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. TWTRODUCTION |

The, 20th Marlne Sclence School for unlvers;ty under— P
graduates was held from May 22 to 27, 1966 at the CSIRO Marlne
Laboratory, Cronulla, N.S5.W. Before 1966, the course attracted
mainly zoology and botany students and was known as the Marine
. Biology School.. To bring in students - from other departments,
it Was renamed the Marlne Sclence School. S e e

'Up'till 1966 the School COnSisted of'a‘number of more
or less unrelated half and full-day courses, In 1966, an
integrated study of Port Hacking, on whose shores this Laboratory
is located, was initiated: a Btudy which w111 be - contlnued by
the students at future Schools. . .

' The papers that follow are an account of the work: of
students under the guidance of members of the research staff
of the Laboratory. They are based on material presented by
students at a discussion session on_the final day of the School.

Students who ‘attended, their: unlver31tles, the groups they worked
- dny  gid the reséarch staff who. gulded them, are glven in the
' Appemhx. T .

In 1967 the Marine Science: School will be 1onger and:"
students will have more time 4. prepare thelr own papers along

the llnes of those presented here.'

The data in;this rePOrt'Can be.0f5ﬁéé ét future Sehools.

2520 , o
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2
HYDROCLOGY

I. INTRODUCTION

Earlier hydrological investigations of the Port Hacking
egtuarine system had been mainly concerned with the seasonal and
yearly changes at a number of stations (Rochford 1951). However
during the 1966 iarine Sciences School, the opportunity was taken
to study the daily changes in the freshwater, marine, and deep
ba51n water components 1n the reglon upstream of Lilli Pilli.

II METHODS

Chlorlnlty was detérmined both in the field and ‘in the- labora—
tory by chlorinity-temperaturé meter (Hamon 1956). Oxygen vas
determlned by the Winkler method as used by CSIRO (CSIRO Aust. 1966).

III RESULTS

" The hydrologlcal characterlstlcs of the Port Hacklng estuary
were examined at selected station positions (Fig. 1) during
23-25/6/66. The positions of these were flxed on a prellmlnary
survey by GSIRO on 12/5/66 (Table 1).

: - f' TABLu 1 _ :
TEMPERATURm-CHLORINITY PRmLIMINARY SURVEY - 12 5 66
Station {_ Tlme'”' D?pth 'Temp. Glfo | Time Temp. _ Cl%of 0,
4 |
4} 1230n |, 0 | 17.80 | 19.29
1 ] 17,60 ] 19440 0 . N
2 Y745 1941 00 o p L 1L
5 1305h | .0 17.90 | 19.33
’ o 1 17,90 | 19.32
2 17.90 19.33
3 17.90 | 19.33
4 17.90 19.33
5 17.80 | 19.32
6 17.80 19.32
7 17.80 19.32
g 17.70 | 19.32

17.70 19.32
10 17.70 19.32
11 17.70 19.32
12 17.70 19.32
13 17.60 | 19.34
14 17.60 19.35
15 17.60 19.35
16 17.60 19.35
17 17.60 19.34
18 17.60 19.34
19 17.60 | 19.34
20 17.60 19.35 1
21 17.60 1935 -

22 17.60 19.35
23 17.60 18.35
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TARLE 1 (Cont'd...)

A - RES # o
station | Tine | Deptn | Temp." Clgo" | Time | Temp:*| cafol-|- 0,
6 1314h 0 17.80 | 19.26
- 2 17.90 | 19.27
3 17.80 | 19.31
4, 17.75 1+ 19.34
5 17.70 | 19.32
8 17.60 | 19.32
10 17.70 | 19.31
12 17.70 | 19.33
1/ 17.70 -| 19.35
16 17.80 | 19.38
20 17.80 | 19.41
22 17.80 | 19.41
7 1324h | O 17.85 | 19.31
1 17.80 | 19.37
2 17.90 | 19.33
4 17.80 | 19.33
7 17.85 | 19.35
1 17.85 | 19.36
S 13 ) 18.00 | 19.37
1 -} 18.10 | 19.42
16" .| 18.00 | 19:42
17 ] 17.90 | 19.41
18 1 17.85 | 19.41
1970 17070t 19.23-
20 117.70 | 1941 | e L
8 1418h 0 18,10 | 19.19 ‘|- 1545h | 18,00 | 19.23 | 4.74
1 18.10 . | 19.19
3 18.10 | 19.19 .
4 18.30 | 19.25 18,22 | 19.30 | 4.30
5. 118,25 | 19.29: o
7 18.25 | 19.30. I I R
8 13.25 | 19.30 18,10 | 19.31 | 4.22
10 18.25 | 19.29 | A
11 18,25 | 19.31 _
12 18.25 | 19.31 18,04, | 19.30| 4.24
13 18.25 | 19.32
1/, 18,30 | 19.33
15 18.30 | 19.32
16. 18.30 | 19.34 18.06 | 19.29| -
17 18.20. | 19.33
18 18.20 | 19.33
12 1450h 0 | 18.20 | 19.29 1500h | 17.95 | 19.27 | 4.81
1 16.20 | 19.29
2 18.20 : 19.29 .
3 18.20 | 19.29
4 18.20 | 19.31 18.02 | 19.28 | 4.71
5 18.30 | 19.31
6 18.30 | 19.32
7 13.30 | 19.33
g . | 18.30 19.33 17.91. | 19.28{ 4.69
10 | 18.20 | 19.33
11 . | 18.20 | 19.3%
12 1 18.20 | 19.3/ 17.88 | 19.28 | 4.65
13 | 18.20 | 19.31
14 18.20 19.33
15 13.20 19.33
16 - | 18.20 | 19.33 17.94 | 19.28} 4.54
17 18.30 | 19.3% . 1
18 18.40 | 19.38
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“PABLE 1 (Gemtldese) oo

- - - 0 " ¥ . . 1 <2 '.I'.__..
StatithH_MTime_”__D%p§h Temp. Cl%o ‘Time | Temp. '| Glfo¥ o,
Y N 1o U S
4 -0 ‘ i1522h | 17.91 19,27 | 4.95
: 5 17.91 59,27 | 4.96
10 | 17.81 | 19.26 | 4.91
15 . 17.74 | 19.27 | 4.93
2 0 ' 15450 | 17274 | 19.39 | 5.26
4 - 117.66 19.328 5°2é
8 ; 17.43 19.36 | 5.2
12 ‘ e 11744 | 29.37 | 5.17

¥ ohlorinity-témperature meter in-field.
* Reversing thermometer in field.
By meter inilabpratory. ;

The bathymetry of the région (Fig; 2)-prevpnted sampling from

'R.V. Saga in South West Arm, the Port Hacking River and the whole of the

area east of Burraneer Bay. Supplementary stations were worked from a
smaller launch on 24/5/66 at stations around the mouth of Pord Hacking
(Fig. 1), but large areas, notably Gunramatta Bay, were not sampled.

At certain stations, detailed in:éifu profiles of temperature and

lchlorinity to the bottom were obtained using a chlorinity-temperature
. meter (Tables 2, 3 and 4).

| TAELE 2

TEMPERATURE-CHLORINITY AT SELECTED STATIONS - 23.5.66
: ¥* - & 4
. Station :: | Time --D?p%h . Temp. ! Cl%at
. 0930h -0 T 1915 19.62
e 1 - 19.15 19,63
o2 17 19.15 19.63
3 © 18,10 19.68
b 1775 19.54
3 0950h 0 17.10 19.49
1 17.10 19.48
. 2 . 17010 1.951‘-9
23 - 17,10 19.49
o 1710 19.49
5 ©17.10. 19.49
% 17.00 19.47
L ’ 7 17000 19149
4 1010h- 0 17.30 19.27
1 17.30 19.29
; 2 17!30 19&29
3 17.30 19.29
A 17.30 19.29
5 17.30 19.29
6 17.30 19.29
7 17.30 19.29
8 17.30 19.29
.9 17.30 - 19.29
10 17.30 19.29
11 17.30 19.29
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: TABLE 2 (Cont'd...)

Station Time ot Tenp, T - (lgoT
m
12 17.30 19.30
13 17.30 18.30
1 17.30 19.30
15 17.30 19.30
18 17.30 1630
17 17.30 19.32
18 17.40 15.32
19 17.40 19.32
20 17.40 1933
21 17.40 19.32
23 17040 19.32
23 17.40 19.32
2% 17.30 19.32
5 1020h 0 16.20 19.26
' 1 16.20 19,25
2 1630 19.25
3 16.20 19.25
lj— ' 16018 19 ZZP
5 16.18 19,24,
2 16.20 1917
7 16,21 19.21
8 16.53 15.96
9 16.22 19.25
10 1620 15.55 |
1 16.50 1932
12 16,20 19.33
13 16.20 19.33
17, 16120 19.32
15 16.19 1913},
16 16.30. 19.35
17 16.30 19.37, |
18 16.30 14.35
19 16.30. 19.35
20 16.25 19.35
21 16.25 19,38
22 16.35 19.%,0
23 16.50 19,41
6 1040k 0 17.00 19,20
| i 17.00 13,50
3 17200 119.20
3 17.05 19150
i 17.05 19.20
5 17.05 19.20
6 17.10 19.21
7 17:10 19.21
8 16.40 19.30
9 16.50 19.31
10 16.50 19.34
1 16:10 19.3
12 16.50 16.3
13- 16.50 19,36
14 16,50 | 19.35
15 1650 19.35
1% 16.40. 19.37
17 16.40 19,37
18 16.40 19.37
19 16.40 19.37
20 16.40 16.39
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TABLE 2 (Cont'd...)

, S — I ——
T.Station | Time D?pgh Temp. ! - Cl%oT
(3%
7 1100h 0 . 16.10 19.11
__— A 16.10 19.11
2 .. 16.10 19.20
3.0 16.10 19.20
L 16.10 19,20
5 16.20 19.20 -
6 16.80 19.26
7 16.60 19.30
8 16,60 19.32
9 16.50 19.30
10 16.40 19.31 .
11 16.40 19.31
13 16.40 19.31
14 16.40 19.31
15° 16.50 19.36
16 16.50 19.36
17" 16.50 19.36 -
18 16.50 19.36
19 16.00 19.40
20 16.60 19.40
o 21 16.40 19.39
8 1115h (VI 16.05 19.06
. 1 16.05 19,10
2 16.42 19,08
3 16.60 19.24
4, 16.80 19.30
2 16.80 19.31
6 16.70 19.31
7 16.70 19.32
g 16.70 19.32
9 . 16.70 15.32
. 10 - 16.70 19.3
; 11 - 16.60 19.36
. 12 16.60 19.32
: 13 16.60 19.34
14 16.60 19.34
15 16,50 539.34 ¢
S . 16, 15,50 119,34
10 . 3130n 0. 15.70 18.82
T l - 15070 ].8 077
2. 15,70 18.79
3. 15.90 18,8
4 15.90 18.96
5 16.10 19.04
S 7. 16.10 15,08 -
9 " I145h 0 14,61 18.61 -
S 1 16,10 18.89 -
2 16.30 18.97

No correctlon for stray
just above bottom.

t Ghlorlnity-temperature meter.

Deepest sa@pling
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TABLE 3
: TuquRnTURh CHLORiHITY AT SELECT”D STuTIGNS - 24 5 66
 Station | Time D%?Eh Temp, ¥~ d1ge?
B ) . 0930k 0. 16.00 19.10 -
o 1 16.00 19.10
3 16.00 19.11 -
é ‘ 16.00 19,11
16,00 19 11
g - 16,00 19,11
10 16.00 19,11
A 12 16.00 19,11
2 0945n 0 16.00
o 1 16,10 lg
2 . 16.10 19, 33
3. 16,00 19.30
A 16.10 19,29
2 . 16,20 19.34
, 16,20 19,34
7 16. 20 19,34
8 12 19.32
10 . 16, 35 19,38
11 16.35 19,37
12 16,30 19.37
. 13 . 16, 30 19,37
3 10CCh 0 712 19.37
1 19.37
3. 16. 20 19.37
5 16,20 19.37
_ 6 - 16.20 19.37
4 1015h O 16,00 19.18
2 16.00 19,19
3. 16.00 19,19
AR 16.00 19,19
5. 16.10 19,19
6 . 16.10 19.20
7 16.10 19.20
g8 16,10 19,19
9 - 16.10 19.19
10 . 16.10 19,19
1 16.10 19,19
12 16.10 19,19
13 16,10 19.20
14 16,10 19.21
15 16.00 9.21
16 16.00 19,20
17 16.00 19,20
18 = 16.00 19.21
19 16,00 19,21
20 - 16,00 19,20
21 16,00 19,21
22 - 16.00 19,21
23 16.00 19.21
2 16,00 19.21
25 . 16,00 19,21
26 = 16.00 19,21
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TABLE 3 (Cont'd...)

*t o

Stauion | Tiwe | Depta i _;,'.-Temp.-'{'_'._.__. 1 agt
IR ' 1030h o. 16.02 S0 39,21
. ? o . ?. R . 16.02 .. ) ..-.19.20
2 16.02 15.23
3 . 16,02 19,22
b - 16.02 19.22
5 & 16902 19023
5 15:% 195
8 16.02 lg 24
9 16,02 19.24
10 16.02 19.25
11 16.02 19.24
12 16.02 19.24
13 16.02 19,24
14 16.02 19.27
15 16.08 19.26
16 16.08 19.26
17 16.08 19,28
18 16.18 19.27 :
19 - 16.18 19,27
20 16,18 19.27
21 16.18 19.29
22 16.22 19,28 .
23 16.40 19.31
. : 2 - 16.50 19.35 -
6 1045h 0 15.80 19,
oo 1 15.80 1832
- 2 15.81 19.15
3 15.81 19.12
4 15.81 19,16
5 . 15,81 -19.18
6 - 15.81 19.18
7 . 16.05 19.18
g 16.25 19.20
9 16.25 19.27
. 10 16.25 19,27
- 11 16.45 19.27
S 12 . 16.45 19.32
L 13 16,42 19,32
14 - 160 2 19-32
15 16.50 14.33
16 . 16.40 19.33
17 16.40 19.35
18 . 16,40 19,3
19 .. 16.40 19.3
: 20 16, 40 19.35
-7 1100h 0 ; % .08
. . : 1 - 080 009
2 - 16.01 19.15
3 16.18 19.20
é 16.00 19,22
(| BE | B3
7 12.25 19,30
g - 16.45 19,30
9 16.45 19.31
10 16.60 19.31
11 16,70 18.38
12 16.70 16.38
13 16.60 19.38
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TABLE 3 (Gontfdo..) o

e ) o o :
Statlon Time D%p§hr{' : Temp.+ f'-cl%o*
il o | ¥ [ %8| B2
ontinued ontinued 15 .
(can___ ) (G ) 12 169 15138
17 16,50 19.37
18 16.60 19.37
2| EE | &2
20 60
. 21 16.60 19,38
8 1115h 0 15.65 19.02
1 15.65 19.00
2 15.65 19.00
3 16.39 19.24
4 16.45 19.26
5 16.45 19.28
6 16,40 19.27
7 16,40 19.27
8 16.40 19.27
9 16.40 16,27
10 16,40 19,30
11 16.45 19.31
1z 16.45 19.31
13 16.50 19,32
14 16.50 19,32
15 16.50 19.34
16 16.50 19,35
: 17 16.50 19.35
10 1130h Q 15.25 18.71
. . i l5.40 18,74
2 15,50 18.80
3 15,60 18,87
Z 16.00 19.05
5 16.05 19.09
6 16,10 19.09

* %+ See TaBLE 2

TABLE 4
TEMPERATURL—CHLORiNITY AT SELECTED STATIONS -25.5.66
Station Time Depth Temp.+ Gl%;*
. iﬂl_‘
ol 1015h 0 16.15 12.35
. 1 16.15 19.35
2 16.10 19.35
3 16.310 19.35
4 16.10 19.35
5 16.10 19.35
6 16.10 19.35
7 16.10 19.35
a9 16.10 19.35
11 16.10 19.35
12 16.10 19.35
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TABLE 4 (Cont'd...)

