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INTRODUCTION

__The 21st Marine Science Schocl for university students was held

at the CSIRO Marine Laboratory,_Cronulla v. S W., from May 23 to

June 2, 1967 L ) .

The papers in this report present the results of work done by

| gfudents under the guidance of research staff from this Laboratory,
the Australian Atomic Energy Commission's Lucas Heights Laboratory,

and - the Unlver51t1es of New South Wales and Sydney.

The first report of thls type was publlshed after the 1966 Marlne
Science School. However, there is an important difference between
that report and this one: the first report was written mainly by
the supervising research staff, this report was for the most part
prepared by the students, One of the main reasons for extending
" the School in 1967 was to give the students tlme to wrlte up thelr
results,” ‘ - -

The names ‘of students who attended, their uanEPSltleS, the Q

7 groups they worked” in, and the research staff who gulded them are
”glven in the Appendlx of thls report Co o
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HYDROLOGY

PART 1., THE HYDROLOGICAL REGIME

I. INTRODUCTION

The objects of this programme were:- ‘ .

To determine the winter chlorinity and temperature distribution
along the whole length of Port Hacking and then to contrast this
with the chlorinity-temperature pattern in one of the bays,
Gunnamatta Bay,

To detect, by oxygen determinations, any stagnation in Gunnamatta
" Bay. A D AR ' .

"" To estimpate, in terms of carbon and phosphorus, the standing
stock of organic matter. Dissolved nitrate and orthophosphate
were also determined, partly to detect effluent contamination, but
also as an indication of potential fertility.

II. METHODS

Chlbrinity'and_temperatureweremeasured in situ with a chlorinity-
temperature meter (Hamon 1956), Values were corrected against
International Standard Seawater. )

Suspended organic matter was collected in a high-speed centrifuge
(Davis 1957) transferred with washings to a 15 ml glass centrifuge
tube, and spun at 2,000 g for 10 min. The supernatant was discarded
and the tube dried at 105°C, Suspended organic carbon content of
the dry residue was determined by the chromic acid oxidation method
of El Wakeel and Riley (1957).

Suspended phosphorus was determined on a duplicate sample treated
as above but subjecting the dry residue to persulphate digestion
as in the method of Menzel and Corwin (1965).

Dissolved orthophosphate was estimated by the method of Murphy
and Riley (1962). Dissolved nitrate was determined as nitrite
after reduction in a cadmium-copper column (Wood, Armstrong, and
Richards 1967). Dissolved oxygen was determined by the Winkler
method (Jacobsen, Robinson, and Thompson 1950) .

IiI, RESULTS

All data are given in Tables 1 and 2 at the end of this section.
Station positions are shown in Figures 1 and 2.

A section of chlorinity distribution along the length of Port
Hacking is shown in Figure 3. The same basic pattern was observed
this year as in 1966, viz. a balance of saline {chlorinity > 19.65%0)
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3.

oceanic water at the mouth against brackish (chlorinity < 19.00 %y
water in the two miles of narrow river below Audley Weir, The
wider area of the estuary contains a fairly uniform water body.with
a tendency to slightly higher- chlorinities in the two deep basins
(> 19. 50;&0 The uniform estuarine water body was more saline by
about 0. 2,&;than in 1966, but temperatures for the four water types
were all within the range found last year (16.0-16.4°C) .

‘The dlstrlbutlon of chiorinity within Guunamatta Bay is shown in
Figure 4. This is a composite diagram of the situation found re-
peatedly each day at about high-water. The penetration of saline .
oceanic- water directly into the bay is limited. to Station M, but
some saline water flows east from the channel along the. edge of
the sand bank and is reinforced when outside water flows over the
bank at high water. Within two hours of. the ebb commencing, how-
ever ,.all trace of oceanic water had been swept out of the bay;
except on May 31 when strong S,.E. windgs delayed the ebb flow,

The water within the bay ig extremély Umiform apart from a few
localiged drainage effects and the brackish layer along the .
bottom. This unlformlty 1s thought to be. due to nocturnal cooling
and-mixing., The mixing does not extend to the bracklsh layer, but
the Titter ‘¢énsists of a zZone, about one metre thick, of suspended
black flocculent mud. Presumably the density of this layer is so
enhanced by this particulate load, that a positive stability exists.,
Observatlon by a.diver. showed. that the low chlorinities encountered
at the bottom of the bay were all found within the. floc: suspen51on

Oxygen values were at saturation level at both the top and
bottom of the bay, even in the brackish layer, except-for a bottom.
value of 4.8.ml/1 at Station B and a surface value of 4,9.ml/1 at
Station SB. These 1ow_values,m;ght have been the result of experi-
mental error or of the inclusion of aberrant bacterial contamin-
ation as described in Part 2.

Amounts of suspended carbon and phosphorus were higher in
Gunnamatta Bay than outside it and tended to higher values in the
morning (Table 2). The latter effect could be explained by
nocturnal mixing followed by diurnal sedimentation. Carbon to
phosphorus ratios were variable, but tended towards 100:1, so that
the suspended matter was probably planktonic and alive.

Dissolved inorganic phosphate and nitrate values in the Bay were
in general low and similar to those outside. The low nitreogen to
Phosphorus ratios indicate a relative deficiency of nitrogen.

High oxygen and low nitrate values throughout the Bay argue
against any serious pollution, even though the Bay has so little
exchange with the outside ocean.
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TABLE 1

TEM“ERAEURE AND- CHLORINITY AT STATIONS ALONG PORT HACKING
‘AND IN GUNNAMATTA BAY

. . ) Tide . Depth Temperature Chlorinity
Date. Tine . State Station (m) (°c) (%%)

25.v.67 1000k - High water B 0 16.0 19.50
0930h 1 16.0 19.50

- 2 . 160 19.51
3 - 16.0° ‘ 19.53 -

4 16.0 19.52

5 16.0 19.51

7 15.9 19.51

9 15.8 19.51

11 15.7 19.50

13 15.7 17.98

1030k M 0 16.0, 19.54

- 2 16.0° 19.54

4 15.8 19.53

6 i5.9 19.53

8 15.8 19.53

10 15.7 19.53

12 15.7 16.96

1100h . C 0 16.0 19.54

: : 3 16.0 19.38

1200h | : 0 0 18.6 19.75

‘ - 3 18.0 19.68

26,v.67 1000h, High water J 0 16.9 19.59
1018h 2 16.2 19.63

: 4 - 16.1 . 19.56

6 16.0 11956

8 - 16.0 19.43

g 16.0 19.34

1030k, - M 8] 16.6 19.59

: 2 16.1 19.58

4 16.1 19.55
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Table 1 (Cont.)

" Depth . Temperature

. Tide . - Chicrinity
Date _ Time State Station ‘ (m) (°C) (%a)
6 16.0 19.53
8 15.9 19,53
10 15.8 19.53
"~ 12 15.8 19.53
12.5 15.9 14.43
26.v.67  1100h ' High water B 0 16.3 19.49
‘ 1018h 2 16.2 19.52
4 16.1 19.53
3 16.0 19.53
8 16.0 19.52
10 16.0 19.33
12 15.9 19.51
13 15.8 18.43
1130h SB 0 16.0 19.54
: 2 16.0 19.53
4 15.9 19.53
6 15.8 19.51
8 15.8 19.51
10 15.7 19.50
12 15.8 16.75
1200h D1 0 16.3 17.58
D2 0 16.0 19.37
0.5 16.0 19.35
s o PP 19043
1.0 16,6 19.44
29.v.67 0930h " High water 1 0 17.4 19.69
S 1300h 2 17.2 19.70
4 16.7 13.66
1000h 2 0 16.5 19.63
' 2 16.5 19.65
4 16.3 7.23
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Table 1 (Cont.)

o Tide - -

e L _ . Depth Temperature Chlorinity
?a.?e;. N Time = State .. Station - (m) (°C) o (%a) -
1030h 3 0 16.5 . - 19.64
2 16.5 19.64
4 16.5 19.64
6 16.4 19.63
8 16.5 19.23
: 9 16.5 16.63
1100h 4 0 16.6 19.63
: 2 16.6 19.67
4 16.6 19.33
6 16.6 15.43
29.v,67 1600h - High water 5 0 16.4 19.48
T 1300h 2 16.4 19.48
4 16.4 19.48
6. 16.4 - - 19,48 -
8 16.4 19.48
10 16.4 19.48
. 12 16.3 19.49
' 14 16.3 19.50
_ 16 16.3 19.51
- 18 16.3 19.51
20 16.3 19.54
, 22 16,4 ~ron 19.57
: 23 16.5 19.53
1230k - 6 0 16.4 19.49
: 2 16.4 19.50
4 16.4 19.52
5.5 16.4 19.56
- 1530h * 7 - 0 16,4 . 219.46
AN o 2 16.4 19.46
. 4 16.4 19.46
N 6 16.6 19.50
. 8 16.6 19.50
o 10 16.5 19.50
12 16.4 19.50
14 16.4 19.50
- . 16 16.4 19.50
- : 18 16.5 19.50
' ' 18.5 16.7 16.40
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Table 1 (Cont.)

Tide Depth :Temper'aﬂtu;e.,l Chlorinity

Date k Time , . State ~Statlor,1 (m) (°C) (%0)
1500h . 8 0 15.8 18.25
2 15.9 , 18.98
1430h - 9 0 16.9 18.24
o 2 16.6 18.21
4 16.6 18.21
1130h . 10 0 16.2 ‘ 19.54
: 2 16.2 19.54
4 16.2 19.54
6 16.2 19.54
8 16.2 19.54
10 16.2 19.54
29.v.67 1145h  High water 11 0 16.0 19.49
: 1300h 2 15.9 19.49
4 15.9 19.51
6 15.9 19,50
8 15.8 19,51
10 15.7 19.50
12 16.2 12.38
1210h 12 0 16.3 19,58
2 16.3 19,58
4 16.3 19.58
6 16.3 . 19,58
8 16.3 19.55
10 16.3 19,57
11 16.4 19.21
30:v.67 1000h High water M 0 15.5 19.54
SRR " 1405h 2 15.5 19.57
: 4 15.5 19.57
6 15.5 19.57
8 15.5 19.58
10 15,5 19,58
11 15.6 19.57
1030h. B 0 15.6 19,57
: 2 15.6 19.58
4 15.4 19.58
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Table 1t (Cont.)

S . R ) . . ) : . tal
Date Time - gigie Station - D?iyh .H?emiég?ture Chl??i; 7

6 15.4 19.57

8 15.3 19,58

10 15.2 19.58

12 15,2 19,58

1100h J 0 15.7 19.56

: 2 15.7 19,56

4 15,6 19.58

4.5 15.6 16,57

1130h - F 0 15.6 19,58

2 15.6 19.58

4 15,5 19,58

6 15.6 79,58

8 15.4 19.61

8.5 15.4 19.54

30.v,67 1530h  High water M 0 16.0 19.5C

e 1405h 2 16.0 19.49

4 15.9 S 19,4y

6 15.7 19,45

8 15.7 19,49

10 15.6 19.47

11 15.4 19,453

1630h M 0 15, 19.64

) 2 15.9 19,51

4 15.7 19.46

6 15.7 19,45

8 15.4 19,50

10 15.4 1Q. 58

11 15.5 17.47

1645h - - J 0 15,8 19.46

- 2 15.8 13,53

4 15.8 19.50

6 15.8% 19.51

7.5 15.8 19,53
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Table 1 (Cont.)

" Tide . Depth - Temperature Chlorinity

Date _ Time - State Station (m) (°C) .. (?&0
1700h F 0 15.8 19.53
_ 2 15.8 19.50
4 15,8 19.54
v 6 15.8 19.54
8 15.8 19.32
31.v.67 1450h- High water F 0 17.8 19.69
- " 15000 2 15.5 19.59
. 4 15.4 19.60
6 15.3 19.061
8 15.3 o 19.64
1500h J 0 15.6 19.61
' 2 15.6 19.65
4 15.5 19.63
6 15.4 19.63
8 15.3 19.61
1600h . - F 0 15.6 19.66
L 2 15.5 19.60
4 15.4 19.65
6 15.3 19.65
8 15.3 19.65
16100 J O 15.6 19.63
2 15.6 19.65
4 15.5 19.65
6 15.5 19.65
8 15.4 19.65
1640h - a J 0 15.5 19,63
C o 2 15.5 19.63
4 5.4 19.64
6 15.4 - 19.64
8 15.4 19.65
$700h © ° F 0 15.5 19.65
: 2 15.5 19.65
4 15.4 19.65
6 15.4 19.65
8 15.4 19.65
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HYDROLOGY

PART 2. PARTITION OF 32P BETWEEN DISSOLVED AND
: ‘PARTICULATE -MATTER -

I. INTRODUCTION

Analysis of seawater has shown that there are marked seasonal
and spatial variations in the concentrations of some of its con-
stituents, The widespread use of radicactive isotopes during the
last two decades has provided much valuable information on bio-
logical and geological mineral cycles, often showing that the
exchange iates of elements between the components of the biosphere
and lithosphere are much larger than would have been expected on
the basis of net flux measurements. The measurements have shown
also that there are wide variations in the turnover rates of
elements in systems of apparently similar chemical composition.
Pomeroy (1962) presents data on phosphorus turnover in the sea.

The kinetic analysis of element cycles in nature aids interpre-
tation of food chains and gives direct information on the Faces
of the elements themselves, which is essential to the solution of
problems associated with the disposal of radicactive waste.:

%51ng the School an attempt was made to. examine the partition
of P between the .soluble and particulate phases of the water of
Gunnamatta Bay. The experiments were exploratory and aimed at
finding whether or not a problem existed. ; No attempt was made
to 1dent1£y or-isolate the components of elther Phase, whlrh ig
a vital step in any complete analysis. :

II. METHODS

Seawater samples ;were collected in a polymethacrylate-rubber
Van Dorn sampler and stored ir polyethylene bottles uatil requlred
Stations sampled are indicated in Table 1 and their. positions
given in Figure 1 of Hydrology Part 1.

A stock solution containing 1 pc of 32P per ml was prepared by
adding the carrier-free isotope to seawater from which particulate
matter had been removed by membrane filtration. The membranes
used were Millipore HA disks of pore size :0.45 pm and diameter
47 mm supported on:cellulose pads and held in polymethacrylate
holders. A 15 inHg vacuum was used for all filtrations.

32P solution to a soda—glass bottle containing 1000 ml seawater,
The bottles were suspended 1 foot below a float in shallow waters
around the laboratory jetty, in order to maintain natural ill-
umination and temperature. At intervals, 10 ml aliquots were re-
moved and partlculate matter gseparated by membrane filtration.

The normal pattern of an experiment was to add 3 ml of the stock :

i



13.

The membrane filters wére allowed to. dry and attached to two
inch aluminium dishes with Durofix adhesive. One ml samples of
the filtrate were evaporated to dryness on similar dishes using
an infrared lamp. After cooling, the samples were protected
from atmospheric moisture with a thin film of vinyl lacquer.
Radicactivities were measured with a Huclear Chicago Spectro .
Shield proportional counter. .4 minimum of .4000 counts was re-.
corded for each sample which gave acceptable counting statistics,
Early experiments showed that self absorption of  particles with-
in membrane f£ilters and -precipitated salt was negligible so that
radioactivities of the:two types of sample were comparable.

The results were corrected for isotopic decay and for adsorptlon
of 32p onto membrane filters. The adsorptlon of 32P onto filters
was measured by adding 32P to’ partlcle—free seawater and then
withdrawing aliquots for filtration at intervals. The radio- '
activity of the filters obtained in this {Experiment 7B, Fig. 1 ( £))
did not change with time and was assumed to be due to adsorption
ontoc membrane filters. The mean of 34 counts per min per ml of
solution filtered was subtracted from all other determinations of
filterable radicactivity. The results are given as counts per
min. per ml- of solution or per ml of solution filtered.’ .

Soluble and- partlculate phosphorus and-particulate carbon were"
determined by other members of the hydrology group (Part 1)
using methods which have been described already. ‘

In one experiment (6) the losgs of 32P from particulate matter
was examined. Radloactlve particulate matter was isolated by '
membrane filtration of fggr 200 ml allquots of seawater which
had’ been incubated with ““P for 21 hr 45 min, After the initial
Piltratidon the filters were left in their separate polymethacrylate
holders and partlcle-free seawater was allowed to pass through.
At intervals,- the filters were removed, dried, and counted in- the
normal way. o

ITI. RESULTS

In Figure 1 filterable radicactivity is plotted against time,
Supporting information is given in Table 1. There was no de-
tectable adsorption of 32P onto the incubation bottles, the sum
of filterable radiocactivity and soluble radicactivity remaining
constant throughout each experiment. The amount of radiocactivity
remaining in solution can therefore be calculated by subtraction,

The results of Experiment 6 on loss of 32p from particulate
matter, are given in Figure 2 in which residual filterable 32p ig
plotted against duration of washing. The particulate matter was
obtained from the two incubation bottles set up as 54 and 5C,

Two aligquots of 200 ml were removed from each bottle., After the
initial filtration the membrane filters remained in their holders

2700



14,

during washing (flow rate ¢. 5 ml/hr). At intervals, filters
were- removed, dried, and counted in the normal way.

1v. ‘-bISCUSSIDN.

Four patterns of behav1our may be distinguished in the flfteen _
seawater samples which were examined. These were -

: (a) Rise in filterable radioactivity during the firsgt' five
hours of incubation followed by a period of much smaller
increase. ‘Samples 14, 1B, and perhaps 2D,

(b} Partition of 32p petween the phases constant throughout
the 1ncubatlon period (34, 4A, 4B, 5B, 5D).

{(c) " Steady 1ncrease in filterable: radloact1v1ty throughout ~
' . the incubation period (24, 2B, 2C, 7A).

(d) Exponential rise in filterable radloact1v1ty durlng 1n- -
Cubatlon perlod (54, and Perhaps 5C) . ‘ Ll

Type a. Rapid rise in the’ rad10act1v1ty of the partlcu]ate phase
followed by a perlod w1th a much smaller rate of ‘increase.

This type of behaviour was observed in 3 samples of surface
water, two from the' laboratory pier (14, 1B) and one’ in z dark-
ened bottle of water from outside the Bay area, ED '

There are three p0551b1e 1nterpretatlons -

(i) That enclogure causes a change in_the seawater leadlng to
a dlmlnutlon in the rate of movement of 32P into partlculate o
matter, An attEmpt was made to 1nvest1gate thls hypotheels ‘f.f'
(Expérlment 4) by adding 2p to one part of the seawater sahﬁle
immediately aftér collection and to the remainder after 1t had
been in incubation bottles for four hours. No 51gn191cant pes
sult was obtained because the water was of a differeat type,
showing a constant partition of 32P between soluble and particu—
late matter throughout the experiment. .

(11) That the phosphorus in- the water partlculate system ¢can ;
be represented by the equlllbrlum

v vy SRR .,:: vy
Az 5B~ € . or - RSB
Vi Va ' : 1

V3 V4
. - €
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15.

;Where A represents soluble phosphorus, B and C phosphorus in
particulate phases, and v, 4 the various partial fluxes. If
;one compartment attains isd%dgiC'equilibrium before the other a :
‘graph of activity in the particulate phase against time would bq

- of the two component form that was observed. If the system was :
‘in dynamic equilibrium the‘resugg should be the same if the ex-
“periment is started with €ither”“P labelled solution or particulate
‘matter., Experiment 6 investigated the validity of this bypothesis,
.but the water used was of a different type and might not:have been
"in isotopic eguilibrium. 30 : :

. At the conclusion of E§E¢riment 2D the ratio of P in'part-
“iculate matter to total P was 0.12, the equivalent ratio for

. phosphorus measured by chemical analysis (Table 1) was 0i19.

If the simple model A% B< -C or )

7
B

\

c

/

‘is accepted, one of the components of particulate phosphorus has
a high turnover rate, equilibrating in under 5 hours andiaccbunts
' for about 60% of the particulate phosphorus, the other accounts .
.for 30% of the particulate phosphorus and has an insignificant °
rate of turnover. It is, therefore, possible to accept an even
imore simplified model of the system, : !

' i
:

Vo
A‘é:::::::B :
7 i :
; V1 . ) !

‘and to use this to calculate the ratg of turnover of soluble
- phosphorus, Atagero time, let the ““P content of the solution, :
‘A, be a,; the ""P content, b, of §Be particulate matter; B,
‘will be zero. At any later time ““P will exchange between the :
'phases, the rate of change in the particulate phase being written

db/dt=7k1(ao~b) - kb, RREERRREE 1"

;where k, and k_, are rate constants for the two directions of

‘movement. 2
. At equilibrium there is no net movement, let b = be

db/dt = 0
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S0 ‘k1(ao-be) = kb,
and k, = kﬁ(ao—be)/be

which may be substituted in equation 1 to give
db/dt = kq(ao-b) - k1( a b, /b
which may be rearranged and integrated

k, = be/éot.logebe/be-b‘ -
thus giving a relation which can be used to calculate the partial
fluxes, and thus turnover rates. Experiment 14 had a suitable
range of values of t (1B and 2D had reachedequilibrium before
sampling had commenced). Substitution of the data in equation 2
gave values : : '

X, 0.016 per hr (t = 2 hr 24 min), k, = 0.022 per hr

(t = 6 hr 15 min), and k1 = 0.009 per hr (t = 25 hr 25 min).
The results mean that during experiment 14 about 15% of the phos-
phorus in solu*lon was exchanged with the partlculate matter each
hour.

