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Abstract 

The study aims to analyze daily migration of zooplankton in Banda Sea and contribution of 

Calanoida to scattering volume. Applied method is exploratory description through direct 

survey toward zooplankton by using Baruna Jaya VII vessel as floating platform. The 

findings show that daily migration of zooplankton in surface layer occurs in every 

observation period, average value of scattering volume in stratified depth of 0-25 meter is 

-84.19 dB. For stratified depth of 25-50 meter, scattering volume reaches -81.81 dB. At 

00:00-03:00, zooplankton is concentrated densely at three water layers by SV value of 84.25, 

-81.88, -83.9 dB. Zooplankton aggregation is always almost at surface layer of 0-25 meter at 

every observation time. Allegedly, oceanographic factor with high concentration value of 

chlorophyll a are the reason. Concentration value of chlorophyll a in this depth may reach 2.1 

mg/m
3
. Calanoid contributes to value of scattering volume by regression formulation of 

Y=-8.93+0.01 Calanoida -0.001 Cyclopoida. 

Keywords: Daily migration, Acoustic, Zooplankton, Scattering volume 
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1. Introduction 

For some decades lately, some monitoring strategies and techniques have been undertaken to 

conduct study in the sea. The more information researchers may obtain, the better decision to 

determine seashore or coastal status as well as specific documents concerning water 

parameter (Conoghan and Guinard, 1998). 

Zooplankton is drifting in or floating in animals living in ocean. Its ability to float is 

restricted, so it depends on where the current flows. Zooplankton does diurnal migration from 

the down layer up to surface layer. Knowledge on three-dimensional space planning to 

population and structural changes of zooplankton over time is a fundamental matter for the 

study on community dynamics of plankton (Chu et al., 1992). Tidal diurnal variation occurs 

in all water columns, but diurnal cycle of backscattering zooplankton only occurs above 

thermocline due to this migration of zooplankton.  

Acoustic instrument is an effective instrument to detect and describe thin layer of 

zooplankton since zooplankton may be widely distributed. High-frequency acoustic has been 

utilized to find some methods in collecting data on distribution of zooplankton vertically or 

horizontally (Greene and Wiebe, 1998). Advantage of acoustic is data acquisition in high 

speed and real time without interfering organisms (Mac Lennan and Simmonds, 1992). 

Further, it is said that progression had been achieved during these decades, but it shall be 

emphasized that bioacoustical oceanography is recently discovered. However, acoustics field 

has the potential of solving a number of important problems on biological oceanography 

(Linstrom and Nowlin, 1989). 

Position of Banda Sea is so strategic in determining process of oceanographic changes in 

Maluku water since Banda Sea is located in Maluku Islands. With the size of 500*1,000 km, 

this sea is far from Pacific Ocean and it is split up by hundreds of islands and Halmahera and 

Seram Sea. Depth of Banda Sea may reach 3,000 m where zooplankton living therein belongs 

to oceanic zooplankton. Diurnal migration of zooplankton in oceanic zone is different from 

semi-closed water, coastal area, or estuary. Banda Sea is oceanic zone having wide epipelagic 

zone where light intensity is quite exist, but it is poor in nutrient content. Nutrient 

concentration in the sea is very dynamic as affected by sea current and season. So does 

plankton abundance which changes depending on nutrient concentration (Nontjie, 2007).  

As explained above, there had been executed a study on daily migration of zooplankton in 

Banda Sea. The study aims to analyze daily migration of zooplankton in Banda Sea and 

contribution of Calanoida to scattering volume which is greatly relating to oceanographic 

factor and food availability. Thus, it is expected that the study will contribute to marine world 

concerning to aggregation phenomenon of zooplankton in oceanic zone in Indonesia.  

2. Methodology  

The study is conducted in Banda Sea on November 21st-30th, 2013. The study applies 

exploratory description method by direct survey to the observed object, i.e. zooplankton in 

Banda Sea.   
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Acoustic data sampling is conducted in every station, data recording is taken every one hour 

by drifting technique where Baruna Jaya VII vessel is utilized as floating platform. Acoustic 

data is collected by Simrad EK 500 at frequency of 38 kHz. Collected data, then is processed 

by software Echoview 4.8.  Oceanographic data is processed by CTD Sea-Bird 911. Data 

sampling of zooplankton is taken in depth of 0, 25, and 75 meter by utilizing Roxete Sea Bird 

in the determined depth in every observation station. Zooplankton analysis utilizes standard 

system for zooplankton analysis. Acoustic data of zooplankton is collected for every 

observation station. Analysis is given by observing time of data sampling in every 

observation station. 