Station Time - D%pgh*j’: Temp. T
2 1030h 0 16.05 19.35
; | 1 16.05 19.35
3 16.05 19.35
] 16.05 14.3L
16.05 6.3/
8 16.00 15,35
9 16.00 19.35
11 16.00 19.35
13 15.90 10.3%
| 15 15.90 19.34
'3 1045h 0 17.00 19.50
' | 1 17.00 19.50
2 17.00 19.50
3 17.00 19.50
% 17.00 19.50
4 1100h 0 16.10 19.24
| 1 16.10 19.24
2 16.10 19.24
) 16.10 19.24,
16.10 19,24
8 16.20 19.28
9 16.20 19.28
10 16.20 19.28
12 16.20 19.29
13 16.10 19.27
17 16.10 19,27
15 16.10 19.27
16 16.20 19.30
17 16.10 19.28
18 16.10 15.28
19 16.10 19.30
20 16.20 15.30
21 16.20 19.30
2 16.20 19.30
23 16.20 18.30
2% 16.20 16.31
5 1115h 0 16.10 19.20
1 16.10 19.20
2. 16,00 12.20
3 16.00 19.20
L 16.10 19,20
- 5 16.10 119.25
6 16.10 19.25
7 16,10 19.25.
8 16.10 19.25
9 16.20 19,25
10 16.20 19.30
12 16.20 15.30
1/ 16.20 19.30
16 16.20 19.30
18 16.50 19.30
20 16.20 19.30
22 16.50 19.35
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TABLE 4 (Cont'd...)

1> -:Station [ Time - ;Diggh*: ;;Temp.+ -

. ‘lm .

6 - 1130h 0 -16,20 19.23
T ' 2 16,20 19.23

’ é 16.20: 19.23

i 16.20 19.25
9 16120 19030

10 16.20 19.30
12 16,20 19,30

14 16.30 19.30
15 16.30 19.32
16 16,30 19.32

18 16.40 19.33

19 16.40 19.33

R0 16,40 19.37

21 16,40 19.37

22 —lé;éo 19.3%7
.23 o 19.40
. - 2. 16.60 19,40
- . 25 16.60 1940
7 145k | L0 16,15 19.21
2 16 15 19.21

3 16,15 19.21

4 16.20 19.26

5 16.30 19.27
7 16.15 19,27
& 16.20 19.29
9 ) -16_30 . 19.30
10 .. 16,30 19.20
11 16.30 19.30
12 16,30 19,30
-13 - 16,30 19,30
14 116,30 19,30

15 16,30 19.30

16 16,30 19.32
17 - 16040 19.32

18 - 16,40 . 19,35

19 .. 16,40 19.35

20 o .16.40 19.35

, 21 . 16,40 19.35

8 1 1205h ) o : 19.0
I SRS R

‘ 2 15, 80 _ 19.09

3 - 15.90 19.1%7

4 16,15 - 19.21

5 16,40 19.25

6 16.45 19.29

8 16,45 19.31
9 16.40 19.31
L1 16.45 19.34

12 16.45 19.33
.43 16.45 19.34

15 16.40 - 19.35
16 16.40 © 19.34
17 16.40 19.34




. TABLE 4 (Conb'Ge,.) =

AP A et Mo e b R Fm s st s e e Tmmames T ¢ ¢ erene e s, as

S - K R e oA
~ Station " Time “D?p?h ‘ Temp.+ Gl%o+
| I s NSOt RO AONind £ SR Uion, SO Rttt
S 10 . 1230h 0 '15.60 18.83
, S 1 15.90 19.00
F 2 15.90 19.05
3 : 16.00 19,07
4 i 16 - 00 19 009
5 16.10 19.12
[y 16.30 19.17
7 16.30 19.20

* } See TABLE 2

© . At other stations: Nensen bottles and reversing thermometers
were used to collect samples for chlorinity and oxygen analysis
and. to record temperatures. Two groups of five students made

. separate collections of chlorinity and oxygen samples from each

" Nansen bottle, as well.as reading.and recording separate field log
.data. In the Laboratory these two groups made independent
‘analyses for chlorinity and oxygen, and independently corrected

- temperatures given:by reversing thermometers for expansion and
-index error. The Tesults obtained by those two groups are given

in Tables 5; 6, and 7, N

R - TABLE 5 |
' COMPARISON OF GROUP RESULTS ~ TEMPERATURE BY REVERSING THERMOMETER

Station ﬁéte: D%ggh Tdﬁpgrgtgrg Date.: Deﬁth Teiperatgre Date D%g§h Teﬁperai}

1 |23/5/66) 0 116.07]16.07 66| 0 116.24]16.25 125/5/66] o |16.18]16.

’f /-/ . 5 16-03 l 003 24/5/ 5 16.25- l6-2£ 5/5/ 5 16019 l6q

P10 [16.011(16.01 110 ]16.19(16.19 10 |16.25]16.

2 ] o0 11640016442 0 {16.32|16.32 0 [16.26}16.

o : z]n 16-43 16-43 . 4 16-35 16135 3 16030 l6¢

. 8 [16.39(16.40 18 |16.32116.32 6 ]16.21]16.

c o l12 [16.38(16.36 | 12 16.40)16.43 9 [16.17|16.

L1 T o l16.33]16.38 | 0 ]16.20|16.22 0 ]16.14}16.

o] 6 [16.26]16.28 ] 5 116.20(16.19 6 ]16.20j16.

12 }16.27|16.28 "l 10 |16.12|16.13 12 {16.18(16,

18 (16:33}16.35 T 15 {16.36{16.36 18 |16.18|16.

5 S ? 0 |16.14116.

6 l6¢16 16&

12 {16.24|36.

6 . - l 0 116.09|16.09 0 |16.17(16.

7 ' 0 {16.22116.

5 ]16.2016,

10 [16.48/16.

| 15 |16.38]16.

2502 - _; o |

I ' .




3LE 5 (Cont'd...)

sation

Date

Depth
(m) -

Temperature
..-,.".A‘;:.‘. . B F

Date .

Depth
_(m)h

Temperature

g | Date

o

Temperature
4 | B

B S R SR S

Frequency - -

]

1585
{16.75
116.58
16.47

16.18
16.14
- (16755
16.47
15.93
16.31
116.58

e R TR M
VIOWVIO .80 ..

1
NEROE

16.75
15.84

16,58

16:52 |
16;19 ;
16,14
16,48 |

15.93

16.31 |

16.51

16.52 |

72

|aa/s/66|

MOWO [owE -

I

2 b
«wr

15,39
- i 1601

1562
116,69
116,55
16.50
116.32
16,69
|16i46

- 116.50
16.52

oY w]

o

I
Own

15.
9116
16
15.63
16,56 |
50|
16.09 |
16,32 | .
16.52 -
16.50 | -
16.52

-
\n

16.50

0 - 0.02 deg.C

0 - 0.03 deg.C = 86%

16,50

391
19 |
12

Z...
By

78

\l’
Ny

04

zﬁt (Groups A and B)

..Qé

.|.25/5/66.....
L ‘lqiﬂ
15 ..

0
3.

6

5

0. ..

15.92115.94
16.4616.45
16.50(26.51

16.56]16.53

16.17/16.76
16,311 6.187

.07 deg.C

Not included in
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T % %o : %o
Station | Date: |Depth PO Date  |Depth Date  |Depth
o i(mime) (@) | & | P (mime) @) | A | P i(mme) (m) | A |
.1 |23/5/66| 0 |19.27(19.28 |24/5/661 0 |19.35{19.34 {25/5/66 0 [19.37[19
: (%m 5wwww(g% 5w%w%(y% 5 119.37{19
HlWl s HOIII e Ho"\Tl
1030h) | 10 {19.31{19.29 | 1123h) | 10 [19.33]19.33 1220R)} 10 |19.38]1
2 1 (14200) [ 0 {19.35{19.34 [(1423h)| O 119.34{19.35 {(1507h)| O 119.37)15
Lo119.35(29.34 [ ] 4 | = |19.347 3 [19.36]19
8 |19.35]19.35 & [19.35(19.34 | 6 [19.35{19
12 19.34 19.34 | ] 12 (193411933 | - 9 |19.35]19
4 [ @3510)] O [29.21{19.21 [(1345h)| O [19.24[19.24 | (1429h)| O |19.24)15
6 119.24]19.23 - 5 119.25(19.25 | 6 [19.25/19
12 [19.29{19.28 | 110 [19.27{19.26 12 119.29(1¢
18 119.30(19.29 | 15 [19.31 19.31 | 18 {19.31/IS
5 I SR S @aasn)| 0 (19.23)29
o 6 1192319
12 119,29019
| 18 [19.321¢
6 (1327h)} O {19.17{19.18 | (1400n) | O |19.2311S
5 119.20{19.21 | : (6 119,3111¢
10 (19.3319.32 {12 ]19.29)1S
7 | (1330h) . 0 /19.10716
.5 119.24]18
10 19.32)19
. 15 1119.33119
8 j (1301h) |0 B - 1S
i L vD oo 19
0 Bo- s
N I T T B
10 (38h)| o | - |18.7¢ |(L1=8h)| O |18.72]18.72 | (1237h)] 0 |18.81/1¢
4 - |18.97 3 [19.03{19.04 | - - . |' 3 - 118
8 - 118,93 6 |19.07)19.08 |-~ . 11 6 /19.19718
11 (1211h) | 0 |18.95|18.95 |{1158n)[ 0" |18.98|18:99 ’
5 - 119.26 5 119.23119.22
10 [19.3229:31 10 [19.32{19.33 | .
et < 15 19.35(19:34 |
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119.19. 1100 (19.32119.32.

19.28. 15 |19.34119.34 |

[+ _7 Yot included in

AN oo
5o

0 - 0.02%6 = 91%

0 .0 W02

03 .04

. A\ 0% (Groups A ‘and B)




16 |
W TABLE T . o

" ‘GOMPARISON OF GROUP RESULTS - OXYGEN BY WINKLER METHOD . .
r 0 ' - o, . . , 0,
Station | Date |Depth|{ . 2., -! Date |[Depth -2 .'|.Date |Depth| 2
w | & ] @t B [CS
1 |23/5/66] O é;,Q§7‘s,25:24/5/6e. 0 |5.38]5.30 [25/5/66] 0 | 5.5315.
5 |£2.99/]5.15 |5 15.29] 5.28 5 | 5.48 5.
10 | o~ 1495 | | 10 | 5:26] 5.25 10 | 5.38] 5.
2 0 | 5.22]5.12 | 0 |5.35]5.29 | 0 |5.50]5.
4| 5426 5,13 4 [5.301 5.29 |- 3 {5425
© 8 | 5.26)5.21 ) 8 |5.33] 5.26 6 | 5.39] 5.
12 | 5.8 (5.12 12 15.23] 5.16 9 | 5.37| 5.
4 0 | 5.11|5.15 0 |5.25! 5.18 0 |5.351|5.
6 .| 5,01 4.9 5 |5.26] 5.14 6 | 5.30] 5.
12 | 44957 4.90 10 [5.117 5,06 12 | 5.165.
i 18 | 4.981{4.93 15 | 5.05/5.977 18 | 5.16 ] 5.
5 | 0 | 5.39|5.
6 | 5.34 ] 5.
12 | 5.09 5.
18 | 5.20 5.
6 0| 5.22] 5.10 0 | 5.36 5.
5 | 5.19] 5.15 6 | 499 | 4.
15| 5,01} 4.90 18 | 5.11 5.
7 ‘ o | 5.8 5.
5 15,85,
10 | 4.92] 4.
N I | 15 /5.037} 4.
8 o \ 0 | 5.2515,
I : 5 | 5.02] 4
10 | 4472 | 4
| 15 | 483 | 4.
10 0 | 4.93] 4.92 0 | 5.01}5.
3 | 4e82] 4.86 3 | 5.06 |4,
16 ”4.33 " 478 6 | 4483 | 4
11 0 | 5.3} 5.06 S0 | 5.15] 5.15
5 413 | 4,72 : 5  1:4.84| 4.80
10 | 485 475 1200 | 4477 4L
15 | 4.86| 4.83 15 | 4771 4a72 |
12 0 [ 5.12] 5.02 | 0 {5.02] 5.8 -
6 | 5.09] 5.01 16 ] 5.06] 4092
18 | 4.87 4.78 | 18 - | 5.04), 5.09
2502




(@)

17 .

| Date:

1

N e
5.1 [4.97
4o8BL | 472

5.29| 5.23 | 2ur5/66(
496 | 4.86

(a)
5

10

15

Depth.|

Date
23/5/66

\BLE 7 (Cont'd...)

station

13

::78

R

[ J Yot included in

2.
10 nl/l.= 76%

A

0-0

15

/mwu
\
A\

«25
=

.20
0 - 0,10 ml/1,

2



On 26/5/66 chlorinity-temperature profiles at Stations AQ 6?_J:;t

“"and 8 (Fig. 1) in the Lilli Pilli basin were determined at =
- approximately hourly intervals from 1133 - 1420 h. Tide height

Table 8, &
(Table 9).

TABLE 8 -

TEMPERATURE~-CHLORINITY AT SELECTED STATIONS
IN LILLI PILLY BASIN - 26.5.66

2502 |

‘Staticn | ' Time Tide” Derth Temp.* c1%ot
m

4 1133k 1108 0 16,30 19.51

1 16.30 19.52

2 16,30 19.52

3 16,30 19.47

4 16.30 19.36

5 16,20 19.34

6 . 16.20 19,29

7 16.20 19.28

8 16.20 19,28

9 16,20 19,28

10 16.20 19,28

11 16,20 19.28

12 116,20 19,28

13 - 16,21 19.28

14 S 16.21 19.28

15 16420 19,28

16 516,20 19,29

17 .. 16,20 19.29

18 16,20 19,29

19 16.20 19,29

20 16.20 19,29

21 16.20 19.29

22 16.20 19.29

©.23 16.20 19.31

6 1150h © .. 0 ©16.30 19.24

3 1 16.30 19.24

-2 16.30 19.25

3 16.30 19,26

b 16.20 19,28

5 16.20 19.28

é 16.20 19.26

7 16.20 19,26

g8 16.20 19.27

9 16.15 19.27

10 16.15 19,27

11 16,15 19.23

12 16.25 19,23

13 16.20 19,27

[RSEGUR ST PPPUE (U P M 16.20 19.027 .

.......