(iii) A third alternative could be the transformation o£'32P
into a soluble (filterable) form which differed from the nominal
form in-its availability to the particulate phase. A situation
of this type, for example polyphdsphate formation, could only be
distinguished by sophisticated- chemlcal ana1y51s.

1]

Type b, Partition of 32 P between soclution and particulate matter
constant throughout the incubs tion perlod

This type of behaviour was observed in the three samples of water
taken from the centre of Gunnamatta Bay on May 26. (Samples 34,
44, 4B), and in samples taken on May 29 from the same station to
whlch the metabolic 1nh1b1tor methylene blue had been added
(Samples 5B, 5D).

The average fractions of 32P in the particulate matter of each
sample are -shown in Table 2, o ' -
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TABLE 2
: Mass ratio
% 32P # Phosphorus carbon
Sample in particulate - in particulate phosphorus
matter matter in particulate
- matter
3A 1.1 100 ' -
44 1.2 100 -
4B 1.3 60 -
5B K 5 l_<4',4 =t : ?01
- 5D 2.4 - - 129

The figures indicate a very rapid equilibration of only a small
proportion of the3§0tal particulate phosphorus and suggest an
exchange between “TP.and surface-~adsorbed phosphorus. There was
evidence of this.type of exchange in the results of other
experiments. " ) -

In other water.samples ggich‘shqwed more gradual (met§solic?)
increases in particulate ““P the graphs of particulate ““P :
against time did not p§§s through the origin, but through a point
corresponding to 1-2% P in the particulate phase at time = 0.
The very high values for "absorbed" phosphate obtained in 5B and
5D suggest that there may have been some adsorption onto particu—
late methylene blue, which is a large organic cation having a
tendency to fofggcolloidal particles. The corresponding amounts
of particulate P during the first 30 minutes in inhibitor free
water were SA, 1.2% (same water sample as 5B), and 5C, Q.8%

(same water sample as 5D). Ar alternative explanaticn is that
methylene blue increased the availability of positive fixed
charges in the particulate matter, An interpretation which seems
less likely, but was supported by the experimental observatggn,
was that the methylene blue dependent increase in absorbed ~“P
was in proportion to the amount of particulate matter rather than
a simple addition of the fixed charges of the methylene blue
particles, .

The chemical analysis of particulate matter showed that it
contained a great dea138£ phosphorus which did not show any sign
of equilibration with ““P {cf 2D). A result of this type could
be expected if the central bay area contained recently dead plant
and animal matter as suggested by the hydrology, pigment, and
zooplankton groups on the bagis of C:P ratios, presence of pigment
decomposition products, and dead zooplankters, respectively.
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Type . Constant rate -of - increase in the amount .of QUP associated
with particulate matter. AR

' The behaviour observed, an influx of 32P_'in-to the particulate
matter with no hint of eguilibration, is typical of many living .
organisms which did not multiply during the experimental. period °
(cf Type d). The results emphasize the distinction which may

be made between organisms which attain flux equilibrium with
respect to a particular nutrient and those which do not. Organ-’
iems in the latter category (e.g. most planktonic algae with
respect to phosphorus, but not potassium, release ions to the
environment only upon death or consumption by a predator.
Except_fo} sample 7A for which no information was available
the samples whick exhibited type ¢ behaviour were all taken from
waters in which the pigments group found evidence of active popu-
lations of plankggnic algae, which may have caused the observed
accumulation of ““P in the particulate matter. The results
(Table 3) indicated that in 18-19 hr none of the samples app-
roached isotopic equilibrium. :

TABLE 3

% 32Plinspafti—l Duration  Total phos- % total ?hos—

Expepi cutate:farm at . of . -phorus con-.  phorus in
PEIL™  end of incuba= dincubation. centration particulate
C tion . - {hr}. : pg/i _ form
24 6.9 18.75 . 1.7 L 36
2B - 8.7 18.5 . 1.7 . .36
2C 5.6 18.5 16.2 - 19
A 4.4 18.75 ‘ - 32.0 63

-

The variation in the extent of equilibration suggests that the
particulate matter was heterogeneous, perhaps, consisting of a
mixfure;of: living.and dead material, a conclusion supported by -
the:non-zero intercepts of plots of particulate-??P.against time.

There was, no marked difference between the behaviour of the .-
illuminated sample 24 and the darkened sample 2B. In the second
sample in series. two there was a. very marked stimulatibn ofl32P ‘
movement into particulate matter in darkness (2D compared with 2C).
The finding was surprising and would have to be confirmed before
being regarded as significant.
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Type d. Exponential rise in 32P.associated with particulate
matter.

The best example of type d behaviour (54) was in water collected
from the bay station which provided the inactive samples that
showed type b behaviour. The form of the curve suggests a bac-
terial growth curve with, in this instance, a doubling time of
slightly less than three hours with over 25% of 32p in particulate
form after 21.75 hr. - If this interpretation is correct, and it
is supported by the complete inhibition of the increase in
accumulation capacity by methylene blue, why did it not occur in
the earlier inactive samples? Was there a lack of inoculum, or
was there a bacteriostatic.agent in the water? The surface
sample from the bay station (SC and D) showed a similar increase
in accumulation capacity but the rate was smaller.

Experiment 6 showed that when particulate matter was washed
with 32P and particle~-free seawater the efflux of 32p followed
first order kinetics, as shown by the linearity of graphs of
the log of the amount of 32p remaining in particulate matter
against time. § result, that the efflux was proportional only
to the amount of P present in the particulate matter, infers
that the phosphorus in the agent which brought about acc1mu1at10n
in Experiment 5A was also exchanging rapidly with the seawater,

_but that this exchange was masked by the rapid population growth.
If this had not been the case the amount of 32p present in par-
ticulate matter during the washing would not have detreased even
though the content per cell would have fallen with increasing
population size. (an alternative interpretation is that the
washing water, taken from the surface at the end of the laboratory
jetty contained a toxic principle.)

It is possible that 'the organisms which caused the putative
rapid exchange in Yype a water were a non~growing populatlon
of the type of organlsms found ih type d water.

v, CONCLUSION

The discussion has been speculative and has emphasized that
kinetic analysis of ion movements can only be meaningful if com-
bined with the development of techniques to identify and isolate
the compartments. Given these techniques kinetic analysis is a
powerful tool in ecological research, without them it is as use-
~ful as any tool lacking a large and vital component.

VI, REFERENCE

POMEROY, L.R. (1963).- Experimental studies of the turnover
of phosphate in marine environments. In "Radioecology",
Ed. by V. Schultz and A.W. Klement jn, pp. 163-166.
(Reinhold : New York.)

2700



ra

200} I8 7 200
« iC __x/
E T
“ 5ok / 150
z
8 /
G /
.
z 100 / 1o
= /
E o/
e}
g sotf / 50
(w]

o L 5 —1 L ) o]
o 5 o 5 10 75 30
’
h1e] 37T+
il 48

X
[e] ] L 1 1 1 1 41 — ] J

j1e] 15 2C 25 30 35 40 45 10 55 60
TIME [N HOURS

Fig. 1 - Changes in filterable radicactivity with time. Part 1.



500 X 125
d / e
{
& 400F SAI ook
—
z /
z /
© hlelo] o / 15
£ [ R x50
z x—— =TT
= !
x / ol {/
<200} X 501~ 4
2 /// -
z - 5B 5C
o - -
© Joo} P 25 -
-
-
fanka \»-"""__’—F—d—‘——---——_-—-
O 1 1 | o 1 1 ! I -
o o Is 20 o 5 10 15 20 25
125 x 7A
2 |-f p
V4
Vs
/
« 100 s
- 7/
-
= /
v
z
o 715k s
_ /7
E
~
Z
X -
Z so
§ Z 78
/
2
2
Yook
O | | F]
o to is 70
TIME IN HOURS

Fig. 1 -~ Changes in filterable radiocactivity with time,

Part 2,



LOG

30

SA

o L | |

o 5 10 -]
TIME IN HOURS

Fig. 2 - Changes in residual filterable radioactivity
with duration of washing,



SEDIMENTS
I. INTRODUCTION

The aims of this project were to study -

1.7 Grain size distribution throughout Gunnamatta Bay for’
the determination of environmental features of '
deposition.

2. The acid soluble contents of the sediments, giving a
measure of the calcareous benthos and Foraminifera
content, .

3. The benthic fauna in the sediments and in the weed
(both .1iving ang dead). .

II. METHODS AND MATERIALS

Bottom samples and cores were taken at twelve stations (Fig. 1),
fixed by means of prismatic compass and sextant, A Phipps
bottom sampler was used for dredging and a 100 1b gravity corer
to obtain cores,

Dredge samples were split when wet into approximately 10 ¢
(for acid soluble), 50 g (for grain size analysis), and 500 g
(for benthic fauna) subsamples.

The 10 g subsamples were dried, weighed and digested in 10%
{v/¥) HC1 till all reaction had ceased, then filtered through
a weighed filter paper, washed and dried, and weighed to obtain
the percentage of acid soluble material {mainrly calcium. carbonate)

The 50 g subsamples were oxidized for 48 to 72 hr with hydrogen
peroxide (10 and 50%) to remove the organic material. This was
done to prevent clogging of the screens, and to aid dispersion
of the clays. The sediment was then washed through a 63 micron
screen dividing it into sand and- 311t—c1ay fractions.

The silt-clay fraction was analysed wet by pipetting it,
after adding a dispersing.agent (calcium meta-phosphate), inté
32, 16, 8, 4 and 2 micron size-fractions and calculatlng each
fractlon as a percentage of the total sample.

The sand fraction was dried and Welghed and screened for
20 min-in a shaker, using 4 mm té 63 micron screens at zﬁ inter-
vals (¢’= -logy of the .diameter in mm). -Bach size fraction was
weighed and calculated as a percentage of the total sample weight.

The results from both-the fine arnd coarse material vere plotted
on a cumulative percent curve to obtain a median diameter
(50 percentile).

The 500 g samples were washed through a 1000 micron screen
and a faunal analysis carried out on the coarse fraction {the
fine sample was examined by the Foraminifera group). The dis-
tribution of species was plotted on a semi-quantitative basis. -
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Samples of weed were taken with a Danielll rake and rope.
The fauna found in the weed was fixed in formalin and preserved
in ethylene glycol, A series quantitative formal anulysis was
then carried out.

The gravity corer was used at Stations 6, 7, 9, 10 and i2.
Cores were extruded, split, and logged. The depth of penetration,
length of core and compression factors are shownn in Table 1.

 TABLE 1

' SPECIFICATIONS OF CORES TAKEN

Compression

Station No. Penetration Core Length Factor
9. . 62t . . 2£t 7in. 0.43

10 et oft 8in. | 0.44
12 T 3£t 7in. . 0.44

7 78t 6in, 3ft 6in. - 0.47

6 s£t 28t 4in. . " 0.47

Eh, pH, and_ps2- were recorded along the length of the cores
by the physical chemistry group.

Bottom photography was attempted but the camera failed to
operate.

III. KESULTS

glgure 2 shows changes in . percentage acid soluble material,
pS° , Eh, and grain-size through Stations 3, 9, 10 and 11.
Figure 3 gives similar information through Stations 1, 2, 4, 11,
12, 7 and 6, -
Flgures 4 and.5 give the results of sediment size analyses in
cumulative frequency curves for each station. .
Figures 6 and 7 show the sediment fauna for the station group~
ings used in Figures 2 and 3 respectively. : :
Figure 8 shows the structure of cores taken.
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Iv. DISCUSSION

Generally, coarse gralned sedlments were found in the. channel
and. finer grained sediments in the bay. The coarse nature-of 7.
sediments at Station 12 can be explained by the high percentage
of carbonate material. From Station 12 through Statlons 7- and 6. -
there was a lowering of acid soluble material Wthh was also re-
flected in the reduced faunal assemblage and populatlon. The - -
organic content of the sediment appears to increase radlally to-
wards the centre of the bay from Station 7 to Station 12.

A study of the five cores showed shelly layers which were
traceable throughout the bay and also a distinct change in gedi-
mentation from shelly sand to clay-silt type with few shells.
This change can be interpreted in two ways:-

1, Development of the bar which restriced circulation in the
bay.

2. Changes in freshwater drainage, possibly as a result of
urban development.

Changes in freshwater drainage seem unlikely on the evidence of
present drainage patterns.

The finer sediments in the bay showed a bimodal grain size
distribution. Two possible reasons for this are:~

1. Two sources of the sediment - from the beaches and fine
material from streams.

2, Biological {sheli fragments) material, which in general
is coarser than detrital grains. The sediment structure
at Station 12 suggests a biological factor,

No alternation of the sediment types, suggesting dry and flood
periods, can be observed in the cores, and no fine stratification
was observed in cores, possibly as a result of biological mixing
of Pine and coarse material. This is supported by the bimodal
character of the grain size distribution curves.

Shelly horizons contained large shells amongst which are pectens
in a sandy sediment. This suggests periods of clean sediment
with good circulation and might indicate earlier the absence,
or legss restriction from, the bar at the mouth of the bay.

Two basic faunal groupings were found in the sediments -

1. Large shelly types from outside the bay in the channel
Stations 1 to 4. These can be related to the coarse
grained sediments.

2., A smaller sized fauna on the north side of the barrier,.
The sediments in this area are generally fine and contain: -
less sand.
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In plotting a traverse across the bay in both a north-south
and east-west direction the number of species was found to have
a fairly even distribution. This is related to the fact that
the centre of the bay is well oxygénated (see Station 12). There
was, however, a reduction of species, and more noticeably of '
numbers, at Stations 6 and 7 at the northern end of the bay.

Weed was found at some stations and its fauna examined. Some
of the species were found to be exclusively benthic e.g. Caprella
sp, two ostracod species and a copepod species while others such -
as an ostracod species were found in the zooplankton as well. )

2700 .
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PHYSICAL CHEMISTRY OF SEDIMENTS

I. . INTRODUCTION |

The application of oxidation-reduction potentials to the study
of natural systems, such as a mud-water interface, is complicated
by the way in which metal complexes. and other ions act together,
and by the intervention of bacteria and green plants in the pro-
cesses. ‘'The electron and proton availability measured as Eh and
pH, respectlvely, can characterize such an environment (Baas
Becking et al. 1960) ; and in this context they are used as em-

' p1r1cal parameters rather than as "electrochemical data capable
of thermodynamic 1nterpretat10n. "By measurement of these para-
meters the overall chemical changes brought about in marine
sediments can be followed.

‘Eh is the electromotive force of an oxidation-reduction system
referred to a standard hydrogen half-cell, and is a quantitative
expression of its oxidizing and reducing intensity. In general:

—\RE -
0X. + ne —\ RED o _ 1

- In most organiC'reaetions the electron shift is accompanied by
a proton shift and-the reaction is therefore pH dependent.

e.g. ne + mHE*Y + OX ZARED . L : 2

N

By applying the equilibrium constant to Equation 2, and with sim-
plification of terms, Eh of this reaction can be expressed as:

Eh = Eredox - const. pH 3
Eredox.1s a measure of electron availability and the constant .
.depends - on the temperature and the nature of the reactions
. oeccurring in the system.
. To follow specifically the actlon of sulphate-reduc1ng and
other bacteria involved in the formatlon and utlllzatlon of st
it is also necessary to measure the parameter pS (1 e, ~log10
of the activity of sulphide ions).

In this proJect electrode technlgues for determining. the
empirical parameters ‘pH, Eh, and p$ were applied to the physi-
Ccochemical measurement- of the sedimentary environmment in.
Gunnamatta ‘Bay, Port Hacking. - Correlation of these parametersA
to sediments of different particle size. and to the distribution
of biological populations was attempted;‘_Eh/?h-chahges with-
depth of .sediment were also measured.

2700



The bacterial population of the natural sediments was estimated,
and an attempt was made to reproduce this population in laboratory
models and to simulate the phvsico-chemical conditions that occur
in the field. .

II. METHODS

(a) Field Determinations

Eh was estimated by using a bright platinum electrode, pH by a
glass electrode, and pSe~ by a sulphide-coated silver electrode.
The three electrodes were interchangeable and were coupled to a
portable Kelthley 601 Electrometer, A standard calomel Hg/h92012)
half-cell with a, remote junction was used as an intermediate re-
ference in all cases. The technique for determining p82 by
using a 51lver,sllver sulphide electrode is that of Berner (1963)

 Sediment samples were collected by means of a "torpedo" core
sampler and parameters were estimated as soon as possible after each
core was collected. No cores were left standlng for more than
30 sec.

- An attempt was made to measure all three parameters in situ

by using spec1a11y constructed probes (see Flgs. 1, 2, and 3

A dlfferent probe design was used for deep water sediments to the
one used for exposed sandy flats, the major difference being that
the latter probe design was thinner, for easier insertion into
the sand. With deep water sediments, the special probe was
lowered from a boat until contact with the sediment occurred
Readings were then taken directly. With sandy flats, the probe
was pushed into the sediment until the required depth was. reached.

Parameters were measured systematically over a range of sediment

ges in Gunnamatta Bay (Fig. 4). With selected samples, pH/Eh/

S8~ changes with depth of sediment core were 'determined. Measure-
ments were also taken in various submerged plant patches and com-
pared with those from bare patches. In addition, parameters were
" measured in assoc1atlon with the dlstrlbutlon of benthos on a

‘sand flat. : : .

(E) Estimation of Bactgrial-Population'in Sediments

Two selected sediment samples were centrifuged at 3000 r.p.m.
for 15 min and: the interstitial water so obtained was used as.
“inoculum on Ffive selective .agar media.’ Incubation was carried
out for five:days at 23°C under a variety of combinations of
light and oxygen access. Plates were then examined for.relative
abundance of various bacterial types, and an attempt made to
determine conditions for optimal growth. Variation in bacterial
content between sediment was noted.
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The five media used in bacterial culture experiments were:-

1. General - nutrient agar prepared ‘with seawater

2. Selectlve medium for sulphate-reducing bacteria (Salle 1954)

Sodium lactate 0.5 ¢
Asparagine 0.1 g
| MgS0y.7H,0 0.1 g
X HPO ' 0.05 ¢
'_Ferrous ammonium sulphate Trace
Seawater 1 1.
In 2% agar
| pH 7.6
3a. Selective medium for sulphide-oxidizing bacteria (Medium T)
' KH, PO, ' 1.0 g
NH,C1 1.0 g
NaCl _ 10.0 g
. Hy0 | 1 1.

Trace elements - add 1.0 ml of the following solution
(sterilized separately) to each litre of basic Medium T.
2.0 myg; Na2M004, 5.0 mg; \NO 6H 0, 5.0 mg;
CuSO4 5H;0, 5. 0 mg; MnClz.GHQO 5. O mg, dist. Hy0, 1000 ml.

. The follow1ng solution was made up more concentrated
sterlllzed by flltratlon, and added before usgé: -

NaHCO3, 2 g/1. of basic medium for all species
pH was adJusted to 7 o- 7 2
3b. Slmllar to 3a except pf 8.0-8.4

4. .Medlum for 1ron bacterlum, ‘Thiobacillus ferrooxidans (9K
_Basal Medium).
- (NH4)2804
- KCL
K,HPO
Mg80,4.7H,0
Ca(N03) o
Seawater to 900 mls
Agar 2%
pH 5.0 )
A sterile solution (Millipore filtered) of Fe504'(2% w/v)
was added aseptically. ‘ ‘

OO0 00w
T YR ia g (aRia

.0
1
<D
5
01 g
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(c) Culture of Suiphur Bacteria

The medium used for culture of sulphur bacteria we that.of
Postgate (1966). .

Two one-litre graduated cyllnders were half-filled with a wet
slurry of tissue paper and saw-dust to act as a cellulcse source.
As an organic source one finely diced oyster and some diced
Zostera leaves were added. One gram-of CaS0y4 was added as
nutrient for the sulphate-reducing bacteria, as well as some
phosphate buffer (0.14 g KH2P04/HOO mi seawater). The cylinders
were topped up to 850 ml with seawater filtered through Whatman
No. 111 paper.

Cylinders were then inoculated with one of the sediment samples
used in the bacterial culture exPerlments. Three grams of wet
mud ‘were corsidered sufficient inoculum. Half of the cylinder.
surface area was masked with black tape to provide a darkened
region, Cylinders were then sealed with "Parafilm" and left
standing in the light at 23°C for one week.

