
 

 

Map 15 Aquatic Biota Sampling Locations 
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Zooplankton are the heterotrophic component of plankton, which require 
organic substrates to get carbon for their growth and development, whereas 
phytoplankton are the autotrophic component, which produce complex 
organic compounds from simple inorganic molecules and an external energy 
source. 

The discussion of freshwater aquatic biota survey includes the 
characterization of phytoplankton, zooplankton, and benthos in terms of four 
widely used, internationally acceptable indices: dominance (scaled is 0-10), 
diversity (scale is 0-10), evenness (scale is 0-10) and abundance (0-100%).  The 
relative values of these indices are employed to baseline aquatic biota. 

Phytoplankton 

The amount of phytoplankton species that live and phytoplankton 
dominance in a water body can give information of the actual water body 
condition. Results of statistical parameters used to measure phytoplankton 
status are presented in Table 32. 

In general, the composition of phytoplankton species found in each sampling 
location were relatively similar, although several species were only found in 
one sampling locations. This is a result of the relatively similar physical 
environment conditions of the waterways studied, such as the riverbed 
composition, the current flow, pH and dissolved oxygen (DO) levels.  

The survey found 23 phytoplankton species form the following 4 classes: 
Bacilariophyceae class (15 species), Chlorophyceae (4 species), Cyanophyceae 
(3 species), and Dinophyceae (only 1 species).  

According to Sachlan (1973), the high species composition of 
Bacillariophyceae (Chrysophyta) is related to its characteristic as a 
cosmopolite, resisting to extreme conditions (including the temperature), its 
ability to adapt, and it’s very fast reproduction cycle. The pH value of the 
water body also plays an important role in the development phase of 
Bacillariophyceae. The high pH value (up to 8.9) of a most of the waterways 
was a key factor for supporting optimal growth of the Bacillariophyceae. 

Cyanophyceae, represented by the Lyngbia sp., was only found at BJR-3 (Ake 
Jira Upstream) where the water body has the following physical and chemical 
characteristics: 

• A relative slow current; 

• Warm water temperature; and  

• High concentration of organic matter.  



 
 

Table 32 List of Phytoplankton Species, Total Number of (Individual/m3), Diversity Index, Evenness Index and Dominancy Index at Sampling Locations 

SAMPLING LOCATIONS 
ORGANISME 

BJR-1 BJR-2 BJR-3 BSL-1 BSL-2 BKB-1 BDM-1 BWS-1 BSG-1 BSG-2 BSK-1 BSLW-1 BGF-1 B

BACILLARIOPHYCEAE  :              
 Nitzschia  sp. - - -  33,216  - -  4,402   4,402   4,402  - - -  4,402  
 Navicula  sp. - - -   6,603  2,201  - - - - - 35,216   1,101  - 
 Amphora  sp. - - - - - - - - - - - - - 
 Achnantes  sp. - - - - - - - - - -  4,402  - - 
 Bacillaria  sp. 1,101  -   4,404    6,603  - - - - - - - - - 
 Fragillaria  sp.  11,010  -  4,404   55,025   2,201   6,606  15,407  -  6,603   4,402   8,804  -   8,804  
 Pinnularia  sp.  1,101  - -   2,201  - - -  - - - - - 
 Cymbella  sp.  1,101  - -   4,402   2,201   2,201  - -   4,402  - - - - 
 Surirella  sp.  2,202  - -  4,402  -  1,101   2,201  - - - -  1,101  - 
 Melosira  sp.  2,202  - - - - - - - - - - - - 
 Eunotia  sp. - - -  2,201   2,201  - - - - - - - - 
 Diatoma  sp. - - -  17,608    4,402   8,808  - -  4,402   6,603   4,402  - - 
 Ghomphonema  sp. 1,101  - -  2,201    2,201  - - -  2,201  - - - - 
 Ephitemia  sp. - - - -  4,402  - - - - - - - - 
 Cocconeis  sp. - - - - - - - - - - - - - 
CHLOROPHYCEAE  :              
 Spirogyra sp.  48,444    71,565   563,456  116,653   15,407  - - 121,055   6,603    15,407   4,402  - - 
 Mougeotia  sp. 4,404  - - - - - - - - - - - - 
 Ankistrodesmus  sp. - - -  8,804  - -  24,211  4,402   4,402     4,402    35,216  -   6,603   
 Ulothrix  sp. - - - - - - -  11,005   28,613    26,412    96,844  -  39,618  
CYANOPHYCEAE  :              
 Phormidium  sp.  17,616  -   26,412  - - - - -   2,201  - -  1,101   4,402  
 Lyngbya  sp. - -   8,804  - - - - - - - - - - 
 Anabaena  sp. - - - - - - - - -  6,603  - - - 
 Microscystis  sp. - - - - - - - - - - - - - 
DINOPHYCEAE   :              
 Ceratium  sp. - - - -  1,101  - -  2,201  - - - - - 