. and-phage were measured.. Results of this survey are given.in.. .. .. ...
upplementary gtations were worked on 24/5/66 by CSIRQ



2502

.. .TABLE. & _.(cgr_pbxd,,,.,lw,L_A....‘.u cno e A AT .
Station - Time | - _Tide* “f Depth™ | Clgo®
N 1150h 1rom 15 16.20 19.29
(Continued) : : T 16 16,20 19,27
' : 17 '16.30 19,25
18 16,35 19,27

19 16,35 19,29

20, L 16.35 19,27

21 16,40 19,32

22 16.35 19.29

8 1214h 0 15.85 19,19
1 15.85 19.18

2 15.90 19.14

3 15.90 19.11

4 16,70 -

5. 16,70 19,10

7' 16070 1952’7

8. 16.63 19.30

g 16 .60 19.31

10 16.55 19.36

11 16.55 19.33

S 12 16.55 19.34

13 16,50 19.34

: 14 16 .50 19.35

“ . . 15 16.40 19.35
YA 1240 119t "0 16.30 19.46
¥ ‘ 1 16.30 19.35
SR 16.30 19.33

-3 16.30 19.28

4 16.30 19.29

5 16.30 19.29

6 16.30 19.29

7. 16.30 19.29

g 16,30 19.27

9 16.30 19.27

10 16.30 19.27

11 16.22 19.29

12 16.42 . 19.27

13 1642 19.28

14 16 .40 19.29

15 16.40 19.29

16 16.40 19.31

17 16.40 19.30

18 16.40 19.29

19 16.40 19.32

20 16.40 19.30

21 16 .41 19.32

22 16 041 19 033
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2502

TABLE 8 (Cont'dees)

[
B

16.30

Station .| Time | . Tide* 1. D%p’s.h,,, . Temp.'"._ Cl%o+
6 . 1255h) . 1t9¢ 0 -}.. 16.30 19.27
- ' 1 16,30 L4 - 19,26
2 16,30 T 19,26

3 16,25 19,28

4 16.25 19.27

5 16.25 19.26

6 16.25 19.26

7 16.25 19.26

8 16.20 - 19.28

9 16,20 - 19.27

10 16.20 19.27

11 ' 16,20 19.27

12 16.20 19.28

13 16.20 19.29

14 - 16.20 19.29

15 16.25 19.29

16 16.30 19.29

17 16445 19.31

18 16440 19.34

19 16.50 19.34

20 16.50 19.35

21 16.50 19.35

22 16.50 19.35

: 23 16.55 19.35

8 1315h 0 16.00 19.24
; 1 16,00 19,22

2 15.95 19.14

3 15.95 19,11

4 16.70 19,11

5 16,75 19.28

6 16,70 19.31

7 16,70 19,31

8 16.70 19,31

9 16.65 19.31
10 16,65 19.31 |

11 16.65 19.31

_ 12 ' 16.65 19.31
4 1335h 2131 0 "16.40 19.32
1 16.40 19,28

2 16.30 19,30

3 16.30 19,27

4 16,30 19.27

5 16.30 19,26

6 -16.30 19.27

7 16.30 19.26

8 16.30 19.27

9 :16.30 19,27

10 16.30 19.29

19.28
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TABLE 8 (Gont'd...)

21

n.wst;;ionﬂ_wum”;mimg.nm.MJ_"TideW.mmuumg%p§hlf ..... 7m;;¥¥émpiiiii~ Cl%o+
T ' R oty AR : AT S

N S o ,_ -)1335\{’1" ,,_,,‘_.,‘._Z‘B’r.‘:._ ‘.-. F— ~I2.“ n_"-w.__16.30 R 19.29

(Continued) f ; 3 16.20 19.29

SRREPPRAL 14 16.20 19.29

15 16.23 19.29

16 16,23 19,29

17 16.23 19,31

18 16.23 19.31

19 16.30 19.31

) 1355h 0 16.35 19.33

' 1 16.35 19.28

2 16.30 19.27

3 16.25 19.21

4 116.22 19.26

5 16.22 19.26

6 16.22 19.26

7 C16:22 19.28

8 L 16.22 19,28

9 16.22 19.28

10 16.22 19.28

11 16.38 19.30

12 16.38 19.32

13 16.38 19.32

14 -16.38 19.32

15 16.45 19.32

16 16.45 19.35

17 16.45 19,39

18 16.40 19.36

19 16,40 19.36

20 16.40 19.36

21 16.62 19.36

22 16.62 19.34

23 16.62 15,34

8 1410k 0 16.00 19.18

E 1 16.00 19.14

2 16.50 19,11

3 16,70 19.27

A 16.70 19.31

5 16,60 19.31

6 16.60 19.31

7 16,60 19.31

8 16.50 19.31

9 16,50 19,31

10 :16.50 19.31

11 16.40 19.31

12 16.40 19.31

13 16.40 19.31

1 16.40 19.31

16 16,40 19.31




o o BABLE, 8-{GODAA Gawi}- oo

2502

22

Station Time | Tide | De(zp‘?h Temp.+ _ Cl;‘éo{
e ———— P . [T O SN - SR e e e m N P

AN 1420h 210" 0 16.40 |- 19.30

- 1 16.40 19.29

2 16,40 19.29

'3 16,30 19.29

4 16,20 19.29

5 16.20 19.29

6 . 16,20 19.28

7 16.20 19.26

8 - ©16.20° 19.26

9 ©16.20 19.25

10 16.20 19.28

11 16.20 19.28

12 16.20 19.28

13 . 16.20 19.28

14 16.20 19.30

15 - 16.20 19.30

16 16,20 19.31

17 16.20 19.31

18 - 16.20 19.32

19 16,20 19.32

20 . 16.20 19.32

21 ~16.20 19.32

at 22 16,20 19.32

6 1430h [ 0 16.35 19.39

_ il 1 16.40 19.26

2 16040 19.26

3 16.25 19.30

A 16,20 19.28

5 F16.20 19,28

6 - 16,20 19.28

7 16.20 19.28

8 16,20 19.27

9. . 16,20 19.29

10 16,20 19.27

11 . 16.25 15.29

12 16,25 19.28

13 16.25 19.29

14 16.25 19.28

15 16,25 19.28

16 16.25 19029

17 1 16.30 19.28

18 16.30 19.31

19 16.35 19.32

20 16.40 19.33

21 16.40 19.36

o 22 16 .40 19.36

8 - 14450 0 © 16,20 19.16

' 1 16,20 19.09

2 - 16.20 19.16
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TABLE 8 (Cont'd...)

Station’ | Time Tige" Dopth Temp.t “G1%ot
m .

8 - |'1445h 2100 3 16.45 19,26

{Continued) : 4 16.70 SL19.24

6 16.70 . 19.32

7 16.60 19.32

8 16,60 19.31

9 16.60 19.32

10 16.60 19.31

11 16,60 19,32

12 C 16,60 19.32

13 16.50 19,32

14 16.50 19.32

* Read off tide staff at Lilli Pilli.
1 By chlorinity-temperature meter.
. TABLE 9

TEMPERATURE~CHLORINITY AT SELECTED STATIONS
IN LILLI PILLI BASIN ~ 24.5.66

Station Time Depth Temp. Cl%o - 0,
_ S (m) 7

1B 0930h 0 - 18.74 19.69 5.26
L 18,74 - 19.70 5,27

9 18,67 19.69 5.23

10 4 1004h 0 19.12 19.70 5,13
10 19.11 19.70 5,13

20 18.73 19.69 5,16
5 1320h 0 16.08 19,20 5.2/

: 7 16,06 19.23 . 5,13

21 16.24 | '19.29 5,00

"IV. DISGUSSION

(a) Comparison of group analyses

Temperatures by reversing thermometers agreed to within 0.02 deg.C
in 68% of cases, and to within 0.03 deg.C in 86% of cases (Table 5).
This is very similar to the agreement obtained with paired thermometers
in the Laboratory's regular:oceanographical programme. Chlorinities by
. 'two separate chlorinity-temperature meters agreed to within 0.02%0 in
‘91% .of cases (Table 6) with little variatioh in this level of agreement

2502
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from day to day. Oxyzen values by separale analysis of gub--samples
from the one Nansen bottle did not agree to within 0,10 mi/l. in .-

i more tham76% of cases on the average, and by the third day-only
" agreed to within 0,10 ml/l. in 59% of cases (Table 7). This-is

. .below the agreement of duplicate samples in thé Laboratory's. ..
- regular oceanographical programme. Moreover, on the first day, -
all of Group A values were higher than those of Group B, with 73%
and 80% of values showing the same bias on the gsecond and third day
_respectively. This bias effect could not be explained and was not
. investigated further.

(b) Hydrological features

. Upstream gradiants of temperature and chlorinity on May 23, 24,
. and 25, 1966 are shown in Figures 2 and 4. Along the main channel,
temperatires were generally lower during the ebb tidal phase. From
. day to day, however, the temperature difference between flood and
_ ebb conditions of tide varied considerably {e.g. Station 4 (23/5/66)
Fig. 3), whilst, despite near similarity of tidal phase, the
temperature changed considerably from the 23.25/5/66 at Station 3
(Fig. 3). Temperatures in Youie Bay, whilst comparable with channel
temperatures on the 23rd, were mucn greater on the 24th (Fig. 3).
Temperatures in Burraneer Bay were very constant throughout the
period but were considerably lower than adjoining channe! temperatures
(Fig. 3). Chlorinity differences between flood and ebb tidal phase
were smell in relation to the upstream grodiant (c.p. Station 4
Fig. 4). Chloripities in the head wabters of Yowie Bay (Station 13)
were. lower than adjoining channel values on the.23rd (Fig. 4) bub
were quite normal again on the 24th. Chlorinities in Burraneer Bay
were for the most part constant within a 0,10%0 range except for the
2/th, when chlorinities of the Head waters decreased considerably.
- (Pig. 4). These day by day changes in chlorinity could be due %o’
- mixing, or tidal entrapment of upstream waler, but in all probability
they are caused by local discharge of fresh water effluent into the
_ heads of thesz bays. ' S

The degree of vertical stratification in both temperature and
chlorinity was quitc =mall {Figs. 5 end 6). In the 1illi Pilli
. basin, temperatures and chlorinities of the bottom waters were mach
. more variable at the downstream (Station 4 Figs. 5 and 6), than the

... upstream end (Station 7 Figs. 5 and 6). Also, temperatures and

chlorinities were generally less at the Gownstream than at the
upstream end. ” This apparehtiy anomolous condition is caused by ~
greater vertical mixing at the downstream end. This problem was
given special attention on the 26th and results will be discussed
later. : o

The variaticn in orygen conteht. .of the Lilli Pilli basin
waters is shown in Figure 7. Within the downstream, better mixed
region, oxygen values at a2ll depths were much -gréater than upstream.
However, the degree of ‘undersaturation of these bottom waters was
amall, with o minimum of 87% of the oxygen saturation value at -the
upstream end of the basin. Surface -waters were within.5% of the

2502
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Fig. 5.~ Temp. along a mid-channel section 23-25/5/66 (Table 5).
On 24/5/66 the water layer with the lowest density (o, &£ 25.50)
has been indicated €&——— Flood tide Ebb tide ———» .
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indicates the extent of waters of o, <& 25.40 on 23/5/66, and g, < 25.50 on 24/5/66,
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saturation value of oxygen throughout the region examined, except.
at Station 10 in the Audley River where oxygen values were around
90% of the.saturation value. :

(c) Changes in basin bottom water

On May 26, profiles of (l%o and temperature were obtained at
approximately hourly intervals at Stations 4, 6, and & along the
1il1i Pilli Basin. From these profiles, Figure 8 showing the
chlorinity in relation to tide height and phase, and Figure 9 the
chlorinity-temperature relations of these basin waters, have been
constructed.

-Deep basin water remained nearly constant in tempegatuge—
chlorinity during the period from 1133h.te 1445h (al, 2%, A%, and

&% Fig. 9), but the 19.30%0 isochlor forming their upper boundary
ogcillated considerably in depth and position along the basin

(Fig. 8). In the early flood phase, the surface water entering

‘the basin from the seaward end was colder and more saline than at
any other time (B, B® Figs. & and 9). This water is thought to be
formed by cooling of oceanic type water as it spreads across the
large expanse of tidal flats which have been uncovered in the early
morning ebb tide. Subsequently, however, the surface waters at_the
seaward end of the basin were always miftuies of river water (Ct-G°
Figs. 8 and 9), and deep basin water (4*-A% Figs. 8 and 9). During
the period 1214h-1445h the temperature of this river water increased
some 0.4°C (CY-C* Fig. 9). During the early flood phase and to-.a
limited extent throughout the period, a warmed low chlorinity water
below the surface occurred at Station 8 (DI-D° Figs. 8 and 9).

- These secondary effects of heating and cooling complicate the
interpretation of the changes in temperature and chlorinity of
these basin waters in terms of tidal displacement and mixing.
However, considering only the deep basin water of temperatures
between 16.4 and 16.6°C and chlorinity greater than 19.30%o0, it is
thought that some form of tidal energized digplacement of these
waters out of the main basin into the adjoining bays (e.g. Yowie
Bay) occurs during the period of meximum flood tidal velocity and
a return movement into the basin some time after the diminution of
this flood velocity maximum (c.p. AL and 42 Fig. 8).

(d) Water type components

From the chlorinity-temperature relations of Port Hacking
estuarine waters (Fig. 10) at least three water types were present
during 23-25/5/66. These were - an oceanic water type of chlorinity
around '19.70%0 and temperature around 19°C (3 Fig. 10), a deep basin
water type of chlorinity around 19.40%0 and temperature around
16.5°C (2 Fig. 10), and a river water type of chlorinity around
18.80%0 and a temperature around 15.75°C (1 Fig. 10).

On the 23rd and during a preliminary survey on the 12/5/66

(Table 1) there was apparent evidence of direct mixing between
oceanic and river water, but considering the effects of diurnal
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heating ard cooling (Fig. §), it is more likely that the mixing ..
was predominantly between water types 1 and 2, upstreem of 1illi
Pilli Point, and between 2 and 3 downstream of this point. On this
basis Figure 11 has been constitucted to show the average (23-25/5/66)
high water composition of the Pori Hacking estuarine waters. It is
notewerthy that the Lurraneer Bay waters from surface to bottom are
the samé as the deep water of the-Lilli Pilli basin. The oceanic
intrusion inbo this Bay must therefore be quite small. Within the
Lilli Pilli basin the-deep water type was confined to the upstrean
end (Fig. 12) and mixing of the type investigated on the 26th .~
(Fig. 8) was coatinually diminishing its extent. o

In bays such as Yowie and Burraneer, however, this‘déép basin
water type probably mixes only very glowly with. the main tidal
circulated chunnel waters. . :

V. CONGLUSIONS

S el . - - .. <
~ In future scheols, particular attenticn should be given to
the %ype of cireulation and mixing (e.g. wind, tidal, seiche) that
occurs in vays. cuch as Burraneer and Gunnematta. .

_ Ths uge of a rumber of boats of small enough draught to .~
pavigate all parts of the estuary al mid~tide level would be
- desirable. Conlinuous observations at fixed positions in deep
water {e.g. Lilli-Pilli jetty) over 24 — 36 hr would also add
greatly to the hydrological value of such a semi-synoptic survey-
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PHYSICAL CHMISTRY

e o - I. INTRODUCTION

All chemical reactions involve a re-shuffling of electrons in
the reacting molecules. The availability of electrons within a
chemical system will dictate the compounds that are formed from the
elements present. In aqueous solutions the hydrogen ion (Ht) is-
always prasent, The effective concentratmon of H" exerts a control
over the’ stability of compounds within a cheinical system. Hydrogen
iong:and electrons are therefore constituents that are unlversally
present in natural systems and together they control the courses of
chemical reactions, Electrochemlcal methods can be used to measure
the effective concentrations of these constituents. . The quantities
measured are the Bh and the pH. The pH glves a direct estimate of
the availability of hydrogen ions., The En is related to the pH and
to the electron availability by the equation,

| Eh h_Eredo‘ - const. pH
is a measure of the electron availability and the
constant gepends on the temperature and the nature of the reactions
occurring in the system° :

in stagnant condltlons, Eh/pH measuremente may “be used to
define regions.of different chemical activity in a complex enviromment.
The regions delineated.in this wey will differ in the energy sources
they provide for micro-organisms. The method should therefore be
useful in studying the ecology of organlsms living in the sediment.

