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ABSTRACT: Coral reef community in Manado Bay is under pressure due to human activities in areas in and around Manado. In order to be 

able to wisely manage the bay area and the coral reefs in it, information about present conditions is needed. The use of marine organisms as 

bioindicators is one way to find information about the condition, and organisms such as foraminifera have the potential to be used as some 

species share the same requirement for water quality as the corals. Sampling for the foraminifera was carried out at 10 locations, and the depth 
of water ranged from 2.5 m to 7.0 m. The samples obtained were washed through a 63 μm sieve and dried. The separation of foraminifera tests 

from other sediments was done under a stereomicroscope and they were then identified to genus level. A total of 40 genera was identified 

among 3194 specimens. To get the FoRAM Index value, the foraminifera was categorized into three functional groups. 8 genera were 

categorized as symbiont-bearing group, 8 as opportunistic group, and 29 as heterotrophic group. FoRAM Index was found to be varied from 
2.06 to 9.19 which indicated that Manado Bay water condition is also varied among the sampling area. In general based on the data obtained, 

it is assumed that water in Manado Bay is conducive for coral reef growth. 

   
Keywords: benthic foraminifera; shallow water; FoRAM Index; Manado Bay 

   

INTRODUCTION 

 

Foraminifera are amoeboid protozoa that are mostly free-

living in the sea, single-celled and show a character which are 

similar to animals (Boudagher-Fadel, 2013). These organisms 

can have complex carbonate skeletons and also shells which 

consist of sedimentary particles. The shells (called tests) are 

composed of chambers which will increase in number as the 

organisms grow. The living foraminifera have pseudopodia 

which help them to take food and sediment particles. 

Foraminifera are divided into two big groups according to 

their lifestyle: benthic foraminifera and planktonic 

foraminifera. 

Foraminifera are very important both in geology and 

ecology. Geologically, the production of calcareous sands in 

the tropics contributes to around 1-2 kg/m2/year (Cedhagen, 

1996). From ecological point of view, symbiont-bearing large 

benthic foraminifera share similar water quality requirement 

with zooxanthellate corals (Hallock et al., 2003). And the 

possibility to use foraminifera assemblage as bioindicator for 

water quality will be very important in establishing 

management plan for one area. 

Manado Bay is an area situated in front of Manado 

City. According to Manginsela et al. (2016), Manado Bay 

area has two main functions: ecological functions (as the 

habitat for diverse marine biotas) and community functions 

which support the lives of people around the area. Manado 

Bay has been designated as strategic area in the city of 

Manado spatial planning (Hudha et al., 2019) and this in turn 

will affect the ecological function of the bay. The area has also 

experienced a change for the last two decades due to the 

reclamation activities along some parts of the area. As it is 

also experienced by several cities in Indonesia, the 

government of Manado City is trying to boost its economic 

development by creating central business district. It is done 

by converting the coastline area, and this development is 

projected to put more pressure in Manado Bay for many years 

to come. 

According to a study conducted by Pratasik et al. 

(2020) on coral reef conditions of Manado Bay, the coral reef 

has been categorized as poor to moderate condition with a 

percentage cover ranging from 9.8% to 40.4%. The water 

depths of the study were between 3 and 10 m. The conditions 

are understandable as the area is receiving a lot of pressure 

from not only reclamation activities which are still ongoing 

but also from three rivers which run into the bay. All the rivers 

have their origin in Minahasa highland and have passed 

through the residential areas in Manado City. The rivers 

brought with them some potential harmful materials from the 

land and the materials can potentially damage the life in the 

bay. 

The research was aimed to study the foraminifera from 

shallow-water area in Manado Bay and to evaluate the 

FoRAM (Foraminifera for Reef Assessment and Monitoring) 

Index. This study is expected to find out the conditions of 

Manado Bay especially in relation to the possibility of the 
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coral reef to continually grow in there. Percentage covers (as 

reported by Pratasik et al., 2020) might represent the present 

condition of the coral reef visually, but by applying the index 

can also give information about the condition of the water 

itself. And this will add up another perspective of the 

condition of Manado Bay. 

 

 

MATERIALS AND METHODS 

 

The study area was divided into ten sites (Figure 1) with water 

depth varied between 2.5 m to 7 m. Sampling of sediment was 

done in by divers. It was done by filling plastic bags with the 

upper 2 cm of substrata. All samples were washed with 

freshwater through 63μm sieves and dried. Water samples 

were also collected for Nitrate and Phosphate analysis. 

Sampling sites were determined to represent the condition of 

the area: area with coral replantation activity, area near river 

mouth, and area near central business activities. 

The sediment samples varied from muddy to sandy 

sediments and mostly contained terrigenous sediments. A 

number of > 300 specimens of benthic foraminifera tests were 

picked from each samples and were identified to genera level. 

A documentation using microscope camera was also 

conducted. The identification was based mostly on Loeblich 

and Tappan (1994), Forderer and Langer (2018), Nobes and 

Uthicke (2008) and Toruan (2011). The identified specimens 

were then crosschecked through WORMS (World Register of 

Marine Species) database on https://www.marinespecies.org/ 

index.php. 

The FoRAM Index was calculated using the formula 

FI = (10 x Ps) + (Po) + (2 x Ph), where Ps, Po and Ph represent 

the relative abundance of three functional group of 

foraminifera (symbiont-bearing, opportunistic and 

heterotrophic taxa). The final step was interpreting the result. 

For detailed information about the calculation and 

interpretation, see Hallock et al. (2003). 

