraria (11170 x X x X x x x x X X x x x

Sonneratm (’aseo/aris x x X x x

leocarpus ausrralasic'us x x X x x x x x x x x

lem'urpus grunatum X x x X x x x x x

Totals: 26 29292927272118117642221 15l5151297211101

.

Species distributions shown as dot patterns in the Results

Mangrove species currently recorded in Australia

are shown in Table l with distributions along the

eastern, northern and western coastlines (in latitu-

dinal subdivisions) being provided in Figure l and

Table 2.

Distributional information for individual species

is presented under each species.

59



ACANTHACEAE

Acamhus ebrac'reams

This species has only been recorded from a few

localities in Australia _ King River near Wyndham

(15‘: SOS, 128C OS’E) in Western Australia (Se-

meniuk et al., 1978) and in the upper reaches of the

Escape River (10“59’8) on Cape York Peninsula

(Duke, pers. comm.)

Acam/ms ilicifolius

The southernmost limits of distribution of this

species are the Daly River (13‘ IO’S, 130(14’E) on

the west coast of the Northern Territory (Wells.

1981b) and St Lawrence, Qld. (223158) on the east

Australian coastline (Jones, 197]).

Ac'antlms ilicifb/ius, although often locally abun—

dant, is discontinuous in occurrence on tidal water-

ways of the Northern Territory eastwards of the

Daly River. The species is particularly uncommon

on tidal waterways entering the Gulf of Carpentaria

but is more abundant (although still discontinuous

in occurrence) along the north-eastern Australian

coastline (Bunt, 1978; Duke and Bunt. Dowling,

pers. comm.)

AVlCENNIACEAE

A vic'emiia marina

The southernmost limits of distribution of this

species are Leschenault Inlet, Bunbury (33"‘16’8,

115‘42’E) on the west Australian coast and at

Corner Inlet, Victoria (38“45’8, l46“42’E) on the

south—east Australian coast.

A vicennia marina at Corner Inlet is the southern-

most occurrence of any mangrove species in the

world.

The occurrence of Avicenniu marina at Bunbury

is considered by Semeniuk et al., I978. to be an

outlier as the species does not reappear to the north

along the west Australian coastline until the Ab—

rolhos Islands are reached. Northwards from this

point Avicenniu marina is common at suitable sites

around the entire coastline to Corner Inlet in
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Victoria. Isolated pockets of this species also occur

in protected coastal pockets throughout South

Australia (Butler et al.. 1977).



A viccnnia Qflicina/is

The restricted distribution of this species could be

a result of its being at the edge of its geographical

range in northern Australia.

Avicennia Q/ficina/is has not been recorded west

of Buffalo Creek. Darwin, NT (12"20/s, 130‘57’E)

or east of the Glyde River (12"‘16’S, 135’303’E) in

eastern Arnhem Land (Wells, 1981b). That Avicen-

nia officinalis does not occur in rivers entering the

north coast of Melville Island is most unusual as

this species is quite widely distributed throughout

southeast Asia (Chai, 1973; Chapman, 1975).

BIGNONIACEAE

Do/ic/mndrone spulhacea

This species is currently recorded from only two

sites in north-east Queensland ~~ Cowal Creek

(10‘54’S) and the Olive River (12‘ lO’S) on Cape

York Peninsula (Duke, pers comm).

BOMBACACEAE

Camplostemon schu/Izii

The southernmost limits of distribution of Camp-

roslemon sz‘lzu/Izii are Cape Bossut (18"43’5,

121‘38’E) on the west Australian coastline (Se-

meniuk et 211., 1978) and the Pascoe River, Q1d

(12318) on the east Australian coastline (Duke,

pers. comm). The species is common from Cape

Bossut t0 G0ve(12"13/S, 136“42’E) in the Northern

Territory, excluding the Joseph Bonaparte Gulf

region where it is uncommon and the north coast of

Me1vi11e Island, where it is unrecorded (Wells.

1981b). Cumptosremon sc/zu/rfli has not been re-

corded on any tidal waterway entering the western

shores ofthe Gulf of Carpentaria although isolated

trees of this species were collected on the Limmen

Bight River (1506’s, 135‘ 42’E), which enters into

the southern portion of the Gulf of Carpentaria.

The species is unknown on any other tidal water-
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way entering the southern shoreline 0f the Gulf of

Carpentaria across to Karumba (Saenger and Hop—

kins, 1975;We11sfi 1981b).

Along the eastern shores of the Gulf of Carpen—

taria this species occurs at least as far south as

Weipa Qld. (12“‘40’5, 141"‘50’E) (Specht et 31.,
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I977). Bunt (1978) describes the distribution of

Cwnplostemon sc/m/rzii down the east Australia

coast as being discontinuous in occurrence down

Cape York.