In this case, the chemlcal environment on a sand flat was
studied by.measuring the Eh and pH of send samples ftaken with a hand~
corer, The field data were supplemented by chemical analysis of
selected samples and by preparing bacterial cultures from the
interstitial water. lodels wére set up in the laboratory to test
the hypotheses suggested by the raw field data.

coredloah S0 Tl METHOD

A Cambrldge portable nulhbalance pF meter was used to measure
the emf's of cells made up of-platinum or glass electrodes 1nserted
in the. sand,:;with a-saturated calomel electrode a8 a reference
standard. - Phe calomel electrode. was connected to the sample by a
porous pot ligquid junction. The platlnum/calomel cell was used to
measure the oxidation-reduction potential (Zh) of the sample and
thig electrode palr was calibrated in a ZoBoll ferro-ferricyanide
buffer at the end of each day's readings. The pH was measured with
a glass electrode/calomel pair which was standardised against a
seawater buffer (pH 8.2) between each set of readings. A second
calibration using standard phthalate buffer (pH 4.0l) was carried
out at the end of each day's work to ensure that the glass electrode
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was maintaining its theoretical pH fesponse. The electrodes
were washed in seawater between each set of readings and the
platinum electrode was frequently cleaned with fine crocus
cloth.

The samples were taken from specified positions on the

sand flat using a hand~-corer. The length of core, positions

for electrode readings, time of coring, and temperature, were
noted, and a brief description of significant features of the
core was recorded, The core was then carried on a plastic sheet
to the measuring station and the eléctrodes were inserted ‘
immediately. Readings were usually completed within ten minutes
of sampling. The fragility of the galvanometer in the pH meter .
made it impossible to make the measurements at the sampling -.:
gite. : S L
Limitations of the method.- The sample was exposed to alr=.

oxidation from the time the core was extruded onto the plastic ™

sheet; +this was accentuated by introducing air into the centre
of the core as the electrodes were inserted. Although oxidation
was minimised by rapid handling of the sample and careful use

of the electrodes there was no way of estimating its effect on
Th and pH with the equipment available.. The complexity of the
chemical systems maintaining the Eh and pH balance made ‘it
difficult to determine the equilibrium values of electrode
potentials, a slow drift in potential being observed for
several hours after the insertion of the electrodes. Laboratory
tests using a potentiometric recorder indicated that results
congistent and reproducible to + 30 mV could be obtained

under ‘the field conditions if the emf's were measured three
minutes after the insertion of the electrodes.

© The maximm core length obtainable was 8 or 9 inches.

| IIT. RESULTS -

(a) Field data

Transects 4, B, & G (Fig. 1) were sampled at 30 £t intervals
on the first day (Teble 1), No gradation in pH was observed.
Transect A showed'a slou decrease in Zh down the beach but .
transects B & € showed a marked decrease in Eh in the vicipity .
of the Zostera bed (or creek). This was the most significant . .
feature in the Bhprofile; -only a slow:downward drift in Eh
being noted further up the beach (see Figs. 2-4).
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CTABLE 1 . ..t

Distance”
"~ .down

.Degbh -
o2
Sample |

{in.)

Length
“of "core’
(in.)

b
volts)

_.Tgmpé

Time
core
taken

A
23/5/66

B
23/5/66

C e .
23/5/66

(zt)
;fOJ

:30.
60
90
120
150
180
60
90
120

- 135
150
165

180
30

60
goe

- 120
150

180

1.5
3.5
1.5

(a1 VY]

2.25

O W o W

1.25

oo~

6
5.5
6
5.75 -
5.5
7.5
a5

7:5

7.5

745

5-75 .

7.5
6.5

7.5
7.5

0.30
0.30

0.31
0035

0.35
0.29
0.32
0.30
0.24
0.32
0.32
0.28

0.29
0.25

0,29
0428

0.26

0.23
0.22

O’l? k

"Moo 02 gmm'm 0 &

0 oo
# -
W

Mo o G o &

8.11.

KR
. * o @ s & -« &= 5 = 9 > &« »
OO0 Q00 ©OW HOO H OF o oF

"]

O00 0O O O Q.

Ll

.
=~

15
15
15
15
16
15

16

16

16
16
16 .
16
16 -
16

16
26,

16
15,

I 16

16

16
16

16

12.14
1.50

2,00
2,06
3.02
3.08
4+ 20
12.30
Le45

2.15
2.20
2-58
3.22
3.15

4405
4.1

12,52
12.58
2.35
2.42

3.52

3455
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TABLE 1 (Cont'd...)

30

Digtance¥ .Depth L .
down .| .of . ength Eh Temp. Time
|. Transect W cmed e 4 -0L core | aoq oo PHLTOE S L coTe
B 5 ol I N A B I
B ot 150 | T3 S 6| 026 | 800115 | 3.07
1 24/5/66 foase - A i . 0.7 bt | 313
168 1 g8 0.22 3.15
‘2 0.08
. -0.03
320 1 8 0.12 4,13
7 0.16
335 0.5 7 0.10 3.56
. 6 . 0.11
350 3 6 0.12 ] 3.53
¢ | 120 3 g §0.163 15 | 3,18
24/5/66 . | 6 0.09 o
' 135 0.5 7. 0.24 15 | 3.23
- 3 0024-
6 0528
165 1 8- 0.22 3.31
- 195 1 9 0.10 3,40
: 6 0.17
. 8 . 0014
225 1 8 0.06 417
o
s {1 ®(240 1 g 0.12 .20
o 4 A 0.08 &
" %% g - o 0.16
1 %255 1 6 0.19 L34
g5 6 , 0.22
18015 1 6 0.20 | AL
Seawater | 0.29° | 8.2 11.23
Zostez;éf bed ,
water 0.28 f8.2 12.7
Surfa,.cé, mad
of Zostera
bed 0.14 8,1 12.19




31
TABLE 1 (Cont'd...)

S Distance* 'ﬁe¥th1 ‘ Léggfﬁ | — BT T4
) ; Eh . Tenp, | +0€
Transect down 0 - of core: | PH |76 5| core
beach | Sanmple P (volts) C
Get) | Gma | Um) | | teken
D 0 3.0 6. 032 | 3.0
25/5/66 1 44 3 4 0.30 3.43
- - g . 10.18 3.46
10 |1 g | o -] 3.50
N 0.09 R
165 1. 7 | 0.09 ©.3.55
| 6 - _ 013 | T
© 180 G .9 10,08 S 4l
E 4 ' 0.10 | - o
180 1 7 © 0,08 | 4415
: B | . 010 _ _
180 1 8 T0.17 4 423
- . 7 Coe Oolo -
240 1 7 0.13 | 4R
: | 6 0.16 -
] 300 1 7 0.40 14,38
360 1 9 0.15 FAAS
5 0.27
8 0,42 .

* From-high tide line.

Samples of sand were taken at 0, 140, and 160 £t down the.
beach from transect B, and interstitial water was taken from 140
and 160 £t for the preparation of bacterial cultures. All distances
down the beach are measured from the high water mavk. ~

In order to gtudy the effects of vertical drainage on the
beach, two open ended perspex cylinders 6 in. in diameter and 1 ft
long were sunk vertically into the sand until their rims were just
visible on the surface.. One (£X) was.sited at 140 £t and. the
second () at 160 ft on transect B. The cylinders cut off a. .
section of the sand from horizontal contact with.surrounding . ..
material but allowed vertical drainage through the sand column.

On the second day the gharp Eh drop in transects B & C was
re-investigated and wherever possible the transect was continued
beyond the. Zostera bed. Because of the late tide;, only a few
samples. could.be. taken but these confirmed -the Eh drop-and = ..
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indicated that the Eh profile was asymmetrical about the .
Zostera bed in section B. The Eh 'front! had moved some 20 ft
_ down the beach in this section (see Fig. 3). :

. Samples of surface materlal were taken from transeet B -
. for molsture content analysis (Fig, 8).

The Sharp front on the landward side of the bed and the
gradual Eh tail-off on the seaward side could be explained by
considering the tidal drainage down the beach as the major
oxidising influence and the seepage of organic material from
the Zogtera bed as the major reducing influence. The tide
drains across the bed so that on the landward side these effects
are in opposition causing a sharp differentiation between
oxidised and reduced regions and on the seaward side they work
together to produce a more diffuse less highly reduced deposit.

, To check this hypothesis, measurements were made in a

* region of reduced mud produced by intermittent run off from
another Zostera bed (transect D, Fig. 1). In this case the tide
drained in the same direction as the run-off and so a more
symmetrical Eh profile would be expected. A symmetrical pattern
was observed in the top 5" of sand (Fig. 5) but an irregular
pattern was found at greater depths. This irregularity was
caused by the shallowness of the reduced layer (Fig. 6) and by
the presence of a deeper layer of highly reduced material
isolated from the surface bed.

The perspex cylinders buried on the first day were uncovered
and their contents compared with the surrounding mud. The
contents of the ¢ - cylinder at 140 ft were almost completely
oxidised whereas the surrounding sand was in the same condition
as was observed on the first day (Table 1). In the case of the
second cylinder, the bulk of the material was unchanged although
the thin oxidised surface layer was slightly deeper inside the

eylinder (& in. deep ‘cf. 4 in. outside). On the second day the
- 'reduced front'! in this region -had moved some 20 £t down the
beach and during this changé'the-material in the first cylinder
would be oxidised whereas that in the second cylinder would be
unaffected. On the third day when the front had apparently
moved back up the beach the material in the first cylinder was’
out off from the supply of reduced material and therefore
remained oxidised. This indicates that thé transpoert of reduced
material is mainly by horizontal movements in the sand whereas -
oxidation occurs largely as the result of vertlcal dralnage down
through the sand column.

(b) Model data -
Laboratory models were set up teo supplement,the fleld

observations. A model beach was made by dividing a plastic. tray
(14 in. x 28 in° x 3 in. deep) into five segments 5% in. x 14 in.
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long using perspex partitions 1% in. high. Fach segment was
fitled with sand and the tray was tilted so-that the segments
formed sard strips Tunning up and down the 'dlope. A water
inlet and siphon outlet were adjusted so that a regular 'tidet!
washed up and down the sand strips. Mechanical difficulties
limited the tidal period to 3 to 5 hours and the unit was
allowed to run continuously for itwo days. Two strips each of
140 and 160 ft sand were used with one central strip of sand

from the high tide level. Horizontal contact between the
different regions was prevented by the perspex partitions but
all strips were intercomnected by seawater at high tide. This
. model was designed to indicate the kind of Eh profile that
- would be encountered on a beach that was not under the influence
of ? source of decaying organic material (e.g. the Zostera
bed). o

. The Bh of the beach was measured at various points using
the. field electrodes and the pH meter. The model yielded ==
uniforn Eh profiles in all five segments after two days oper-
ation. The profile showed a gradval increase in the extent of
oxidation as the beach was traversed from the high tide line to
the low water level. The gradient was therefore in the opposite
‘sense to that found in transect A on the sand flat and no sharp
Eh discontinuities were observed. .This result gave further
weight to the hypothesis that the Zostera bed was exerting a -
considerable influence on the Eh balance of the sand flat.,

. Two ¢olumns were made of ‘the low Eh material from 160 £t
- -to study- the significance of veftical drainage and photo-
sensitive oxidation. The sand was packed into glass tubes
about 1 iach in diameter and 30 inches long. The bottom of each
tube was plugged with cotton wool and was provided with a tap
to control the rate of water flow. Half of-the circimference of -
each column was covered with black tape for about 3 inches down ~
from the. mud/water interface to cut out the light and the
uncovered portion was turned towards the window. The columns
were clemped vertically and left to develop for two days; one
with freshwater and the other with seawster flowing. through at

the rate of ‘1 1. per hr.

The scawater column showed preferential oxidation on the
surface exposed to the light. o such photosensitive oxidation
was obgerved in the freshwater column. The Eh at various
points in the column was measured with a fine platinum probe:
the calomel reference electrode being dipped into the water
layer above the sand column. The emf of the cell was amplified
by an electrometer and the amplified signal fed to a potentio-
metric recorder. Using this combination of a:fine probe and
a sensitive recorder it was possible to measure the difference
in En between the light and dark sides of the seawater column
(20 - 25:mv), -~ . oL S Do
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(c) Chemical analysis end bacteria) culture experiments

i Dl Pont kindly provided us with analytical data for sand
samples taken at the surface at 10, 135; and 160 ft on transect B

(Table 2). .- |
o o mmEZ |
7 GHEMIGAL ANALYSIS OF SAND SAMPLES ~SECTION B . .
Digtance ol . oo L .
down | galt | Carbonate | OFEEMIC | ggh | Fe | Mo |8
S0 s 0,780 29,0 0.20 - 20.3 | 0.10 | Trace®| 0.08
135 ©1°1.81 | 50.6 0.97 | 46.8| 0.12 vl -
160 .- | 3.26. | 647 2.72 29.2 | 0.20 "] 0,50

".*‘ébbut'l/lOO of concn. of Fe. i' S
A1l values in weight % of ovendried sample.’

" “The material at 160 ft showed ‘a marked increase in the amount
of organi¢ matter, iron, and sulphur compared with the other two
samples. Ifon and sulphur metabolising bacteria might be expected
in this réegion although the trace quantities of manganese meke
the appearance of manganese utilising bacteria unlikely. The
large proportion of carbonate even in the reducing material
probably contributes to thée uniformity of the pH in the interstitial
water. Bacterial culture plates were made from inoculations of
interstitial. water taken at 180 ft and repeat cultures were made
from interstitial water taken at 140 and 160 ft. The incubation
was carried out for three days under a variety of pH, . oxygen
access, and 1light conditions using a sulphur based medium with .
some énrichment of iron or manganese (see Tables 3 and 4). '

o - TABLE 3
. MEDEA-USED IN BACTERTAL CULTURE EXPERIMENTS

9K Bagal Medium
. o (vH, )80, . . 308
oo« KCL - 0.1 ¢ ‘
kRO, 05!
1QSOA*7H20 ' Of5:g.
Ca(Moy), . 0.0lg

| iDistilled water- = t6 200°ml - L
R S Set with Agar
Energy source : “PeS0,.7H,0 (300 nl of 14.7% w/v solution) -

or equivalent quantity of MnSO4
Basal medium enriched with thiosulphate for sulphur metabolising
bacteria. TR
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TABLE 4

. RESULTS OF BACTERTAL CULTURE EXPERTIENTS - SECTION B

Positionr";’g¥mééo4f : | Sé032* ' Fe$Q@’ S
of Conditions
sa?Ple‘,fPH'T.o;.pH 8.5 pH.7.0| pH 8.5 pH 7.0 pH-8-$ .

146;;_ #1 * .;////%// %Agrobic, Dark
L %  1l: : | %%érogi;, Light
' *.-/;//?/// %Aéfobic, Dark
1}§Qih' # #* gﬁerobic, Dark
;‘ * gﬂﬁfébic’ Light
* “'*!. i ;Aﬁ;opic, Dark

/ To plating;gxpéximents; .

- ¥ Indicates bacterial cultures observed.

The iron enriched culture plates had oxidised before the repeat

cultures

were made,

Sulphur metabolising bacteria were found under

all conditions but there was no evidence for the growth of iron or
manganese utilising bacteria.

Eh field data are shown in Figure 7 on an Eh/pH plot.

The

boundaries representing the limits so far observed in the natural
environment are drawn together with the boundaries for marginal
marine sediments, sulphate reducing and iron utilising bacteria,
The absence of iron utilising bacteria in the samples plated out

may be due to the deterioration of the enriched media;

the

region for prolific growth of iron bacteria is however outside
the range of Eh and pH measured here (Fig. 7).

4
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(d) liscellaneoug data

Samples of surface sand taken at 160 and 130 ft on transect B
were analysed for photosensitive pigments.  Breakdown products of
_some pigments were observed but no residues from the decay of
Chlorophyll b were found. This indicatés that the mud contains no

material from the recent breakdown of the higher plants. .