The theory tested was that in the cylinder anaerobic S$0,-
reducing bacteria utilize fermentation products and generate
st which acts as a substrate for sulphide-~oxidising bacteria.

Eh, pH, and pS “were determined within each cylinder immediately
after 1nocu1utlon and after one week of fermentatlon.

(q) Laboratogz,Models

Laboratory models were set up in an attempt to reproduce the
important chemical changes attending the bacterial decomposltlon
of organic matter in the marine env1ronment The technique em-
ployed was that of Berner (1963). Two sources of decaying or-
ganic matter were wused, namely Zostera leaves and oysier.

Nine culture jars were set up in the following man.aer:-

Jar No.

1 2 3 4 s 6 7 8 9

One diced oyster + + + .+ + - - - -
Diced Zostera - - - - i_*f“ - + + + 1
Sterile sand - | - - - - + + + - -
Ppt. iron hydroxide

trace + ¥ + - + + + + -
CaCO3 1.5 g + + - + + + + - +
Filtered seawater + + + + + + + + +
Bacteriocide + - - - - 4+ - - -
Czutzminated inter- ' . ; L C

stitial water (1 ml) + + '+ "~ + + + o+ o+ 4

Total Volume (ml) 400 400 400 400 400 200 400 400 400
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Jars 1 and 6 had a bacteriocide added and therefore acted as
system controls for each organic source, - The bacteriocide used
was zephiron chloride¥® at a concentration of 1 p.p. thousand.

Sand was added to some jars.to increase surface area for bacterial

. action, and also to simulate natural conditions. Cau03 was added
to 51mu1ate ‘animal shells’ present in"the ngtural enviromment., .- oo
Precipitated iron hydrox1de was added as an iron source for iron o

__sulphide formation. The- ‘effect of the addition of CaCO4q and iron

oxide trace could be studied, as bBoth addltlves were'. ellmlnated
from some Jars. ) )
After inoculation w1th Contamlnated 1nterst1t1al water from

Meedlment samples, Bh, pH, and $827 were determined periodically

for two days. A mercury—fllled glass -electrode was used to es-

_timate pH a' brlght platinium wire electrode for Eh, and a silver

silver sulphlde ‘electrode "for’ pse'”” "All "three- electrodes were.
connected to a Keithley 601BR Electrometer using a remote Junctlon

"mcalomel reference halfncell

II1I, RESULTS

‘411 field data £or Eh, pH, and pS are.given in Tables 1, 2,

_and 3 at the end - of thls section. Only results from samples

collected by corlng are’ presented’ The in 51tu*probe proved
unrellable. - L
Contours of Eh in Gunnamatta Bay are’ shown in Figure 5. .
Results from samples collected on the ‘beach occupied by the

" ‘Benthos | group ‘were shown in’ Table F. The sampllng'grld *** used is

shown in Figure 6.° A : Lo
The Sediment group obtained cores at’ selEcted stations’in

_ Guunamatta Bay. Changes in pH, Bh, and-pS w1th depth along
the core are shown in Table 2 and’ Flgure g .

“The Eh/bH relaglonthp is* shown in Figure 8, Eh/bS”
Figure g, and ps° T/pH in Figure 10. - .

(E) Fsfifsrion oF Bacterial Population in Sedimertg-=r—"r e

The two sediment samples gelected gaVe-similar'results. Re-
sults are shown in Table. 4. . )

¥ Benzalkonium chloride ; L +
B CHjy
<t____;§>____ CHy N — R c1”
— CHj -

2700
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TABLE 4

BACTERI: IN SEDIMENT SAMPLES

Relative

. Bacterial Optimum
: A ar
Media Group Conditions Abundance* ppea a?cé‘
- Aerobic, 1 Fungi and bacteria
light
- Aercbic, 3 Fungi and bacteria -
dark , _agar digested
GENERAL - -
- Anaerobic, 4 Agar digested
light
- Anaerobic 4 Fungi and bacteria -
dark agar digested
_304wreducing, Anaerobic, 3 One type of bacterium
pH 7.6 dark only - translucent,
' ' white
Sulphide- ~ Anaerobic, 3 Agar digested - dark
oxidizing, light or pigmented bacteria
pH 7.0 dark .
Sulphide- Anaerobic, 4 Agar digested
oxidizing, ‘light or
pH- 8.0 dark
Iron bacteria, Anaerobic, + One type of bacterium
pH 5.0 light or only - poor growth
dark
*

2700

20%
50%
80%

100%

.isolated occurrence

5% of plate area covered



31.

(c) Culture of Sulphur Bacteria

__Changes in the pH, Eh, and pS>~ of the culture columns are

shown in Table 5. TheseAdata are related to those shown in

‘Figure 9.
TABLE 5
CHANGES IN pH, Eh, AND p82 OF SEDIMENT
&WHESWHHTWE :

Sediment No. 6 : ' Sediment No. 10
_ pH En  pS2” pH Eh ps%”
. - 25.v.67 . — — ' "
Start of Experiment 6.80. +200 16.25 6,80 +200 . 16.25
1.vi.67 ‘ - - =
. End of Experiment 6.70 =115 4,25% | 6.70 -140  4.00%*

LY
' 2
(d4) Laboratory Models

* .. . . -, )
H. 8 evident - culture blackened. ... . ..

Eledtrodehreadings of Eh, pH, and'pS2 were taken at. approx.

4 hr intervals. Results are shown in Table 6.

| _TABLE 6
Eh, pH, AND ps°” CHANGES IN LABORATORY MODELS OF
‘ 'MARINE BACTERIAL DECCMPOSITION

Nor . (meS Position En g ps®T JET NS positio mh pH  ps®
1 0 357 6.7 22.7 2 O 335 7.0 23
(contrel) .- 6 295 6.6 20.8 - 6 285 6.0 20.8
- .10 245 6.5 20.8 - 10 top 215 5.9 20.8
20 . top 325 6.7 21 .- " Dbottom -155 6.0. 20.8
" bottom 255 6.7 20.8. 20 top 340 5.8: 20
24 top 325 6.7 20.1, " bottom -205 6.0 19.5
" bottom.. 310 6.9 19.9 - 24  top 295 -.6.2°  19.5
‘29 top 345 6.4 19.8 "  bottom 300..6.2 19
"  bottom .375 6.4 19.8 29  top 330- 5.8 19
32 top 280 6.9 21 s " bottom 330.5.8 19
~ " . bottom 255 6.9 21 32 top: 20 6.2¢ 19.5
A5 L 11560622 e DOELOM 255 e e
45  top 145 20.8
n bottom -295 6.4 20.5
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§Zf ?;?? Position En  pE & iif fﬁ:? Position Eh  pH  ps°
3 0 322 5.8 22.5 4° 0 275 6.3 21.5
6 310 5.4 21 6 300 5.9 21.2
10 top 45 5.6 ~20.5 10 top -85 5.8 19.8
" bottom ~255 5.4 20.5 " bottom -245 6.0 19.4
20 top 115 5.6 19.8 . 20 top ~-115 6.4 19
T Un U ppttom =205 °5,6 20 0 7 T ™M "bottom  -205
_ 24 - top - 225 6.1 19 24 top 95 6.1 17.6
W bottom =12% 6,0 19 " bottom 20 6.3 18.6
29 top -265 5.7 18.5 29 top 200 6.1 18.9
ToUhhattom T =265 T 5.7 19 "'ﬂ bottom 125 6.1 1%
32 top ' -95 6.2 19.8 32 top.. .. -240. 6.3 . -
" bottom =315 19 " Bottom -180 - 19.5
45 top 165 6.4 70 top . . =215 .6.6...17.8
" bottom -235 ° 18.5 " bottom =325
5 c 290 7.& 21 6 0] 310 7.0
6 325 6.6 21 (con-. 6 _ 305 6.9
10 top 260 6.6 19.5 trol) 10 top 405 6.9
". bottom 277 6.7 19.5 ' "  bottom 375 7.1
20 top 390 7.0 18,8 .20 top- 250 7.0
" bottom 420 7.0 18.8 "  bottom 270 7.1
24 top 180 7.1 17.5 24 top 305 6.9
" bottom 180 7.1 17.2 " bottom 290 6.8
29 top 268 7.0 15,3 29 top 305 6.7
" bottom 230 : " bottom 275
32 top -65 7.3 19.8 32  top 255 6.8
¥ bottom: - 95 " bottom - 225
70 =45 7.5 19,8 70 185
7 -0 - 313 7.1 21.2- -8 o 295 6.3 " 21.2
6. 325 6.4 21 ‘ 6 290 6.1 21
10 . top 345 6.4 20.1 10 top 385 6.1 -20.,2
", bottom 350 6.4 20.1 "  bhottom 370 6.1 20.1
20 . top 225 6.4 19.7 20 top 45 6.1 19.9
" bottom 80 6.4 19.7 " bottom =35 6.1 19.9
24 . top 285 6.4 18.6 - 24 top 295 6.2 19.5
" bottom 270 6.6 18.6 . " bottom 270 6.0 19.3
29 . top . 300 6,7 19.9 .~ 29 top 355 :6.2 20.2
" .bottom 305 : ; " bottom -245
32 . top 295 6.8 20.5 - 32 ‘top 45 6.4 21.1
" . bottom 280 . n -155

bottom
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TABLE 6 {(Cont.)

Jar Time L 2-

No. (nr) Posltlon En pH pS
9 0 S 293 6.8 21.2
.6 _ 355 6.1 21
10 top 365 5.6  20.1
" bottom 225 6.2 20.2
20 = top 170 5.6 20.2
" bottom -85 6.2  17.1
24 . top 265 5.7 19.3
" bottom 125 6.4  14.5
29 top 95 6.2 20.1
" bottom -215
32 top =155 6.4 17.0

o bottom -255

Only Eh varied ﬁarkedly"with time. Figure 11 shows results
for jars containing diced oysters as decaying agent, and Figure 12
results for Zostera Jjars.
IV. DISCUSSION

(a) Use of In Situ Probes

The use of an in situ probe for measuring physico-chemical
parameters is advantageous as it eliminates any oxidising effects
on the: sample while collecting and transporting it to the boat
for measurement. It also enables ease of sampling in sediments
which are very fine and therefore difficult to collect by normal .
core techniques.

Although the probes illustrated in Figures 1 and 2 appear very
satisfactory for this purpose, results obtained from them were
erratic and non—reproduc1b1e. Suggested reasons for failure of
the probe system are - :

1."E1ectrode connectlons are too fragile and therefore prone :
"to breakage under fleld conditions. ‘

2. :Coaxlal connectlons between clectrodes and ‘measuring in-
strument are. too exposed ‘and therefore ea511y contamlnated
w1th seawater, 011 dirt, etc.

- ev.g. . .. condition . = . EE (mv)
connectors dry . o 420

connec tor s -immersed -

. in seawater :- .. Af29°p
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3, Probe tip“iS'toa"blunt~an&~o£tenw£ails to penetrate sandy
sediments, - . .

4. Overall design_is too bulky, and offers too grcat a re-
sistance during free-fall from boat.

When all of the above shortcomings in design were corrected, how-
ever, readings obtained were still erratic. Thig was found to be
caused by galvanic action between the metals used in the probe
and the surrounding seawater. As the calomel electrode was
earthed at the measuring instrument (i.e. connected to seawater) ,
the galvanic potential was effectively introduced as a back-off
in the measuring circuit., This effect is illustrated in the
following table: : o ' '

L3

Components Immersed in Seawater Be (mv)

_Metal guard + electrode (platinium) =40

Metal -guard only {chromium plated

-60
brass) o
Lead weight only e -60
Whole of probe body ~80

Electrodes only s e el 420

As this galvanic potential is variable, E_. readings are useless.. -
Future probe design will have to employ an inert ¢asing material
(such as perspex or- araldite) and contact points on the coaxial
connecting cable will have to be effectively covered. :

(b) Field Results

Figure 5 illustrated areas of . similar Eh within Gunnamatta. @
Bay. The twe most prominent features are the large basin of
reduced sediment in the middle of the bay, and the effect of
oxidised sand at the mouth of the:bay. There-is a strong.con- -
firmation of the reducing sediments in the basin from- sulphide
determinations, which indicate.high sulphide levels (see Table 1).

. The data also indicate a marked difference between the north

and south slopes of the bay as observed by the Foraminifera group.
The main features of Figures 8 and_ 10 are the narrow range of
pH, and the wide spread of Bh and pSS respectively. This trend
ig further shown in Figure 9.
In Figure 9, the negative Eh shows quite a strong correlation
with high sulphide levels (see‘Berner 1963) ,:and this indicates
that reactions involving sulphide ions probably control the
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system. However, when the Eh is positive, the correlation is
maore dlffuse as one would expect from the 1nstab111ty of sul=~
phide ions under oxidiging conditions. -This correlatlon 1s
shown more clearly in Figure 7 (Eh/depth in core). -

There.were insufficient results to show.any clear relation-
ship between animal and Slant communities and the parameters
measured (Eh, pH, and pS

Measurements made on the beach occupied by the Benthos group
indicated a fairly uniforfi environment down. to a .depth of 20 cm .
(Table 3). -This is in contrast to the sharp cut-off .in the
animal population found at about 6 in,; depth in -the intertidal.-
zone, ‘ . , T .

+ . (¢) Bacteria Plating Experiment

Bacteria grew on all the plates. However, growth was not ex-
tensive on the iron medium because of the slow growth rate of
the iron bacteria.

Optimum conditions for growth of the sediment bacteria.seem’
to be-anaerobic, dark, warm (30°C). conditions. -But most of the
bacteria were facultatlve anaerobes and grew almost as. well in
aercbic conditions and in light, TR . -

All the sedlment bacteria -observed under the mlcroscoPe were
rod-shaped, ‘consistent with the morphology one would expect with.
marine bacteria., Many . of the bacteria were agar digesters,.and .
this'is interesting because of the frequency of alginates:and -
other:algal breakdown products in seawater. -Many of. .the: plates
contained: fungi as well as bacteria,.

- There. was no observable difference between the frequency of o
bacterla in-the different sedlment samples and it appeared that}
similar bacteria occurred in .both.: ‘ : :

(4) Culture Experlment

The results indicate marked successions of oxidising and re-
“ducing bacteria (Figs, ¥1-and.12). The.periods of oxidation
and reduction were. of dlfferent lengths, dependlng .on. the nature
of the organic source.
pS2 and pH changed only sllghtly and no correlatlon could be
found between them and Eh. " . : c
The pH results showed no regular change,mnﬁhggeyJars contaln—
ing CaC0, or a buffering agent did not differ significantly
from jars without CaCOjz, i.e. buffering had little effect., U 77
“The p§2~ values were very low (in the order of 20) and -did
not change markedly. Therefore, it is assumed that sulphate
reducing. bacteria were not grow1ng to any: 51gn1f1cant extentu .7
As a large range in pS was found in field data it-must be
assumed that we have not reproduced field condltlons. . Reasons
for this could be:- ) o oL G

2700 ’ . : . T e
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1. Air being constantly introduced into the jars dwring
- electrode readings - : :

2. Shaklng of jars,- before and after takzng the electrode
readings :

3. Only a small amount of substrate, organlc ‘material and
inoculum was used.

The above conditions were avoided:in the tube experiment (see
Table 5). Marked changes in Eh and p82 were observed; the
pH changed only slightly in both cases (6.8-26.7). The Eh
changed from an oxidised state to a highly reduced state - this
was correlated with a marked increase in p82 , indicating growth’
of sulphur reducing bacteria.

The Eh change showed.a. shift into the regions found in the
field for reduc1ng sediments (see Fig. 9).

V. CONCLUSIONS

The composite electrode (Fig. 3) proved to be rapid-and con=
venient in field determinations although the protective bodies -
(Figs 1 and 2) will have to be rede51gned to eliminate the’
galvanic effect. ,

The field data indicate the 31gn1£1cance of the sulphlde ion
activity in reduced sediments (Fig. 9) and show that Eh/bS
diagrams ‘are more useful than Eh/pH diagrams for characterlslng
sediments under these conditions (see Baas Becking et al. 1960)

The - laboratory experiments-indicate the rapidity with which
properly prepared cultures attain the conditions found in re~-
duced basins (Fig, 5) and the importance of an adequate substrate
for bacterial growth. . The frequent occurrence of fungi and:
agar-digesting bacteria indicate. interesting-aspects of the-’
micro-ecology of reduced sediments.
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TABLE

Eh, pH, AND pS” AT STATIONS IN GUMNAMATIA BaY (FIG. 4)°

Date Staticn (iﬁ) pH pSz_ Comments
29.v.67 1 +145 8.4 11.5 )
2 4220 -~ 11.5 )
3 7 4135 - 113 )
4  +160 7.2 11.0 )
5 © +110 7.0 11.5 } Water depth of 11 metres
2233 7.2 12.0 )
6 - +185  -8.3 11.5 )
7 +175 8.1 11.3 )
8 +135 7.4 10.9 )
30.v.67 J +405 8.4 7.5 Water sample
R +265 7.7 6.5 Sediment with Zostera growth
+125 7.8 6.0 Sandy sediment only
X +335 7.7 7.3 Sandy bottom
. L +325 8.2 8.0 Sandy bottom
O +265 7.6 7.3 Mangroves + Posidonia
+345 7.8 8.0 Mangroves - C
N +425 8.2 8.2 Sandy + shells
+435 7.8 11.0 Posidonia
o - -245 7.2 3.8 Black mui - depth 11 metre
HoS smell
P +185 8.0 7.3 Sand
Q +235 7.6 8.0 Thick mud-
R +275 7.6 7.5 Sandoreclay
S +115 7.8 8.0 Silty—sand
T +405 7.6. 8.2 Yellow sand
U + 80 7.8 8.2 Yellow-brown sand
v +395 8.0 8.8 Posidonia, ~ine silt
W +105 L746 8.2 Black mud at sewer outlet
X +275 7.8 8.8 Grey sand
Y ~ 55 7.4 8.2 Zostera bed
Z% +145 7.8 7.5 3ilt with shells
Xi = 45 8.0 8.2 Yellow~grey sand
x§ +365° 8.0 8.2 silt '
- R O 8.0 Grey sand
x4 +425. . 7.8 12.0 Yellov sand
%> +325 8.2 8.2 Yellow-gréy sand
X6 +285 7.6.. 8.0. . Grey.sandy._silt. .. ... ... ..
X7 +285 8.0 8.8 Yellow-grey sand
x8 +235 7.0 2.6 Grey silty-mud - H28 smell
y ) +135 7.8 8.0 Grey sand
x10 +375 7.4 10.2 Yellow-grey sand Mangroves
xig +125 7.8 8.2 Edge of Posidonia - black silt
X'e +265 7.8 9.0 Posidonia
x13 ~195 7.0 4.5 Black silty-mud - HpS smell’
X1 215 7.4 3.5 Grey silt — HpS smell
X712 -165 7.4 4.0 Black mud - H,5 smell  ~
X =75 7.7 8.2 Grey sand.
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Date Station (ﬁﬁ) pH PS Commnents
31.v.67 A +455 12.5 Vater
A1 +435 12.0 Sandy - shallow
a4 2 +445 12.5 Sandy - shallow
A3 +410 12.0 Greysand Zostera
A 4 +385 12.8 Grey sand
A5 +405 12.8 Grey-yellow sand - deep
A6 +365 113 Fringe of Pogidonia - deep
A 7 +155 12.8 Brown silty sand
A8 +160 5.0 Grey siliy mud - H?S smell
A9 - 65 5.0 Grey silty sand - HpS smell
A10 +335 10.0 Grey-yellow sand - shallow
At1 + 80 1.3 Grey-yellow sand Zostera
A2 +340 1.3 Sandy edge of Zostera
A13 ~ +380 12.0 Amongst Zostera
A14 +395 12.0 Grey sand
A15 + 60 11.0 3ilty sand
A16 +125 6.5 Grey silty mud - H,S5 smell
A17 +145 10.0 Grey silty mud )
A18 +380 10.0 Grey sandy silt
419 +400 12.5 Yellow sand
AZO + 70 11.3 Grey sandy silt
A2 +180 10.3 Grey silty sand
£22 - 5% 5.0 Black grey sand - H,S smell
A23 +155 9.0 Grey sand
+345 11.0 Sea water
A24 +370 11.8 Zostera bed on sané bank
A25 +365 10.8 Yellow sand
AZ2o +305 6.8 Grey sand
A27 +235 4.8 Grey sand Zostera
A28 + 5 6.8 Very grey sand Zostera
A29 + 35 4.8 Grey sand
A30 +270 10.0 Grey sand
+355 12.0 Sea water
A3 +195 11.0 Grey sand Zgstera
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TABLE 2

Eh, pH, AND pSz- OF DEEP CORE SAMPLES

c X Compression COE?GEEEd""'Eh-: - pg2T H
ore ¥0. - Factor *?Em) ‘:(WV) PP¥-~ =
6 0.47 . 0 + 35 10 7.4

