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INTRODUCTION

Scattering layer as recorded on an echo sounder paper is caused
by the difference between the water mass and the presence of
zooplankton.,

In this paper, the relationship between the scattering layer and
some hydro-biological factors in the South China Sea is discussed
based on the records obtained during the survey cruises of RV
CHANGI in April, June, and September, 1972. The diurnal vertical
movement of scattering layer and the composition and biomass of
zooplankton are also discussed.

MATERIALS AND METHODS

Oceanographic observations were catried out by the 390-ton
research vessel, CHANGI, of the Marine Fisheries Research Depart-
ment, Southeast Asian Fisheries Development Center (SEAFDEC),
during the months of April, June, and September, 1972, The locations
of the sampling stations are shown in Fig. 1.

TRACINGS OF FISH ECHO SOUNDER

Tracing records of scattering layer, fish schools, and depth of the
sea were obtained by a fish echo sounder. These tracings were com-
pared with the depths of thermocline and halocline, and plankton
biomass. The echo sounder used was the SR-II type of high fre-
quency (200 kc) made by Kaijo Electric Co. Ltd., Japan.
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WATER TEMPERATURE

Continuous graphical records of water temperature in the sea
were obtained by Bathythermograph (BT). The depths of the ther-
mocline were read from BT records. Water samples for the deter-
mination of salinity were collected by Nansen reversing bortles at
depths of Om, 10m, 20m, 30m, 50m, 75m, 100m, and 150m. How-
ever water samples near the bottom were collected at 3m above the
sea floor. The temperature of each depth was measured by a pair
of reversing thermometers attached to the Nansen bottles and the
results were compared with those recorded by the BT.

SALINITY

Salinity (°/oo) was computed from the specific gravity of the
sample measured by the Akanuma type hydrometer. The results ob-
tained were standardized with Standard Sea Water (P55 prepared
in Denmark). Depth of halocline was estimated from interpolation
of values of salinity in each depth at each station.

PLANKTON

Plankton samples were collected by vertical hauling from 5m
above the sea floor, or from a maximum depth of 150m from the
surface. The zooplankton net used was the North Pacific standard
(Norpac) net with a mouth diameter of 45 cm. To analyze the rela-
tionship berween plankton biomass in each depth stratum and scattering
layer at the desired station (04°50'N, 104°00E), the samples were
collected from three layers (0-20m, 20-40m and 40-60m) by a type
of closing net with 25 cm diameter and 24 meshes per cm. Each net
was fitted with a flowmeter at the center of its mouth to measure
the total volume of water filtered through the net. The collected
samples were preserved in 5% neutral formalin. The plankton bio-
mass (mg/m*) was determined by wet weight method, and the sam-
ples were sorted into some main groups, and the individual number
of each group was counted.

RESULTS

Scattering layer
1. Types of scattering layer

From the analysis of all samples, the patterns of the scattering
laver were classified into four main types (Fig. 2) described as
follows:
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Type A: When the scattering layer occurred at the upper
stratum of the thermocline (Fig. 2-A).

Type B: When the scattering layer occurred in the mid-stratum
of the thermocline (Fig. 2-B).

Type C: When the scattering layer occurred at the lower
stratum of the thermocline (Fig. 2-C).

Type D: When there are two or more scattering layers that
coincided with respective numbers and/or strata of
thermocline which may occur with a combination of
the foregoing types (Fig. 2-D).

2. Thermocline and scattering layer

The depths of the thermocline (y) and scattering layer (x) ob-
tained from different stations were compared and shown in Table
1 and Fig. 3. Linear curves (y = x) were obtained in all types.
Thus, the depth strata of the thermocline exactly coincided with the
depths of the different types of scattering layers.

The depths of thermocline and scattering layers were observed
to change within a short interval. This phenomenon may be due
to the movement of the internal wave. Fig. 4 shows the obvious
shifting of the depths of thermocline and scattering layer within a
lapse of only 12 minutes (01:13 hr to 01:25 kr). At 01:13 hr, the
depths of thermocline were recorded at between 38-49.5m and 49.5-52m
while the depths of scattering layer were recorded at 38-39 m (Type
A) and 49.5-52 m (Type A). At 01:25 hr, the depths of thermo-
cline shifted and occurred in between 20-29 m, 29-35m, and 35-44 m,
while the depths of scattering layer respectively followed at 20-22 m
(Type A), 27-29 m (Type A) and 33-35 m (Type C)

3. Halocline and scattering layer

The problem on why the scattering layer at times occurs either
at the upper, middle, or lower depth stratum of the thermocline was
encountered. The phenomenon may not only be atiributed to the
temperature, but may also be related to the halocline (discontinuity
layer of salinity).