Amount of Taxa 10    1     5   12    9    4   4   5   9    6    7    3    5  
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Abundance (Ind/m3)  90,282   71,565   607,480   259,919   36,317  18,716   46,221   143,065   63,829    63,829  189,286   3,303   63,829     

Diversity Index (H’)  1.45   0   0.34   1.82   1.83   1.14  1.07   0.61   1.79   1.54   1.37    1.10    1.17  

Evenness Index (E)   0.63   -   0.21   0.73   0.83    0.82   0.77   0.38    0.81   0.86     0.70    1.00     0.73  

Dominancy Index (D)  0.34    1.00    0.86    0.25   0.18   0.36   0.38   0.71   0.25    0.25    0.33    0.33   0.40  

Source: Aquatic Biota Study at Weda Bay Area, 2008 - ERM 
Note: Calculation used Ln (Nats) 
Remark: BJR-1 : Ake Jira Downstream   BSG-2 : Ake Sagea Downstream 
BJR-2 : Ake Jira middle    BSK-1 : Ake Sake 
BJR-3 : Ake Jira Upstream   BSLW-1 : Ake Sisliwisini 
BSL-1 : Ake Seloi  Downstream   BGF-1 : Ake Gemaf 
BSL-2 : Ake Seloi Upstream   BGJ-1 : Ake Gojemli 
BKB-1 : Ake Kobe    BSM-1 : Ake Bukit Limber 
BDM-1 : Ake Doma    BSJ-1 : Ake Sangaji Upstream 
BWS-1 : Ake Wosea    BSJ-2 : Ake Sangaji Downstream 
BSG-1 : Ake Sagea Upstream      



 

The presence of Cyanophyceae in the water body can be used as an organic 
pollution indicator since they can survive in the highly polluted 
environments. Although very high occurrence of Cyanophyta in the water 
body will cause the water to become smelly (Davis, 1955), results from Ake 
Jira Upstream were well below the levels required for this to occur. 

Dinophyceae, represented only by Ceratium sp., was found at BSL-2 (Ake 
Seloi Upstream) and BWS-1 (Ake Wosea). Dinophyceae is an important 
component in phytoplankton composition of sea waters, salty waters and 
fresh waters. Besides producing food by photosynthesis, the members of this 
class can get food in a heterotrophic, saprophytic, parasitic, symbiotic, and 
holozoic way. This Dinophyceaee may cause water body to become very 
poisonous for fish if their abundance is very high. This phenomenon is 
known as a red tide. Levels in the Ake Seloi Upstream and Ake Wosea were 
well below those required for a red tide to occur. 

2 .0 1

2 3 .9 1

13 .53
5.79

0 .8 1 0 .4 2 1.0 3 3 .19 1.4 2 1.4 2 4 .2 2
0 .0 7 1.4 2 2 .6 0 0 .2 9

56 .3 6

3 .8 2

0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

100.00

BJ
R-

1

BJ
R-

2

BJ
R-

3

BS
L-

1

BS
L-

2

BK
B-

1

BD
M

-1

BW
S-

1

BS
G-

1

BS
G-

2

BS
K-

1

BS
LW

-1

BG
F-

1

BG
J-

1

BS
M

-1

BS
J-

1

BS
J-

2

Sampling Locations

Pe
rc

en
ta

ge

 