Cumpmszemon sc/m/m'i is one of the few man—

grove species that comes close to being endemic to

EUPHORBIACEAE

E.\‘c'0€c'uria aga/loc/m

The southernmost limits of distribution of Ex-

coecaria «gal/061m are at Thangoo Station (l8i‘16’S,

122‘ lO’E) on the west Australian coast (Semeniuk

et al., 1978) and the Hastings River, NSW (31‘ 268.

152 26’E) on the east Australian coast (Floyd‘

1980). Excoecm'ia agu/loclm is reasonably abundant

throughout its range except at sites along the NSW

coastline, where it is discontinuous in occurrence.

It occurs on most tidal waterways particularly in

association with Avit‘elmiu marina, Ceriops tagu/

var. austra/is and Lumnirzeru race/now on con-

solidated muds in the more landward. less fre-

quently inundated zones.

LEGUMINOSEAE

Cynanwira ramiflm'a var. bi/ugu

This species has not been recorded in either

Western Australia nor the Northern Territory. It is

first recorded at Port Musgrave, Qld (129008.

141 54/E) on the eastern shores of the Gulf of

Carpentaria (pers. obs.) and extends around Cape

York and down the east Australian coastline (Bunt,

I978) to Mackay, Qld. (21‘08’3) (Jones. 1971).

MELIACEAE (cont. on p. 64)

Xi'locurpus uustm/asicus

The southernmost limits of distribution of Xylo—

(‘lll'plls ausrm/asicus are King Sound, Derby

(17 l9’S, 123138’E) on the west Australian coast

(Semeniuk et al., I978) and Gladstone. Qld.

(23 508) on the east Australian coast (Saenger and

Robson. 1977).

Throughout this area Xyloc‘arpus uusrm/usiws

commonly occurs as isolated trees amongst the
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Australia. As well as its wide distribution across

northern Australia, the species also occurs in tidal

waterways entering the Gulf of Papua (Percival and

Womersley. 1975; Floyd, 1977) and Ambon Island

in the Moluccas (Chapman. 1976).
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fringing vegetation along tidal waterways. In por-

tions of tidal waterways of the Northern Territory

that remain brackish for long periods. Xt'loc'alyms

uusIru/asicus may occur as a dominant tree species

COMBRETACEAE

Lilliillii:el'(1 lilmrm

Lunmirwra linoreu has not been recorded west of

the Johnston River (11 18’S. 13] ' IO’E) on Melville

Island. Distribution of the species across the north—

ern portion of Arnhem Land is discontinuous and

it has not been recorded south of the Rose River

(14 l7’S, 135 44’E) on the western shore ofthe Gulf

of Carpentaria (Wells, l981b).

Saenger and Hopkins (I975) record Lzmmitwm

liimreu at Tarrant Point (17“23’S. 139‘25’E) in the

south-eastern portion of the Gulf of Carpentaria

and Woolston (1973) also records the species at

Mornington Island.

Along the eastern shore of the Gulf of Carpen-

taria. Lmnnirrra linorea occurs at least as far south

as Weipa (Love, pers. comm.) On the east Aus-

tralian coast this species is recorded south to the

Herbert Rivera Qld. (18"32’5) (Jones, 1971). al-

though it has a discontinuous distribution through-

1.l(HT/7ff:(’l'(( l‘(l('(’l7105(l

The southernmost limits of distribution of Lum-

nit:eru racemosa are Beagle Bay (1656’s, 122l‘32’E)

0n the west Australian coast (Semeniuk et al., 1978)

and Moreton Bay. Qld. (27“30’S) on the east

Australian coast (Dowling. 1979).

Excluding the Kimberley area of Western Aus—

tralia. where the species is uncommon. Lunmitwm

race/nasal is widespread throughout the remainder

of its range.

typically in association with Diospyros.férrea var.

Izmnilis, Bruguiel'u parriflora and R/iizop/zora sly/0.9a

on suitable substrates.
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out this area (Bunt. 1978; Duke and Bunt pers.

comm).

Lumm’rzera littorca only occurs as a shrub to

small tree ( <6 m) in the Northern Territory (Wells,

I98lb)‘ On Cape York Peninsula this species often

attains tree heights to 25 m (Bunt, I978; pers. obs.).
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Lumnir:era rosea

This species is only known in Australia from

Missionary Bay, Hinchinbrook Island. (18‘315’5),

(Tomlinson et al., 1978.)

MELIACEAE

Xylocarpus granatum

The southernmost limits of distribution of Xylo-

carpus granatum are the Prince Regent River

(15“27’8, 125‘303’E) 0n the west Australian coast

(Wells, l98la) and Frazer Island, Qld. (25‘ 30’S) on

the east Australian coast (Dowling, pers. comm.)