Identification of zooplankton covers tabulation of taxa based on time and depth, identification 

of zooplankton species where the data is very useful for zooplankton verification concerning 

to oceanographic factor which form zooplankton aggregation. 

 

Figure 1. Research Site in Banda Sea 

Backscattering volume is calculated in dB, while SV depends on numeric abundance and 

species of the scatters in volume unit which responds in form of reverse echo.  Resulting 

scattering volume is summation of every zooplankton organism as formulated below (Stanton 

et al., 1994): 
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SV = Na Ϭa + NbϬb  = iϬi     (dB)               (1) 

Description:           Ϭa,b = Back Scattering Strength (dB) 

Na,b = Amount of species-based zooplankton 

Sample of zooplankton is collected by utilizing Van Dorn water sampler, while species 

identification applies standard system for zooplankton identification. Abundance of 

zooplankton is calculated by applying the following formulation (Wickstead, 1965): 

D = n x 1/f x 1/v   (Ind/m
3 

)                   (2) 

Description: n = Amount of individual zooplankton (tail) 

f = Utilized fraction (ml) 

v = Filtered water volume (l) 

3. Findings and Discussion 

3.1 Daily Migration 

The study conducted in Banda Sea (Figure 1) makes special zooplankton aggregation based 

on time and depth. 

Table 1. Value of time- and depth-based scattering volume 

      Time               Scattering volum (dB) 
                       0-25             25-50              50-75 
09:00–12:00             -84.76           - 82.17               - 
12:00–15:00             -83.70              -                 - 
15:00–18:00             -84.81              -                 -           
18:00–21:00             -83.24              - 
21:00–00:00             -85.75              -                 -  
00:00–03:00             -84.25            -81.88              -83.9 
03:00–06:00             -83.50              -                  - 
06:00-09:00             -83.94              -                  - 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Value Plot of Time- and Depth-based Scattering Volume 
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Table 1 and Figure 2 show zooplankton distribution existing in surface layer of 0-25 meter at 

every observation time. In depth of 25-50 meter, zooplankton only exists at 09:00 and 00:00. 

At 00:00, distribution of zooplankton exists in three zones, i.e. in depth of 0, 25, and 50 meter. 

Values of scattering volume are varied at every observation time and depth. In depth of 0-25 

meter, maximum value of scattering volume is -83.24 dB, while the lowest volume is -85.75 

dB. Value of scattering volume is expression of numeric density of zooplankton. According to 

Stanton et al., (1994), value of 100 organisms is greater than 1 or 10 organisms. It indicates 

that more organisms means higher value of scattering volume. At 00:00, zooplankton crams 

those three depth layers by scattering volume of -84.25, -81,.88, and -83.9 dB respectively. It 

indicates that at this time, zooplankton fills this depth layer. Sometimes, vertical migration of 

zooplankton may occur in three depth layers (Sutomo et al., 1994).  

Nocturnal migration is migration undertaken by zooplankton from deeper layer to shallower 

layer at night (Hutchinson, 1967).According to Bayli (1986), this phenomenon is special 

migration exhibited by most of zooplankton species.  

 

Figure 3. Distribution of Depth-based Zooplankton 

Table 2. Descriptive statistics of zooplankton 

Descriptive Statistics 
 N Range 

(Max-Min) 
Minimum Maximum Mean S. 

Deviation 
Variance 

Depth of 0-25 
m 

211 16.98 -97.01 -80.03 -84.1952 3.82063 14.597 

Depth of 
25-50 m 

64 5.87 -85.92 -80.05 -81.8145 1.37470 1.890 

Depth of 
50-75 m 

60 5.66 -85.67 -80.01 -81.6770 1.53385 2.353 
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Zooplankton distributes dominantly to depth layer of 0-25 meter. In this stratified depth, there 

exists a very dense zooplankton where 211 groups lives herein by minimum value of 

scattering volume of -97.01 dB and maximum value of -84.19 dB and average value of -84.19 

dB. In this layer, zooplankton distributes and forms aggregation and reaches range of 

scattering volume of 16.98 dB and deviation standard of 3.86. It indicates that zooplankton 

forms various aggregations. There are 64 aggregations in depth of 25-50 meter where 

minimum value of scattering volume is -85.92 dB, maximum value is -80.05 dB, and 

deviation standard is 1.8. In depth of 50-75 meter, there exists 60 aggregations by minimum 

value of scattering volume is -85.67 dB, maximum value is -80.01, and deviation standard is 