Figure 29 Percentage Abundance of Phytoplankton from 17 Sampling Locations 

Not surprisingly, the Bacilariophyceae Class had the highest abundance 
percentage when compared to other classes. Cyanophyceae and Dinophyceae 
had a lowest abundance percentage in the water body of the studied area (see 
Figure 30). The low abundance percentage of Cyanophytceae and 
Dinophyceae indicates that the organic matter content in these waters is very 
low.  
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Figure 30 Phytoplankton Abundance in 17 Sampling Locations 

The ANDAL for WBN contains statistical analyses of plankton diversity, 
evenness, abundance, and dominance.  The plots of these are omitted in this 
baseline description for brevity.  The diversity index calculation results of the 
observed phytoplankton in each location were generally under the range of H 
value < 3.0, which according to Wilhelm’s criteria (1975) shows low diversity 
and community stability.   

Upper Ake Sangaji BSJ-1) had the highest diversity index, once again 
highlighting the generally good condition of this water body. Ake Jira Middle 
had a zero diversity index, indicating the dominance of one species and the 
fact that this location has been impacted by upstream activities (most notably 
the construction of the Transmigration weir and irrigation system).  The 
evenness value of 1 obtained at BSLW-1 (Ake Sesliwisini) indicates that the 
phytoplankton species populations in the river were spread evenly, with no 
dominance by one species.  The low evenness value of 0 obtained from BJR-2 
(Ake Jira River Middle) showed the existence of a one dominant 
phytoplankton species (i.e. Spirogyra sp). This confirms the conclusions of the 
result from the Diversity Index. The abundance or density of phytoplankton 
in the studied area ranged between 3,303 – 2,529,862 individual/m3. The 
highest abundance percentage was found at BSJ-1 (Ake Sangaji Upstream) 
56.36%. The Ake Sangaji Upstream location is a fast flowing stream with a 
significantly large, relatively undisturbed catchment. Lowest abundance 
percentage was found at BSLW-1 (Ake Sesliwisini) 0.07%. Ake Sesliwisini is a 
small catchment, close to the Gemaf village and thus heavily disturbed by 
agricultural and domestic activities.  Phytoplankton species with high 
abundance percentage include Bacillaria sp (24,31%), Eunotia sp (16,07%), 
Gyrosigma sp (7,57%), and Mougeotia sp (6,72%).  Plankton conditions in the 
middle Ake Jira are susceptible to changes in water quality.  Phytoplankton 
dominance index of the 17 collected samples at WBN area range ranging from 
0.18 to 1.00; this indicated that the water body has predominance to 
dominance condition. 
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A. Zooplankton 

In the aquatic ecosystem, zooplankton is placed in the second layer of tropic 
level after phytoplankton, and its existence depends on phytoplankton 
existence. Zooplankton serves the function of transferring energy from 
primary producers (phytoplankton) to living creatures at higher levels in the 
food chain, such as nekton.  

Relative to phytoplankton, the number of species of zooplankton is usually 
lower. Phytoplankton has a shorter lifecycle and higher turn-over than 
zooplankton; and hence the reproduction rate of zooplankton is lower, and it 
requires a longer time to reach maximum population (Tait, 1981). Therefore, 
there will always be a food supply for zooplankton, provided conditions are 
good for phytoplankton.  

The results of the zooplankton analyses of the collected samples are 
presented in Table 33.  

The identification of phytoplankton in the river water body showed 10 
species were found from three genera (as shown in Figure 31).  

3

4

3

Protozoa
Rotifera
Crustaceae

 

Figure 31 Zooplankton Species Composition at the Study Area 

The species composition is even distributed across the three classes. This 
condition is caused by the relatively similar physical environment of the 
sampling sites.  The abundance of individual zooplankton the collected 
during the survey ranged between 1,101 and 321,346 ind/m3.The highest 
abundance percentage was recorded at BSJ-1 (Ake Sangaji Upstream). This 
result is unsurprising given the high abundance of phytoplankton at this 
location. The lowest abundance percentage was found at BSLW-1 (Ake 
Sesliwisini), which also had the lowest abundance of phytoplankton. 
Interestingly all other locations recorded low abundance percentages, despite 
some locations, such as Ake Jira Middle, having reasonable phytoplankton 
abundance. The zooplankton diversity index at all sampling location was 
ranged from 0.00 to 1.38. According to the criteria established by Wilhm 
(1975), if the diversity index of zooplankton is less than 3, it is classified as 
low to medium.   
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Table 33 List of Zooplankton Species, Total Number (Individual/m3), Diversity Index, Evenness Index and Dominance Index at 17 Sampling Locations 