In the Northern Territory Xylocarpus granarum

occurs on Andranangoo Creek, Melville Island

(11*‘21’S, l30f51’E) and on the Gove Peninsula

(Yirrkala) (Specht, 1958).

The species has not been recorded on any other

tidal waterway in the Northern Territory (Wells,

1981b). Saenger and Hopkins (1975) have reported

the species at Tarrant Point, Qld (17"23’Sfi

1395‘25’E) in the southeastern portion of the Gulf of

Carpentaria. The writer considers that this record is

most probably Xylocarpus australasicus as this spe-

cies has been observed growing at Karumba

(l7‘"28’S, 140ti50’E) a little distance away from

Tarrant Point under an equally arid climate.

Specht et a1. (1977) record Xi'locarpus gram/mm

MYRSINACEAE

Aegiceras cornicu/aium

The southernmost limits of distribution of Aegi-

(eras ('0!‘I1i('l(/alul7l are at Cossack (20"41’S.

l 17"‘12’E) on the west Australian coast (Semeniuk

et al.. 1978) and Merimbula. NSW (36“53’8.

149‘1‘55’E) on the south—east coast of NSW (Weate,

pers. comm.)

Throughout this area Aegic'eras ('orniculutum is

reasonably abundant. particularly as a shrub

understory to fringing vegetation along tidal water-

ways.
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at Weipa and the species is reasonably abundant in

the Port Musgrave area north of Weipa (pers. obs).

Distribution of this species along the remainder

of the western shores of Cape York Peninsula is

unknown. Xi‘locaipus g/‘anatum is particularly com-

mon amongst fringing vegetation in tidal water-

ways down the east Australian coastline (Bunt.

1978; Duke and Bunt, pers. comm).
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MYRTACEAE

Osbornia ()(‘Iodontu

The southernmost limits ofdistribution of Osbor-

Iiia aclodoma are at Cossack (2041’s, 1 17‘ NE) on

the west Australian coast (Semeniuk et al., 1978)

and Tin Can Bay, Qld. (25308) on the east

Australian coast (Dowling and McDonald, 1981).

Distribution of Osbornia or'lodunru is discon-

tinuous around the coastline, particularly in the

Gulf of Carpentaria. Specht et a1. (1977) record this

species at Weipa, Qld. (12’ 40's. 141 SO’E), al—

though Saenger and Hopkins (1975) did not record

it at Tarrant Point in the southeastern portion of

the Gulf of Carpentaria. Wells (1981b) records

Osbornia octodoma from over half the tidal water—

ways of the Kimberley region of Western Australia

and the Northern Territory and Bunt (1978) and

NYPACEAE

Nypu fi‘urimns

Nypu fi'uticans has been recorded at only one

locality, Maxwell Creek, Melville Island in the

Northern Territory.

Nunafi'utic‘ans has been recorded by Messel et al.

1981a at Port Musgrave, Qld. (1200/5, 141"‘54’E)

on the eastern shores of the Gulf of Carpentaria. It

is also known to occur on the Jardine river

(10'55’S) and Cowal Creek (10“54’S). (Duke and

Bunt, pers. comm.) '

On the east Australian coast, Nypa Ifi‘utir'ans

occurs in a discontinuous distribution from the

Olive River, Qld. (12'10’S) (Bunt, 1978) to the

southern end of Hinchinbrook channel, Qld.

(18‘ 31’S) (Duke and Bunt, pers. comm).

PLUMBAGINACEAE

Aegia/iris mum/um

The southernmost limits of distribution of Aegi-

liris amzulara are at Exmouth Gulf (21"53’8,

114 22’E) on the west Australian coast (Semeniuk

et al., 1978) and Frazer Island, Qld. (25“30’S) on the

east Australian coast (Jones, 1971).

Throughout its range Aegia/iris (”mu/am is rea-

sonably abundant.

[2.0'5 /..|70‘ [10' 650'

—30'

 

I
‘ _ .

fins. 40

Dowling (pers. comm.) record this species as being

reasonably common at sites along the east coast of

Queensland.
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RHIZOPHORACEAE

Bruguiera (git/indric'u

This species has a very restricted distribution in

Australia. It is not recorded from either Western

Australia (Semeniuk et al., 1978) or the Northern

Territory (Wells, 1981b). Bruguiera cylindrical was

not recorded by Specht et a1., (1977) at Weipa, Qld.