1.5 (Figure 3). In general, at this depth, there exists slight diversity and enough dense 

aggregation. 
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Figure 4. Value of Scattering Volume and Depth Boxplot 

The highest aggregation variety exists in depth of 0-25, even an isolated aggregation. The 

longest range value of scattering volume exists in depth of 0-25 meter, while the shortest one 

is in depth of 25 to 50 meter. The lowest average value occurs in depth of 0-25 meter and the 

highest one is in depth of 50 to 75 meter (Figure 4). It indicates that zooplankton in depth of 

0-25 distributes evenly in water column, while in depth of 50-75 meter, zooplankton does not 

distribute, but it forms dense aggregation. According to Dahuri and Rais (2013), open sea 

belongs to oceanic water having euphotic zone in the surface. This zone receives enough 

sunlight and gives high primary productivity; sometimes, it reaches 50 meter deep. 

3.2 Composition of Zooplankton 

Analysis result on biological composition of zooplankton is presented in Figure 5. It displays 

that family calanoida dominates composition of zooplankton, abundance of calanoida is 

39,550, cyclopida is 15,800 ind/ m
3
,Herpactioda reaches 4,400 ind/m

3
, Ostracoda reaches 

1,250 ind/m
3
, Sergestidae reaches 2,200 ind/m

3
,Urochorodatareaches 9650 ind/m

3,
and 

Meroplankton reaches 14,550 ind/m
3
. Ecologically, Nybakken (1992) asserts that one family 
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plankton is dominated by class copepoda and phylum crustacean that dominate 50-80% of 

plankton in the ocean, class calanoida belongs to this group reaching abundance percentage 

of 45%. It is detected that there are 7 families of zooplankton in this study, they are: 

Calanoida has abundance percentage of 45%, 18% for Cyclopoida, 17% for Meroplankton, 

11% for Urochrodata, 5% for Harpactioda, 3% for Sergestidae, and 1% for Osracoda. (Figure 

6) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Amount of individual zooplankton based on family 

Noguira and Panarelli (1997), conduct vertical migration research on cladecerans and they 

found that phenomenon of nocturnal migration is also performed by this species. Movement 

pattern of this family gets close to water column at afternoon until midnight. According to 

Hutkinson (1967), species performing this movement is copepod which systematically 

performs nocturnal movement, calanoida and cyclopoida are family belonging to class 
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copepod. Adaptive value of behavior and oceanographic factor and also food-foraging 

movement are the other factors in nocturnal migration (Ohman, 1990; Ruttner, 1975). Body 

composition of copepod consists of obvious segments and it is divided into two major 

segments, i.e. metasome andurosome, it has calcareous and hard skin which this composition, 

presumably, will affect greatly value of scattering volume. 

 

Figure 6. Abundance Percentage Based on Zooplankton Group in Banda Sea 

3.3 Oceanography of Zooplankton 

Temperature in Banda Sea is 22.19
0
C at minimum degree and 29.13

0
C at maximum degree. 

Temperature range for marine organism is 20-30
0
C. Salinity has an important role in 

organism life like distribution of aquatic biota which relates closely to salinity (Nybaken, 

1982).   

Salinity value in Banda Sea in this study is 33.83 PSU in surface layer, and 34.32 PSU in 

depth of 100 meter. Salinity is so important to study distribution of organism and water mass 

movement. Horizontal distribution of salinity depends on latitude width which relates closely 

to evaporation and precipitation. At the same time, vertical distribution relates to difference of 

sun radiation received by surface layer. Banda Sea is oceanic water where salinity does not 

depend on surface runoff or rivers, but salinity change is almost triggered by evaporation and 

precipitation. Concerning to food chain, it is proved that zooplankton is food source for all 

pelagic fishes. Therefore, abundance of zooplankton is often connected to water fertility 

(Arinardi, et al., 1997). 