SAMPLING LOCATIONS ORGANISMS 
BJR-1 BJR-2 BJR-3 BSL-1 BSL-2 BKB-1 BDM-1 BWS-1 BSG-1 BSG-2 BSK-1 BSLW-1 BGJ-1 BSM-1 BSJ-1 BSJ-2 

PROTOZOA   :                                 
 Arcella  sp.  1,101  - - - -   2,201  - - - - -  1,101  - - - - 
 Centropyxis  sp.  1,101   1,101   2,201   2,201    2,201  - - -   2,201  -    2,201    -  -  2,201  - - 
 Difflugia  sp. - - - -   4,402  - - -  2,201  -   2,201    1,101  -   2,201   2,201  - 
ROTIFERA   :                                 
 Notolca  sp.  1,101  - - - - -   2,201   1,101    2,201    2,201    4,402    1,101  -   4,402   2,201  8,804  
 Squatinella  sp. - - - - -  1,101  - - - - - - - - - - 
 Brachionus  sp. - - - - - - - - - - - - - - 316,944  - 
 Monostylla  sp. - - - - - - - -  2,201  - - - - - - - 

CRUSTACEAE   :                                 
 Nauplius (stadia) - 1,101  -  2,201  -   1,101  - - -    4,402  - -  2,201  - - - 
 Cyclops  sp. - - - - - - - - -  2,201  - - - - - - 
 Oithona  sp. - - - - - - - - - - - - - - - - 
 Chydorus  sp.  1,101  - - - - - - - - - - - - - - - 
                                  

Amount of Taxa  4    2    1     2          2    3    1   1    4    3   3     3    1    3     2    1  

Abundance (Ind/m3) 4,404   2,202  2,201   4,402    6,603    4,403    2,201   1,101    8,804    8,804   8,804    3,303    2,201    8,804  321,346    8,804  
Diversity Index (H’) 1.38      0.69   0     0.69    0.63     1.04   0   0      1.38    1.04    1.04   1.10   0    1.04    0.69   0  
Evenness Index (E)  1.00  1.00    0     1.00    0.91      0.94  0      0     1.00    0.94    0.94    1.00    0  0.94    1.00    0  
Dominancy Index (D)  0.25    0.50  1.00     0.50   0.55   0.37   1.00    1.00   0.25   0.37   0.37    0.33   1.00     0.37     0.50   1.00  
Source: Aquatic Biota Study at Weda Bay Area, 2008 - ERM 
Note: Calculation used Ln (Nats) 
Remark:   BJR-1 : Ake Jira Downstream   BSG-2 : Ake Sagea Downstream 
BJR-2 : Ake Jira middle    BSK-1 : Ake Sake 
BJR-3 : Ake Jira Upstream   BSLW-1 : Ake Sisliwisini 
BSL-1 : Ake Seloi  Downstream   BGF-1 : Ake Gemaf 
BSL-2 : Ake Seloi Upstream   BGJ-1 : Ake Gojemli 
BKB-1 : Ake Kobe    BSM-1 : Ake Bukit Limber 
BDM-1 : Ake Doma    BSJ-1 : Ake Sangaji Upstream 
BWS-1 : Ake Wosea    BSJ-2 : Ake Sangaji Downstream 
BSG-1 : Ake Sagea Upstream       



 