17 +175 8.5 7.6
A0 + 95 10.2 7.6
66 +165 10.5 7.6
83 + 75 B.5 7.8
104 + 45 10.5 7.8
130 +175 11.5 7.8
147 +215 12 8.0
7 0.48 15 +265 10.5
- 33 +125 2.5
56 +325 9.0
79 - 25 8.2
109 L 45 v Ti2s
131 - 55 4.5
175 - 5 4.5
198 + 25 7.5
9 0.43 0 +155 11.8 7.6
21 +105 11 7.6
42 +105 12.2 7.8
65 +245 12.2 7.8
89 +i55 11.5 7.8
114 +245 12.2 7.6
137 +145 10.2 7.8
165 + 45 9.5 7.8
10 0.44 16 +185 11 7.0
48 + 5 11.8 7.0
66 + 65 9 7.2
1C00 +230 2 7.6
114 +165 9.5 7.6
127 +165 9.5 7.6
143 +195 9.5 7.6
162 + 5 8.2 7.2
184 +155 9 7.6
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-Compression Cg;rei;ed Eh 32—_ pH
Core No. Factor ePp (mV) P
At (em) :
12 0.44 0 + 65 8.75
' ' 41 +135 9.8
64 +115 8.75
84 =155 4.0
111 -235 3.75
118 -165 3.5
141 =145 3.5
166 © =175 3.0
180 =185 3.0
196 -185 3.0
221 -175 3.0
230 - =120 3.75
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CTABLE 3.
Bn AND ps®” OF SAMPLES TAKEN ON BEACH USING HAND-CORER *% -

- Ex sy

e Sample - oL
Length -~ pogition Eh pS

Cofé'ﬁbi
(em) ~.{cm from top) -

: 07 3 +235 12.5
o - 24 - +295 12.3
Seawater Do - +325 120
5 15 3 +300 14.3
S L 12 : +235 ¢ 13.4;

3 13 3 a +280 13.8
11 +300 1302,

o s +290 13.2
14 " +265 13.0

3 p +295 ., 13.2
5 i +295 13.1

6. 4 18 3 +325 - 13.2
o . 10 T +295 13.2

3 14 +290

8 12 3 +290
10 . +260

9 .- 15 L 2 . +265 = 14.8
10- o 16 . 3 E +310 - 14.6
ER o 13 = +295 2.1

L 14 . .- 2 o +325 - 14.2
__— S 12 . +260 13.7

12_. .t 16 2 - +305 - 13.’_8,
S ¥ 12 L +270 13.7

DFO0- v eeom oo = ot e oo e VR
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Sample e
Core No.. .Pfﬁﬁih Position Eh pS
- ' (cm from top)
"uigm.mﬂnwmiaﬁu"" Wé._ ,+3é5,ﬂn 121
K 12 +295 13.7
14 1" 2 +325 | 12.2
10 +315° 7 77 KN
15 18 2 +275 13.2
o 4 +275 13.7
9 +265 13.5
17 +315 12.1
16 15 2 +295 15.2
14 +275 14.8
17 '
Electrodes in
- cover barrel +275 12.7
18 2 +325 14,8
12 +275 14.5
18-: 16 +325 14,5
S 11 +265 13.8
19 . 16 2 +325 14.8
SR 12 +265 14.5
Electrodes +355
inserted +325
directly
into hole
in sand
20. 16 2 +345 14.2
- 14 +325 14.2
2%.: 18 1 +335 12 .1
C 15 +305 13.8
22. . . 16 12 +310 13.7
3 +305 12.1
23... 14 2 +295 14.2
L 12 +285 13.8
24 15 2 +285 14,2
12 +280 12.1
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Fig. 6 ~ Sampling grid on 'Benthos Beach'.
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Fig. 8 - Sediment Eh/pH relations in Gunnamatta Bay.
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BENTHOS

I. INTRODUCTION

A general survey of GunnamaLta Bay to obtain a preiiminary
plan of the distribution of animals, plants, and substrates in
the Bay was carried out. This survey was made in two parts by
the entire group:-

(i) & general survey of the beach indicated by "a" in Figure 1.
Data were computer analysed in an attempt to show patterns of
distribution and relatlonsh1ps between the fauna on the sandy
shore.

(11) Observations were made of the floor of the Bay. Subse
quently, dredges were made from the R.V. Baga in regions of
differing substrate in order to correlate the organlems with
their most favourable substrate.

Following this preliminary survey individual PPOJECtS were
carried out as indicated below. These were correlated with the
sandy shore observations as far as possible.

(iii) .Clam Distribution. The spatial and size distribution of
Amesodesma angusta and A. cuneata were investigated in thc upper
littoral zone of the sandy beach near Darook Park (Fig. 1b).

(iv) Distribution of Conuber melastoma and éﬁfropecggﬂ polycanthus

on the Sandy Shore. The gastropod, Conuber melastoma, and -
asteroid, Astropecten polycanthus, are the two large predators
of the sand flats. The project was initiated primarily to deo-
termine the distribution of each species, and secondarily to
correlate this with their prey distribution.

(v) Rocky Shore, This project compared the distribution of. -
organisms on an exposed and a sheltered part of the rocky shore
of Gunnamatta Bay (Fig. 1d and e). The rocky shore as a whole
was then briefly compared with the sandy shore. -

(vi) - Faunal Associations Inhabiting the Galeolaria and Trichemya

‘Zones of the Rocky Shore in Gunnamatta Bay. This study was di-
récted towards making a comparison of the animal communit vy living
amongst the living tube masses of the serpulid polychaete,
Galeolaria caespitosa, with that living amongst the byssal hairs
of the mussel, Trichomva hirsuta.

Galeolaria and Trichomya, by virtun of the. fact that they grow
in dense masses, provide a habitat for numerous smaller animals
and plants. Wheteas Galeolaria and Trichémya are primarily zoned
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according to their respective desiccation tolerances, the
associated communities are secondarily zoned in that they de-
pend on the particular kind of microenvirornment provided by
the primary species in each zone. Hence, this study was an
attempt to demonstrate a secondary zomation among sea- shore
animals by ‘comparing the two above-mentloned zones,

II. METHODS

(i) General Survey and Statistical Analysis ..

Slxty pegs, exactly ten meters apart, were laid on the beach
in rows parallel to the low water level. At each station (peg)
a core sample and quadrat sample were taken., The auger wvas
9 inches in diameter and the sample taken of 6-9 inch depth
The sample was straired through a sieve with pores 1.4 mm?

The quadrats were 1 meter square in diameter and 2-3 1nches
deep, These were strained through a coarse sieve with pores
5 mm2. ‘All living fauna were collected. _

- The numbers of species and individuals of each species were
counted for each sample, All the analyses were based on ab-
sence/bresence of species at the stations, Numbers of indi-
viduals were used in 1nterpretatlons of some of the analyses
(Table 1). : : . e

Three types of analyses were made:

Normal Analjsis

. Here the stations were split up into groups according to ‘the
presence .or absence of a particular species. This species was
determined by the computer as being one which divided the large
number of stations into a small number of groups of associated
species. The final groups were mapped against the coatours of
the beach.. - X o

Inverge Analysisg

This typz of analysis used one computer-determined station
to divide ‘the total number of species into a number of associated
groups. Similarities between thesge groups were put forward as
“an interpretation of the computer data.
Both methods 1 and 2 are "divisive analy51s“.

Aggregation of Like Groups

" Both the core and the quadrat data were subjected to such an
analysis by the computer., The computer selects cores with similar
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DISTRIBUTION AND NUMBERS OF INDIVIDUALS ON SANDY SHORE

Species Occurrence
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species composltlonsand groups them accordlngly. The distance
of each link between groups along the ordinate axis is a re-
flection of the dlvers1ty of the two groups under con51derat10n.
Similar selections are made for the quadrats..

Tide levels at the site of the general survey were measured~
by means of a tide staff which was erected at-low tide on May 23.
To determine the height of the zero on the tide staff relative
to the zero datum of tide predictions, our measurements of tide
heights were plotted together with corresponding predicted tide
- heights at Fort Denlson, Sydney Harbour (Flg._2)i

(11) Dredging f )
1 i

The bottom was obéerved through viewing glasses from a motor
boat at shallow points in the Bay. The substrate type was noted
and indicated on the map (Fig. 1).

This was followed:by dredging from the R.V. Saga with a scallop
dredge. Seven dredges were made, The first five are shown on
the map; the sixth and seventh were made in the sandy’ bottom
outside the Bay. These two were taken as representing the sandy ~
area shown on the map by the broken dredge 11ne (6 and 7).

(iii) Clam Distribution
: i

A grid was established, lying across the upper and mid-littoral
zones, A metre quadrat was placed on the NiV. side of each stake, .
and the sand was sampled to a depth of 2-3 inches and sieved
through a coarse (gauge 5 mm2) sieve. Contour lines were super-
imposed on the grld as shown by the water lines at fixed timeés; "~
tide records were taken from a tide gauge (Fig. 2). Sand samples
were collected at Statlons 5, 12, 28, and 37 to determine water
content. : ; :

(iv) Distribution of Conuber melastoma and Astropecten polycanthus

Each square of the gquadrat was examined for signs of each
species over two days. The total number was noted for. each
square at low tide ion May 30 and 31, and a contour map drawn on
the second day by follow1ng the level of the water at a known t1de
height (Fig. 4), the tide stick at Gunnamatta Bay being taken as
a reference.

1
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(v) Rocky Shore Survey

Transects were made at the two sltes chosen. In the exposed
region of the estuary, studles were made in two precipitous and
one relatively flat region as well as in one crevice, while in
the more sheltered inner part of the estuary one transect was
made which was characteristic of the region.

All organisms were noted in these areas with spec1a1 attentlon
being paid to zone formation. Physical factors (temperature,
salinity, pH, current flow, water suspensions, and the extent
of oxidation or reduction of the area) were considered with re-
spect to their effect on the abundance and distribution of the
organisms. ' )

(vi) Faunal Associations Inhabiting Galeolaria and Trlchomza
Zones of the Rocky Shore

Samples from each of-the Galeolaria and Trichomya zZones were
taken at about the time of low tide (7.54 am) on May 30. At~
this time the water level was about 1 ft S in, which- corresw
ponded to.the junction between the Trichomya zone and. ‘the
Hormosira zone immediately above it. Dense growths of. Galeolaria
and Trlchomza do not occur.together in Gunnamatta Bay, so samples
had to be taken from different pointsg along. the shore (Flg. V.. .
A bucketful of samples was taken from each zone and returned to
the laboratory for ana1y51s. -

IIT.. :RESULTS AND DISCUSSICN

(i) General Survey and Statistical Analysis

Normal Analysis

Table 1 is the raw data which were fed into the computer. In
every ana1y51s it was necessary to refer to this table to in-
terpret ‘the data. .

‘Figure 4 shows- the way in which the computer broke. up the 1n--
formatlon presented to it., An actual graph of much the same
type was received from the computer. All the numbers were .. -
then converted back to words to give more 31gn1f1cance to the .-
"“flgure. e e e

=+ The ‘groups of stations were then graphed agalnst a contour
'"map of -the’ beach (Fig. 5). :

Figure 6 shows the distribution of Group 2 on the contour map
of the beach.- Group 2 contalned - : ¥
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Bivalve clam C AR
Polychaetes 1, 2

Gastropod- VConuber melastoma
. *lsopod : “Actaecea sP. ’
' Starfish - Astrogecten sp

Figure 8 refers to the distribution of Grouv 4 w1th reference
to the contpur map of_the bﬂach Group 4 contalned -

) 'Conuber melastoma
" A hermit crab
"~ Amesodesma angusta
Conuber strangei .

Astrogecten

All spec1es in thls group except A. anggsta are usually found
in wet or very wet areas. The presence of this clam in Group 4
can be accounted for in either of two ways. Firstly, since the
sample is'a quadrat the species could easily be washed down by
the waves and still be on the top of the sand. The second
theory is- the more likely. Yhnis sugyests that 4, angusta can
1ive’in this wet area but usually is not found alive in it be- .
cause this is an area of its predators. -The most likely predators
would be C. melastoma, C. gtrangei, or-Astropecten, All.zre
found in Group 4. Because all these predators need water the
clam is safe in the higher parts of the beach.

Figure & indicates the d1st“1but10n of Groups 6 and 7 w:tn
reference to the contour map. It must be noted that Group 7
were those quadrats that contalned no species at all. Group 6
contained: - B T : o :

Amesodecma angusta
A. cuncata
Clam C

The amesodesmas are found high up on the sand as.a protection
against predation. Clam C is found mainly in the mid-tide levels.
The only clam C included in Greoup 6 was in quadrat 20.. Accord-
ing to the contour map thls wvas an’ area similab .to the midé-tide
level, ‘ s : - : :

* The only actascean was found in gquadrat 6. Isopods.are usually
terrestrial animals and are most likely to be found in the high-
est parts of the beach. All other species live im the lower
mid-tide regions or even in the low-tide area. The only other
species found in quadrat 6 was A. angusta. This clam is mostly
distributed in the high-tide regions and does belong to Group 6
in the computer results., Therefore, Actaecea was taken from
this Group and put in Group 5.
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Figure 9 gives the same type of information as Figure 4. That
is, it ‘shows the way in which the computer has split up the mass
of stations into a number of smaller associated ones. Flgure 9
refers to the core samples taken from the beach.

Figure 10 gives the mapping of the stations according to their
computer groups, .This gives an overall picture of the distribution.
By splitting up the groups and applylng them to the contour map a
better interpretation of the composite map is obtained.

Figure 11 shows the distribution of Group 12 in the contour map.
Group 12 contained the species:-

- Amesodesma angusta
Amesodesma cuneata
Actaecea, an isopod
Talorchestia, an amphipod

The distribution of this group follows the upper contours of the
beach very well except for two stations, Nos 4 and 10. As shown
in Figure 9 this group was determined by~ the presence of A. angusta.
Station 4 conta}ned one isopod oniy. Isopods are present in
Group 12. Therefore this station can easily be considered as be-
longing to 12. Station 10 has no species at all. This also can
be allied to 12. The geography of the area indicates it most
likely does belong. .

Figure 12 marks the distribution of Group 13, this seems to be
confined to the mid~tide level, near or in run-off areas, and
lower than mid-tide level. The group contained: -

An isopod Actaecea
A gastropod Conuber melastoma
Six polychaetes 1,3,4,6,7,14
" A bivalve " Clam F
An amphipod
A soldier crab Mictxrus platycheias

All fauna in this group are moblle though malnly restrlcted to
underwater habitats. There are two main types of feeding habits
within the group. Firstly the detritus feeders ~ there may be
scavengers like the crab or filter feeders like the clam. The
second group of animals includes predators and their prey. -
Figure 13 refers to the distribution of. Groups 6 and 8.
Group B contained: - .

An isopod - Actaecea

Two polychaetes. . 2,14
A soldier crab Mlctvru54p1atvckeles .
An amphipod Talorchestia -

A hermit crab
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Group 6 contained: -

An isopod: Actaecea

Five polychaetes 3,19,1,6,2
A soldier crab Mictyrus platycheles
An amphipod Talorchestia
“An unidentified
" amphipod

A hermit crab

All these groups appear to have species with no specialised habi-

tat, They are divided only by polychaete 3 which according to

its wide distribution (see Table 1) is.an errant polychaete.
Figure 14 refers to the distribution.of Groups 2,4 and 10.
Group 2 contained:-

Conuber melastoma

Six polychaetes 3,9,19,6,7,12
A goldier crab Mictvrus platycheles
Clam C '

A hermit crab
Group 4 contained: -

Clam C
Group 10 contained;—

A hermit crab

A soldier crab Mictyrus platycheles
Polychaete 6

Clam F

All these groups have much in common. Uswally each species occurs
in two out of the three areas. Except for the scavengers all
species live under water. .

For example, hermit crabs do not like being exposed This indi=-
cates that Groups 10 and 2 are under water even at 1ow tides, This
ig verified by the contour map. :

From this distribution there are two types of clams, the
Amesodesma spp., and clams C and F. The first group lives in
the high parts of the water, the second group lives at mid-tide
level. This second group is less abundant than the Amescodesma spp.
A possible explanation would be the presence of predators such as
C. melagstoma in the mid-~tide region.
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Inverse Ana1131s

This second analysis produced groups of animals rather than
stations that had common attributes. _

Figures 15 and 16 refer to the methods of spllttlng of the.
animals as copied from the computer data. Table 2 shows the
actual species present mapped against the computer number of the
group. Compatibility between these is obvious.

TABLE 2

GROUPING OF SPECIES PRESENT IN QUADRATS AND CORES

Computer Computer :
- Cor
Group Quadrat Group ore
2 . | Amesodesma angusta 6 | Amesodesma angusta
4 | Amesodesma coneata 8 Amesodesma coneata
6 Conuber melastroma 2 Astaecea
Polychaete 2 Mictyrus platycheles
Astropectin ‘ _ _ (soldier crab)
7 Hermit crab : 4 Polychaetes 3,19
Clam C Amphipod
Polychaetes 1,3,4,6,7, Clam C .
Conuber strangei - Conuber melastroma
[ S Conuber strangel
Hermit crab .
Astaecea Polychgetes 1,2,4,5,
6,7, 9 12,14
'Talorchestla

The core sampling showed that the clams A. angusta and A. cuneata
were singled out. At first it appeared that these clams were
distributed relatively equally. However, more detailed work on
these showed that A, anqusta exists in the higher parts -of the
beach and A. cuneata extends into the mid-tide levels. Alse evi-
dénce is given that their vertical distribution is different. -

Thé guadrat sampling also separates these two clams. ~This
supports the theory of their mutually exclusive distribution.-.
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Group 6 in the quadrat sampling can be justified. Conhuber and’
Astroéeéteﬁ‘aré'both predators, In fact their prey.is the same.
It is found that although assoc1ated Astrogecten ig confined - to:
the low water 1eVels, whereas Conuber is found in water but may.
be found at mid-tideé levels. The- polychaete in this group is al-.
ways found in water. =

Group 7 of the quadrat sampllng can be readily aligned to Group g
in the core. That is, it contains many polychaetes which all live
in wet areas. Both groups also contain clam C. As mentioned be-
fore when discussing quadrat normal analysis (Fig. 14) clam C is
limited to wet parts of the beach, Also, Figure 14 shows that
hermit crabs are found in unexposed areas of the beach. Conuber

. ig..seen to be .a predator of the mid-tide region (see flrst part
of inverse analysis dlscusslon) All these above p01nts verlfy
the association of both groups with the mid-tide wet areas.

. The .species. Actaecea, however, does not seem to £it into Group 7
of the. quadrat samples. Isopods are terrestrial animals and are
seen in Table 17t5 be:distributed in the upper dry part of the
beach, For this reassn Actaerncn is separated from Group 7.

.The last two_ groups. are llmlted to-core samples- only.

Group 2 contains two air breathlng scavengers. ‘This group can
be allgned to tha  isolated isopod group 6f-the quadrat sample.

Graup 4 contains  polychaetes 3 and 19, Reference to Table 1

.,shows that these . polychaetes are the most widespread of all the
polychaetes. The amphiped in this group is alsd fairly active:
and has a falrly w1de distribution around the middie part of the
beach,

These animals can therefore be considered active anlmals with a
widespread distribution, :

Aggregation of lee Groups

“The outcome of these analyses is shown in Figures 17 and 18,
In the aggregative treatment of the core data (Fig. 17) there are
_.fhree distinct groups having different characterlstlcs. The 115
group is linked with the 111 group to form Group 116. The "~~~
" Characters of the two.former groups are not as .diverse as say -
those of Groups 114.and 117 - ; I
Theoretically, it should be possible to prov1du some. sort of s
ecological. explanatidn to account for the cowputer 8 grouplngs.“<
Time has not permitted an exhaustive treatment . of- the .regults,.
but two -examples; one from each .of  the quadrat,gnd core. data, Mhaye
been worked out in an attempt to -provide an ecological interw=. -
pretation of  the’computer's treatment of these.examples, - AT
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The first of these ecological interpretations applies to the
core data (Fig, 17 and Table 3). Table 3 shows an analysis of
the species composition of each of the computer Groups 117 and
114, The most significant feature of this analysis is that the
clam species Amesodesma angusia and A. cuneata, and the isopod
Actaecea sp. seem to be entirely confined to Group 117, where-
as the majority of polychaete species appear confined to Group
114.
The dlstrlbutlon of gquadrat grouplngs 117 and 114 relative to
the survey grid is shown on the right-hand side of Table 3.

Group 117 represents a relatively drier area of the grid than does
Group 114. This distribution difference is reflected in the eco-
logical preferences of the major species within each group.

It is interesting to note that the distribution of the soldier
crab. Mictyrus platycheles, does not provide any basis for dig-
crimination between the two computer groups (114 and 117). In
spite of this it is clear that the differences in the area occu-
pied by the clams and the isopod v. the polychaetes are sufficient
to provide a basis for discrimination between the computer dgroups.
This discrimination is also borne out by an examination of the
distribution of tide levels and seepages within the area of the
survey grid.