(12“40’S. l4l"50’E) but occurs at Port Musgrave,

65 km north of Weipa (Messel et al., 1981a). On the

east Australian coast Jones (1971) originally re-

corded the species only at Cape Sidmouth (13"25’5,

143‘36’E), although more detailed studies now

show that although the distribution ofthis species is

discontinuous; it occurs at several mainland and

island localities north of the Normanby River

(l4‘25’S) and at localities around the tip of Cape

Bruguierc/ araristam

The southernmost limits of distribution of

Bruguieru e.\‘ari.s'lalu are at Cossack (2041/5.

117’ NE) on the west Australian coast (Semeniuk

et a1.. 1978) and Port Clinton. Old. (22’ 30’S) on the

east Australian coast (Saenger. pers. comm.) The

species is reasonably well represented amongst

fringing vegetation along tidal waterways through-

out these limits except along the west Australian

coastline where it is infrequently observed.

Bruguiera gymnorlziza

Bruguiera gymnvrhim has not been recorded west

of Darwin. NT (12‘ 25’8” 130‘48’E) (Wells. 1981b).

Although discontinuous in occurrence the species

occurs eastwards of this point as far south as the

Roper River. NT (14 175, 135 44’E) in the Gulf of

Carpentaria. Bruguieru gymnorhizu has not been

observed on any other tidal waterway ofthe North-

ern Territory entering into the southern portion

of the Gulf of Carpentaria.

Saenger and Hopkins (1975) have recorded the

species as present but uncommon at Tarrant Point

(17"23’S, 139"‘25’E) in the south-eastern portion of

the Gulf of Carpentaria. On the eastern shores of

the Gulf of Carpentaria the species occurs at least as

far south as Weipa (12“40’S, 141‘50’E) (Love, pers.
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York (Bunt. 1978; Duke and Bunt. pers. comm:

Saenger. pers. comm).

/2|0'E /.|70' [10' 650‘

-/0‘5

—20‘

— 30’

 

: I "'- '

vTAS. '40   /2|o‘f /_?0' [40' [50'
I I

.... .. .00. -/0‘5
0 O

O

—20'

................... .

..... .

O _300

' \
WTAS. ~40.

comm.) Its distribution along the remainder of the

tidal waterways entering the Gulf of Carpentaria



from Weipa to Karumba is unknown. On the east

Australian coastline, Bruguiera gymnorhiza has

been recorded south to the Clarence River, N.S.W.

Bruguiel'a parviflora

The southernmost limits of distribution of

Bruguieru parviflora are the Sale River (15“57’S,

124'33’E) on the west Australian coast (Wells.

1981b) and Proserpine, Qld. (20308) on the east

Australian coast (Jones, 1971).

The species is uncommon throughout the Kim—

berleys and the Joseph Bonaparte Gulf region of

Western Australia and the Northern Territory.

Distribution of the species is continuous across the

northern coastline of the Northern Territory.

Bruguiera parviflora is rare on tidal waterways

entering the western shores of the Gulf of Carpen-

taria and has not been recorded eastwards of the

Limmen Bight River (15"06’8, l35‘"42’E) in the

Northern Territory. Bruguiera parviflora recently

has been recorded at Port Musgrave Qld. (12“00’8,

141°54’E) (Messel et al., 1981a). The species is

Bruguiera sexangu/a

Bruguiera sexungu/a has not been recorded pre-

viously from the Northern Territory. It is known

from only the Cato and Peter John Rivers in

Arnhem Bay, NT (lZ'lS’S, l36‘i'21’E) (Wells,

1981b).

On the eastern shores of the Gulf of Carpentaria,

Bruguiem sexangu/a has been recorded south to

Port Musgrave, Qld. (12“‘00’8, 141°54’E) (pers.

obs.) while on the east Australian coastline, this

species has been recorded south to Missionary Bay,

Hinchinbrook Island, Qld. (18“l5’S) (Duke and

Bunt, pers. comm). The distribution of Brugm'era

,s'e.\‘ungula down the east Australian coastline is

discontinuous.

(29"25’5, 153‘21’E) (McCormick, pers. comm;

Floyd, pers. comm.), although this species only

occurs as isolated trees in northern N.S.W.
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reasonably common along tidal waterways over the

northern portion of the east Australian coast (Bunt,

1978) although it becomes discontinuous in occur-

rence towards the southern limit of distribution at

Prosperpine.
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Ccrinps dec'andra

Ceriops decandra has not been recorded west of

Darwin, NT (12°25’S, 130948’E) (Wells, 1981b). Its

distribution across the northern coastline of the

Northern Territory is discontinuous and it has not

been recorded on any tidal waterway entering the

western or southern shores of the Gulf of Carpen-

taria. Occurrence of Ceriops decundra throughout

the Queensland portion of the Gulf of Carpentaria

is largely unknown. It may occur at Weipa (Love,

pers. comm). It occurs at least as far south as Port

Musgrave (12008, 141’ 54’E) (pers. obs.).