The higher the value of organism’s diversity index, the more diverse the 
organisms existed in the ecosystem.  In general the diversity of zooplankton 
is low as a result of the low diversity of phytoplankton at all sampling 
locations. Several locations recorded a Diversity Index of 0 (i.e. Ake Jira 
Upstream, Ake Doma, Ake Wosea, Ake Gojemli and Ake Sangaji 
Downstream). This indicates only one species of zooplankton present.  Based 
on evenness index calculation results of the zooplankton observed in 
sampling location ranged from 0.00 - 1.00. This value showed that 
zooplankton in the studied area indicated low to high evenness.  All 
sampling locations with two species of zooplankton present had a high 
evenness index, implying that populations of zooplankton species are evenly 
spread and there is no dominance.  Sampling locations with an Evenness 
Index of 0 (i.e. Ake Jira Upstream, Ake Doma, Ake Wosea, Ake Gojemliand 
Ake Sangaji Downstream), indicated dominance by one species.  Dominance 
Index of zooplankton of the 17 collected samples at WBN area ranged from 
0.25 to 1.0, indicated the area have predominance to dominance zooplankton 
condition.  Those locations with a high dominance have already been 
identified as having 0 Evenness Index. The species found to be dominant 
varied across sampling locations.   Of note is the Seloi Downstream and 
Upstream had Dominance, and also a high evenness index. The reason for 
this was the low population of individuals.  No sampling locations recorded a 
condition on Not Predominance, indicating that all water bodies were 
moving towards (or all ready at) a condition of Dominance. Dominance of 
zooplankton at the sampling locations implies that the environmental 
conditions are periodically changing, as a result of natural fluctuations or 
human activities. 

Benthos 

Benthos is macroscopic animal existing on, in or near river beds or lake beds. 
The existence of benthos at the bottom of the water column is affected by the 
soil substrate type and condition, muddiness of the water, water currents, 
chemical and biological factors. Benthos interacts with other organisms in the 
aquatic ecosystem, either as a food competitor or as a predator. Therefore, the 
populations and types of benthos existing in a water body can be used as a 
significant determining factor of the biological conditions at the bottom of the 
water column. 

Results of benthos identification and data analysis are presented in Table 34.   

ENVIRONMENTAL RESOURCES MANAGEMENT  ERAMET-WEDA BAY NICKEL 
APPENDIX A 

124 



 

ENVIRONMENTAL RESOURCES MANAGEMENT  ERAMET-WEDA BAY NICKEL 
APPENDIX A 

125 

 Table 34 List of Benthos Species, Total Number (Individual/m3), Diversity Index, Evenness Index and Dominance Index at 17 Sampling Locations 

SAMPLING LOCATIONS ORGANISMS 
BJR-1 BJR-2 BJR-3 BSL-1 BSL-2 BKB-1 BDM-1 BWS-1 BSG-1 BSG-2 BSK-1 BSLW-1 BGF-1 BGJ-1 BSM-1 BSJ-1 BSJ-2 