The four basal groupings of the core data were examined for any
~signs of correlation with the tide levels and the distribution of
.seepages within the grid, but apart from the fact the Group 100
is best distinguished from other groups along the abscissa by the
fact that it represents the area of the grid furthest from the:
low water mark, no good correlations could be found. :

A second ecological interpretation applies to the computer's .
discrimination between Groups 116 and 117 in the quadrat data
(Table 4). An examination of the species composition of each
group shows that Group 116 accounts for the hermit crab species
and also for the starfish, Astropecten, whereas Group 117 accounts
for the distribution of the two species of clam.

Again the distribution of the two groups relative to the survey
grid is shown on the right-hand side of the table. Group 117 en-
compasses a drier region of the grid than deoes Group 116. As with
the core data analysis this difference in surface water distri-
-bution is correlated with the ecological preferences of the species
concerned; the clams prefer drier sand than do the hermit crabs
and starfish. '

From an overall point of view this method of aggregative computer
analysis appears very promising as a tool in studying seashore
zonation. The computer analysis provides a set of groupings made
~on the basis of similarities in species composition of the faunal
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TABLE 3

CORE SAMPLE ANALYSES

COMPARISON OF GROUPINGS 114 AND 117
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Group
116

Group
117
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 COMPARISON OF GROUPINGS 116 AND 117

Quadrat
Number

32
33
41
44
60
28
49
53
31
45
54
57
59
56
51

58

20
38
40
52

A, angusta

144
287
18

‘QUADRAT SAMPLE ANALYSES

A. cuneata

228
31
114

Clam C

57.

TABLE 4

L Actaecea

Hermit Crab
Polychaete 3

‘Polychaete 4

Polychaete 6

Polychaete 7

—

Polychaete 1

Astropecten

.—\\'ﬂ]\)_b.-.-\
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sample between the quadrats within the survey grid. These group-

ings may then be explained i

concerned. SR

Other promising comparisons between groups which could have been
made are: core data, Figure 17:- 107 V.
quadrat data, Figure 18: 114 ¥. 113, 95 ¥. 118, and 114 ¥.

116;
115,

(1)

2700

Drédging
- gawp (Clear) |

Drgdge 1 A few Crustacea :
" Bryozoa '

n terms of the ecology of the species

100, 111 ¥. 115 and 118 ¥.

Dredge 2 Anadara trapezia plus Sargassum

Astropecten vappa
Scallop
Conuber eggs

MUD

Dredge 3 Echinocardium

Two species of polychaete

1. Sandy tute

2, Maldarni sarsi

Coralline algae
Ascidians

Predge 4 Mud swallow
Maldarni sarsi

Astropecten polycanthus

Clam
WEED + SAND

Dredge 5 Sea urchin
Luidia
Anadara
Two Fortescue

Bryozoa
Tube case

Aplysia egg mass
Sabellid wozrm
Ophiuroid

Pipe fish

Spider crabs

Green leather jacket



5%,
WEED + SAND

Dredge 6 Catfish

Astropecten
Aplysia - .
Spider crabs
Conuber eggs
Sponge |
Echinoderms.

WEED DFF” SAND BE&CH o

bredge 7 . . . Two species of urchins

: : : Thalaciea. .
-Holothurian
Kelp.shells
Clams
Tubeworm case
Crabs. .
Polychaete worm
Isopod

The Bay isg d1v1ded roughly into areas of clear sandy bottom _
with weed such as Zostera. growing in patches, muddy Bottom in the
middle, a sandy shore on the south side Wlth weed further from
shore and formed by inwash. from the océan, and’a rocky shore
opposite with patches of mud washed down by streams. Dredglngs
sampled: each of these areas., )

"Anadara.trapezia; .often with Sargass growing from 1ts anterlor
lip, Astropecten vappa Conuber eggs, and Bryozoa are character-.
istic of the clear sandy bottom of the channel dredged in 1 and 2.
The occurrence of a.scallop indicated the area is not. polluted '
Maldarni: sarsi and AstrqpectenApplyacanthus, two clam spec1es,are
typical:of muddy substrates-as in dredges 3 and 4.' Echlnocardlum:
and the sandy tubeworm are. characterlstlc of. sandy substrates and
probably: were dredged from the sand before the mud was. reached

:The coralline algae and: asc1d1an show there is some solld substrate
_.such as: brlcks in the mud, - There are no scallops as they are

sensitive to oxygen concentration. Sea urchins, Luldla Anadara,
green- leather jackets, fortescues, Aplysia egg mass,. plpe fish,
crabs,. and. sabellid. worms are characterlstlc of sand w1th mugd. areas.
The.results of” dredges 6 and 7 are probably characterlstlc of the
weed- and. sand of area 6 on the map. -

(111) Clam distribution

Total nﬁﬁbers'of each spec1es were plotted over the grld (Flg. 20)
and stations with A, cuneata present were shaded Percentage size
distribution of both species at Station 13 was plotted (Fig. 21).
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Size classes

The distribution of both species along a transect line through
Stations 9-16 was plotted (Fig. 22); size distribution of
A. angusta and A. cuneata was plotted for three and two stations
respectively down the beach (Figs. 23 and 24). The water content
of the sand samples at 5, 12, 28, and 37 was plotted along with
number of animals found at each station (Fig. 25).

A. angusta was described as yellowlsh, elongateq with the umbo
close to the anterior end. A, cuneata is pinkish white, less elon-
gated, with the umbo slightly off centre.

The grid of the area as in Figure 20 showed that A4, argusta had
a higher Frequency and wider distribution; A. cuneata was present
in a definite band as seen by the shaded area which is correlated
to the contour of the land, This suggests that A. cuneata is
more limited by this particular environment. While samples were
being taken it could be seen that A. cuneata lay deeper 1n the

sand than A. angusta.

The percentage size distribution at Station 4 (Fig. 21) shows
that the modes of A. anqusta and A. cuneata were in the 3rd '
(1113 mm) and 4th (14-16 mm) classes respectlvely, i.e. the over=
all size of A. cuneata was larger. -

The distribution along the transect 11ne-(Flg. 23) 1nd1catesﬁ
the correlation between the number of individuals .and.tae-.contour
of the land. More 1nd1v1duals of both. spec1es occurred 1n the
Tower, wetter part. H _ -

Size distribution of 4. angusta along the line, including
§tations 13, 19, and 40.(Fig..23).,.showéd -that.the mode of. the:!
dlstrlbutlon decreased down the beach i.e. the animals further:
down the zone were smaller, Assuming that size is directly cor--
related’ +o age the younger animals were on the seaward side, =
This may be due to the settling of the veliger larvae in the damper
part of the zone. " The’ predator pressure of Conuber and Astropecten
on the'lower part of the Amesodesma zohe may be concentrated on-
the 1arger animals, causlng -an .apparent high density of smaller

“animals. Flgure 24 shows a 51m11ar situation for A. cuneata.”
Although Stations 11 and 13 are on the same north-south’ transect
Station 11 is actually lower because of the contour of the land '™
(Pigs. 19 and 20). _

The percentage of water in the sand samples (rig. 25) " -showed
a sharp increase at Statlon 12 which was directly correlated with
the contour of the zone. The largest number of 1nd1v1duals was
found at the steep part of the zone, - oo

I

2700



61.

An interesting point for further investigation is how the popu-
lation is affected by the sampling and how long it takes to recover
afterwards. :

(iv) Distribution of Conuber melastoma and Astropecten polycanthus
m—w——ﬁw’#

Figure 26 shows the number of both species in each 10 m square.
. Feeding experiments were conducted to determine if either or both
would eat the small bivalves Amesodesma angusta and 4. cuneatal
None of these was eaten, but this means little, and many drilled
shells were seen at the sampling points in the initial survey.

The period of activity of Conuber was at low tide as long trails,
up to 10 £t, can be seen on the tide flats. The incoming tide
washes these away, so obviously they are made at low tide, and
observations suggest they are inactive at high tide.

Astropecten is inactive at low tide, and a brief search at hlgh
tide could show none act1Ve.

Figure 26 indicates that the distribution of Conuber is llmlted
_ by the degree of dryness of the sand: In the upper point of their
distribution they are found beléw the 4 £t contour line, which
marks distinctly the boundary of the wet and dry sand.

Density of population increases as the sand increases in wetness.
This may be due to risk of desiccation in dry sand, as many moll-
uscs are limited in distribution by this; or their dlstrlbutlon
may reflect that of their prey.

Figure 27 shows the overlap of distribution of Amesodesnma anggsta,
_ A, cuneata, and Conuber melastoma. Many drilled Amesodesma shells
* were seen, but Conuber did not feed in the 1aboratory.§ The results
of the general survey indicate that the predator of these bivalves
must have been Conuber (by a process of elimination). :Those
- drilled Amesodesma shells found outside the Conuber dlstribution
: would probably have been washed up-from the reglons in whlch
Amesodésiia dand Conuber overlapped. : -

The distribution of Astropecten pOIYCanthus seems restrlcted to
the lowest level of the littoral zone (Fig. 28) and it seems that
they are more common sub-littorally. Their period of feeding was
not determined; they were inactive at low tide, and probably at
high tide. This suggests they feed at night during high or low
tide, but this was not verified.

(v) Rocky Shore Survey

The rocky shore localities Studled in. the estuary are shown in -
Table 1. The results of the transects are shown in Figures 29, 30
.and .31 in which the_indicator. spec1es for each_ zone are shown.,
Table 5 shows all additional species found in each zone in the
transect areas. Table 6 gives the physical conditions con51dered
in the two localities.
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TABLE 6

PHYSICAL FACTORS IN THE EXPOSED AND, SHELTERED
- AREAS OF THE ROCKY SHORE -

Variable . Exposed Area’' ~ Sheltered Avea
Temperature . . 15-16°%C . 1s-i6°C
Chlorinity ( %) 19.54 ‘ 19.59
pl - 7.7 7.8
Current flow Strong currents with large Little current or
and waves tidal fluctuation and waves wave action
'Suéﬁgﬂded Water clear with little " suspended mud and
matter suspended matter other materlal
Eh s +265-345 ¥

The main differences between the exposed and sheltered areas are
the presence of distinct Galeglaria and Ecklonia zones in the former
and their absence in the latter. Ecklonia tends to be found in
areas where.there is considerable wave action even although it is
usually below low tide level., Its absence in the sheltered area
could be due either to an unfavourable environment or to competition

“with ‘another weed for the rocky environment, or to both. With re- ...

gard to competition, Sargassum v. Ecklonia is the most probable
suggestion as both these weeds Tive attached to rock-below- low
tlde level. o

‘One explanation- for the absence of Galeolarla in-the sheltered
area is the absence of spray. Another is the possible competltlon
between Galeolaria and oysters, the latter being very abundant in
sheltered areas and less so in more exposed regions.

On the sea shore (not included in this study), there is a dis-
tinct barnacle zone above that of Galeolaria, while the number of
oysters is small. On the exposed part of the estuary, oysters form
a distinct zone above the Galeolaria, while barnacles only occur
as small groups on isolated individuals., In the sheltered estu-
arine area, no barnacles were observed, and the number of oysters
was further increased. One possible explanation for these differ-
ences is competition for space between the oysters and barnacles.
Algo, physical factors may affect the distribution of organisms,
as different organisms have different tolerance to environmental
variations.
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TABLE 7

PRINCIPAL COMPONENTS OF THE FAUNAL ASSOCIATIONS IN THE
BYSSAL HAIRS OF THE MUSSEL, TRICHOMYA HIRSUTA

Phylum Species ~ Frequency¥
FRIATODA One unidentified.s?ééiés B f Ve
ANNELIDA Siponculid A F

Galeolancer caespitosa (iubes) R
Polychaetes - polyncid species Ve
nereid il - VC
glycerid " Ve
ARTHROPODA Barnacle, sp. A
C . . .
(Crustacea) Corophium sp. - burrowing amphipod F

Amphipod, sn. A

Anomura - small hermit crab inhavit-
ing shells of the gastropod o)
Velecumantis australis

Brachyurans - Pilumnis rutopunctatus C
Halicarcinug rostratus R

(Insecta) Collembola sp.
MOLLUSCA One erycinid clam species . F
ECHINODERMATA One asteroid . R

*YC : wvery common
C : common
few

R+ rave’
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TABLE 8

PRINCIPAL COMPONENTS OF THE FAUNAL ASSOCIATION AMONGST THE
MASSES "OF THE SERPULID POLYCHALTE GALEOLARIA CAESPITOSA '

Phylum ~ - - Species . o o AR Ffeéugncy
PORIFERA": .. . Fragments of a. small yellow e i'F"'
‘ SR '~ sponge : , : e
BRYOZOA ' ' Watersipora cucullata L l'hij,
PLATYHELMINTHES = Polyclad . . . .. R
ANNELIDA Polynoid polychaete ¢
R R -;“Slponculld : R
MOLLUSCA Chiton (Mesoplacophora) =~ 7 7 -
e -Bivalves: Crassostrea -commercialis _F.
Erycinid clam, Lagsea australis F
Trichomya hirsuta IR T
Mytilus sp. . LR
Gastropoda lepet Montfortula conoidea F.
Crustacea - o Barnaclesi Tetracllta purpurescens f;f"
‘ C ‘;Ibla squadrivalis. (stalked) LR
Brachyura: Eriocheir spinosus . R

Pachygrapsus transversus LR
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Bembicium nanum is the normal rock dwelling species of Bembicium,
The mud in the mangrove area contained another species, B, auratum,
living in close proximity with B, nanum. Velacumantus australis, -
a whelk, also appears with the introduction of mangrove mud- it
was not found in any other areas studied,

From Table 6 it is ‘apparent that the main—factors which-are llkely
to affect the abundance and distribution of the organisms are
currents, wave action, and water suspension;- -The other . physical
factors considered were not variable in the two areas studied.

It is obvious that the rocky shore differs from the sandy shore .
in that the latter does not show apparent zonation, It was .
necessary to utilise the informaticn from a computer to determine '
whether or not there was any type of pattern of the organisms on
the sandy shore at all, whereas the rocky shore showed visible -
zonation,

(vi) Paunal Associations Inhabiting Galeolarla and Trichomya Zones
of the Rocky Shore "

The composition of the faunal communltles in each zone is shown
in Tables 7-and 8. ‘

The study was not made quantitative because of a lack of time.
References to the abundance of .species are tnerefore in relative
terns.

At the outset it is clear that certain of the species listed in
the results tables are intruders from adjicent zones., This
accounts for the presence of-a.few Trichomya in the Galeolaria
zone and vice wversa. ‘

Few species were present in sufficient numbers to indicate a
natural distribution which includes both the Galeolaria and Trichomya
-zones.- This appears to apply. to the. species of polynoid polychaete..

Taking into consideration instrusions from adjacent zones the N
Galeolaria and Trichomya appear to be characterised by the follow-.
ing faunal associations: .

Galeolaria association:

Bryozocan, Watersipora cucullata
Crab, Pachygrapsus transversus
Polyneid polychaete

Chiton (undetermined species)
Erycinid clam, Lasea australis
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Trichomya association:

Nematode (undetermined species)

Polynoid, nereid, and glycerid species of
polychaete

Collembolla

Crab, Pilumnus rufopunctatus

Hermlt crabs inhabiting discarded shell of
Velecumantis australls

IV. CONCLUSIONS

The results suggest that:-

(i)

(i1)

. variations .in the nature of the substrate’

(11i)

(iv)

(vi)

2700

Methods of statistical analysis can prove very useful in
determining patterns and their significance in faunal

, dlstrlbutlon in seemlngly unzoned areas. .

Dredging showed that there was distinct variation in the
organisms found, this variation being the result of

._angusta was more widely distributed than A. cuneata.
More individuals of A. engusta were present. Smaller

_:1nd1v1duals of both species were found on the seaward side
of the zone. Number of individuals of both species was

correlated to the percentage of water in the sand.

Methods of study in this project were shown to be inade-
quate. In future 1t is suggested that all experiments be
done by marking specimens in the field and observing their
movements and feeding habits in their natural environment,

Zoning in the estuary siaowed variations depending on the
degree of exposure of the locality to wind, currents, and
wave action.

Variations were seen in the faunal associations inhabiting
the Galeolaria and Trichomya zones on the rocky shore.
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QUAD-INVERSE ANALYSIS

Group [: H4spp.
Split on ?toﬁon 4.

Group 3 13 spp. Grovp 2: Isp.
Absent in Station 4, Present in Station 4
Group 5: 12 spp. Group 4: | spp.
pbtent in Stofion 1 Present in Starion 1.
] 1
Group 7 9spp. Group &: 3spp.
Absent in Station 56. Present in Station 56.

Fig., 15 - Diagrammatic representation of computer classification
of guadrat data during inverse analysis.

CORE~ INVERSE ANALYSIS

Graup 1t 2lspp.
Split on Station (6.

I
Group 3t |9spp. Group |2'. 25pp.
Absent in Statien |6, Present in Station |6,
[ ]
Group S:1b6spp. Group 4: 3sp.
Absent in Station 34 Present in Station 34.
l
Group 7: F5spp. Group 6: isp.
Absent in Station 5. Present in Station 5.
—
Group 9: l4spp. Group |B= lsp.
Absent in Stotion 1. Present in Station 1.

FPig, 16 - Diagrammatic representation of computer classification
of core data during inverse analysis.
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Fig, 19 - Sample grid showing its relation to the general survey grid,
Uncireled numbers are general survey grid staticns.

292./\:.7 LOW WATER —)—» North
320@ 26-@ 3-@ lo@ o-@ |-@ oo@ o-@ A

Fig, 20 - Distribution of A,angusta (uncircled) and A.cuneata (circled)
in relation to the beach contours. Hatching denotes areas of
occurrence of A.cunaata.
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Lowy tide
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Fig. 29 - Profile of transect across precipice on the rocky shore.
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DISTRIBUTION OF FORAMINIFERA IN GUNKAMATTA -BAY
T IHT;ODUCTION

This group investigated the distribution and-.relative abundance
of the benthic Foraminifera in Gunnamatta Bay, and their relation-.
ships to the local environment, - S

Foramlnlfera are invaluable as a tool for stratlgraphlc datlng,
as well .as being good 1nd1cators of local env1ronmenta1 conditiaons.
They are, characterlzed by an alternation of sexual and asexual .
generatlons in their life cycles, the possession of filopodia, -
and the secretion of a test. . ‘

II. METHODS AND MATERIALS

Samples of about two litres were taken at 10 statlons (Fig. 1)
along a north-south traverse in Gunnamatta Bay, using a Phipps
bottom sampler. Dredge samples were taken at various depths
to sample .a varlety of bottom env1ronments. -

Samples were divided .into three parts =~ one to be examlned
for Foraminifera, one for . sedlment type. dlstrlbutlon and one
for reference.. Foramlnlfera samples were boiled with sodium
carbonate to flocculate clay particles, and to free organic
matter from the tests, These boiled samples were then passed
through a stack of three sieves, and..the fractions retained on
the 30 and 85-mesh sieves dried. The drled samples were then -
treated with carbon tetrachlorlde to concentrate the Foramlnlfera.;
The concentrated fractions were classified and relative abund-
ances .determined, Total abundances were determlned from drled
samples wéighing. 100 g, R

111, RESULTS R

Table 1 shows foram1n1fera1 dlstrlbutlon._ ‘Figure 2 shows . |
the dlstrlbutlon of the whole population, Figure. 3 the distri-
butlon of walled types,. Flgure 4 the.distribution of rare .
species, Figure 5 the distribution- of some interesting genera,
and Figure 6 shows areas where ‘someé: genera are- abundant- .

Flgure 2 shows two distinct’ peaks in populatlon number 2 oone
on the southern -slope and the other on the northern slope of a:

deep ba¥ifi in the middle of the bay (see Fig.. 1).. The -sample ..
from the southern slope contained the larger number of coarser
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o

foraminiferans. The lowest numbers occurred in the channel, on
the sand bar, and in the deep basin, the deep basin having the
highest numbers of the three areas.

Further discussion relates only to coarse species,

The tests of foraminiferans are of three different types -
arenaceous, calcareous porcelaneous, and calcareous hyaline.

The arenaceous test is composed of sand grains cemented to-
gether by calcium carbonate. In the calcareous porcelaneous
type, the calcite crystals making up the wall lie with their ‘¢!
(long)"axes parallel to the test wall, and form several layers,
This makes a s6lid and relatively heavy shell, The calcareous
hyaline type, however, has the calcite crystals with their c
axes lying perpendicular to the test wall. This produces a
lighter and more fragile test with numerous pores.

Figure 3 shows that arenaceous types are relatively abundant
at Stations 4, 10, and 11, all of which are at the northern end
of the channel, It is interesting to note the small numbers of
this type at Station 5 which is close to Stations 4, 10,.and 11.