On the east Australian coastline the species has

been recorded south to Missionary Bay, Hinchin-

brook Island, Qld. (18"‘15/8) (Duke and Bunt, pers.

C(’I'IOpS taga/ var. austra/is

The southernmost limits of distribution of Ce-

riops taga/ var. austrulis are at Exmouth Gulf

(21"53’5, 114‘122’E) on the west Australian coast

(Semeniuk et a1., 1978) and the Tweed River, NSW

(28“11’S, 153‘1‘32’E) on the east Australian coast

(Lear and Turner, 1977). Throughout its range the

distribution of this variety is continuous.

C(Jr/bps raga]

Distribution of the species across the northern

coastline of the Northern Territory is extremely

discontinuous. It has neither been recorded west

of Tinganoo Creek, Melville Island, NT (11°24’S,

131029’ E) nor east of the Cato River, NT (12°16’ S,

136021’ E) (Wells, 1981b) nor on any tidal waterway

within the Gulf of Carpentaria.

In eastern Australia, the species is quite abundant

south from Cape York to Cooktown (Bunt, 1978)

and becomes progressively rarer as it approaches

the southernmost limit ofits distribution at Bustard

Head, Qld. (24001/8) (Dowling and McDonald,

1981).
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Cooktown (Bunt, 1978), and south to Cairns. Qld.

(16”55’S) (Dowling and McDonald 1981).
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Rhisoplzora apicu/aia

Rhizop/wru apicu/am has not been recorded west

of Andranangoo Creek, Melville Island (11‘321’5,

130‘ 5] ’E) or east ofGove (12“‘13’S, l36"43’E) in the

Northern Territory (Wells, 1981b). The species is

absent from the greater portion of tidal waterways

entering into the Gulf of Carpentaria. Specht et a1.

(1977) did not record Rhizop/zora apic‘u/atu at

Weipa (12’40’8, l4l”50’E) although this writer

found this species to be common within Port

Musgrave (12"00’5, l4l‘ 54’E) just 65 km north of

Weipa.

On the east Australian coastline Rlii:0p/10ru apic-

u/ata has been recorded south to Port Clinton, Qld

(22°30’S) (Duke and Bunt, 1979); these authors

suggest that this species may occur further south.

R/Ii:0p/10ra lamarckii

Rhizop/zora lwnarckii has been recorded from the

Alligator Rivers region of the Northern Territory

(Hegerl, pers. comm.). It has not been recorded

within any other tidal waterway of the Northern

Territory although it could occur in Arnhem Bay.

This species has not been recorded in the Gulf of

Carpentaria although it could occur in low numbers

on the Jardine River (Duke and Bunt, l979).

Although not recorded by this writer on tidal rivers

entering Port Musgrave, it may be present here also.

Along the east Australian coastline Rhizophora

lumarckii shows a discontinuous distribution from

Cape York to Port Clinton, Qld. (22“30’5) (Duke

and Bunt, 1979). It is probable that this species

occurs south of this given limit at Port Clinton.

Rhimphora mucronala
Rhizophora mucronala has not been recorded on

any tidal waterway in Western Australia (Semeniuk

et al., 1978) or the Northern Territory (Wells,

1981b).
Rln’:0p/mra muc'ronuta has been recorded from

Port Musgrave, Qld. (lZ‘i‘OO’S, l4l“54’E) (perst

obs.) and appears to be discontinuous in occurrence

in tidal waterways from this point to Deluge Inlet,

Qld (18°25’S) (Duke and Bunt, l979).
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Duke and Bunt (1979) show that throughout its

range along the east Australian coast, Rhizop/zora

(IpiCL/lllfu is continuous in occurrence.
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Rhimplzom slylosa

The southernmost limits of distribution of Rhizo-

p/mra sr_t‘losa in Australia are at Yardie Creek

(22208, 113"51’E) on the west Australian coast

(Semeniuk et a1., I978) and the Corindi Creek,

NSW (30“03’S, 153‘12’E) on the east Australian

coast (Floyd, pers. comm). Floyd notes that this

species was previously recorded as far south as the

Richmond River. NSW (28“31’8) (Jones 1971);

however, this record referred to an old Herbarium

specimen. Rlzizoplzora stylosa does not occur on the

Richmond River now and except for the collection

made at Corindi Creek in 1979, the species was not

known to have occurred in recent times south of

Cudgera Creek on the Tweed River, NSW (Floyd,

pers. comm).

RUBIACEAE

S(‘yphip/zora 11)‘droplIy/lacea

T0 the west in its Australian distribution, Scy-

plziphoru l7}‘drophyllacea occurs at Cape London-

derry (13‘48’8, 126“46’E), the most northerly point

of Western Australia (Semeniuk et a1., 1978). It is

surprisingly, not recorded from tidal waterways of

the Kimberley region immediately westward (Wells,

1981a).