To confirm which one has a greater influence on the scattering
layer, thermocline and halocline were therefore analvzed. The results
are shown in Table 2.
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11 TABLE 1. Comparison of the depths of thermocline and scattering
} layer
Depth of Depth of
Stn. Time thermocline scattering
No. Date (hr ) by BT (m) layer by Type
echogram (m)
| 4A 22.4.72 13:00 20 =26.5 20 A
| 22 2.5.72 08:00 32.7 =50.5 32,7 A
10 18.6.72 17512 14 =15 14 A
14 19.6.72 07:51 12 -14 12 A
16 25.9.72 04:55 29.5 =34.5 29,5 A
7 25.4,72 23:55 9.7 -13.7 11.7 B
29 10.5.72 12:53 20 -24 22 B
3 17.6,72 16:05 34 =40 37 B
11 18.6,72 23:14 7 =13 10 B
26 25,6.72 14:45 24,2 =35 29.6 B
28 27.9.72 14:54 37 =43.5 40,2 B
3 21.4,72 20:12 20 =25 25 c
11 26.4.72 04:00 10 -18 18 c
| 4 17.6.72 20:45 34,5 =40 40 (]
6 18.6.72 03:15 21 =30 30 C
18.6.72 10:03 10 -13 13 c
11 24.9.72 18:08 36 =44 44 C
2 17.6.72 05:30 20 =24 22 D
28 -36.7 36.7
7 18.6.72 07:36 9.5 -11 11 D
20 =-24.2 24,2
14A 19.6.72 18:39 7 =9.7 9.7 D
9.7 -19 14
16 21.6.72 17:20 11 -14 11 D
15,2 -18 15:2
17 21,6.72 19:24 9,7-12.7 9.7
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TABLE 1. Comparison of the depths ol thermocline and scattering
layer (Continuation)

Depth of Depth of

Stn. Time thermocline scattering

No. Date (hr ) by B T (m) layer by Type

echogram(m)

17 21.6.72 19:24 12,7 =18 12,7
18 -19.7 19,7 D
36 -38 36

18 21.6.72 22:43 15.7 -18.3 17 %
24 =29 29 D
29 =31 31

19 22.6.72 18:37 28 -29 28 D
28 =29 29

20 22.6.72 20:52 18  -24 22 D
37 -39 37

21 23.6.72 16:49 11 -15.5 15.5
33,5 -35.5 35.5 D
34  -36.5 36.5

22 23.6.72 18:48 10 -13.5 10
13 -16 13
13 =16 16 D
21,7 -25.2 21,7
21.7 -25.2 25.2

B 21,9.72 16:04 44 =55 44
55 =61 55 D
55 =6l 61

o 21.9.72 18:09 50 =59.5 50
50 -59.5 59.5 D
59.5 -65 65

6 21.9.72 19:49 29 =335 33.5
46 =50 46 D
55,5 =58,5 58.5
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the depths of thermocline and scattering

Depth of Depth of
Stn. Time thermocline scattering
No. Date (hr ) by BT (m) layer by Type
echogram (m)
6A 21.9.72 21:20 22 =26 22
22 =26 26
39 =40 39
49.5 =52 49,5
49,5 =52 52 D
54 =38 54
54 =58 58
62 -66 62
62 -66 66
7 21,9.72 07150 47.5 -52 47.5
47.5 =52 52 D
54 =58 58
7A 22.9,72 15:00 46 =50 50
56  -61.5 56 D
56 =61.5 61.5
€5 -68 68
78 22.9.72 15251 41 =44,5 41
50 -56.2 50 D
50 ~56.2 56.2
8A 23.9.72 19:38 41 =45 45
45 =30 50 D
55.8 =56 55.8
56 -=59.8 59.8
9 23.9,72 18:34 45.5 -46.5 46.5 D
50 =55 55
10 23.9.72 20:19 3 -34 32
45 =44,5 44,5 v
51 =55.2 51
51  -55.2 55.2
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TABLE 2. Comparison of the depths of halocline, thermocline end scat-
tering layer at Station 4 off the Malay Peninsula on 22 April
1972,
Stn. Time Depth of Depth of Stratum |Depth of
No. Date (hr ) | halocline of thermocline scattering | Type
(m) same as scat= layer (m)
tering layer (m)