The porcelaneous Foraminifera have a greater relative abundance
on the southern slopegs of the basin, while the hyallne types were
most abundant at the northern end of the channel.

The relative distribution of the more common species (those
making up more than 5% of the total foraminiferans counted)
showed little variation between stations. In the case of the
rare species, peaks of abundance are shown at Stations 4 and 11
(Fig. 4). It ceems therefore, that a study of the rare species
might be more useful for the 1dent1f1cat10n of slight env1ron-
mental differences.

From Table 1, Discorbis dimidiatus, Triloculina, Qulnquelocullna,
and Splrolocullna can be seen to have localized increases in '
density over the study area and thus might be used as species
indicators of environment.

Discorbig dimidiatus was characterlstlc of the sand bar and the
entrance  to the channel. Possibly, its distribution ig related -
to the conditions prevailing in the main part of Port Hacking.

Triloculina trigonula was the dominant species on the gduthern
slope and in the channel, while T, affinis was predomlnant on
the northern. slope of the deep basin.

Quingueloculina lamarckiana was the predominant species at
the northern end of the channel, and also on the northern slope,

Spiroloculina communis and §. lucida, which were two of the ,
most abundant species seen, were characterigtic of the deep basin,
S, communis is widespread 1n its distribution, whereas S, lucida
was p?rtlcularly abundant in the deep basin area (see Flgs.5
and 6 -
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V. CONCLUSIONS

By the distribution of various genera, different env1ronments
in Guunnamatta Bay were recognlzable.

1. The sand bar and entrance to the channel, typified by
Discorbis dimidiatus.

2, The deep central region of" ‘the bay, typified by Sgnrolocullna
lucida, .

3. The northern and southern slopes of the ba91n, typ:fled by
Quingueloculina spp. However these two slope areas mlght
reveal differences in env1ronmenta1 conditions after more;
detailed study. , :

The limited time available prevented more extensive 5mmp11ng,
and ruled against more specific conclusions. !
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ALGAL ‘PHYSIOLOGY
"PART 1. PRIMARY PRODUCTION IN MARINE ALGAE
I. INTRODUCTION
This group investigated the effects of cell denslty, culture -
age, and incubation period on rate of production in three species

of algae - Dunaliella tertiolecta, a green alga, Isochrx51s
galbani, a chrysomonad, and Phaeodactylum trlcornutum, a dlatom.

IT. METHODS AND MATERIALS

The method used was that of Jitts (1957), but with some modi—
flcatlons.

The 1light source for photosynthe51s was fluorescent 11ght of
1100 f.c. Millipore and charcoal flltered seawater was used
for all dilutions, 14

Production was estimated by measuring the amount of [ _
(supplled as blcarbonate) fixed in a set time, under constant o
conditions. ~ Bicarbonaté 1n1t1a11y present in the seavater used
was estimated by titrating with 0,01N HC1, Thus, the ratig of
labelled to unlabelled CO2 was Known. - One microcurie of 'CT-
was used in each experiment. Samples were incubated in light
and dark bottles. The dark bottles were controls, the differ-
ence in production between light and dark bottles giving net
productlon due to photosynthe51s. _

After incubation, the cells were harvested by Mllllpore £fil=-
tration and the amount of 002 fixed determined in a liquid
scintillation counter with diphenyl oxazole as the primary
scintillator (Jitts and Scott 1961).

Effeetrof'Cell Density on Rate of Production _

Samples of Dunaliella culture (in log growth phase) contain-
ing 2.37 x 107 cells per ml were diluted to the required cell
densities and incubated in light and dark bottles for 3 hpyrohe"

Effect of Culture'Age on Rate of Production
Samples of cultures of different ages - 2, 4, and 6 days -

were diluted to 80-200 cells/ml and 1ncubated for 3 hr in light
and dark bottles. This experiment was done in triplicate.
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Effect of Incubation Time on Rate of Production

A sample of Phaeodactylum'tuiture waé diluted to a concentration
of 74 cells/ml and aligquots incubated for various times in light
and dark bottles.’

III. RESULTS

Cell Densitz,Ar_gr_ ‘ - . S ‘ R

Flgure 1 shows ‘that’ the maximum rate of 140 fixation cccurred

at concentrations between 104 and 105 cells per ml. ‘ OthebeO@f
centrations 'gave ‘lower rates. =~ - - ol

Culture Age

Flgure 2 shows that dark bottles frequently gave a hlgher t4c-
fixation than corresponding light bottles. Differences’ between
1ight and dark’ bottles were generally very small and the results
might have little’ significance. Cell concentrations used were '
of the order of 100 cells per ml. The cell density experlments
showed’ that optimum concentrations were ‘between’ 104 and 107 cells
per mI. These results were not avallable at the time’ of the
cell age experlments. :

Dunaliella and Isochrxsls showed a steady decrease 1n rete of -

14~ flxatlon ag the cultures became ‘older. Phaeodactylum how-:'
ever, showed a steady increase in flxatlon with age. . )

The results obtained for each alga. depended probably on’ thelr_f
growth stage immediately after inoculation, Because a faLrly _;
large. inoculum (10 ml in 150 ml media) was used, ‘the resulting
concentratlons of Dunaliella and Isochr231s could have been such
that 1n1t1a11y they were in the log phase. This would explaln
the decrease in 14C- -fixation, 1nd1cat1ng cells passlng through
log to statiomary phase. Phazodactylum, however, might have
been at very low concentration at the time of inoculation. The
increase in C-fixation-with culture age would- then’ correspond’’
to the alga passing from stationary to log phase.

Incubztion Time =~

Figure 3 shows that an incubation time of 30 min gave the max-.
imum rate of 4o fixatien. Rate decreased with time of 1ncubat10n.

, IV,A CONCLUSION
The experlments were repeated under better condltlons after

the School. The results given above were not reproducible
and further investigations are needed,
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ALGAL PHYSIOLOGY

PART 2, EFFECTS OF pH, BUFFER SYSTEM, AND NITROGEN SCURCE
ON THE PHYSIOLOGY OF TWQO SPECIES OF PHYTOFPLANKTON

I. INTRODUCTION

There are many buffer systems now in common use in biological
studies, including some recently developed types. It is very
important that when using any one of these, its effects on .the
physiology of the organism are understocod., It is also likely
that different organisms will respond differently to different
systems, Similarly, the nitrogen source in a substrate will
probably infiuence the physiclogy of cultured organisms.

The aim of this project was to determine these effects in the
green alga Dunaliella tertiolecta, and the diatom,Phaecdactylum
tricornutum.

IT. METHODS AND MATERIALS

(Q) The Effects of Buffer System and pH

The following range of buffer sclutions was prepared:-

1. Seawater, internally buffered with HCO3/CO3 at pH 8.6 and
containing 8.6 g NaHCO4 and G.16 g KQCO3 per litre.

2. 0.9 tris/HC1 at pH 7.6, 8.6, and 9.1.
3. 0. phosphate buffer at pH 6.4 and 7.5.
4. 0.M tricine buffer at pH 7.6, 8.6, and 9.1.

The age of cultures used varied as indicated in the Results,

The following measurements wers obtained:-
Packed cell volume was measured by the standard method - centri-
fuging at 3,500 g for 1 hr. <{Chlorophyll was estimated in a
methanol extract spectrophotometrically at 668 and 635nm.
Estimates of cell numbers were made using the Petroff Hauser
counting chamber.

Gas uptake and evolution were determined by Warburg manometry
under both light (2,500 f.c.) and dark conditicns, at 20°C.
In each case, 1 ml of cells (number and volume noted) plus
buffer and artificial seawater were prepared. In the case of
phosphate, tris/hCI, ard tricine buffers, an external source
of CO, was enclosed in the flask - viz., 1 ml of 75/25 solution
HCO, and COg4 (2.0M), and 0.02 ml of cartase enzyme solution to
incfease thé rate of COp evolution, thus ensuring that the
organisms were not inhibited by lack of 602.
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_(Eormitrogen Soufce o

....Three concentrations of each “of two commonly used nltrogen
sources - NO3 and ‘NH, - were used. One ml of 10-3 10-4 “and’
. 10-5M KNO#” or- Ki--CL was added to the cell selutlon )uffered
with HCO /b03 buéfer at pH 8.6, and measurements taken, maro~
. metrlcally in both the light and the dark. The nitrogen was
- estimated in dupllcate samples-at the time of equilibration of |

the Warburg manometer, and at the completlon'of the "experiment, =~ T

o give an indication of the nitrégen uptake during the experi-
. ment. NH -N was estimated by the nlnhydrln method and NO4-N
by catalytlc reduction to N02, and estimation by the sulphanllamlde/L
" 'N-1 naphthyl ethylene diamine dihydrochloride method. ;
L The aim was to’ determlne the optlmum Tange of concentratlons,
but tlme dld not permlt further studies.

(III. RESULTS

(a) Buffer Systems o

. Table 1 shows the rate of 0, evolution by D. tertiolecta and o
"7 B. tricofnutum during the lignt period of measurement. :

TABLE 1

THE EFFECTS OF pH AND THREE BUFFER SYSTEMS OF THE PHYSIOLOGY
OF DUNALIELLA TERTIOLECTA AND PHAEODACTYLUM TRICORNUTUM

“i o ..pg Op evolved/l1.
Buffer \ M
System Dunaliella Phaeodactylum

Age of  per 10§ per mm3 per pg Age of per 10° per mm? per pg
culture "cells cells Chl a . cultire cells- cells” Chl a

pH 8-§_m_“m‘pmmw R AL Ele 4.2 - .““,9-45_‘ 3 17 4.44
Tris/MCL|* v Y 3,82 15,10  5.60 " 0.59  4.16  5.82
B 7.6 |~ 3 6 g0 550 T 0i38 T 4010 STT
Tris/HC1 " 3.64  14.40 5.34 "o . 0,56  3.96  5:57
ri 8.6 3.70  14.70  5.43 0.59  4.16  5.82
TI‘is/HCl [ERSUPITN: | TP, 3.;1 4 —— 12.-..40..._......4’_.‘_6.0........ [RTE ,-,--.‘.,‘r-:..:..:o.; 60 - ...._4:"27.-.:. 5.98, .
PH 9.1 2.18 8.60 3.20 0.56  3.98 5,60
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ul Og.evolved/i

Buf fer Dunaliella ' Phaeodactylum
System —_—

Age of per 106‘per'mm3 per'pg Age of per‘TO6 per mm 3 per pg

culture cells cells Chil g culture cells cells Chl a
Phosphate|. 1 day 2.14 8.46 1.19 *5 days 0.24  1.72 1.32
pH 6.4 L 3,06 12,30 1.72 ‘ 0.25 1.74 1.35
Phosphate| ¥ 4.41 17.50  2.46 o 0.47 3.3 2.56
pH 7.5 | . 3.32° 13,20 1.86 0.54 3.81 2.95
Tricine " 6.80  27.00  3.81 o 0.66  0.46 0.37
pH 7.6 4,03 16.00 2.26 0.93 0.66 0.51
Tricine " 7.30 28.80 4,07 " 0.24 1.72 1.32
pHE 8.6 6.35 24,20 3.5 - 0.19 1.32 1.02
Tricine 5,80  23.00 3.24 . " 0.24 . 1.72 1.32
pE 9.1 5.80 23.00  3.24 - e -

* 5 day Phacodactylum in HCO,/CO3 buffer - 1.44 u1/mm3
0.2 pl/10° cells, and 1.11 pl/pg Chl a.

(E) NltrOgen SOurcE’ Bl

Table 2 shows oxygen assimilation by D. tertiolecta grown on two nitrogen
sources. . ‘ .

TABLE 2 .. . .. LToouoio

OXYGEN UPTAKE BY DUNALIELLA ON TWO NITROGEN SOURCES

. 7 05 evolution: pl/hr/ﬁOG cells
Concentration. . - —
NO3 Substrate _ NH4 Sub;trate
03 0.845 . . .. . .. .  0.825
1074 ' 1.08° 0.825
0" ' . 0.88. o _ ) 0.808
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Table 3 shows variations in N03 and NHy concentration during
the course of the experiment.

TABLE 3

VARIATIONS IN NO. AND NH CONCEﬁTRATION.DURING THE
COURSE OF THE EXPERIMENT

" Light | , ‘Molarity of Nitrogen Scurce
N Source¥* or : -
Dark | Before Experiment =~ After Experiment Change
Nog10™% | Lignt | 2.84 %100 1.9x 00, -0.94x 107
Dark 3.4 x 107 2.6 x 10 - -0.8 x 10
NH,107° CLight |- . - . . 1.4x 1023_. S .
Dark - s ses 42 x 1070 0 L ?
NEg410” Light { =~ 1.4 XgTQ:Z;ﬁ 1.6 x 10:2. +0.2 x 10:3
o . Dark. 1.5 10 1.8 x10 7 - . . +0.,3 x 1C
NH410_5 | . Ligh‘t. 18 x 10:3 . ‘1 _4‘xﬂ10tj : .:t.fo.'-4f.. X 10_3
Dark ' { 2.1 10 1,5-x 107 7. 772006, x 10
-4

©¥ 10 . and 1Of5 NO3;1evels undetectabieA

_IV. DISCUSSION

: (é) Buffer,éistems gné.pH .
Fr%m the fésuité;it£é £0ll6Qiﬁ§Vfrends,afé‘aggargéﬁéf;;;l
Dﬁh%iﬁellgz R ' .
1. Activity in PO, buffer - pH 7.5 > pH 6.4,

. 2. Activity in trls/ﬁCl buffer -— pi 8.6 and pH 7.6, whlch
- ,glve about the same actlv1ty,'> ph 9.1.

3. Activity in tricine buffer - pH 8. 6 pH 7 6 and pH 9.1,
- which give similar results.

) ﬁ. Act1v1by 1n HCO3/CO seawater 15 comparable to that 1n'
o trlE/ﬁCl, pH 8.6 and pH 7.6, and P04 buffer at pH 7.6.

5. 'Comparing all.systems“used on the ba51s of act1v1ty per
cell number and per cell volume, tricine buffer produces
the greatest activity with the optimum pH 8.6. With
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tris/HCl and P04 buffers, activity is reduced, but optimum
pH is again 8.6. Moreover, on the basis of oxygen &volved
per pg chlorophyll a, tris/HCl igs the better system.

Phaeodactylum

1. Activity in PO, buffer - pH 7.5 » pH 6.4.
2. Activity in tris/ﬁCl buffer - does not vary-with pH.
4, "AStivity in tricine buffer - pE 7.6 > pH 8.6 and
pH 9.1.
4. The activity in buffered artificial seawater (HCO3/CO3)'A
- was much iess in 5-day cultures thanr in 3-day cultures.

5.' It is likely that, because 3-day cultures were more active,
the apparent preference for tris/ﬁCl buffer over tricine
and PO, buffers was simply an age effect.

Comparing the two species, Dunaliella appears to be the more
photosynthetically active:~ 0Op evolution/ﬂ06 cells 10:1,
Dunaliella: Phaeodactylum; Os evolution mm3 cells 4:1, Dunaliella :
Phacodactylum., However, in O, evolution/ﬁ; chlorophyll az there
was a ratio close to one except using the tricine buffer system

(tricine might actually inhibit Phaeodactylum). This might be
T doincidence but it could have been worthwhile investigating -activity
in relation to chlorophyll concentration more closely, since it
might be that activity can be assessed purely on differences in
chlorophyll concentration between cultures of different age.

An important source of error was that cultures werc not of the
same age. The 1 and 3-dayv old Dunaliella cultures were both
early in the log phase and therefore comparable, but the 5-day
0ld Phacodactylum culturc was approaching the statiouary phase.
Therefore, when the culture was diluted by half the day before
use, it is possible that it had not returned to the log phasc
as assumead. o

(b) Nitrogen Source

No conclusions could be drawn from the results. Nitrate ‘IO-4

and 1077 were present in such small quantities that they could
not be accurately estimated. For NHy 10=% there was a gdain in
NH, during the experiment and this might have been due to leach-
ing of nitrogen from the cells during centrifugation thus cast-
ing doubt on any further interpretation of data. To overcome

this a blank containing no NH, or NO4 substrate should have been
run, |
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ALGAL PHYSIOLOGY

PART 3. GROWTH OF MARINE ALGAE

71, INLRODUCTION

To estimate product1v1ty and changes in the distribution and
abundance of marine algae, the potential for rapid growth under
suitable conditions must be known. Many of the previous esti-
mates of the growth rates of marine algae have been conflicting.

This project investigated rates of growth of three species of
marine algae, and tested different methods of. estimating:changes
in growth that occur in algaz, under controlled conditions,

ITI. METHODS AND MATERIALS

Three species were studied - Dunaliella tertiolecta, a green
alga,'Phaeodactylum tricornutum, a diatom, and Igochrysis
galbani, a chrysomonad.

. Indculations were- taken from established cultures in a. state

of rapld growth and placed into 30 250 ml conical. flasks..contain-
ing 150 ml of ‘sterilc "medium £" (Wisely and Purday 1963). The -
cultures were illuminated continuously at a temperature’ af .
20°-23°C with "daylight" fluorescent light (1100 f.c.). - The
atmosphere was not enriched with COp. The flasks were shakcn
several times a day to keep cells in suspension. =

Increase in growth:of the .cultures was measurcd by taklng
estimates of cell number per ml twice a day with a Peiroff-
Hauser counter., Threc culture flasks of each species were

’*fcounted in this way for-a period of 150 ar.

"~ " Chlorophylls and packed cell volumes were measured by com= .00

;f"blnlng several of the cultures, and concentrating the cells by :
“centrifuging and resuspending in buffered artificial seawater

(pH 8. 5) This suspension was divided into several portions,

so that chlorophyll, photosynthesis, and packed cell volumes

could be estimated.

: Chlorophyll was extractad with methanol, and-the optical

den51ty of this solution was measured in a Unicam spectrophoto-

mEtery The proportions of chlorophylls a, b, and ¢, in pg o

. Qchlorophyll ‘per ml were derived ‘from the equatlons - ‘

, For chlorophylls a and b 3 . : ;1;;“Er

'“Ehlag SA3LT x -2.12x e

€e6s 645

chl b= -4.4 x e665.+-21’05 X €cus

Dunaliella
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For chlorophylls a and ¢ .
- 0.27 x e

chl a = 13.31 x e Phaeodactylum
663 630 i
chl ¢ = -8,37 x e663 + 51.72 x e630 Isochrysis

The photosynthetic rate was imeasured by Warburg manometry, sus-
pending the cells in seawater-HCO /b03 buffer at 20°C and measuring
05 exchange during light and dark pulses of 15 min duration.

ITII. RESULTS

Growth curves were plotted for all three species of algae, on
log/linear paper. Dunaliella and Phaeodactylum (Fig. 1) showed
a long period of logarithmic growth, with generation times of 20 hr
and 12 hr, respectively. Isochrysis (Fig. 1) however, stayed in a
lag phase for most of the period, undergoing a short period of
rapid growth with a generation time of 14 hr, followed by a decline
in cell numbers,

Due to a slight precipitation of salts in medium £, the packed
cell volumes could not be measured asccurately. '

Chilorophyll concentration was estimated in Dunaliellg (Fig. 2)”
and Phaeodactylum (Fig. 3),_but Isochrysis did not grow sufficiently.
A general increase in absolute chlorophyll per ml was observed in
Dunaliella (Fig 3}, while the chlorophyll content per 106 cells
was difficult to interpret on the basis of the few readings that
wvere made (Fig. 3).

The estimation of photosynthetic and respiratory rates was per-
formed on all gpecies, However, Phaeodactylum at 44 and 92 hr
and all Isochrysis cultures were too low in cell numbers to be
measured by this technique. An increase in photosynthetic rate
per 10° cells for Dunaliella was observed. However, the respiration
rate was at a minimum for the cells in the log phase, indicating that
the cells were smaller than those of the original inoculum or those
in the stationary phase. Therefore, these results are not presented,

Iv. DISCUSSION

The growth curves for each species indicate a dlfferent response
by. the cells to,lnoculatlon into a new medium. All species were
expected not to go through an appreciable lag phase after inocu-
lation. However Isochrysis did stay in a lag phase, npdlcatlng
that the medium dlffered From the o0ld environment. While the rapid
period of cell growth was short, it did show that the medium was
capable of supporting growth. Apparently, Isochrzsls was slower
to adapt to these new conditions.

V. REFERENCES

WISELY, B., and PURDAY, C. (1963).- A culture method for marine
dlatoms and flagellates Tuatara 11 20-6,
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PIGMENTS IN MARINE ALGAE

1. INTRODUCTION

Spectroscoplc analy51s of photosynthetlc plgments is often
used. to assay plant blomass and phytoplankton product1v1ty
However, this technlque has falllngs, it does not distinguish
between elther the maJor pigments, or the major pigments and
their breakdown products, A4 technique using thin-layer and -
paper chromatography which overcomes these problems has been
developed. .