The species has not been recorded throughout the

remainder of the Joseph Bonaparte Gulf and re-

appears again in Bynoe Harbour (12‘ 34’s,

130”31’E) near Darwin in the Northern Territory.

Scyphip/zom hydrophy/laceu has a discontinuous

distribution across the remainder of the northern

coastline of the Northern Territory and has been

recorded as far south as the Rose River. N.T‘

(14“‘17’S, 135*44’E) on the western shores of the

Gulf of Carpentaria (Wells, 1981b). The species has

not been observed on any other tidal waterway 0f

the Northern Territory entering into the southern

portion of the Gulf of Carpentaria. Saenger and

Hopkins (1975) likewise do not record this species

at Tarrant Point (17"‘23’8, 139"”25’E) in the south-
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eastern portion of the Gulf of Carpentaria.

Specht et a1., (1977) record the species as far

south as Weipa, Qld. (12“40/8, 1419'50’E) on the

eastern shore ofthe Gulf of Carpentaria. However,

its occurrence down the remainder of this shore to

Karumba is unknown. On the east Australian coast

this species occurs as far south as Townsville, Old,

(19‘ 12’S) (Jones, 1971), although again it is discon—

tinuous throughout this region.



STERCULIACEAE

Heriliera littora/is

Heritiera linora/is has not been recorded from

Western Australia nor from the Northern Ter-

ritory.

The species is first recorded at Port Musgrave,

Qld. (Messel et a1., 1981a) and thence forms a fairly

continuous distribution around Cape York and

down the east Australian coastline t0 Cooktown

(Bunt, 1978) and Cairns Qld; (16°55’S) (Dowling

and McDonald, 1981). the species is common

along the upstream portions of many tidal water-

ways down the east coast to Hinchinbrook Island.

The southernmost limit of distribution of Heritiera

littora/is is St Lawrence, Qld. (22°15’S) (Jones,

1971).

SONNERATIACEAE

Sonneratia alba

The southernmost limit of distribution of Son-

neratiu a/bu on the west Australian coast is at Cape

Bossut (18“43’S, 121‘738’E( (Semeniuk et al., 1978).

The species is common throughout the estuaries of

tidal waterways in the Kimberleys W.A. (Wells,

1981a) but is largely absent from tidal waterways

draining into Joseph Bonaparte Gulf.

The species is nearly continuous in occurrence

from Port Paterson, N.T. (12034’8, 130C’31’E)

around the northern coastline to Gove (12‘13’8,

136U42’E) in the Northern Territory. The species

has not been recorded on any tidal waterway

entering the western or southern shores of the Gulf

of Carpentaria (Wells, 1981b). Sonnerazia alba oc-

curs at least as far south as Weipa, Qld. (12040’S,

141050’E) on the eastern shores of the Gulf of

Carpentaria (Love, pers. comm.) On the east Aus-
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tralian coast this species occurs as far south as Port

Clinton, Qld. (22030’8) (Duke and Bunt, pers.

comm.) Work in progress at the Australian In-

stitute of Marine Science suggests that a range of

Sonneratia spp. occur along the east Australian

coast (Duke and Bunt, pers. comm).
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Sonneraria ('aseolaris

The most westerly occurrence of this species is on

Andranangoo Creek, Melville Island, NT (1 1021/8,

130°51’E) (Wells, 1981b). It is abundant on tidal

waterways entering Van Diemen Gulf and also

occurs on certain rivers within Arnhem Bay (N.T.).

lts distribution is discontinuous along the northern

coastline of the Northern Territory and the species

has not been recorded east of the Peter John River

in Arnhem Bay, N.T. (12°15’S, 13602l’E). It also

has not been recorded on tidal waterways within the

Gulf of Carpentaria. On the east Australian coast it

occurs from the Olive River, Qld. (120105) to the

Murray River, Qld. (18005’8) (Duke and Bunt,

pers. comm.) although its distribution here is again

discontinuous.