The moisture content of surface samples taken along . .
transect B is shown in Figure 8; no sharp boundary was found
“in the region-of the Eh front.- The sharp drop in Eh._appeared . .to
coincide with a change in the nature of the material found below
. -the-water table., The common yabby (Callianassa australiensis)
was being taken from below the water table at distances up to
130 ft down the beach on the first day and the sand-water slurry
brought up by the puap used was yellow to yellow-grey. Slightly
© further down the beach where the yabbies occurred in fewer numbers
the material below the water table-was-grey- to grey-black. This
indicates that the reducing material in ‘the vicinity of' the
. Zostera bed is not bounded by the water table.

© IV. DISCUSSION

The data indicate that in the region studied the presence of
the Zostérs bed has a major influence on the chemical environment.
This effect is balanced by the oxidising influence of air-

- equilibrated water brought in by each tide and the gystem is in

s state.of dynamic equilibrium, The sharpness of the Eh boundary
is confirmed by all data and its position coincides with maxima
in the distribution of burrowing soldier crabs (M._longicarpus
and M. platvcheles) in sections B & C (Figs. 3 and 4). In

" gedtion A where no sharp boundary is observed no marked maximum-
ig found in-the distribution of -crabs (Fig. 2). The relationghip
between these two factors may be causal or it may be coincidental;
further work is needed to clarify this point. ’
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Eh (mV)

+ 1000 — 7 . , :
— —— MARGINAL MARINE SEDIMENTS
SULPHATE REDUCING BACTERIA
- — — —— IRON UTILISING BACTERIA
~
+800 = e
N\ X
v\
L
| REGION OF MOST X
+600 — | PROLIFIC GROWTH N
X
+400 —
+200
0 —
—-200 |-
BAAS BECKING et al (1960)
LIMITS OF NATURAL
ENVIRONMENT
- 400 [~
. DATA POINTS
o 2 4 6 8 10 12

Fig. 7~Eh-pH limits of data (from Table 1).
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BACTERIOLOCGY

UL, INTRODUGTION =

4 brief survey of the heterotrophic-bacteria of the Port
Hacking estuary was.-carried out., The program consisted of  two
parts. .The first was to ohserve the numerical distribution .of
bacteria at-different depths, both in the estuary and adJacent
coagtal waters, and subsequently to isolate two strains.of’
bacteria for the following comparative experiments: - a). plottlng
of growth curves, b) salinity tolerance tests, and c) antibiotic
sensitivity tests. The second part of the: program was to test
for polluting organisms of the coliform group in the water
samples .collected. The presence of Bscherichia coli is
generally considered to.be an indication of faecal pollution.

- II, METHODS AND MATERIﬂLS,
(a) Sampling

To give a wider range of distribution:of bacteria, samples
were taken at six stations. Four of these were within the
estuary; and two were in adjacent coastal waters. Samples were
collected at different times on two consecutive’ days (hay 23
and 24). ' Consequently, thé tide level was not the same for
all samples. Station posxtlons, ‘which were the same for both
sampling days, are noted in Table 1 (see RESULTS), which also
gives the tide state at sampling.- -

- -Samples were ‘collected ‘in Nansen bottles, ‘and immediately
tranaferred to sterlle sallnlty bottles for transport to the ;
laboratory. , o

(Q) Viable counts
Viable counts were carried out using the surface inoculation

method, where an alidquot (0.1 ml) of seawater was spread over
the surface of each of the following plates (in duplicate)s-

( 1) Seawater (millipore flltered) + l% peptone (Y/v)
Brown & (BWP agar)
(1964.) g 2) SWP + 0.5% glucose (W/v)

( 3) Difco nutrient ager.

Plates were incubated at 30 C for 48 hr, Gounts were made
of the number of bacterial colonies per ml seawater.
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(¢) Methods for the compsrative work on
the two strains of bgeteria A and B

(1) Plotting of growth curves

The organisms were inoculated into seawater and freshwater
media. ‘The seawater medium used was SWP. The freshwater medium
used was 1% peptone-0.5% dextrose-1% yeast extract broth made
with distilled water. Growth was measured turbidimetrically,
using an EE colorimeter (red filter}. . .- .~ . - .. °

(i1) Salinity tolerance testg

The organisms were.inoculated into -a series of media,:both:
solid and liquid, of incredsing salinity. The media used were.
peptone-dextrose~yeast extract broth, prepared with distilled
water, and also nutrient agar. To both media MaCl was added to
gg;e W/v NaCl concentrations of 03, 1%, 2%, 3.5%, 7%, 155, and
30%. . ' _

(1ii) Antibiotic sensitivity tests

The entire surfaces of SWP, SWP + glucose, and nutrient
agar- (/i) plates were inoculated with A and B, Antibiotic = .
discs (Difco Unidisks and Biolab Polydiscs) were then introduced
onto the surfaces of the plates. L ' . o

' (d) Polluting organismg

The samples collected for Part 1 of the program were also
tested for the presence of polluting bacteria of the coliform
group (Escherichia - Aerobacter). A presumptive test was
carried out by inoculating seawater samples into lactose broth,
and the positive results of this method were verified using
Levine E.M.B. agar for positivé identification.

' ~"-Lactosa broth waé‘prgpared‘as‘féllows:;'

- Beef extract 3.0 g .
Bacto-peptone 5.0 g
Lactose 5.0¢g

1 1. distilled water S
pH - : 6.7

The medium was distributed in lO'meéliqﬁdfs into test
tubes with fermentation vials, gterilized at 121°c‘£or 15

minutes, cooled, and' then inoculated.
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. Levine E.M.B. agar was prepared as follows.-'

Peptone 10 g
~ _ Lactose 10 g
Dipotassium phosphate 2g
Agar  15g
Eosiny R, 0.4
Methylene blue 0.0
1 1l.distilled water

111, RESULTS

Table 1 shows the relatlonshmp between number of colonles

- and sampling position.

collected from the surface at thie 20 m station, to 2,000 in
water collected from 21 m in Yowie Bay.

TABLE 1

DISTRIBUTION OF BACTERIA IN PORT HACKING

Colonies per ml ranged from 10, in water

Medis and C&%ﬁts

2499

~Station Depth! (colonies/ml seawater) - _
) C (a) % SWP | SWP + Glucose Wa o
23, 5 66 | 24.5.66 .123.5.66 24.5 66 | 23.5.66 | 24.5.66

20m 0 | 5 | 180 35 | 285 0 640
N ) 10 15 | 435 40 | . 310 0 415

r =0 1 2 ~So 1 qes b s b s

TIDE  2ft 3ftbin,
- . i(inward) | (inwerd)}j . PR _

Port Hacklng 0 30 - 300 . .35 160 250 5
Entrance o 4 - 55.. 60 .58 L. 85 -1+ 700 0

e 9 50 | 0 [ 45 45 |0 0
TIDE 1ft7in. A4ft S
 (2ow) |(inward) o -

Little Turriel Bay o | 100 . 5. | 125° 10 .| .5 10
(Hydrology 4 120 65 85 30 10 30
Station 3) .- TIDE  4ftdin. 3T%

hlgh) {out) .

14111 PLI1L 0 0 | 165 .| 50 140_ 15 40
(Hydrology 7 - 55 4 . 85" - 190
Station 5) 8 L5 - 30 7= =""| Contam, -

14 - 45 - 8 [ - 40

% {100 |- e | 275 - = - [:Contam, -

2L- | - | 65, SEC T BB s LI AR 30

24 | - 250 - 120 - 10 -
TIDE  4ft 3ft
(out) (out)
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TABLE 1 (Cont'd...)

Media and Counts
(qolonies/ml'seawater)

Station Depth
(m) SWp SWP + Glucose /4
23.5.66 | 24.5,66 23.5.66 | 24.5.661 23.5.66 | 24.5.68
(Hydrology N6 - {175 - 100 S 20
Station 12) 7 45 - 30 | - - 35 . -
12 - 75 - 55 - 30
14 65 - 85 - 0 -
18 - 115 - 90 - 30
21 1675 - 1705 - 50 -
(mﬁadY) g e TS B I R
Gundamain L0 ] 45 70 100 45 |Contam., | ‘40
(Hydrology k-1 170 75 170 - 70 135 25
‘Station12) . - |7 [ -l60 | - | 70 S AT .
g |2 1 seo | |30 e P

Where possible, the organlsms cultured were identified.
The two strains A and B isolated for further experiments came
from water sampled at 20 m depth at the 20 m station, and ‘from
surface water at Gundamain, thought to be a freshwater layer,
respectively.

: 4 and B were both found 1o be gram negative rods. The
appearance .of their. colonles on SWP agar vas as Tollows:-

A - dark yellow, translucent colonles, with well defined
edges; : T

B - light yellow, translucent colonies, with diffuse
edges. ' ]

- Tables 2 and 3 glve the results of growth rates of A and B
‘and Figures 1l and 2 the plotted growth curves.w
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TABLE 2

MEASURuuuNT OF GROWTH OF ORGANISHS & AlD B '

Time 0B 650 1 mu
{(Hours) A « B M
SWP1 SWP2 | PDYE SWP1 | SWP2 | PDYR
0 0,009 {0,010 | 0,010 - || ©0.000 | 0.010 | 0.010
i 0.010 | 0.010C | 0.010 0.012 {0,011 | 0.009
1 0.020 | 0.020 | 0.010 |} ©0.021 } 0,020 | 0.012
C 1 10,019 §0.020 | 0.012 0.022 | 0.020 | 0.009
2 { 0.006 {o0.010 | 0,010 ' 0.010 |0.010 | 0.010
....... 25 0.010 | 0.010 | 0.009 0.019 | 0.020 | 0.010
3 0.009 | 0.011 | 0.009 0.021 | 0.020 | 0.010
3 0.010 " { 0.010 | Q.011 © 0.021 | 0.019 | 0.009
2 1 0.016 | 0.017 | 0,017 0.026 | 0.022 | 0.012
5; | 0,017 | 0.017 | 0,020 0.028 | 0.029 { 0.010
& | 0,017 | 0,017 | 0.018 0,028 | 0.028 | 0,011
Ts 0.026 | 0.021 | 0,017 0.037 | 0.038 | 0.011
10% 0.033 | 0.031 | 0.015 0.048 | 0.049 | 0.011
* Peptone-dextrose-yeast extract broth.
TABLE 3
'MRASUREMEKT OF GROWTH OF ORGANISMS A AND B
' Dime 10G, OD at 650 mr of & and B
. (Hours) - F R I B -
i SWP1 SWP2_|  PDYE SWP] SWP2 | PDYE
0. 1-3.0458| 2,0000{ 2.0000 0 5,0000{ 3.0000
3 |~2.0000 | 2,0000{ Z,0000 1.9208 | 1.9586| 2.0458
1 1=1.6990 | I.6990| 2.0000 1.6778 | 1.6990| 1.9208 -
13 -I.7212| 1.6990| I.9208 1.6576 | 1.6990 2.0458 .
2 }-2.0000-| 2.0000{ 2.0000 |l 2,0000] 2.0000} Z2.0000
2% | 2.0000| 3.0000{ 2.0458 1.7212 | 1.6900] 2.0000
3 2.0458 1 1.9586| 2,0458 1 1.6778) 1.6900| 2.0000
- 3k 2.0000 | 2.0000} 1.9586 1.6778 | 1.7212) 2.0458 -
Iy 1.7959 | 1.7696) 1.7696. || 1.5850| 1.6576| 1.9208
55 1.7696 | 1.7696] 1.6990. || I.5528 | 1.5376| 2.0000
& 1.7696 | 1.7696| T.7427 || I.5528 | 1.5528| 1.9586
() 1.5850] 1.6778| 1,769 || I1.4318| I.4202| I1.9586
104 T.4815] 1.5086] I.8239 I.3188| 1.3098] 1.9586

The experlment to observe ‘the sallnlty ‘tolerance of organlsms

Pepﬁoneadaxtréée—yeast ex%féctrbroth

A and B was unsuccessful, insofar as no growth at all occurred,
this perhaps indicating that the media lacked some esgsential

matrient.
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Table 4 gives the results of the sensitivity of A and B to
various antibiotics. There was no growth of either 4 or B on
N/A plates, and growing organisms on the other media .showed
differences in sensit1v1ty'to the various antibiotics useds - - -

TABLI:. b,
SENSITIVITY OF ORGANISMS:A.AID B T0 ANTIBIOTICS”
" antibioti ' o tret Media-
iotic ncen i : '
nibLonic - (LoncenbratioR | swp | swp+ G || /A
AlBl als Jla|s
Penicillin . | . 5 units 00 x |1 - |-
| | 10 units s{rf 20 l-1-
streptonyéin | | 5 ne 1ol olo N-|s
A e o | oMl oot i~ |
Chloramphenicol| 10 pg 32l x|0 ji--
30°pg 513 314 -1-
Erythromyein 5 pg 213 0[5 {~-1-
15 pg 315 314 - -
Tetracycline - 10 ug. 311 212 dl=-1=
. N P | - BOﬂg P - lh .| .4.- l .2 - -
Kanamyein "';O}ug ‘ 010" 010 -l -
Novobiocin | 10ug T 4 | 0 flizbonls ] -
Sulphafurazole | 250 ug 4zl 3b2 -1~
Polymixin-B— . - - - SRR B :
Sulphate 30units "} 040} O .40 f{-1-~-
Bacitracin -lQ units 0 ‘;Q flroto- f-1-

- Indlcates no growtb of the organlsm, .
0 ~ 5 Indicates the degres of effect of the antlblotlc
. on the bacterial growth. :
x Indicates no result. -

Pollutlng organlsms, i.e. E. Coll, were found in abundance
at 4 m, ard to a lesser extent at 8.5 m at Gundamain, in
surface water at Yowie Bay, and.at 8.5 m at, Lilll Pilll
{Table 5). C o L
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TABLE 5

THE DISTRIBUTION OF POLLUTING ORGANISMS (COLIFORMS) (3rd May, 1966)
Pregumptive test Verification
. Lagkose broth .. ° :o ¢ ooviaf Eosin Methylene blue agar
Depth | Description: of ‘Growth | = L e
Station (m) (307¢y Deseription of Growth (30°C)
20 i 0 | Growth, but no gas (Orly sample which fermented
| production lactose used as inocula
‘10" { 8kight growth;but no | T
... gas-production G-
20 | Slight growth, but no’
.| gas production
Port Hacking] .
Entrance 0 | Growth, no gas
rroduction
4 | Growth, no gas
production
9 | Growth, no gas
production
Little
Turriel Bay 0 | Growth, no gas
production
4 | Growth, no gas
roduction
Lilli Pilli O | Growth, no gas
production Colonieg with green, metallic sheen
8 | Growth, gas production E. coli, also purple colonies,
16 | Growth, no gas dark centres, Aerobacter
production
24 | Growth, no gas
production ' .
Green, metallic sheen, E. coli, also
Yowie Bay 0 | Growth, gas production purple, dark centred Aerobacter
' 7 | Growth, no gas
production
14 | Growth, no gas
production
21 | Growth, gas production} Several, unidentified pink colonies
Gundamain O | Growth, no gas ‘
produgtion Gre tallic sheen, E. coli, also
: ) reen, me ic sheen, E. coli 80
4 { Growth, gas production| purple, diffuse Aerobsoter
8.5 Growth, gas production| Purple, diffuse, with dark centres,
Aerobacter, also few colonies,
e green, metallic sheen, E. coli
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. 'The only organisms positively identified were Bacillus
nycoides, Escherichia coli, and Asrobacter aerogenes. An
unidentified actinomycete was present also. '

‘ IV, REFERENCES
Bﬁbwﬁ,AA.D. (1964) .~ Seasonal variations in heterctrophic

bacterial populations in waters off Sydney. Aust. J. mar.
Freshwat. Res. 15: 73-6.