This group, in a series. of field and laboratory experlments,
used thin-layer and paper chromatography to study the character- .
istics of the main groups of chlorophylls, carotenes, and their
degradatlon products,

1I. METHODS AND MATERIALS -

(a) Extraction of Pigments "

P

1. Unicellular algae were harvested by either spinning at 1500—
2000 g for 5 min in a Sorvall RC2B refrlgerated centrifuge, o

in a GSA Rotor, or for larger volumes, in the continuous plankton
centrifuge. The pellet was then extracted with. 907 acetone "
mwtil no colour remained.

Rock samples were crushed with a hammer and chisel in 100/
acetone.
Multicellular algae were first soaked in methanol to soften '

the thallus, then extracted in 100% acetone by homogenising in

a SorvallOmnimix at speed 3 for 1 min,

2. VWheén no further colour could be extracted, the debris was
spun down at speed 9 in the large swing-out head of an M.S.E.
"Minor bench. centrlfuge. '

3. The acetone extract was added to an equal volume of peroxide-
free diethyl ether.. Five to ten volumes of 10% (w/v) NaCl were
added to the acetone/éther mixture thus transferring pigments - -~
to the ether phase. The ether fraction was taken off in a sep-
arating funnel and concentrated urder a nitrogen stream (oxygen—-r
free).

4, The concentrated extract was- stored in =a SLoppered flask,
“in the dark, at -15°C.

(E)-ChroﬁatégraPhY
(i) Paper

Concentrated pigments in ether were spotted onto 22 cm2 What-
man No. 3MM paper. Solvents used were 4% n propanol in 60-80°
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petroleun ether for the first dimension, and 30% chloroform in
60-80° petroleum ether for the second dimension.

Chromatography chambers were equilibrated with their solvents
for 5 min.

Chromatograms were run in the dark to prevent photolytic break-
down of pigments. :

Resulting cliromatograms were examined under u.v. light.to 101;”
cate chlorophylls a and b, chlorophyllides a, b, and g, pheophytins,
and pheophorbldes. Non-fluorescent plgments were located in . ...
dayllght B : e

(ii) Thin-layer

Preparntlo n? 1ates e

Sucrose plates were prepared w1th 'Sunny Cane Superfine’ 1c1ng
sugar (5% cornflour). Sugar was dried at 90°C for 15-30 min,
then sieved twice through a 200 mesh sieve. Thirty grams of
this sugar were added to 50 ml 60-80° petroleum ether and hom-
cgenised for 15 sec at speed: 3 in the Seorvall Omnimix. The
plates were then spread usitg a glass folling pin technique and
dried in a.Desaga Vacuum Desiccator.

Polyethylene plates were prepared with Dow (u.s. ) polyethylene
powder - 15 g to 90.ml of A.R. acetone., The slurry was homo-
genised and spread-as above. ‘ '

Cellulose plates were prepared using 15 g of Scherlng—Ag
cellulose powder in 75 ml Hp0. Plates were prepared as atove.

Solvents

Solvent systems used were -

- Plafé-. . 1st Dimension _ _'uﬂ“.anjQimepsion
. Sucrose . - 0.6% n propanol in Q_L::12% chloroform in
’ 60-80° petroleum ether  60- -80° petroleum ether
Pol&éthyléne“, 90% acetone;in water  :A “’ 'f..'
Céllulos;_w  20% acotono in o

60-80° petroleum ether

All thin-layer chromatography chambers were lined with filter
paper and equilibrated for 5-10 . min.-~
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Spotting < ©7 i

Pigments were spotted onto the plates in the usual manner., -
Examination of the plates after running was as for paper
chromatography.

Uses of thin~layer plates

The sucrose plate was uged to separate all the caroten01ds
and chlorophylls of all marine algae.

The cellulose plate was used to separate degradatlon products
of chlorophylls a and b. VWith a solvent of lutidine-water
(10:7) chlorophyllldes a and C were separated on cellulose
plates. o _ 1

The polyethylene plate was used to separate chlorophylls ¢
and c2, pheophytins c1 and cz,'chlorophyll a, pheophytin a,
pheophorblde a, and chlorophylllde a.

(c) Specific P;gment Isolation and Determination

(1) ‘Breakdoyn Products

Pheophorbides and chlorophyllides were produced by extracting
algae in 60% acetone and incubating in the dark for 3 hr, This
allowed the action of the enzyme chlorophyllase.

Pheophytlns were produced by acidifying a 90/ acetone extract
with two drops of ™M HCl. T

(11) Elutlon of” Paper Chfomatograms ’ T '“'“’””"““””ﬁ

Plgment zones were cut from completed chromatograms and shaken
w1th an appropriate solvent.

Chlorophyll t - acetone
Chlorophyll ¢ - methanol '
Carotene - petroleum ether or ethanol

Eluted pigments were. examined spectrophotometrically.

(iii) Elution of Thin-layer Chromatogqrams

+.- Pigment zones were scraped from plates into an appropriate

solvent. After 5 min this was spun down and the supernatant
examlned spectrophotometrlcally.

(1v) Spectrophotometry

For slngle wavelength measurements, extlnctlon values were;
determlned using a Unicam SP500 spectrophotometer callbratedﬂ
with a didynium filter. a
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Full absorption spectra were determined on a Unicam $SP700
double-beam, recording spectrophotometer calibrated with a
hydrogen lamp.

IIT. RESULTS

(g) Labeoratory Studigs

The pigments present in the marine representatives-of the-
main groups of algae and in the higher plant are glven in
‘Table 1 o

TABLE 1

PIGMENTS FOUND . IN THE VARIOUS CLASSES oF ALGAE
‘ AND IN A HIGHER PLANT

" Organism -
v 5 ‘
4 —~
= = © I
8 8 508 0§ 8
8 § 5 § & ¢ <
g0 < U r [#22 o )
=] g« o & Oy | 0 &
3] ¥ o I o ] > =
. w T I Ca - ) = & o
Pignent 5 4 & 5 &% 4 & § &

Chlorophyll a + + + + + + + + +
Chlorophyll b + +
Chlorophyll c + + + " +
Carotene + + + + + + + + +
Fucoxanthin + + + +
Neofucoxanthin S+ o+ o + +
Diadinoxanthin + + + + +
Diatoxanthin + + T+ +
Peridinin _ +
Lutein- ) + + +
Neoxanthin + +
Violoxanthin + ‘ SR S

Such a distribution serves to emphasize possible phylogenetic
relationships among major taxonomic groups and in some cases
permits the identification of certain types of algae in field
samples, For example, the presence of peridinin and dinoxanthin
implies that the sample contains dlnoflagellates, and chlorophyll
b implies the presence of green algae.
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From paper chromatograms of the extracts from all the major
algal groups the Rg values charadteristic of each pigment where
determined., The average values are presented in Table 2,

Figure.i. shows.the. distribution. of the pigments on a two-dimensional
chromatogram and their approximate Rg values.

- TABLE 2

PIGMENT AND PIGMENT BREAKDOWN PRODUCT Rf VALUES

(a) Paper Chromatography

. R Rg
Pigment 9°?°“r, st Dimension. 2nd Dimension

Chlorophyll aq Blue-green 0.78 0.33
Chlorophyll a wmeeees Blyesgraen - - oo "0.76- o - 0,06
Chlorophyll b, Olive-green 0.65 0.14
Chlorophyll b ... Olive=green 0.61 ' Q.02
Chlorophyll ¢ --~Eight green--— -~ 010~ oo 0
Carotene ‘Orange 0.97 : 0.98
Lutein ‘Yellow 0.78 o 0.74
Diatoxanthin ‘Yellow o.71.- - = 0.56
Diadinoxanthin “Yellow } 0.70:: o 7 0.47
Violaxanthin ‘Yellow 0.67° - 0.40
Fucoxanthin ‘Deep orange 0.65 . 0.33
Neofucoxanthinw — -~ Deep-orange - -~ -0365-~---- - - 0.09
Peridinin Red . 0.58 _ 0.29
¥eoperidinin Red o8- 0 0,28
Neoxanthin  Yellow 0.49 0.09
Unknown xanthophyll Pink 0 = 0
Unknown xanthophyll Reéd 0.83 ‘ 0.25

Breagkdown Product

Pheophytin a Grey-green - 1.0 0.95
Chlorophyllide a Blue-green 0.25 0
Chlorophyllide-b- - - - Blue-green-..... . 8.17. 0
Pheophorbide g Grey 0 0
Pheophorbide b - Grey e o0

2700



94.

TABLE 2 (Cont.)

(b) Thin-Layer Sucrose Plate

o . Rgw . Re
Lgmen 1st Dimension 2nd Dimension
Chiorophyll a 0.864 ) 0.27
Chlorophyll b 0.58 . - 0.10
Carotene 1.00 0.93
Lutein : 0.55 0.60
Violaxanthin SUOLENN B 7 Y 0.45
Neoxanthin 0,50 . 0.20 2
.{g) Inin-layer Polyethylene Plate
: LR
Plgment:_ 1st Dimension
Lutein -:n o 0.75
Chlorophyll cT-: - .0.37
Chlorophyll ¢? 0.27
Chlorophylls a and b .77
Fucoxanthin - 0.50
Peridinin _ - 0.97

Breakdown Product

Pheophytin a 0.62
- Phecphytin b 0.70
Pheophytln c‘ 0 )
Chlorophyllide a 0.95 X
. Chlorophyllide. b .._. 0.95
Pheophorbide a 0.90
Pheophorbide b 0.89

The chromatograms obtained using sucrose plates correspond to
‘those obtained on paper, but the separatlon of plgment‘ by the
" former méthod is more compiete and very small amounts of ex~

tract can be separated effectively.
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Thin-layer polyethylene chromatograms. of some of the.break-
down products of.chlorophylls were prepared. The Rg values of "~
thege products and their colours under white and u.v. light
are given in Table 3. :

TABLE 3

Re VALUES AND COLOURS OF SOME
CHLOROPHYLL DECOMPOSITION PRODUCTS

Decomposition Product Re - Colour ~ *  u.v. Colour -
Pheophytin a - 0.80 Grey - - Red
Pheophytin b - 0.7¢C Yellow ‘Pink -
Pheophytin ¢ 0 Grey-green - -
Pheophorbide a’ 0.25 Grey Dark
'Pheophorbide b 0.22 Dark . Orange

The absorption spectra of many of the algal extracts were de-
_termined and.on these curves, peaks and inflexions corresponding
to the constituent pigments could be distinguished. One ‘example
 (the abgsofption spectrum of the brown alga, Horm051ra) 15 shown
in Figure-2.

Many*of “the major pigment zones were eluted from paper and poly-
“ éthylene-chromatograms for ldentification of absorption- spectra,
Figure 3 shows the absorption spectra for these pigments; . know-
ledge of the absorption spectra of individual pigments enables

a rough’ estlmatlon to be made of the relative contrlbutlon of

the constltuent plgments to the gross absorptlon spectrum of an
algal extract._ In addltlon ‘this can be done quantltatlvely by
means of equatlons from the ex=inction coeff1c1ents and absorptlons
of pure plgments in. the v151ble spectrum The concentratlons of |
these’ plgments in an extract can be determlned from the absorptlon
spectrum '

Iodine Isomerization of Fucoxanthin ~ *

Pure samples of leucoxanthin were prepared from Sargassum Sp. =
by paper chromatography. A solution of approx. 15 uggml in
hexane was prepared and an absorption spectrum determined.

An iodine equivalent of 0.75% of the concentration of fuco-
xanthin was added and the solution exposed to diffuse light.

The reaction was followed by determining the extinction of the .
solution at 448.7 nm every 10 min. Equilibriwm was reached with~"
in 60 min and the absorption spectrum of this equilibrium
solution determined.
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Figure 4 shows the resultant changes in absorption spectrum,
i.e. a slight shift of the maximum absorption wavelengths to-
wards the blue end of the spectrum and the appearance of a
characteristic ¢is-peak at 329 nm.

(b) Field Studies

(i) Brown Algae on a Rock Platform

A survey of the pigments of all the brown algae found on a
rock platform was carried out to discover if all.the algae.con-. .
tained the same pigments and, if not, whether differences in
pigment. composition.could be related to taxonomic. position and/
or zone on the rock platform. Eight species of brown algae-
were studied. : '

1. BSince similarities in pigment COmPOSltlon between closely
related major groups of algae have been observed, it is con-
ceivable that variations in pigment distribution within groups
if any, might reflect phylogenetic relationships.  The names
and broad classification of the brown algae studied are as
follows

Phylum Phaeophyta Class Heterogeneratae Class Cyclospéreae
Class Isogeneratae Order Dictyosiphonales Order Fucales
"~ Order Dictyotales Colpomenia sp. Hormosira  sp.
Pictvopteris sp. . . - Sargassum sp.
- Order Laminariales .
Padina sp. Ecklonia radiata Phyllospora SP.

Pocockiella sp.

2. Différences in pigment composition between major groups of
marine algae have been related to their tendency to be located
at different depths in the water and consequently to the amount
and ' nature of light reaching them. Within the brown algae,
'varlatlons in type or proportion of photosynthetic pigments, if
they exlst may be associated with their position in the littoral
or sub—llttoral zone, The distribution of brown algae on the
rock platform is shown in Figure 5. '

Paper chromatograms of extracts from the eight algae were
prepared. The distribution of their constituent pigments is
given in Table 4,
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TABLE 4

‘DISTRIBUTION OF PIGMENTS IN BROWN ALGAE -~

o . . .
-l ‘E“{ p e S
o
(3 — o @ g o
B v = I £ s
= “r u .rd - u )
Q o K] = I w0 u o
S b~ U O o Q o —
S Tt Q . ! B = i A |
Pi t 5 T & 2 3 - B
o~
FAIMEnt . . O o ) - v IS &) O Ll eal  ed
Chlorophyll a + - + + + + S + ¥
. |Chlorophyll ¢ | _+ _ _+ . + + + + + o+
[Carotene e . ¥ ,-."' Y e ettt
Vialox'anthin + + 4+ + + + + -
Fucoxanthin L T+ * + T T+ + +
Neofucoxanthln + . + + + 4 . +
) Unk#iown orange ¥ o+ + S
Unknown yellowh_ B +

A1l the algae have. the same pigments except for Pocockiella
which Yacks violaxanthin and has—an unknown orange pigment, -
and Dictyopteris and Padina which both have additional unknown.:
orange and yellow pigments. The Rgvalues for the unknown
orange compound ‘are .approximately the same:for :the three
species (Rp Dy = 0.45, Bg'D, =10, 14) . Similarly, the Rg
values for the unknown yellow compound correspond -in the two
species (Rf Dq 2 0.52,.Rg Dy = 0, 17) .The" orange,compound
- may be a’ third type ‘offucoxanthin, —It-is-interesting that - w—o
these additional compounds are found only in the. erder Dictyotales.
Absorption spectra were obtained for the eight.extracts.
“ Superficially all-absorption curves appeared.very-similar.
Using equations based on the absorption of pure.chlorophylls a
and ¢, the relative concentrations of these pigments was cal—
culated for Sargassum. . 'The ratio of the. concentration of
chleorophyll a to the concentratlon of chlorophyll c was found
'to be 7 23. N - . P T e R o

¥(11) Rock Sample es - 1n the Intertldal Zone

Limpets and other molluscs feed on algae living on: rock sur-—
faces in the intertidal zone. Pigment studies were .made to
determlne the algae and other organlsms 11v1ng on these surfaces.

v e e i e e ——— RN e = bt Lt n ceme enpr. s et = s o=
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Samples of rock were taken from four areas -
1. Main limpet zone - from horizontal rock surface of elevation .

about 5 ft.

2. Main limpet zone -~ from wvertical rock surface of elevation

about 5 ft.

3. Low water level - horizontal surface, elevation about 4 in,
Splash zone = 45%° surface elevation about 7 im.
Results of analyses of these samples are shown ir Table 5.

4,

TABLE 5

PIQIENTS IN ROCK SAMPLES FROM THE INTERTIDAL ZONE - -

Descfiption of

—

Sampling . Suspected:
Area Sample Pigments Organisms .

A Yellow sandstone with  Carotene, lutein, Diatoms, blue~
grey-green surface. chlorophyll a, green algae,
Distinct green zone fucoxanthin, neo- brown algae,
about 0.5 cm below fucoxanthin, crustaceans, and
rock surface. Limpets chlorophyll c, possibly barnn
present. myxoxanthln, pheo—'acLes.

' " phytin g, and T
astaxanthin.

2. . Sandstone with dark _Carotene, lutein Diatoms, blue-
red layer on surface. chlorophyil a, =~ ‘green algae, and
Same distinct green -fucoxanthin, neo~ brown algae.
layer as found at 1.. | fucoxanthin,_ -
Limpets and other - chlorophyll ¢,
mulluscs present. . and pheophytin ¢.

3. Finer-grained grey Carotene, chloro- Diatoms, red
sandstone. - Dark red phyll a; diadino- algae, and
and black layers on . ¥anthin, fucoxan-  possibly blue-
surface. No green thin, , . green algae.
zone. Limpets and necfucoxanthin - : L

_ barnacleg present. ;chlorophyll Er. and_
: e :pheophytin c. '
4. Orange sandstone with Pheophytin g and Little or no

black crystalline-

1.11(& lay'er on SU.I‘-' P S

face. No green zone
evident,

carotene.: [Trace

of chlorophyll a,

pheophytin ¢, -and

‘degradation pro-._.

ducts.

Living matter.
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Where there were.no, limpets there was no evidence of living
algae. Only degradat?on products were found.. Thls was 1n the
splash'zone where there would be con51derab1e dehydratlon 1n L

. summer. .. .- s bt o
: Green ‘algae were absent

(iii) Pigments in Seawater Samples

Samples were taken in Gunnamatta Bay, in the channel enter-
ing the Bay, and in the open .sea.

‘Figure 6 shows pigments present in these samples. There was
little active chlor ophyll present in Gunnamatta Bay. This cor-
relates well with another .groups finding of low 32P in the.
Bay. The large amounts of chlorophylls a and ¢ and Perldlnlnﬁ
in the channel correlates well with the large number of dino-
flagellates found in the sample from that station.

(1v) P;gments in Zooglankton

Zooplankton samples were collected from the open sea for. _
plgment analysis. Copepods made up. a large proportlon of the“
catch.. A small number of ptexupoos with green 1nterst1t1a1
masses were also present. Larger gelatlnous orga isms (cha =
tognaths and medusae) present 1n the ‘sample were. removed be
fore pigment extraction.

At least four carotenoids were detected in the copepod sample
using two-dimensional paper chromatography method. Table 6
gives Ry values for these.

TABLE 6

Re VALUES OF CAROTENOIDS IN A COPEPOD SAMPLE

Rp
Description
1st Dimension 2nd Dimension
Yellow 1.00 0.95
Pink 0.86 Q.97
ink - major 0.76 0.86
carotenoid
Pink 0.65 0.67

The absorption maxima of both the total extract and the
major carotenoid were at 472-473 nm,
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The four carotenoids separated came from large numbers of
salmon tinted copepods. The yellow pigment was a carotene type
compound and the pink zones were probably esters of astaxanthin.
A small amount of chlorophyllide was detected. This was probably
a breakdown product of chlorophyll from phytoplankton eaten by
pteropods present in the sample.

IVv. CONCLUSIONS

Paper‘chromatography and sucrose thin-layer chromatography
give the same type of separation for chlorcphylls and caroten-
oids. Sucrose plates however, have the advantage that very
small amounts of pigment can be used and separation of plgments
is better,

Paper and sucrose plates do not separate degradatlon products
of chlorophylls., To separate these polyethylene plates are
used, and these also completely separate chlorophylls c1 and c2

Chromatographlc techniques are a toocl for phylogenet:c
classification and identification of most types of plant chloro-
phylls and carotenoids.

Thig project has given some idea of the varlety of algal
pigments adapted to light absorption at the blue end of the
spectrum, This correlates well with the lack of red light
reaching phytoplankton in the sea.
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Fig. 1 - Two-dimensicnal chromatogrem of pigments found in marine algae.
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Fig. 6 - Thin-layer chromatogram (polyethylene plate; 90% acetone) of pigments in water samples from
Gunnamatta Bay, the channel entering Gunnamatte Bay, and the open sea,



ZOOPLANKTON

‘fI. IVTRODUCTION S

A study was made of the dlstrlbutlon and abundance of zoo-
plankton+in *Gunnamatta Bay. - The study-related’ dlstrlbutlon
to tidal ‘water movement and’ p0551b1e vertical-migration’ in’ some

"l gpecies’ - The species diversity in several areas, 1nslde and

“outside thé bay, was calculated using: herbivore copepods as o
a group which occupy a-well defined, wholly: planktonlc nlChE. B
The sampling pattern covered diurnal and tidal variations,

The sampler was a conicalfnylon.net"dfxmouth;arEa;OJ25um2

and mesh aperture 0.5 mm. The net was towed horizontally,
attached with a 3-leg. bridle about 1.5 m above a-20° ‘1B weight.
Towidg time was approx. 60.sec. A TyS.Ki-flowmeter’ (o~ 694)
was suspended..in the: mouth of the net at ‘aboit one - quarter o f
a radius .from the ring.: This’ p051tlon was ‘used becaiige the
flow ‘theré ;is nearer mean mouth velocity (Tranter and Herdn
1967), The volume filtered was calculated using the formula =

<
\

= 0.167 At (%«4 0.011)

where_y;fAvolume sampled ( 3):;.2
A= mouth area of net: ( 2):
time of tow (sec)

It
i

c = flOWmeter revolutlons, and

T 0.167. and 0.011 are constants approprlate
‘““"to meter Nﬁ. 694 e " ’

Temperature and.sallnlty were measured using an inductive
salinometer (Brown and Hamon 1961).