Discussion

Many species of mangroves that are widespread

throughout the Indo—Malaysian region, as dis-

cussed in particular by Chapman (1975, 1976),

possess quite restricted distributions in Australia.
These conclude Acamhus ebracleams, Avicennia offi-

cina/is, Do/ichandrone spat/70cm, Cynometra rami—

flora var. bijuga, Nypa fruricans, Bruguiera cylin-

drica, Bruguiera sexangula, Rhizophora mucronala,

Heriiiera lirtoralis and Somzeralia c'aseolaris. Spe—

cies that show considerable latitudinal extension

down the east as opposed to the west Australian

coast include Acanthus ilicifblius, Lumnilsera lit-

torea, Lumnitzera racemosa, Excoecaria agallocha,

Xylocarpus ausrralasic'us, Xi’loc'arpus granalum,

Aegic'eras comiculatum, Bruguiera gymnorhiza, Ce-

riops decandra, Ceriops raga] var. australis, Ceriops

raga], R/iizophora apiculata, Rhizophora stylosa,

Sc'yphiplzora hydrophyl/uc'ea and Bruguz'era parvi-

flora; while still other species Aegialitis annu/uta,

Bruguiera exaristata, Osborm'a octoa’oma and Son-

neratia alba show no such uneven latitudinal exten-

sion between the eastern and western extremities of

their distributions and occur at similar latitudes on

both east and west coastlines. Only one species,

Camptostemon schultzii, occurs at a higher latitude

on the west as opposed to the east coast of the

continent.
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Considerable variation exists in species occur-

rences throughout their respective geographic

ranges in Australia. Many species, Arum/ms ilic'i-

folius, Aegialitis annulala, Aegiceras corniculatum,

A vicennia marina, Bruguiera exaristata, Ceriops Ia-

gal var. uustralis, Excoecaria aga/locha, Rhizophora

stylosa and Xylocarpus austra/asicus, are considered

as having continuous distributions throughout their

ranges. Other species, in particular Brugui’era parvi-

flora, Campl‘ostemon schultzii and Ceriops de—

c'andra, while reasonably continuous in occurrence

around the north Australian coastline, are entirely

absent from those regions within their geographic

ranges that are subjected to high levels of seasonal

aridity (i.e. Cambridge/Joseph Bonaparte Gulf:

Gulf of Carpentaria). Additional species which are

quite discontinuous in occurrence at sites across the

Northern Territory 7 Bruguiera sexangula, Ceriops

raga], Lumnitzera littorea, Nypa fruticans,

Rhizophora apic'ulata, Rhizop/zora lamarckii,

Scyphiphora hydroplnr/lacea and Xy/ocarpus grana-

rum — also are not recorded from sites in these gulfs

but occur more frequently at localities along the

north Queensland coastline.

Several species only recorded in Australia from

north—east Queensland 7 Bruguiera cylindrical, Cy-

nomelra I'amlfloru var. bi/uga, Heririera littora/is

and Rhizophora mucronata -— shown reasonably

continuous distributions throughout their Aus-



tralian ranges, although Dolic'handrone spaI/mcea

and Lumnitwra rosea present extremely restrictive

distributions. However, this usual trend of uncom-

monly recorded mangrove species occurring in

north-east Queensland does not include Avicennia

()ffic‘ina/is; which is wholly limited in its Australian

distribution to sites along the northern coastline of

the Northern Territory.

Macnae (1966), Jones (1971)) Gill (1975), Lear

and Turner (1977), Saenger et a1. (1977) and Se-

meniuk et a1. (1978) all show that a gradual re-

duction in species number occurs with increasing

latitude down both the east and west coasts of the

continent from tropical to temperate regions. How-

ever, presence of species at sites within their geo-

graphic ranges depends on an interacting complex of

factors. Many are discussed by Clark and Harmon

(1969) in relation to zonation at a particular site

whilst others, e.g. Thorn et a1. (1975), stress that the

pool of species available are influenced by local

environmental conditions which in turn are affected

by geomorphic processes.

In this regard. in Australia, within the geographic

range of a species, although edaphic and physiog-

raphic conditions ofa site may be favourable for its

occurrence, local climatic conditions may prevent

establishment. Fosberg (1961), Zahran (1975) and

Cintron et al. (1978) have observed this phenome-

non elsewhere in the world.

Species distributions in northern Australia show

certain trends. Bruguiera sexangu/a, Ceriops de-

r'andru, Ceriops Iagal, Nypufi'uriz'ans, R/iizopliora

apic'ulam, R/Ii:0p/Iora lamart'kii, Sonneralia albu

and Somzeraliu cuseo/aris all occur at sites across

the northern coastline of the Northern Territory

and down the east Queensland coastline, but re-

main unrecorded at any site within the larger

portion of the Gulf of Carpentaria.

In addition. Bruguiera gymnorlliza, Bl'uguiera

purviflora, Canzptostemon sc'liu/tzii, lemififl'a lil-

forea. S(‘yphiphora ll)'drophyllacea and possibly Xy-

lowrpus grunarum are represented only by straggly

trees/shrubs at few sites within this Gulf.

Such a reduction in floristic diversity is not

attributable to ‘latitudinal sifting” of species as the

Gulf of Carpentaria lies within the geographic

ranges of all these species. Wells (1981b) has shown

that the Arnhem Bay/Gove region at the north—

western extremity of the Gulf with twenty-two

species recorded, has the most diverse mangrove

flora of any region in the Northern Territory.