Figure 7 points out distribution of chlorophyll-a concentration is in surface zone, i.e. around 

10-80 meter. This concentration greatly affects the existence of zooplankton. Water 

possessing high rate of chlorophyll-a concentration indicates that the water is fertile. When 

survey is taken, chlorophyll concentration reaches 2.1 mg/m
3
. Zone having high 

chlorophyll-a concentration possesses great number of phytoplankton. Presumably, 

chlorophyll-a concentration highly affects daily migration of zooplankton. Linear regression 
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proves that relationship between abundance and chlorophyll-a is so strong amount to r=0.934. 

 

 

 

Figure 7. Oceanographic Transverse Distribution in Banda Sea 

Naturally, zooplankton will consume phytoplankton as in oceanic food chain. According to 

Davis (1995), abundance of zooplankton is highly affected by the presence of phytoplankton 

since the latter is food of zooplankton. It is supported by Arinardi (1977) asserting that 

abundance of zooplankton is just determined by density of phytoplankton. It occurs since 

phytoplankton is food of zooplankton. 

Temperature in Banda Sea is 22.19
0
C at minimum degree and 29.13

0
C at maximum degree. 

Temperature range for marine organism is 20-30
0
C. Salinity has an important role in the 

organism life, such as distribution of aquatic biota which relates closely to salinity (Nybaken, 

1982).   
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Vertical migration of zooplankton really depends on response and adaptation of this organism 

toward variation of environmental changes like sunshine, temperature, salinity, oxygen, food, 

and predator (Steinberg et al., 2002). Further, according to Cisewski et al. (2010), in general, 

it is acceptable that daily cycle of sunshine has an important role in daily migration behavior 

of zooplankton since the sunlight is the major energy source in controlling water ecosystem. 

3.4 Contribution of Calanoida to Scattering Volume 

The study points out that family calanoida along with its efficiency in performing migration, 

calanoida belongs to dominant family based on biological sample taken from the whole water 

columns. Further analysis to understand contribution of family zooplankton affecting value of 

scattering volume is undertaken according to biological character and numerical density.  

Biological analysis result as in Figure 6 figures calanoida and cyclopoida belongs to 

dominant family that contributes to value of scattering volume of zooplankton in waters. 

Therefore, density values of both families are made as predictors in multiple linear regression 

analysis. Independent variable for regression analysis is value of scattering volume, while 

dependent variables are Calanoida and Cyclopoida. Correlation value of scattering volume 

and abundance indicates strong relationship of R=0.432 and R
2
=0.186. 

Summary Model 

Model R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .432
a
 .186 .005 1.42427 

a. Predictors: (Constant), Cyclopoida, Calanoida 

ANOVA
a
 

Model Sum of 

Squares 

df Mean Square F Sig. 

1 

Regression 4,179 2 2,089 1,030 .396
b
 

Residual 18,257 9 2,029   

Total 22,436 11    

 

 a. Dependent Variable: Scattering_Value 

b. Predictors: (Constant), Cyclopoida, Calanoida 
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Coefficients
a
 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) -83.930 .644  -130.279 .000 

Calanoida .001 .000 .752 1.334 .215 

Cyclopoida -.001 .001 -.476 -.845 .420 

a. Dependent Variable: Scattering_Value 

Analysis on multiple linear regression delivers estimate value as follows: 

Model 

Scattering Value= -83,93+0,001Calanioda-0,001Cylopoida 

It means that, presumably, value of scattering volume may be found out by calculating 

abundance value of Calanoida and Cyclopoida through the multiple regression formula.  

4. Conclusion  

Average scattering value in stratified depth of 0-25 meter is -84.19 dB.For stratified depth 

25-50 meter, scattering volume reach -81.81 dB. At 00:00-03:00, zooplankton is concentrated 

densely at three water layers by SV value of -84.25, -81.88, -83.9 dB. 

Zooplankton aggregation is always almost at surface layer of 0-25 meter at every observation 

time. Allegedly, oceanographic factor with high concentration value of chlorophyll a are the 

reason. Concentration value of chlorophyll a in this depth may reach 2.1 mg/m
3
.  

Calanoida and Cyclopoida contribute to scattering volume by regression formulation of 

Y=-83.93 + 0.001 Calanoida-0.001 Cyclopoida. It indicates that by finding out zooplankton 

abundance, there will be found the scattering volume. 
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