Species diversity was measured by the method of MacArthur
(1965). If successive individuals in a.census were independent
of previous ones, H = - & :p4 loge Pi is an appropriate

. _ i= 1 :

measure of the uncertainty of the specific diversity of the
next individual in the census; The number of species is n;
and p; the proportlon of the total number of 1nd1v1duals which
belong to the ith species. If the exponential of. H (e¥) is
‘calctulated -this gives the number of "equally démmon ‘specigs,
which is a measure of species diversity. In this way, changes
in species diversity can be compared with environmental changes.
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IIT. RESULTS

Figure 1 shows the sample locations in the four main sampling
areas., Temperature and salinity measurements were tiken both
inside and outside the bay and together with data from cther
groups (e.g. Hydrology) seem to indicate that, on the early in-
coming tide; the water mass entering the bay is much the same
as that which left on the previous receding tide. On the latter
part of the incoming tide, there seems to be a main current from
the channel along the eastern side of the bay. This current
probably mixes fairly quickly.

(a) Horizontal Distribution

(i) Distribution of Salps and Doliolids

Figure 2 shows a decrease in the density of both species go-
ing into the bay. Thalia democratica and Doliolum denticulata
occur in equally high densities outside the bay, -at Station I,
In the chamnel, at Station II, the density 1s lower than that
at the end of the bay (Station IV). Table 1 shows salp and
doliolid density for specific samples. :

TABLE 1

ACTUAL DENSITIES OF SALPS AND DOLIOQLIDS
IN SELECTED SAMPLES
(No, per 100 m3)

Sample  g1ps  Doliolids SFPLe  giine policlids
0. No.

3 6 95 12 300 145
4 0 18 13 4 8

6 64 64 - 14 0 0
7 18 12 15 8

8 0 30 16 0 24

9 0 13 17 0 12
10 0 7 21 12 12
19 8

68 24 . 115 . 150
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(i1)

All spec1mens collected were larval stages.

Dlstrlbutlon of Pseudeugggu511ds T

At Al étationé

a mixture of Calxgtogls 2 and 3; and Furcilia ranging in length

from 1.8 to 3.1 mm were collected, and all stages were 1ncluded
in the final count.

The raw data thus obtalned were comblned to give average fre- -
quencies per 100 m” in sampling areas I, II, and ITI and IV
The results are- shown in Flgure 3

(1i1i) Distribution of the Larvae of a Species of Callianasgidae

Table 2 and Figure 4 show the density of callianassid larvae
at stations inside and outside the bay. The overall den51ty '
increases further inside the bay. However, while at. Statlon 11T
there are more animals at the lower 1eve15, at the end of the
bay (Station IV) they concentrate nearer the surface. . This
was also observed during the night,

~On an incoming tide the concentration was highest at the end
of the bay on the surface, while on the outgoing tide there
are equal levels in the middle and the end of the bay.

TABLE 2
DENSITY OF DECAPODS AT THE FOUR

SAMPL ING “STA TIONS
(No. per 100 m3)

Date May 24 May 25 May 25 May 29 " May 30
Time _016625390 01001200 1530-1630. | 1900-2000  ®)00~1100
Tide Outgeing Cutgoing Incoming Incoming Incoming
Sample Nos 2-5 6-12 13-16 17-21 - 22-25
Depth Sﬁrface 5m {Surface |5 mjSurface(5m 9nzsurface1‘i'm'”89?£ece 5m

(a) Callianasid spp. Larvae L
11 - - 80 |80 - - 30 -jef’ Y36 24
11| 700 - 70 |- 60 |- - - - -
Station —_—
11l 240 [ 380 { 300|480 15_:.1gq2105'”230 380 | 30 -
v 100 - 400 go| - - 390 | 140 480 -
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(p) Brachypran SPP. Zoea

Station

I.

11

I1I

v

- - | 20| 150 Lol -} -] 10] = |3l 55
420 - |40 -l 7y - | - == - -
140 | 320 | 250 | 280 [100| 23).450| 180)140 | 11} -
2600 | - | 190 ] 200] -] -] - [2600{430 { 15| -

(i) Distribution of the Cladoceran, Pemilia schmackeri

(iv)"

Distributioh'of-Brachyuran Zoea

Table 2 gives the density of zoeas in the bay for-all samples.

Figure 5 shows densities for selected samples.
the same speciés, but at all stages.

Figqure 5

The zoea were of
shows that on

the outgoing tide there is an even distribution of zoea’ through=~
out the bay, with the greatest numbers in the middle of the bay.

On the incoming tide, during the night,

at the end of the bay.

they were concentrated "
Although there was no significant differ-
ence between the surface and 5 m during the day, a large comn=

centration was observed at the bottom on one occasion, and during

the night a very high surface concentration was observed at the

end of the bay (Station IV).

- Figure 6 shows the densities of P. schmackeri at the vérf&ﬁs
During.a receding tide, P, schmacknrl was’ |

sampling stations,
distributed equally between the middle of the bay (Statlon TII)

(b) Vertical Distributions

.-and the channel.(Station II} at the surface (Fig. 6a).

:-(Flg. 6b)..

Figure 6c shows that on an 1ncom1ng tlde durlng the mornlng
or the afternocon the species was. found mainly in the middle of
a very small proportlon is |
found- outside. (Station. I). and in the channel (Station II). o

Figure 64 shows that at night there is a vert1ca1 m:gratlon a
- -of P,

the bay (Station .III).

Howvever,

schmackeri to the siurface at Statlon IfI,

These figures for the distribution of P,
-that-there was a vertical migration to. the surface of the bay,
This result is best demonstrated by 'taking the ratio

at night.

of the distribution.at.the surface to that at a depth of four
to five metres for the samples in the middle of the bay

Large
numbers occurred at the bottom of the bay durlng the day

schmackerl show '

(Station III). where the .numbers of P. schmackeri per: cubic
metre’ are greatest (Table 3).
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CTABLE 3 -

RATIO OF DISTRIBUTION OF PENILIA SCHMACKERI
B . AT THE.SURFACE. TO .DISTRIBUTION.AT. 4-5 Mo e
' AT STATION II1

L sunface Denszty 4~5 e 51ty Surfac?// R
e - e TGS (No-/3  Jaw

. _mmmvw”.tuj;wﬂune_“_ .“"1 _ = - T
....May 23 ... Receding Moraning..... .2.18 . ... .mm3jm&1m“ﬂm.WMJENMQ.GG3M“”

‘May 24 Receding Morning 7. oo”\ 025,000 1 - - 0.280 -
May 30 Incoming Morning 15 OO 20.20 O 680

Night .
‘*TMay"Qg}'"“IhCBﬁfﬂé"EﬁéﬁiﬁQ””“i“79;00  g T T E020

j . i (11) Dlstrlbutlon of the Decapod, Luc1£er hansenl
. , Table 4 shows the total dlstrlbutlon of L hansenl at a11 statlons
Flgure 7 shows the vert1ca1 dlstrlbutlon at Stations III anﬁ iv
- __(1n the bay proper) in_ the: mornlng, afternoon, and evenlng.; There .

was a high density at the bottom on the afternoon of May 25 and
a very high density at the surface on the night of May 29.
_Densities at other times vere variable, but always 1ow. . __ ... ..

(iii) Distribhtibn of a Cumacean

A spec1es of cumacean was observed on the night of May 29
(Table 4) ? Den51ty just outside the bay was greater than 1n51de,
although significant numbers appeared in the bay.

”ﬁég)ilbistribution of Qstracods

A swarm of ostracods: wag. found in night hauls on May 29. Simi-
~lar swarms were found durlng the 1966 School. No specimens . . .. ..
T vere Found in daylight hauls ‘taken prior to May 29, and rela-
plvely féw were found in the haul taken on May 30 (Fig. 8).
TTTOther “groups found the ostracods living on the bottom in

sediment samples.

' i

i H
g o e

I .
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TABLE 4
DENSITIES OF SOME CRUSTACEA AT THE SAMPLING

STATIONS
Date May 24 May 25 i May 25 May 29 May 30 )
Time = 0100-1300 | 0700-1200" 1530-1630 1900~2000  0100-1100
Tide Outgoing | Optgqing ‘ In;oming ) Incom;ng I#¢¢W§FQ B
Sample Nos . 2-5 ‘ 6-12 ) 13-16 17-21 22-25 ]
Depth purfacel 5 m|Surface| 5 m [Surface !5‘m 9 m|Surface; 5 m{Surfacef 5 m

(a) Lucifer hanseni

il - -1 12 0 ~ -{~-1 4 -~ 82 55
i 24 | - 3| - 0 - - - - - -
Station -
I1I 0 0 20 3 0 . 231260 640 290 11 -
vl 180 - 11 8 - - |- 530 | 440 15 -
(b) Cumacea
I 160
I . _ L Not
Station . . Not found ) o © found:
Corrrlc ‘ 18 1 16
IV ) . 36 50
(¢) Ostracoda (Pyrocypris a;uminata)
b , | | 2320 | 51 | 208
IT
Station Not found
IIT 2450 7670 3.7
IV 1940 47301 1150
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(c) Species Diversity

representative of the four major sampling areas..’ Where possible
identifications were made to the specific level (Mori 1964). - ‘

Calanoids x and y could not be identified even to the generic '
level but are different from each other and from all other
species found.. ' .

TABLE 5

NUMBERS OF ALL HERBIVOROUS COPEPOD SPECIES IN SAMPLES
QUTSIDE AND INSIDE THE BAY

- Sample. Numbers

Species o ﬁOutside .iﬁéi&é_

6 - 12 24 25|13 9 19 23 3 10 11
Acartia erythrea. 10 23 0o 0] 5 6 10 17 14 200 380 7.5
Temora turbinata’ .8 60 308495 "2 3 6 1 115 40 7.5
Tortahus forqipatﬁs..':Lﬂlr o 92: '101 6 .9 237 13 5 .71 11 6
Canthocalanus pawper| 13 17 12 1| 0 o 0 0 0 0 00
Eucalanus attenuatus 3 1 4 0 0 0 0 0 0 0 0 0
Labidocera sp. 2 3¢. 3Q.. 0.y .0. 0.0 0O O 0 3 0 0
Scolecethrix danae 150 6 44 0. 6 0-.0 o 0. 0 . 0 0
Euchaeta marina 13- 1 118 1751 ¢ @ 0o o © 2 0 O
Acartia danae 6 43 o 0] o 0 3 0. 0 0 00
Labidocera acutum "~ | ©° 17 0 20 o) o -0 0 0. Q 0 0
Calanoid y o 0 4 o0|0 0 o0 ©O0 b 0 00
Pontellina sp. o o 16 ol o o o o 0o o0- 00
Pontella sp.... . |..0 o 4 o]l o o o o0 "0 o 0 a
Calocalanus pavo 0 12 Q- 0 0 0 o - 0. . 0. : 0.- 0 @€
Undinula vulgaris ¢ o.720 0]lo o6 o 0.0 0 00
Nannocalanus minor C 0 208 150 _ 0 -0 0 o} 'd ,£0 0 0
Centropages sp... | o 0.2 3l o 1 0o 2 o 00
Calanopia thompsoni . 0O o] -0 0 o 0 .-4 0 | 0 0 0
Calanoid x o o o o]J]o o ©o © 5 0 00
Acartia clau;i 0 0 0 0 0 0 0 0 2 0 0 0
Eucalanus pileatus 8] 0 0 0 Q 0 ‘O 0 1 0 o 0
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The order of samples in Table 5 is - from-the marine to the bay
area. -Most species except Acartia erythrea, Temora turbinata,
and. ortanus forc1patus are restrlcted to the marine area., The
densities of these three copepods were found to vary widely for
different stations, and other lesgs frequently encountéred -
species dominated in partlcular samples, Scolecethrix danae,
for example, far outnumbered any other §pecies in Sample 6.

This occurred, however, only in the marine situation;- one’ or
more of the three copepods always dominating in the bay. In
general then, the results show that the bay has no copepods
peculiar to-it; except for Calanopia thompsonl all are- found
in the marine environment.

This dlstrlbutlon is reflected in the spec1es dlver51ty
¢stimates {Fig. 9).

. Species numbers are: hlgher in the marine samples and fall to
“befijeeri 3 'and 5 £or the bay and channel,- One exception to this
. is Sample 3, taken at the surface in Gunnamatta Bay, durlng
very rough weather, Similarly, valués of e (E) and "H'are

. higher outside the bay. In Sample 24, for example, there are
roughly 6 speciesoccurring with about equal frequency.’ RES
contrast to this is the average of 2 to 3 for bay samples. df
the few rarely occurring species in the bay are omitted, then

H and e values for Acartia erythrea, Temora turblnata, and
Tortanug forcipatus are barely changed. .

IV, DISCUSSION

(a) Horizontal Distributions

(i) Distribution of Salps and Doliolids

The density of the doliolids is consistent with the counter-
clockwise circuit of the incoming water through the tay. On
the outgoing tide, low densities in the channel are typical of.
bay water. This water might dilute the other stations at very
low tide. On the incoming tide, the channel still contains
. some returning bay water.

At Station IV the salps are absent. They might detect the
‘bay water and swim away from it, or be caught by bay predators.
The doliolids are apparently more tolerant and are carried to
the end of the bay. Highest densities occur at high tide.
Lowest densities occur at low tide, when complete mixing with
bay water has taken place.

To find when the higher densities of salps and dollollds in
the outside water enter the channel, sampling over the full
. range of an incoming tide is necessary. Sampling on the east
side of the bay would show the dollolld movement
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(ii) Distribution of Pseudeuphausiids

The general pattern of distribution agrees with the anti-
clockwise pattern of water circulation suggested by movement of
salps and doliolids.

Numbers.in the bay showed a tendency to decrease over the

period. The decrease might possibly be correlated -with a change

in the amplltude of the tides. The difference between maximum
high and minimum low decreased from- 5 £t 11 in., on May 25 to .
3 £t 4 in. on May 31.

The distribution might be explalned if the pseudeuphausiids
in the bay were washed in from a relatively large population in
Port Hacklng, when the tidal amplitude was large and much of the
bay,water was exchanged. .As the amplitude decreased the larvae -
became trapped in.the bay, and few more were washed in, Pre-
dators and lack of food could then quickly reduce the numbers
in the bay.

More detailed and prec1se 1nformatlon ig necessary to support
this hypothesis. To obtain such information sampling in and
around the channel is necessary at all periods of the tldal '
cycle, : ’

(iii) Distribution of the Larvae of a Species of Callianassidae

The callianassid larvae found probably represent the young of
a permanent bay population living in the bottom sand as they are
not found in. significant numbers outside the bay. They move
with the tidal current up and down the bay, and individuals
collected outside might have been washed out from the inside
population. There is evidence of an unfavourable environment

at lower levels in the end .of the bay, since. the larvae are not..
found there in great numbers whereas they are found at low levels

in the middle of the bay. There is no evidence of a diurnal
rhythm, the distributions during the day and night being.-the
same., Bottom samples 1nd1cate a marked preferencefbr deep water,

(iv) Dlstrlbutlon of Brachyuran Zoea

The brachyuran zoeas showed similar horizontal distribution in -

the bay to that observed for callianassidae. They were most
highly concentrated in the middle of the bay during outgoing
tides. It is impossible to separate clearly diurnal movement,

if it occurs, from tidal movement, but the high concentration at

the end of the bay during the niglit, coupled with even distri=-
bution on the outgoing tide on May 30 indicate vertical diurnal
migration, and some ability to maintain position in the bay.
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(b) Vertical Distributions

(i) Distribution of Penilia schmackeri

During a receding tide in the morning, there 'is an equal dis-~
tribution of P. schmackeri at the surface between the chHanhel
(Station II) and the middle of the bay (Station III) (Fig. 6a).
This indicates that P. schmackeri is being carried out with the
receding tide. However, the greater percentage of the spec1es
is found at the bottom of the bay (Fig. 6b). This might be
the result of a diurnal response.

For an incoming tide durlng the afternoon or morning P. schmackeri
is found predominantly in the middle of the bay (Fig. ‘GEY. How-
ever, the presence of a significant number of P. schmackeri out-
side the bay (Station I), and in the channel (Station II), during
these incoming tides, suggests that for receding tides during the
day or during the night a considerable number of the P. schmackeri
at the surface in the middle of the bay (Station III) will be
carried out of the bay.

At night there is a vertical migration of P. schmackeri to
the surface at the middle of *u2 bay (Station III), This appears
to be a diurnal migration. .

Probably; the migration of P. - schmackeri is only a diurnal
response. It is not adjusted to keep from being washed out of
the bay by the tides. This conclusion could be verified by
taking samples during a late receding tide at night when a sig-
nificant number of P. schmackeri should be found at Stations. I
and II. A better picture of the distribution could also be ob~
tained by taking samples on either side of the bay.

(ii) Distribution of the Decapod, Lucifer hanseni

L. hanseni showed a marked vertical migration whick must occur
in the early evening. .In the morning, small numbers were pre-
sent at the surface, but by the afternoon they had probatly all
descended to the bottom of the bay, at least in the central area.

Although L, hanseni is not congidered an estuarine spec1es,
large numbers were not observed outside the bay, suggesting that
this might be a bay population. Further sampling would be re=
quired to clarify this. Further sampling at variocus depths.
could elucidate the diurnal movements of this species.

(iii) Distribution of a Cumacean

The unexpected appearance of the cumaceans indicated that there
was a population living outside and perhaps inside the bay. The
diurnal movement might not be a regular feature of this population.
Co-operation with benthic studies could elucidate the behaviour
of this species.
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(iv) Distribution of Ostracods

Ostracod swarms were found in nlght ‘samples taken by both the
1966 and 1967 schools, so it seems likely that they usually
move towards the surface at night. They are rare in daylight
surface gamples, so presumably return to the bottom during the
day. .

The sample taken at Station IV on May 30 was taken relatively
early in the morning and presumably caught ostracods whlch had
not sunk to the bottom for the day. ' )

Thls ev1dence 1nd1cates that the ostracods have a dlu“nal ‘
cycle of vertzcal mlgratlon.

(¢) Species Diversity

The limited penetration of copepods into Gunnamatta Bay is
reflected in the species diversity values. Only one high value
for species numbers was obtained within the ‘bev and this was
probably due to outside contaminatién during rough-weather,

LU ulver51ty can be interpreted as an indication of environ-
1'rlenta.'l extremes and can result in unstable populatlons. Longer
observatlon ‘'would be necessary to show any extreme of either
temperature or salinity, Compared to the’ marine region campled,
the bay exhibited less variation for both these factors.’
Another possibility was suggested by study on 32p uptake and
plcnent concentration. The bay appears to have low levels of
phytoplankton with low activity. Thus, ‘the lack’ of food might™
impose limits on which species of the outside copepoﬂs ‘which
are belng washed into the bay on every tide can survive 1n51de
the bay. No definite ev1dence of populatlon 1nstab111ty was'
observed over the short perlod of observation.

V. CONCLUSIONS

Planktonic animals such as dollollds, which live mainly out-.
51de the bay, are brought into . the bay by the tide, where, ‘they
will-die or be’eaten. -Other anlmals, which live malnly inside
the bay, can be carried outside on the receding tide. ‘Animals
such as the cladoceran, Penilia, show a marked vertical mi-
gration to the surface at night. There appears to be no
mechanism to stop Penilia from being carried out of the bay
on the receding tides at night. This source of drain on the
population must bes made up by high reproduction.

The distribution of plankton favours the idea of a counter-
clockwige circulation in the bay. During the later part of the
receding tide and the early part of the incoming tide the
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channel and the area immediately outside contain animals
characteristic of the bay. It is only during the later part of
the incoming tide that animals characteristic of the outside .
water .enter through the channel.’ These animals then appear

at the far end of the bay before the water is mixed arnd the
animals dlsappear.

The low species diversity of the copepod herbivores inside
the bay suggeststhat the bay is-more dlfflcult for this group
to survive in than the outside water, The three copepods which
successfully colonised the bay, could elther be more efficient
at living on the low phytoplankton levels existing in the bay
or be more efficient at escaping the predators which would be
characteristic of this type of. shallow. bay.
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