ODONATA   :                  
 Cordulegaster  sp. - - -   8   4  - - -  4  - - - - - - - - 
 Helocordulia  sp. - - - - - - - - - -  4  - - - - - - 
 Lester  sp.    4  - - - - - - - - - - - - - - - - 
 Tachopterix  sp. - - - - - - - - - - - - - - -  4  - 
EPHEMEROPTERA    :                 - - - - - - -   - 
 Ephemerella  sp.     4  - - - - - - - - - - - - - - - - 
 Pseudocloeon  sp. -    24  - - - - - - - - - - - - - - - 
 Ametropus  sp. -    24  - -  4     4   4   16    72  -  160  - - -  32   44   8  
 Caenis  sp. -    4  -   4  - - -   4   12  - 12   4  - - -  12  4  
 Habroplebia  sp. - - - -   4  - - - - - - 16  - - - - - 
 Basiaesna  sp. - - - - - - - -   4  - -  4  - - - - - 
 Paraleptoplebia  sp. - - - - - - -   20   40  -  44  - - - -  4  - 
 Erythemis  sp. - - - - - - - - - - - - - -  4  - - 
MALACOSTRACA  : - - - - - - - - - - - - - -   - - 
 Atylus  sp. - - - - - - - - - - - - - - - - - 
 Euphausid  sp. - - - - - - - - - - - - - - - - - 
 Tanaidae  sp. - - - - - - - - - - - - - - - - - 
GASTROPODA  :     - - -   - - - - - -   - - -   
 Melanoides  sp.   4  - - - -  4  - - - - - - 52  - -  20  4  
 Thiara  sp.   48    4  - - - -  20  - - - - - - - - - - 
 Clithon  sp.  4    12  - - - -  4  - -  28  - - - - - - - 
 Campeloma  sp. -   4  - - - - - - - - - - - - - - - 
 Nerita  sp. - - - - - - - - - - - - - - - - - 
AMPIPODA   : - - - - - - - - - -   - -     - - 
 Gammarus  sp. - - - - - - - - - -  4  - -  28  - - - 
BIVALVIA  : - - - - - - - - - -   - - - - - - 
 Modiulus  sp. - - - - - - - - - - - - - - - - - 
 Pinctada  sp. - - - - - - - - - - - - - - - - - 
TRICHOPTERA   : -   - - - - - -   -     - - - - - 
 Hydropsyche  sp. -             8  - - - - - -  48  -  24    4  - - - - - 
 Neureclypsis  sp. - - - -  24  - - - - -  8  - - -  4  - - 
DIPTERA   : - - - -     - - - - - - - -   - - 
 Chironomus  sp. - - - - -  128  - - - - - - - - - - - 
 Atherix  sp. - - - - - - - - - - - - - - - - - 
 Brilia  sp. - - - - - - - - - - - - - - -  4  - 
 Spinosa  sp.   4  - - - - - - -   12  - - - - - - - - 
 Megalopa  sp.    28  -  96  - - - -  72  - -   200  - - - - - 4  
 Palaemonetes  sp.  24  - - - -  16   264  - -  12   8   56   204   40  -  12  - 
 Potamon  sp.  8  -   8  - - - - - - - -  8  -  20  - - - 
 Lymnodrilus  sp. -   4  - - -   8  - - - - - - - - -  4  - 
 Branchiura  sp. - - - - - - - - - - - - - - - - - 
 Nereis  sp. - - - - - - -  4  - - - - - - - - - 
 Dendronereis  sp. - - - - - - - - - - - - - - - - - 
 Phylodoce  sp. - - - - - - - - - - - - - - - - - 
 Polydora  sp. - - - - - - - - - - - - - - - - - 
 Syllis  sp. - - - - - - - - - - - - - - - - - 
 sp. 1 - - - - - - - - - - - - - - - - - 
 Pisidium  sp. - - - - -  4  - - - - - - - - - - - 
Amount of Taxa   9   8    2    2    4   6   4   5   7    2   9  7    2    4   3   8   4  



 

Table 50 Intertidal Biota Distribution Pattern at Each Sampling Station 

No Species Pattern 
Station I 

1. Anadara granosa M 
2. Archaster typicus  S 
3. Nassurius optimus M 
4. Thiara scabra M 

Station II 
1. Archaster typicus  M 
2. Babylonia spirata S 
3. Cypraea moneta M 
4. Diadema setosum M 
5. Echinothrix diadema M 

Station III 
1. Anadara granosa S 
2. Archaster typicus  M 
3. Babylonia spirata S 
4. Cypraea moneta S 
5. Diadema setosum S 
6. Echinothrix diadema M 
7. Nassarius optimus M 

Station IV 
1. Anadara granosa A 
2. Archaster typicus  A 
3. Bursa bamboo A 
4. Echinothrix diadema S 
5. Murex, sp S 
6. Nassarius optimus M 

Station V 
1. Anadara granosa M 
2. Archaster typicus  S 
3. Babylonia spirata S 
4. Bursa bamboo S 
5. Cypraea moneta M 
6. Holothuria edulis S 
7. Nassarius optimus S 

Source: Marine Ecology and Fisheries for the Weda Bay Project, 2001 
Notes : M = Clustered, A = Random, S = Uniform 

Species Diversity and Dominance Index.   

The Diversity and Dominance Index in each station is presented in Table 51.  
The results show that the diversities of biota types in all 5 stations is 
categorized as low.  Sanders in Nybakken (1992) said that the highest 
diversity is due to stable long term environmental conditions, which enables 
species to evolve and specialize in order to survive in the micro-habitat or to 
utilize certain foods.  In contrast low diversity in a community indicates 
disruption to both the physical and biological components of the ecosystem.   
The dominant form of biota varied between location, with Cypraea moneta 
being dominant at the mouth of Sagea Lagoon Estuary and Tanjung Lipe. The 
starfish, Archaster typicus, was dominant at Sagea Village and Lelillef, whilst 
two species, Anadara granosa and Murex, shared dominance at Tjetju River. 
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