Likewise, the Port Musgrave region on the north-

eastern shores of the Gulf of Carpentaria with

twenty-seven recorded species (pers. obs.) is also

particularly diverse in species when compared to

other sites detailed by Bunt and Williams (1980) in

north-eastern Queensland.

Such high levels of species numbers for man—

groves at sites near the nothern limits of the Gulf of

Carpentaria and the extremely low numbers of

species recorded from sites further within this Gulf.

frequently only eight to eleven species (Wells,

1981b), pose a number of problems.

The prevailing sea currents flow east along the

northern coastline of the Northern Territory into

and around the Gulf of Carpentaria during the

‘wet’ season (Australia Pilot, Vol. 5, 1972), when

most fruiting of mangroves occurs. Such currents

thus pass the Arnhem Bay/Gove region, deflect

across the Gulf entrance to the Port Musgrave

region in Queensland and then move southwards in

a clockwise direction around the Gulf. Floating

disseminules of the various mangrove species

should then retain Viability over such small sea

journeys (when contrasted to the distributional

spread of many of the species throughout islands in

the Pacific Ocean), and should have little difficulty

in reaching all sites within the Gulf of Carpentaria.

In this regard, throughout the southern portion

of the Gulf, restricted sporadic occurrences of spe—

cies like Ac'ant/ms i/it'ifblius, Bruguiera purvifloru,

Camplostemon sc'hulr:ii and Lunmitwra lilloreu in

extremely sheltered habitats and the absence of

many other species that would have little difficulty

in reaching these shores, appears to be largely

attributable to the considerable Climatic aridity

experienced in this region during the ‘dry‘ season

(Climatic Averages, Qld., N.T., 1975).

In an analogous situation involving waterways _

entering into Cambridge and Joseph Bonaparte

Gulfs on the north-west coast of Australia, only

between seven to thirteen species are commonly

recorded (Thorn et al., 1975: Wells, 1981b) even

though Semeniuk et a1. (1978) and Wells (1981a)
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show that between thirteen to fifteen mangrove

species are frequently recorded further south at sites

throughout the Kimberley region of Western Aus-

tralia.

Of the thirteen species occurring in these two

gulfs, Camptosteman sc‘hu/tzii, Rhizophora Sty/03a

and Sonnerariu albu are infrequently encountered

and then only as straggly trees or shrubs in contrast

to their considerable abundance in adjacent tidal

waterways of the Kimberleys (Wells, 1981a). An

additional species, Bruguiera parvr’flora, is also un-

commonly recorded at sites along this portion of

the north-west coastline where it is at the southern

end of its geographic range. However, both

Bruguiera parviflora and Bruguiera exaristam are

still less frequently encountered amongst the man-

grove vegetation around Cambridge or Joseph

Bonaparte Gulfs than at localities further south in

the Kimberleys.

It might be expected that there would be fewer

mangrove species in the Kimberley region. lying at

higher latitudes than the Cambridge and Joseph

Bonaparte Gulf regions. Such is not the case. The

increase in number and abundance of species in the

Kimberleys and the floristically and structurally

depauperate mangrove scrubs fringing waterways

entering the two latter mentioned gulfs may relate

to subtle differences in seasonal aridity as shown in

the Climatic Averages, N.T., WA. (1975).

The south-east trade winds that blow rather

consistently across the hot, dry interior of the

continent during the ‘dry‘ season (Gentilli, 1971)

are considered by this writer to be most important

in their effects on species numbers and structure of

the mangrove vegetation along both the north-west

coast of Australia and throughout the lower por-

tions of the Gulf of Carpentaria. These drying

winds blow straight into the mangrove scrubs

fringing the low level plains abutting these gulfs and

many species of mangroves with more humid cli—

matic requirements are thus excluded from estab-

lishment in such seasonally arid regions. For the

Kimberley region, which also receives considerable

climatic aridity, the more diverse mangrove flora

occurs in scattered pockets beneath cliffs of drown-

ed river valleys. Such vegetation is often shielded

from the sun‘s direct rays for a larger portion of the
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day (particularly during the winter, dry season

months) due to the aspect of the overhead cliffs and

is also protected from the desiccating effects of the

south-east trade winds by the Mitchell Plateau.

Overall, distributions of the various mangrove

species around the continent are considered to be

the cumulative result ofcomplex interactions of the

biological, chemical and physical environments

now and in the past. However, increased seasonal

aridity on the west, compared with the east, Aus-

tralian coast is considered as a major factor result—

ing in mangrove swamps on the west coast having

only half the number of species present as have

swamps at similar latitudes on the east Australian

coastline.
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