DIFCO (1953).~ "The Difco Manual®. (Difco Laboratories:
Michigean).
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ZOOPLANKTON
I INTRODUGTION

The dlstrlbutlon of zooplankton groups in Port Hacking was
lnvestlgated. Areas such as shallow channels, deep bays, and
areas of freshwater influence, which were thought likely to have
different populations, were sampled separately. Because soldier

- crab populations were being studied during the School, particular

: attention was given to the distribution of zoea larvae. Day and

. night hauls were made to see if there was evidence for vertical
mlgratlon of zooplankton in the estuary.

II. METHODS

- -The- zooplankton..of. Port. Hacking was sampled at a number of
--statlons (Fig. 1) during the period May 23-25. The sampling
.. ¢, .programme wag designed to include shallow channels, deep bays,
= - - gnd -shallow areas of. freshwater 1nfluence. The. programme was
most intensive in Burraneer Bay where samples were taken at
various positions, times, and tide states.

.. The sampler was a conical townet with a mouth area of i-m?
and a mesh aperture of:0.5 mm, towed from a 2 m leader and a 3-leg
bridie. The net was towed horizontally just beneath the surface,
the leader being attached to the warp 1 m above a 25 1b weight.

e ‘Towlng speed was 1+5-2-kt.- Towing duration was-of the order of
T "Lmin, A flowmeter. (TSK).was suspended within the net mouth at.
' a point approximately 5" from the rlng.. The net was washed down

i: with; a hose after each haul. L _ A '

III RESULTS

. Tables 1 and 2 show the groups of zooplankton in the day
samples, and their frequency per. sample. ' .

% o C . TEE1

ZOOPLANKTON ‘CATCH (HO OF ORGANISMS) AT PORT HACKING STATIONS
MAY 23, 1966

(ngh tide 1030k, Low 1600h)

Time and Statlon Seaward ———-e>

31/24 K1/29 P1/31 H1/35 M1/34 R1/34 m/z,o V1/48 Q1/51 Zl/58

= GRDUP
114/, 1221 1239 1312 1332 1340 1404 1410 1427 0940 h

Total copepods | 138 262 39 27 410 204 212 104 - 760 4240
- 0

Cladocera . -0 "7 0 1l =85 20 375 28 ° 748 .
Ctenophores . -2 6 b 12 L4 4 ) o -0 0

| Decapod larvae | 7 1571078 0 A8 296 95 21 64 381 25
Fish‘eggs/larvae"' 00 3 13 1 1o 0 0 3 14 382
Chaetognaths L EAN FENN> TR ¢ DERNON § IR ¢ RSP o BN . 2° 49 1715
Doliolids 0 0 0 0 0 0 0 0

2 9
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TARLE 1 {Cont'd.

ee)

L4

Time and Station

Segyard ——»

GROUP

s1/24 ¥1/29 PL/31 HL/35 M1/34 R1/34 XL/40 V1/48 Q1/5L 21/58

1144 1221 1239 1312 1332 1340 1404

1410

1427 0940 h

Medugae =
quwonobaoreS
Anphipods’
Tsopods T;;
Cghl :'B.C‘L d%
La.racecn,_
Ga
Fuphausiids
Polychaetes

(o‘halopoas

Stomatopad larvad.

’ ) lO .;‘

etropod Tarvas|

fc>c>cac>c;c5c;cjt5n:

c>c>c3c3;:avzu}éi¢{c;c:
c>c;c>c5c5k4(j53}chhA

.oobo@é?ddoo

c>c>c:c1;3c:c;c2kac5c;

;boobqwqdpde

TR

T

oo 9*65CBXQsz6_ci§é¢>

y)

5
25
A
17
0
42
58
5
0
0
0

et
o o000

QWOOQPHQQNO
cocooWwNO

Total

Nﬁ!LmJifd.

T

-391
6.9

7569 T 806

335
,nﬁ 327 2,34 3%16%

a<;
g M

208 .

1983 6528

15466 ~56.4 182.0

s o -

;353iéff

TABLE 2.

zoo LANKTOW GATGH (NQ OF ORGANISMS ) AT. PORE HAGKING STATIONS

“MAY 24, 1966 -

(ngh tlde 1123h 1ow 1649)

Tlme and Statlon

Seaward —

C WUP

ST/ B/ W35 3 /ah 0740 ViR QL5

1140 1210 1220 1305 1245 1330 1355 - 1410 0930

h

V' Gephalopeds

R
Ly

Total copepods
Clzdocera
Glionophores .-
Bocaned larvee
Pich ezzs/larvae
Chaetognaths
n'ipg v
Doliolida::
M=dugae
Siphencphores
Azphincds

H

et Laopods. - IR T
A0atracods
: Larva"eae

Castwpodu l‘

‘ ﬂhehahsjldtf;}ﬁm“ﬁ%bﬂu
1 Polycheistes
T Stomatopods -
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* The - general. diatribition on May 24th agreed with that’ onllay 23rd.
“"The catehés consisted mainly of éopepéds-;f*-'c'ladocer:‘ans«,'*-_de‘c'apod7.' -
larvee, fish'eggs andilarvae, andctisctognaths..Medusae, .= .
- ‘siphoriophores; larvaceae; and gastropod larvaé wereiless common. -
Salps, doliolids; amphipods, isopods, ostracods ;‘euphausiids, -
polychaetes, stomatopod larvae, and cephalopods were rare.

The catches were ‘approximately.l10 times -greater near the
 _entrance to. Port Hacking .than inside the estuary.. This was due %o
- the greater concentration, on the seayard- gide, of [copepods s :
chaetognaths, fish. éggd and larvee,:and; to a lesser extent, of
siphonophotes and. larvdceae.’ Chagtognaths occurred almost: -

“"ékélﬁsi?élﬁ”é@éﬁﬁfd”6ffiillf"Pilli'Pdiﬁﬁf"Bf“éaﬁtrast,'cladcceran95"

ctenophores, and decapod larvae tended. to be more gbundant_withinAi&

the estuary. -

The most striking feature of the zooplarnkton concentration .
tovard the mouth of the estuary was the large number of specles .
repregented. This was particilarly noticeable among the copepods
(Table 3) where at least 13 species”Pailed to-penetrate
significantly into the.estuary. The only species represented

. in significant numbers beth at.the entrance to the estuary_em_d =

. within the-estusry-was.Temora turbinmata. . . ... ... .00
SR __-TABLE 300

* -“SPEGIES COMPOSITION (%) OF COPEPOD CATCHES -~
.7 AT VARIOUS STATIONS IN PORT HACKING "'

Statlonand deation. .
VL/48 - X1/40° PL/31 K1/29 R/34

121/58 :

= I

O seBCIES. |
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.The dominant estuarine copepods were species of Acartia which com-
prised up to 80% of the total zooplankton population (Table 3).
inicauda (Mori 1937)

wers two species, Acartia erythraea and 4
the former being by far the more abundant (Table 4}

numercus than males.

tia

TABLEA '

There

Femgles wére .more

 DISTRIBUTION OF AGARTTA SPP.. IN PORT HACKING
- e " MAY 1966 .- »
Station - o .oMay 23, | | My 24 ‘
and ‘A. erythraea: - -$ : |- A. erythraea: $ : o
Location - A. spinicauda - -{ . A, gpinicauda
2158 o R SR
Hungry Point 0.5 31
X1/40 , -
Lilli Pilli Point 2531 3:1
M40 L T
Entrance to- COAL ;x&hrae of 341 ,
Yowie Bay ‘ ' ‘ k 0
H/3% . !',”“.””“' S 1008 - | .
Upper Yowie Bay 23l T3Py orvthrasa | 0 4L
The decapod larvae taken in the samples were very varied. There

were at least two types of crab larva, represented at both the megalopa
Some early zoeas correspond. falrly‘closely to the

and zoea gtages.
description of the first zoea of the soldier crab (Cameron 1965).
~ deast six types of non-brachyuran zoeae and megalopae were present.

The more common types were photographed for future reference.
general distribution of" decapod larvae in Port Hacking, as indicated
by the sampling programme, is given in Table 5.

TABLE 5

DISTRIBUTION OF DECAPOD LARVAE IN PORT HACKING
1100-1400h MAY 23, 1966

AL
The

. Station . Frequency (No./m3) % of Total Ho. of Organism
and . Brachyuran| Brachyuran | Others | Brachyuran Bracg{uran Othe
Location Zoea Megalopa ‘ Zoggr. . MEE : .
Sl/24" \ 0.03 0 0.34 0.7 -8 3.
(Gray's Point) : . R
K1/29 0.35 0 1.34 3.7 0 ' -.13 9
(Gymea Bay) l = : |
{Yowie Point) : TN P
H1§35_ 0.36 o 0.77 144 -0 - 31.1
{Upper Yowie Bay) ' o » SRR , I
ML/34, 0.64 0.02 .30 3ol 0.2 -] 170
(Entra.née Yowie Bay) “ 73 7+ N ERE I
X1/40 1.80 0.10 .30 8.9. 0.5 7 {11644
(Mia Stééam) 33 ? o -1,-f¢é;
QL/51 2.60 0.06 3.60 4.9 0.1 | 7.3
(Upper Burraneer Bay) o

as1g T
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One of the most interesting discoveries of the School was a
night-time swarm of luminescent ostracods in Burraneer Bay (Table 6).
Whereas hauls at 1600h, both at the surface and at 36 ft, indiceted
an ostragod den51ty‘<::1/h3 by 2100h the density had risen to

= 50/nd. |
TABLE 6 | |
| DENSITY OF CLADOCERA AND OSTRACODA IN BURRANEbR BAY
MAY 1966 ) :
Pate | Station | Pime Depth : No./w® %‘Potal N°°C£ Organisms
N - (m) Cladocera | Ostracoda | Gladogera! Ostiracoda
23/5/66) qu/s1 .| w30 | o 19 o |38 . 0
24/5/66 q1/51 | 0930 | 0 0.5 | o v 09 7 o
Q/si | U430 | o 4o o. |- .28 | o
R5/5/66] QL/5L. | 1000 0 9 0 AT 0
@/s1 | 1555 | 0 24 NI S B R O
Rl/51°{ 2110 | “0 3] 103 o2 69
R/50 | 2134 ) 0. 28 T 40000 | 0.3 65
QU/SL | 1005 |12 )24 U p 01 | 45 0.1
/51 {1615 112 {35 0 |t 23 ) o
RYsL | 214 {1 0 s a2 | 4 91

Ostracods were rare throughout-the estuar} by day.(Tables 1 and'z)
This suggests that these.organisms might live on or near the bottom
be day and rige lnto the upper layers by nlght o

Tesus wlth a finer net (mesh aperture 200 p) suggested that the
~ estuarine planktqn was inadequately sampled with the net used during
" the School (500 n). The finer net. would sanple the cladocera,

small copepods, and larval stages more representatlvexy e

IV GONCLUSIONS

The fauna of the estuary dlffered between aress of dlfferent
hydrological conditions. There were indications that shelf fauna
penetrated partially into.the outer bay. 'The vertical migration in
one bay over one day was very marked. ' |

~0n the baszs of these observatzons, ‘an 1ntense studyi in-eo-

.aperatlon with other groups, of one- of the outer bays 1s contemplated
for the- next School. _'j,‘ :

-foAMERON- A h..Ziééé) - The flrst zaea of the 3oldler crab, M.ctxgl

loqg__ arpus. (Grapsoxdea, chtyrldae) Prog. Iimn.: Soc. N.S.U.

_ MORI , T._(1937) - The pelaglc copepoda from the nelghbourlng waters
2510 of Japan. (Published privately).
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I IHTRODUCTIOH

The assay of photosynthetlc pignents in seawater is often
uged -as a measure of plant bicmass, and as a means of assessing
productivity rates of phytoplankton._ Simple spectroscopic methods
...for .chlorophyll determinations were liged, formerly, but chromato=

-_ graphlc methods have now.been developed which separate all the

major plgments of ‘each class of marine algae, as well as the

l'"maaor chlorophyll decompositlon products. - The-present project -

5aﬂ"two—d1men31onal paper chromatography-:: e

was centred around a study of* the photosynthetic pignents of all
the main classes of marine algase, using two-dimensional paper
chromatography, and then applying Xnowledge galned wlth cultures
of algae, toia varlety of field 31tuat10ns. ' .

, _Cultures of the followlng marine organlsms were studled -
! | ! ) o
;1) the green flagellate Dunaliella tertlolecta,
ii) +the diatom Phaeodactylum Tunm _tricornutum,
£11) the brown flagellate Isochrysis galbaba,
iv) the dinoflagellate Amphidinium sp.,
: v)  the blue-green alga Angbaena sp., .
and ‘vi) the red alga Porghxgldlum Sp. '

. . A higher plant. (splnach), and a. brown seaweed,( sp .
were studied also. Pigments were identified by Rf values, and by
'._abaorptlon spectra of eluted fract‘ons el
Ghromatographlc separatlon -of pheophytlns, pheophorbides, ‘and
chlorophyllides of chlorophylls a, b, and g were also studled by

- r

~Ime several field 31tuatlons seauater-samples, and sand or: mud
samples were ‘analysed for:photosynthetic pigments.. Information
geined helped to establish the nature of the marine algae present
in the sample, and the presencé:or‘absence of decomposition
products. The latter indicated the phy51olov1cal state of the
':organlsms, and thelr 1mmedlate prevzous hlstory. : >

RIS KA SO II. MATbRIALS-AND I”TEHODS

Cultures of algse were grown in the Laboratory prlor to the
-8chools. ‘Uells:were harvested. by centrifuging at 2,000.-r.p.m. for

.75 mine Larger volumesiof .culturés,.or seawater ‘samgles of 10 1.,

or more, were centrifuged in a continuous plankton centrifuge:-
Sand samples were prepared for extraction by filtering off excess
seawater on a Buchner funnel, until the mud or sand sample was
Mdamp-dry". It was essential that no water remaln in the sample

S5 quring acetone exiraﬁtlon. ‘When- acetone coneentratlon falls below

.- "90% -chlorophyltasd ipresent it ‘the algae vill: retain sufficzent
activity to degrade chlorophyllis. 8

-a'éslgzﬁ-““'f£+5 S .T;;;i‘ﬁ R ST
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Preparation of pigment extracts. Packed cells were extracted with 90%
acetone for several minutes until-the residue. was colourless. The

' samples were:centrifuged .to remove tissue debris, ‘and the acetone
extract. containing -the pigments mixed with-an equalivol. of diethyl
ether, and  shaken -with 5-10 vol. of 10% NaCl. The pigments migrated
to the ether layer.: The ether extract was concentrated for chromato-
graphy by evaporation under a stream of nitrogen. Sand or mud samples
were extracted with 100% acetone for about 30 min., the acetone extract
filtered.- off, and plgments transferred to- ether as above. '

Chromatography.. Plgments were.: chromatographed on squares of Whatman
No.:3M{ paper (22 em x 22 cm). The' solvent systems' vere 4% n~propanol
in petroleum ether (60-30), and 30% chloroform in petroleum ether.
Chromatograme: were run in the dark to prevent photo-oxldatlon of the
plgments. . . . ‘ _ .

Absorgtlon sgectra. These were determlned in a Unlcam SP500 spectro~
photometer after eluting the pigment zones in an appropriate solvent.
Special samples were determlnad 1n a Unlcam SP700 recordlng spectro—
photometer. S . : : p .