4A |22.6.72 | 13:00 20 20 (upper) 20 A
22 2,5.72 | 08:30 |none present | 32.7 (upper) 32,7 A
10 18.6.72 | 17:12 14 14 (upper) 14 A
14 |19.6.72 | 07:51 12 12 (upper) 12 A
16 [25.9.72 | 04:55 29.5 29.5  (upper) 29.5 &
7 25.4,72 23:55 11.7 11,7 (mid) 11.7 B
29 10.5.72 12:53 22 22 (mid) 22 B

3 17.6,72 16:05 37 37 (mid) 37 B
11 18.6.72 23:14 10 10 (mid) 10 B
26 25.6.72 14:45 29.6 29.6 (mid) 29.6 B
28 27.9.72 | 14:54 | none record | 40.2 (mid) 40,2 B

3 21.4.72 20:12 25 25 (lower) 25 C
11 26.4.72 04:00 18 18 (lower) 18 Cc
4 17.6.72 20:45 40 40 (lower) 40 c

6 18.6.72 | 03:15 30 30 (lower) 30 [

8 18,6.72 10:03 13 13 {lower) 13 C
11 24.9.72 18:08 44 44 (lower) 44 Cc
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When the halocline existed in the thermocline, it was found that
depths of the scattering layer and halocline coincided within the
upper, middle or lower stratum of the thermocline.

4. Plankton biomass and scattering layer

The relationship between zooplankton biomass and tracing
record of scattering layer was compared at six stations in the Sep-
tember survey cruise off Borneo in 1972, The results are shown
in Table 3.

An average zooplankton value of 109 mg/m® (33%) was ob-
tained in depths, from 40 m to 0 m, without scattering layers. In the
same manner, the value of 221 mg/m® (67% ) was obtained in depths
from 5 m near the bottom to 40 m where the scattering layers oc-
curred. The results indicated that depths whete the scattering layers
occur have higher zooplankton biomass than depths without scattering

lavers.

Vertical distribution of zooplankton
1. Vertical movements of the scattering layer

The diurnal vertical movements of scattering layer were ob-
served at all the surveyed areas in the South China Sea. The ascend-
ing movement of the layer from the deeper water towards the sur-
face was clearly shown on the echogram soon afrer sunset (18:00 —
19 :30 hr). It was also recorded thar the layer slightly scattered
or descended from the surface rowards the deeper water before sun-
rise (05:00 — 07:00 hr). Except for the above-mentioned periods,
the scattering layer became stable upon reaching the thermocline and
halocline at each of the stations.

2. Vertical distribution of total zooplankton biomass

The zooplankton biomass observed during the period of survey
at station 4 (04°50'N, 104°00° E) in April, 1972, is shown in
Table 4 and Fig. 5. The average total zooplankton biomass col-
lected from 60 m to the surface in the daytime was 253.9 mg/m*
which was close to that of 261.6 mg/m® at nighttime. However,
the biomass at the upper 20 m stratum at nighttime (48% of the
total) was higher than those of deeper strata (27% at 20-40 m and
25% at 40-60m), whereas the biomass in daytime was more evenly
scattered (37% at 0-20 m, 34% at 20-40 m and 29% at 40-60 m).

RELATIONSHIP BETWEEN SCATTERING LAYER AND
OCEANOGRAPHIC FACTORS

TABLE 3. Comparison of Plankton biomass and tracings of scattering

layers of six stations (off Borneo).
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TABLE 4. Vertical distribution of zooplankton kiomass during the day and

nighttime off

the east coast ol Malay Peninsula (04°50'N,

RELATIONSHIP BETWEEN SCATTERING LAYER AND 35
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14°00°'E) in April 1972.

TABLE 5. Genera of each main group of zooplankton found at Station 4

i

Depth stratum Day Night
(m) mg/m?3 % mg/m3 %
0-20 93.8 36.9 125.3 47.9
20-40 86,7 34,1 71.8 27.4
40-60 73.4 29.0 64.5 24,7
Total 253.9 100 261.6 100

3. Vertical distribution of total zooplankton

Altogether, 11 main groups of zooplankton were found during
the period of survey at Station 4. They are Coelenterata, Polychaeta,
Ostracoda, Copepoda, Mysidaceae, Amphipoda, Decapoda, Mollusca,
Chaetognatha, Echinodermata, and Prochordata (Table 5). The per-
centage of occurrence of each group during the period is shown in
Table 6.