III. RESULTS AkD DIscuséibiz
(a) Laboratory studies

Pigments present in the‘dlffErentAalgae were characteriged by their
Ry values, and the pigment distribution in the main classes of marine
algae was mapped. This distribution (Table 'l)-can be-put to a number
of uses,

TARLE 1

PIGHENTS FOUND In THE VARIOUS GLnSSbS OF ALGAE, AND I A HIGHER PLANT
. Organ anism )
. & @ @ . H
C = L d ~
G — o o) ..
= . 80 Ko ] ] .
@ - R ) o] Sy - @ o .
o o G %] Q —
& ap o 10! & <
o L £ CoH o G|
o ] . o) g o g g q
" " .0 + L= ] LS Q
- 2oeg 8 B A JE e 4
Pigment, 2.8 -8 & =S SN RN .
Chlorophyll a + + . .+ + 4
Chlorophyll b , L, 4
Chlorophyll ¢ * + + + ’
Chlorophyll 'd - R b E
Carotene + 0+ + e +- + +
Fucoxanthin + + +
DPinoxanthin- .- .. | T PURRLE L A
Diadinoxanthin . .. ) . N PR P &
Diatoxanthin = + o+ o+
Peridinin o o 7
Zeaxanthin +
Biliprotein + +
Myxoxanthophyll +
Lutein + + +
Neoxanthin ) + +
Violoxanthin + +
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It highlights phylogenetic relationships and can bé of useé as
a "diagnostic" tool in determining the presence or: absence of
certaln organisms in field samples. For example, the presence of
peridinin in a sample can be taken as conclusive evidence of the
. presence of dineflagellates, as this is the only group of marine
algae possessing this plgment.

The absorptlon spectra of .all.algal exiracts were determlned
and on these curves peaks and inflections corresponding to the
various pigments could be seen. Figure 1 shows the absorption
spectrum of the extract of the brown flagellate Igsochrysis galbana.

: Scme of the major plgment zones were eluted for absorptlon
spectra measurements. The spectra obtained were in good agreement
with previocusly published work. Figure 2 shows the absorption
'spectra of chlorophylls a and c. ' ‘ L

Chlorophylls were incubated wlth a chlorophyllase from the-
dlatom Phaeodactylum tricornutum. Breakdown products were
separated chromatographically. Figure 3 shows the decomposition
produets of ehlorophylls a and b separated by two=~dimensional
chromatography.

(b) Field studles

(i) Invertebrate ecol ogy

Soldier-crabs, when feeding, leave behind small sand pellets.
It was unknown whether these were faecal or buccal pellets.

A sand sample, taken before crab feedlng had commenced
‘revegled -the pregence-in-the feeding area of dense populatlons of
diatoms together with g few dinoflagellates. Chromatograms were
run on the pigments extracted and these showed pigment distributions
characteristic of a healthy diatom population. The presence of
perldlnln, characteristic of dinoflagellates, was also noted.

The pellet material occurring after feeding was collected.
Microscopic examination revealed that the pellets contained’ mainly
macerated material and a few small diatoms. The chromatogram of

*. the extract of this meterial showed that the following pigments -

were present: carotene, chlorophyll a, diadinoxanthin, fucokanthin, .
chlorophyllide a, and chlorophyll c. Thus there was only a limited -
breakdown of the pigments originally present. Only one breakdown
product of chlorophyll a was found. : '

It was concluded that the pellets were ejected from the mouth

after maceration. There were no indications of acid breakdown
such as would occur in the gut of the crab.

‘ 25}? g



f¢r © Ilkgdoiolyd

utyskydoanyd ‘o [1dydoiolyd 5q9

T |jhydoiojyn gQ9

UIY{XOUIPDIP ‘UIYIUOXDYDIP ‘UNGUOKOIN] Uip

Py Ungjuoxodn) ‘ausgoion ¥ 'o pjAydosoyd

Olr © 11Aydoioly D

b50 300

bOO

550

400

500

450

o8

0-7
0-6
05}
o4 f
o3+
0-2
o)

NOTLONILX®3I

LENGTH (ma)

WAVE

(Recorder pen off scale 495-595 mu.)

Fig. l.- Absorption spectrum of the brown flagellate Isochrysis galbana.



*0 pue ® sTTAydoaoTyd yo wI3oads wuoradaosqy -°z *ST14

{(ffw) HIONIT 3IAVM
oot 0s9 009 %S 00s oSt ook
T — = =

\|ll./

NOILDNILX3

U0IDY 0\000 Ju3A|0g
3 13Aydoioyd) - - —
HAydodoryd

ol




FIRST DIMENSION
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SECOND DIMENSION  ———3

Fig. 3.- Two-dimensional chromatogram of pigments found in marine algae.
1 Carotenes (orange): 2 Esterified astaxanthin (pink): 3 Pheophytin
a (grey-green): 4 Iutein (yellow): 5 Diatoxanthin (yellow): 6 Dia-
dinoxanthin (yellow): 7 Viclaxanthin (yellow): 8 Chlorophyll a (blue-
green): 9 Chlorophyll b (olive green): 10 Fucoxanthin (deep orange):
11 Peridinin (brick-red): 12 Neofucoxanthin A and B (orange): 13 Neo-
xanthin (yellow): 14 Chlorophyllide a (blue-green): 15 Chlorophyll c
(light-green). -
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(ii) Pigments in-aerobic and anaercbic mud

The phys1cal chemlstry group supplled samples of aeroblc

' and anaerobic.mmd. . The aim was to note any differences .in the -

phytoplankton populatlons of ‘the two environments. -

No dlfferences were detected in- the plgments of the two

'Tfjﬁes of mud, but significant amounts of chlorophyll a and ¢

breakdown . products were present in both the aerobic and :
anaerobic speclmens. " No chlorophyll b was detected in elther'

~type -of mud,- -

The conclusion drawn ffoﬁ this work was that the sediment, :
material examined was all of marine origin. If material from
the higher plants had been contributing to. the system then

_chlorophyll b and/or itg breakdown products would have been |

present. This result wa.s somewhat anomalous in that the
sedlments examlned were close %o -an area of freshmater run-—

(111)'Zooplankton plggent

- The -zooplankton group supplied samﬁies”taken from areas
of Port Hacking which showed.a vertical stratification-of the

-.populatlons of zooplankton. . In the top few mne of the.water, .

‘thers appeared only one specles of small crustacean, while -
lower down in the water column there were mixed populations.
Pigments were extracted from the different regions of the
sample and jdentified chromatographlcally. Only one

~astaxanthin-like pigment was found in the top:sample, whereas

‘inthe mixed populations from deeper:waters a number. of -
chromatographlcally different esterified ‘astaxanthins were oo
found,  In’ addltlon, in the second sample: 51gn1flcant -amounts -

- of phytoplankton breakdown producta were .found... It was + . -
" concludéd that the second zooplankton sample contalned a .

number of different orgsnisms which were feeding on phyto=-

. plankton containing chlorophyll.c. It was suggested that
- erustaceans. containing. astaxanthln would have & mechanism for .
. ”absorblng UV radiation. This .would have adaptive . s1gn1f1cance,
in organlsms ‘living at. tne gea. surface. o :

" (iv) Pifments ggﬁseawater semples

Samples taken at hydrology stations were examined for
pigments {Table 2).

2515



54
TABLE 2

PIGMENTS IN SEAVATER SAMPLES -

Statisn: - Plgments present ffiﬁjﬁvghytoplankton organisms
Ghlorophylls g and g R T
Carotene U Diatoms and
e Fueoxanthin' i~ ~f flagellates present
e - .-Dimexanthin * - ...f  and in-healthy .
- Diadihoxanthif SR R condltlon. R
Zooplankton pigments - | - e
Chlorophylls a and c
N _LGarOtEHG ’ , s o
B Fucoxgnthin - . . | As ghove. -
v} Diadinoxapthin .} o 0
Lo L Zooplankton pigments-
e “Chloxophylls E! and ¢ '_j-f L
; % "Carotene™ - -+ Diatems and
c Fucoxanthin dinoflagellates present
Diadinoxanthin : in szgnlflcant
Dinoxanthin ol i pumbers o
Perldlnln

Statlon B was in a fast—flowlng reglon, and dlnoflagellates and
dlatoms -were not numerous.. They -contributed.to a much smaller -miero-
fauna than they'dld at Statlons A and Ca !ﬁ_"ﬁw9 -

LA

IV CONCLUSIONS

Chromatographlc and spectrOphotometrlc stuales BE phytoplankton
plgments are a tool in'field studies to détérmine the'organisms
present: The methods may- betused t6- supplement microscoplcal
invéstigations. In: addltlon, on the 'basis of breakdoin praducts
present, dnferences - can’ be made about the 'state of health' of ‘the
organlsms present. BRI :

v . Lo N .,..‘_\

It ig p0531b1e to do a quantltatlve estimatlon of the chloro-
phyll levels:of an area; such as one of thé sampllng statlons. This
would be.a preliminary step to doingany- 0% fixation studles on the
productivity of an area.--However, the technigues'used by:-this group
were of a qualitative nature, and lack of time prevented an exam-
ination of quantltatlve techniquegyse, 1 v iUl wimiwld o

L PR 7J-_‘ J. -;. :."'..‘A; '--.'.:i—>:- ‘ -.
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-

S fpt 2 GTATISTICAL BOOROGY . ... - ..

T T THTRODUCTION -

Populations of soldier crabs (Hilctyris spp+) wers foud'on
.a.sand flat-near the Laboratory. Since these populations were

mobile, abundant, and changedble in behaviour, we dedided to

make..exploratory chservations on“their distribution and density

- through the, intertidal range; size, sex and age composition .
studigsgﬂﬁeﬁéﬁiour;;mqvgmen;s,faﬁd feeding; and relationships-

with associated fauha, =~ . = vl T e

~ II. MATERIAL AND METHODS

.- The. goldier crabs were identified as Mictyris longicarpus
Latreille and Mictyris_plstycheles H. lilne-Edwards from- .- .
MeNeill's (1926) descriptions. Crab samples for the 'studies
were taken from the large flat in front of Fisherman's Bay
township. The sampling aTea is shown in Figure 1, which is a
map prepared from an aerial photograph 'showing: the distribution
of the Zostera (marine angiosperm plants) beds, sand, scrulb;
creeks, and waterholes over the sand flat, The slope selected
for sampling contained a graded series of these envirommental
variables; it lay on the north-west side of the scrubby knoll
- shown. in the -sampling aréa (Fig.'l) and extended from clean
_white -sand &t ‘high water to black mud and Zogtera at low-water.
This area was gridded and samples of the substratum obtained
with a cylindrical corer that took a sample 9% wide and "about
15" deep.: The crsbs in the samples were recovered by washing
.and sieving, and preserved in plastic bags. R

III. RESULTS - . Co

n “iéiééiéé 25%@@[3.shbw‘our interpretation’ of “the distribution
- .of the crabs over the slope on May 23. Both species were i

virtully ebsent from the Zosters ("seaweed!) zons: and. tended

to_be most concentrated about half-way up the slopes - Their
dengity decreaséd further up the slope. Both species coincided

A ot o

adly in their distribution but M. platycheles, the smaller

;4bgpeqiés;fj§§ggd;tc.extend_sl;ghtly‘fqrthér up the slope.

”i?“¥0n;tﬂéfféiigwiné day, May 24,!a_mo£é detailed study was

made in the areas where the two species were most demse. - The
results are shown in Figure 4. 'The two species had separated
as :shown and the mcst dense areas f each species did not
“overlap. -M. platychelés, the smaller gpecies, was at its
maximun. density. further up ‘the slope than M. longicarpus.. In
addition the most dénse aréas for each species had-moved along
the beach a few feet. -

2508



56

Further analysis of the: samples showed that the total
population of M. platycheles in the sample area was about
270,000 {c. 8 per sq. ft.). M. longicarpus was less abundant
(120,000; ¢. 4.& per sq. ft.). In some areas, high densities
of 30 crabs per sq. ft. were recorded. .

Figures 5 and 6 show the size dlstributions of the samples

of both: species. -For the small and medium sized crabs the

females appear to be slightly larger than males of the same
age. .Small age groups dominated in M. platycheles; large males
dominated in M. longicarpus. In both species there was a~ -
regidue of large old males, but not females. ' '

Morphometric measurements (Figs 7-10) suggest that width

is approximately proportional to length in both species but

that M. platycheles ig slightly wider than M. longicarpus for
a given length. . - e Rt L S

The distribution of males and fémales in the samples was

. approximately the ‘same. Four female M. platycheles carrying’
egg masses were found in the samples. PR

?:j.observations on behaviéurland,m6Vements could not ‘be made
because :the crabs did not emerge from the gand to any great
extent during: the daylight hours of the study period. It was

-noted, However, that a population of M. platycheles emerged and

fed on the north side of the sample area for a short period in
the late afternoons of the 23rd and 24th, " M. longicarpus
emerged on the eastern side of the sample area at dusk (1700-

1800 h) on the nights of the 24th, 25th, and 26th in'very

large numbers. Unfortunately, it was too dark by then to make
proper observations. ;

. There are indications that both species are herbivorous
and probably feed on diatoms and other minute algae living in
the surface few millimetres of the sand flat. Both on the flat
and in the laboratory crabs were seen scraping this surface -

>..8and. into large balls which they masticated and then ejected
:from.the mouth. M. platycheles was often noticed carrying‘sand

stacked on its claws like a -front end loader; apparently
mnching this as it scuttled along. The structure and movements
of the mouth parts of both species are very similar to those
described for some fiddler crabs. Perhaps Miétxgisluses the

Nfilter press! method of feeding described by Miller (1961). Attempts

to feed starved Mictyris in thé laboratory during (and for
geveral weeks after the school) with piecés of fish and shell-

. fish were not successful, tbus strengthening-the'view that -
. Mietyris is rot carnivorous and is probably herbivorous.: -
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FISH BCOLOGY
1. INTRODUCTION

The objective of this programme was to make assessments of
the population sizes of sand-whiting {(Sillago ciliata), ‘seam-mullet
(Mugil cephalus), sand=-mullet (Myxus elongatus)s-and luderick
(Girella tricuspidata) in Port Hacking, and to determine aspects
of population structure, such as size’ compositlon, age composition,
and sex ratio.

|11, 'METHODS

One method of estimating population size is to carry out a
capture - recapture experiment. This consists of taking a set of
one or more samples from a population, returning them to the
population after marking them in a distinctive manner (tagging),
and recording the number of marked individuals recaptured in a
second set of one or more samples.

If N = total population size,
M = number taken in first sample, marked
and returned to the population,
n = number taken in second sample,
and m = number of marked individusls recaptured
in second sample,
then %=%, or N‘:)\%'

An alternative method, that is particularly applicable to
a net fishery, iz to determine the catch taken from the area
swept by the net and then to relate this to the total area of the
fishing ground.

The fishing method used in Port Hacking was that of beach
seining. With one end of the net held fast ashore the remsinder
of the net was set from a dinghy which was rowed on a semi-circular
course to a point farther along the shore, The two ends of the net
were then havled so that the fish enclosed between the net and
shore were brought into shallow water where they were captured and
held in a cauf prior to being tagged.

The net used was 240 yd long and 12 £t deep with a 15 yd
length of rope at each end. The bunt of the net had a mesh size
of 1% in. and the wings were of 2 in. mesh.

Two weeks prior to the School (9.5.66) four net hauls were
made 1n Port Hacking and the small numbers of fish captured were
tagged with opercular strap tags and released into the population.

A further ten hauls were made during the first three days of

the School. Most of the fish from these hauls were tagged and
scale samples taken from the first 25 or so for age determination.

2516
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'fj_results of operatlons are. summarlsed in Table’l

59

Samples of those not tagged were returned to the Laboratory
for sex determination.

| IIE.RESULTS

Netting and tagging localities afé showm in Flgure 1. The

The hauls made durlné the Schcel falled te capture any of
the flsh tagged prior to the School. .

Hine fish released and recaptured during the School were
taken from closely adjoining areas and within an hour of being
relsased. This interval of time was not of sufficient length to-
allow adequate mixing of the tagged and untagged members of the
population, so ‘that these recaptures could not be used in a
capture ~ recapture experiment.

The results of calculations based on the swept area method,
given that the area of Port Hacking is 1101 times that ‘of the
area swept by the net, are shown in Table Re

Results of gscale readings for the four species are given in
Tables 5, 3, 11, and 14. Age-length keys were derived from =
thege data (Tables 3, 6, 9, and 12). These were then used to
determine the age comp051t10n of the catches (Tables 4, 7410,
and 13

The size composition of the calches of the four species
are shown in Figures 2, 3, 4, and 5 together with their'

.. component age groups and sex ratio.
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“TABLE 1 |
SUMMARY OF NETTING OPERATIONS IN FORT HACKING
- 9-25.5.66

Rl | 1 Sestullet | Sard-Millet | Sand-Wniting | . Iuderick

- ea I - - - = - . . - . - ’
lio. Tagged | Untagged | Tagged Untagged | Tagged;Untagged TaggediUntagge
9.5.66] 1/66|v1 56| . | . v

Date

2/66 | X1 58 | S T I
36 Tisry s | L 351 l .
weslmeo| | | o u b
23.5.66| 5/66 | S1 56
6/66 |Gl 57 |
7/66 | C2 68
866 X158 | 7 0 .o | 23 | 9 | 26 ..
24566 9/66 |3l | ds| 4 | f o s s a0
l0/66 18246 9| 2 s | 12 |3
25.5.66|12/66 | V1 23 | 214 26 | T e g 24
13/66 | R1 18| 60 42 4 27 40
14/66 | RL 16 2% ' é 9 24,

Total 377 32 9% 243 279 126 114 88

# Plus 4 Recaptures from previous haul (re-released)
+ Plusg 2 1 u H 1t ( 1 )'

X plus 3 " n n T ( " )

2516



61

TABLE 2

POPULATION NUMBERS CALCULATED FROM METTING OPERATIONS
i QFR3=25,566 0 e e e

. Speéeies -

Total

{Catech

NO .

of
Hauls

Mean
Catch .
per Haul
(&)

Hacking

(B)f

| ares Port .| ..

Ares of Het

.D. | 95% Limits

" Sand-Whiting
Sea-Mullet
Sand=Mullet,

Luderick

' 352
378
3317

198

10

10

10

35.2

__37f8

33.7

©19.8

1101
1101
" 1101

- 1101

35.2 + 77,2

37.8

i+

148.8
33.7 + 213.2

63.2

19.8 +
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TAHLE 3

SAND-WHITING - AGE/LENGTH KEY

Numbers Percentages
| LoF Age Group 4Age Group
e : _ 7
Ol I b 26 e 3e | Ar [BE L O+ | L+ f 2+ | 3+ | A+ [ 5+
S Y S D N R .50“f S50
18| 1 100
19 | 1 {1 50 | 50
20 g4 1100
21 - 1 100 -
22 1 J 100
2 1 100
,Még‘“”"‘_ S o “Ar,._iad__ - -
27 1 2 1 25 50 25
28 2 4 33 | 66
29 2 6 1 22 66 11
30 5 100
31 6 10C
32 3 4 42 57
33 1 3 1 20 | 60 20
34 1 2 L 25 50 25
35 2 100
36 2 100
38 1 100
40 1 100 -

2516



TABLELAl

SAND—WHITING;— AGE "COMPOSITION .OF. CATCH

LGF“;AW.

Nos. . F

Age Group

B

Y RIS

m3+“an'u?

12

14
15
16
17
18
19

25
26
27
28

30
31
32
33
.34
35
36
37
38
39

RERRSE

29 L

40

10

12
23
12
14
18
17
18

10
16
17
17

16

25 .7

19
15
11
15

14 ...

o

oo~ e

11.5 .

16 - -

l 5.5 .1k

O

13

17

11.0
5.3
5.5

1046
e 16.5

5.5

19
15
47

3.5

2.7

- 6.3

7.0

305

2516
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TABLE- 5

SAND-WHITING = SCALE READINGS -

e A T s ey e e e
LoE 5+ IS ~-SNE RO - o o
320 1| w9 ] 199 | 23.8 | 29.1
20.0 8.1 147
25.0 - 10.8 19.2
21.0 1.2 19.8
29.0 14.5 19.3 22.9 26.0
31.0 16.8 22.5 - 28.3
18.0 10.9 16.5
19.0 11.5 144
35.0 17.0 | 25.3 30.3 3446 _
34.0 12.5 20.9 274, 31.0 33.4
23,0 12.6 21.0
31.0 12.5 22.9 28.0
28,0 . 14.0 21.0 24.1
29.0 11.2 22.3 26.3
32.0 10.5 22.6 23.6 31.2
35.0 17.5 24.8 29.7 33.9
33.0° 4.8 |, 215 27.6 - 31.0
30.0 L1 | 2.2 28.6
38.0 S 15.6 | 24.6 32.2 34.0 37.3 |
34.0 1 13.5 23,1 29.0 33.0
36.0 7.5 ] 18,7 25.5 31.5 3445
27,0 11.9 20.9 25.9 | )
29,0 _ 12.5 21.1 26.1 .
| 36.0 3.2 13.7 21.6 27.4 32,9
31.0 14.7 20,1 | 27.9 .
29.0 14.5 20.2 25.2
32.0 11.3 20.2 27.5 L3044
27.0 13.0 21.4 ‘
28.0 10.2 19.5 25.6
29.0 14.7 20.9 126.8
29.0 14.3 A A ,
30 | e P ST RPN ISP BN NN R




PABLE 5 (Cont'da..)
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LCF
cn

LO

Ll
el

s Le
Coemd

L3

ci

L4

cm

L5-
e

3440
16.0
19.0

26,0
33.0
30.0
32.0
3400
31.D
30,0
31.0
32.0

24,0
29.0
27.0
33.0
33.0

29.0
30-0

32.0
28.0
29.0

ey

Sy

oTo W U
20,0 -

30.0
27.:0 TN
33,0

31:.0

R2.0

|
i

9.1
10.4

12.1

8.9
6.2

7.6

R0NR

8.5

18.6

B0 -
L AT SR RS |
- 1845
18,9
11.8°
- 16.3
YA

13.4
17.4

- 15.1

14.6
12.6

14,0
1l

20.8
13.4

16.3

12.7

f 14,9

RL.4

16,9

15.1
10.4
17.0

15.4

15.6

14.1

N 25 - 9 . .

- _19.4 I Y

19.4
26.0
22.0

Uty
23.4

23.2
23.0
23.2

22.2
- 22.6

22.8

24.1

- 29.9
- 25.5
- 23.7
- 21.6
- 249
A0
20.5

23.6
23.5

3L

25,1+

25-3
1.4
28.0

28.4

28,8
28.7
29.3
29.1
294
27.8

29.2
272
9.9

25.7
2747

- .28.8

'29.9

31.6
32.7

2516
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TABLE 6 ‘

SEA-MULIET - AGE/LENGTH KEY

Mumbers Percentageé
- LCF Age Group Age Group
om . ' [ |
O+ 1+ 2+ 3+ 4t 5+ O+ 1+ 2+ 3+ bt 5+
21 1 1 50. | 50
22 2 o | 100
23 3 |1 75 | 25
A 2 100
25 1 1 50 | 50
26 1 4; 20| 80 :
27 1 5 4) 10| 50 | 40 L
- 28 L] 2 66 | 33
29 A o141 M| ose lu
- 30 2 2 3 28 | 28 | 43
31 4 100
32 2 100
33
34 1 100" |
35 | 1 1200 |
| | -

2516
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__SEA-MULLET - AGE COMPOSITION OF CATCH

e D R L

PN o

0+ s

1+

2+

3+

4+

3ﬂﬁ.5;

19
20
21
22
23
24,
25
26
27
28
29
30
31
32
33
34
35

37
38

3%

390

8.5
31.0

20.5

8.0

3.5

A

- 32,0

20.5
31.0
17.5
28.6
16.0

7.3

6.5

14.0
14.3
16.0

7.3
14.0
11.0

4.0
1 11.2

2516
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T4BELE 8

SEA-MULLET -~ SCALE READINGS

| 1
2516

cm en oem em cm cm cm
- 35.0 8.3 | 1.5 19.3 28.1 33.1

28.0 12.9 18.7 22.9 274

32.0 11.0 20.1 22.9 26.2

30.0 14.5 18.6 23.8

29.0 10.5 13.5 .| 18.7 22.3

31.0 9.3 21.3 25.0 30.0

27.0 10.2 | 14.9 19.6 22.2

27.0 10.8 14.9 19.7 23.2

26.0 12.1 15.9 22.5

27.0 10.5 15.7 19.0

29.0 9.3 12.6 20.0 25.3

28.0 9.9 | 16.0 20.0 |

30.0 9.1 . 13.7 19.4 24.9

27.0 141 17.8 20.2

29,0 10.1 15.1 19.5 |
- 23,0 9.6 15,1 - 18.2 21.3
_28.0 12.5 17.3 21.4

22.0 10.1 12.7

27.0 10.8 142 19.0

27,0 11.3 1ok

26,0 12.5 18.5 :

29.0 9.0 12.9 18.3 23.1

25.0 11.2 16.2 23.7 |

26,0 10.4 15.3 22.0

30.0 9.0 147 21.3 25.0 28.3

30,0 9.7 1744 23.0 .

31.0 9.9 15.5 20.5 24.0

28,0 8.1 15.6 20.2 242

30.0 7.8 144 20.4 24.6 ¢ 28.5°

24,0 | 12,2 15.8 23.0 |




TARLE 8 (Cont'd...)

69

L2

LCF LO L1 L3 L4 L5
om cm cm cm cm cm cn
29.0 10.5 . 18.2 22.5

29.0 “10.1 183 22;5- -26.5.

21.0 C 10,7 75 S T

26.0 1Ll 18.0 22.1 .

o L N i e

28.0 25 TN (N 2% TN N 5 A NS
30.0 10.2 13.6 17.3 21,0

27,0 8.9 14.0 19.7 22.2

23.0 1049 15.3 . 18,9

27.0 ) 10.5 14.4 18.3 21.6

22,0 8.2 11.6 16.3

23.0 10.1 13.2 19.0

31.0 10.3 16.5 24.8 30.1 2
30,0 11.4 15.8- 20.8 24,..7 28.5
27.0 10.2 1.1 18.0 I
29.0 9.3 14.8 18.9 2449

27.0 6.1 11.0 16.3- 22.7

21.0 8 12.9 o

32.0 10.2. 16.2 23.0 26.7

23.0 8.4 13.5 16.1

29.0 6 06 186944
29.0 10.5 12.5 18.6 21.5 249
25.0 10.7 15.6

28.0 7.4 14.7 20.6

24,0 9.2 13.8 16.6

26.0 11.1 15.8 22,2

2516
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weeonereee wer. THABLE 9

R L e

- -SAND-MULLET - AGE/LEHGTH KEY

2516

' jumbers N ) - ‘Percentages
LOF -Age Group . : Age Group
cm : ) . .
O+ 1+ 2+ 3+ O+ i+ 2+ 3+
19 1 . 100
20 S __ 100
21 2 100
22
23 3 l,:_ 75 25 |
24 4 1 - 80 20
25 5 10C
26 1 3 25 75
27 1 - 3100
28 1 | 100
. ]
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~“PABLE 10

SAND-MULLET — AGE COMPOSITION OF CATCH

cm

o LOFe i

Jo OG- e

Age Group.

0+

L+

2+

T

10
11

12

14
15
16
17
18
19
20

22
23

25
- 26

28
29
30

e ..2!7_.. e e e

26
35

&7
21

16

2L

26,25
224
22 .

2,75

“'3§753
5.6

8,25

2516
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TABLE 11

SAND-MULLET - SCALE READINGS

[ R D 1o - 13 ”
cim cm- - cm cm cm cm
23.0 - 10.7 ©18.5

250 s 1 | o
23.0 13.4 17.0
26.0 13.6 17.1 20.0
26.0 10,6 15.7 20.7
25.0 14.3 20.8 20.5
25.0 . 11.7 21.3
20,0 7.5 12.5
24,0 15.6 19.8
26.0 1.4 20.5
21.0 13.5 16,2
23,0 Lhd 20,7
19.0 4l 12.5 16.8
24.0 11.7 20.2
23.0 11.7 17.6
25.0 7.8 13.9 20.4
21.0 12.8 18.4
24,..0 9.6 13.8 19.2 22.5
24,.0 16.0 21.3
. .25.0 8.2 16.1 22,7
© 27.0 | 16.2 24.3 °
28,0 773 13.5 21.2 25.1
26.0 | 10.2 19.5 | 23.8
1 24.0 10.8 ! 8.4

1 2516
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"T4BLE 12

LUDERICK - ACE/LENGTH KEY (Frém Soale Samples)

cm

" Numbers

~ Percentages

- Age Group

Age Group T

O+

T+

2+§ 3+

b |

S+

o

1+

2+

3+

L+

5+

10
14
15
17
18
19
21
22

23

25
26
27
28

29

N

ot

N
N~ W oW

=

o]
W

100 |

100
100
100

50

100

25
17

25

50

66

17

33

75

83

75 |

66
50

25 |

- 17

50

1100

1100

25

2516
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TABLE 13

LUDERICK ~ AGE COMPOSITION OF CATCH

LOF- 1~ - Nogs -+ — ...Age Group .
o B O+ 1+ .2+ 34 e 5+
. 0
- g
10 2 2
11 6
12 11
13 9
14 17 17
15 17 17
16 11
17 4 4
18 7 3.5 3.5
19 6 6
20 7
21 13 8.6 4.3
22 12 3.0 . 9.0,
R3 13 2.2 10.8
24, 15 3.7 C11.2 |
25 18 ., 3.0 11.9 3.0
26 10 5.0 5.0
27 9 - 2.2 45 2.2
28 g - 5.0 o
29 4 4.0
30
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TABLE 14

. LUDZRICK - SCALE READINGS

“LCF |
Cem b

10
em

.

L2
em 47

13

Tem b e

_F

L5
. cm

27.0
26.0
28.0
26.0
24.0
26.0
25.0
23.0
21.0 -
24.0
25.0

- R2.0

25-0 ‘
27.0

25.0
25.0
23.0
23.0
23.0
21.0
25.0
29.0
23.0
19.0
22.0
19.0
23.0
22.0
17.0

9.5

9.1

7-0
9.2

6.2

8.3
7.6

g e e

6.4

9.0 ¢
6.5
7.6
10.4 -

6.9

71045

10.4
9.3
8.9

© 8.9
9.3 .

9.5

13.6
g

12.5
13.1
10.5

7.7
10.1

9.8
13.5
il.3
10.0
13.5

©11.0

12.7
10.7
15.5
13.3

L5
'f i3.9
T 11.3

13.5

1644
125
1 14.8
T13.6
15.7
14.5
' 15.5

l5nl
14.0
19.5

61 |
17.5

18.7
16.3
16.1
15.5
16.0
16.9
15.1
13.6

15.4

15.9
21.6

17.1°

19.1

_"19.4
16.2

19.6

16.3
- 18.7
168

U194
iﬁi9.8:
212
1.7
242 |

20.3

18.9

18.4

17.3

21-9

19.4

18.2

18.5

18.4

20.4

B
S22

20.8

21.7

25.0

25.0




TABLE 14 (Cont'd...)

M

S ) 13 - s
om em _ cm em cm “em ‘em
27.0 9.8 16.37; | 21.82 23.4%

21.0 7.6 | 13.1 '17.2 f

18.0 8.0 '14.0

22.0 11.0 15,9 19.2

24,.0 - 8.8 1443 19.9 |

27.0 C 9.9 16.5 19,3 22,9 -

18.0 S 1041 13.9 o

10.0 40 |

15.0 6.6 11.4 | |

26.0 13.4 17,7 20,6

15.0 9.9 R _

14.0 | . 110.0

14,0 9.3 121
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