The groups of ostracods, mysids, amphipods, and decapods were
found to migrate towards the upper layer during nighttime and dis-
perse to all layers during daytime. On the other hand, prochordates
migrated towards the upper layer during daytime and dispersed to
all layers during nighttime. No obvious vertical movement was ob-
served in the other groups of zooplankton.

Due to the significant increase of the nauplii of Copepoda in
the upper layer, it is interesting to compare the diurnal vertical dis-
tribution of nauplius stage with the other stages. The results are
shown in Fig. 6 (see also Table 6). Increases of 16%, 9% and 3%
of nauplii respectively were obtained at 0-20 m, 20-40 m, and 40-60 m
during nighttime, but incerases of 2%, 14%, and 16% of cope-
podites, respectively, were obtained at 0-20 m, 20-40 m, and 40-60 m
during daytime. For adults, an increase of 4% was obtained at
0-20 m during nighttime, but increases of 1% and 3% were ob-
tained at 20-40 m and 40-60 m during daytime. As an overall com-
parison, 28% increase of nauplii at nighttime, 22% increase of cope-

in April 1972 (0G4°50'N, 104°00'E).

Main Group Form/Genus

Coelenterata Lensia, Zanclea, Bougainvililia, and
Obelia

Polychaeta Pilidium and Lopadorhyncus

Ostracoda Cypridina, Conchoecia, and Hormiphora

Copepoda Macrosetella, Coryceaus, and Paracalanus

Mysidaceae Mysis and Eupheusia

Amphipoda Hyperia

Decapoda Lucifer

Mollusca Gastropod larvae, bivalve larvae,
Creseis, and Cavolinia

Chaetognatha Segitta

Echinodermata Ophiopluteus

Prochordata Doliolum, Salpa, and Oikoplesura




at three layers over 25-hour period at Station 4 (April survey-

cruise off Malay Peninsula).

TABLE 6. Vertical distribution in average numbers ol each main group
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hardy enough to migrate or to pass from one body of water through
a discontinuity layer into another body of water.

Further studies on the foregoing zooplankton would be of in-
terest to find out what particular species of each main group can
serve as indicator species of migration.

SUMMARY

The present paper analyzed the relationship between scattering
layer and some hydro-biological factors in the South China Sea. The
results obtained are summarized below:

1

Patterns of scattering layer are classified into four main types.
Scattering layers occurring at the upper, middle, or lower por-
tions of the thermocline are classified as Types A, B or C,
respectively, and a combination of the foregoing types is
type D.

Zooplankton biomass at depth stratum where the scattering
layers occurred was higher than depth stratum without
scattering layers. Thus recorded scattering layer is probably
formed by concentration of zooplankton.

All echo sounder records showed that the scattering layer oc-
curred within the depth range of the thermocline. Thus, the
occurrence of scattering layer may indicate the depths where
the thermocline and halocline occur.

The degree of darkness of the echogram is directly associated
with plankton abundance in a certain area. Darker colored
echogram shows higher plankton biomass.

Pelagic fish schools mostly occurred at or around the vicinity
of the scattering layer. It appears that the presence of fish
schools in the congregation of the zooplankton is probably as-
sociated with their feeding habits.

The movement of scattering layer, moving from the bottom
toward the surface, was recorded soon after sunset and be-
came stable upon reaching the thermocline. This is a good
example of vertical movement of zooplankton and their con-
centration at the thermocline.

Altogether, 11 main groups of zooplankton were found in the
samples. They were Coelenterata, Polychaeta, Ostracoda,

il
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Copepoda, Mysidaceae, Amphipoda, Decapoda, Mollusca,
Chaetognatha, Echinodermata and Prochordata.

The groups of Ostracoda, Mysidaceae, Amphipoda and Deca-
poda migrate towards the upper layer during the night and
disperse to all layers during the day. On the other hand,
Prochordata migrate towards the upper layer during the day
and disperse to all layers during the night. No obvious ver-
tical movement was observed in the other groups of zooplank-
ton.

Population of the nauplii and adults of Copepoda increases
at the upper layer during nighttime. This phenomenon may
be associated with the upward migration and the spawning
activity of adult copepods during the night.
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Fig. 6. Comparison of the diurnal vertical distribution of cach stage of
\§ \? 2a-0 Copepoda.
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Fig. 5. Comparison of the diurnal vertical variation of plankton biomass
within 25 hours (two-hourly intervals) Station 4 in April, 1972.
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