 

 

RESULTS AND DISCUSSIONS 

 

A total of 40 genera have been identified from 3194 specimen 

(Table 1), and Calcarina sp. was found to be the most 

dominant taxa (38.95 %). The same genus was also found to 

be the most dominant in six of the eight stations. The second 

dominant genus was Triloculina sp. (10.86%) and it is 

followed by Amphistegina sp. (10.14%). The other four 

genera with a percentage less than 10% of each followed after 

that. They are Quinqueloculina sp. (7.83%), Textularia sp. 

(7,33%), Ammonia sp. (7,20%), dan Elphidium sp (6,39%). 

The least dominant genera are Laevipeneroplis sp., 

Mikrobelodontos sp., Planispirinella sp., and Neocassidulina 

sp.; each of them was only represented by one single 

specimen. 

The water condition in relation to coral reef growth in 

the bay was determined by applying calculation of the 

FoRAM Index (Hallock et al., 2003) and it is based on the 

proportion of each genera. Each of the genera was categorized 

into one of three functional groups. It is found that the 

symbiont-bearing group was represented by 8 genera, 

opportunistic by 3 genera, and the heterotrophic by 29 genera. 

According to Hallock et al. (2003), the use of generic-level 

identification as a base for calculating FoRAM Index is 

recommended because the generic-level is already well-

 
 

Figure 1. The locations of the study in Manado Bay 
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established and using the species-level identification tends to 

be inconsistent among researchers. 

Two locations, namely Jembatan Bahu (the Bahu 

Bridge) and Kuala Jengki, were chosen to represent the areas 

with water input from mainland (via rivers). The results of the 

analysis of FoRAM Index are very different in those two 

locations. While Bahu Bridge shows an index of 9,19 which 

means that the area is conducive to coral reef growth, the 

result in River mouth of Jengki is at present empty of tests 

(this needs to be taken into account in future sampling). Our 

present assumption is that during sediment sampling, the area 

had just experienced sediment erosion which caused 

displacement of sediments in the area and it was replaced by 

other (new) sediment originating from the input of 

reclamation sediments or sediments from the Tondano River 

that entered the river mouth of Jengki which carried by water 

flow. The similar phenomenon was also found in Sindulang 

sampling site. Two other locations that have a very low 

FoRAM Index are the area in front of ANTRA Sario and 

Megamas area, at 2.13 and 2.04, respectively. Both areas are 

in front of central business locations. Sumale et al. (2022) 

suggested, the index ranged from 5.64 to 9.12. FoRAM Index 

of < 2 indicates that the water of the location is under pressure 

and is not suitable for coral reef growth. 

Calculation of FoRAM Index had also been conducted 

in Bunaken Island coral reef area by Paringgi et al. (2018) and 

Kalalo et al. (2020).  Both authors found Amphistegina sp. to 

be the dominant genus and the index was high (> 7.00). 

Table 1. The composition of benthic foraminifera genera found in Manado Bay 

 

No Genera 
Station 

Total 
A B C D E G H I 

1 Amphistegina sp. 42 12 14 5 16 147 52 36 324 

2 Elphidium sp. 33 25 13 7 22 57 36 11 204 

3 Calcarina sp. 68 77 282 2 1 214 99 501 1244 

4 Laevipeneroplis sp.       1  1 

5 Textularia sp. 26 13 6 19 43 32 77 18 234 

6 Sahulia sp. 3 1 1 3 3  3 1 15 

7 Mikrobelodontos sp.    1     1 

8 Rosalina sp. 1 1  3   7  12 

9 Pyrgo sp.  1      2 3 

10 Pseudopyrgo sp.  9   5    14 

11 Operculina sp. 4 5   3 5 1  18 

12 Nonionoides sp.        2 2 

13 Heterostegina sp. 3 1 2    8 1 15 

14 Cibicides sp. 10     1   11 

15 Peneroplis sp. 4 4 1  1 27 28  65 

16 Eponides sp. 2 1   2 3   8 

17 Neoconorbina sp. 4   3 2    9 

18 Planorbulinella sp. 10  2   1 9 5 27 

19 Amphisorus sp.      5 5  10 

20 Cymbaloporetta sp. 1 2   1  24  28 

21 Assanonella sp. 3 1       4 

22 Pseudohauerina sp. 2        2 

23 Quinqueloculina sp. 31 37 2 58 43  63 11 250 

24 Triloculina sp. 16 67 1 206 48  6 3 347 

25 Lachlanella sp. 2  2     8 12 

26 Miliolinella sp. 2   10 2  4  18 

27 Vertebralina sp. 1 2     1 1 5 

28 Schlumbergerina sp.  1     1  2 

29 Fijiella sp. 2 1     3  6 

30 Bolivina sp. 4 5 2    4  15 

31 Siphogenerina sp.  1 1 1 1    4 

32 Ammonia sp. 31 41  7 126  25  230 

33 Sorites sp. 4 3 1   1 4 6 19 

34 Planispirinella sp. 1        1 

35 Spiroloculina sp. 4 7 1  2  4  18 

36 Neocassidulina sp.   1      1 

37 Cornuspira sp.    6 3    9 

38 Acervulina sp. 2    1    3 

39 Sphaerogypsina sp.       1  1 

40 Paracassidulina sp.  1  1     2 

 Total 320 319 333 332 325 493 468 605 3194 
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Similar studies have also been conducted in other areas in 

Indonesia by several researchers (e.g. Aulia et al 2012; Nurdin 

et al 2014; Nurruhwati et al 2020). Aulia et al (2012) 

conducted a study on foraminifera in Banggai Islands in 

Central Sulawesi and found 75 species from 33 genera. The 

FoRAM Index ranged from 2.99 to 5.54. They correlated the 

index with coral coverage in the area and found that there was 

a close relationship between the two. Moreover, Nurdin et al 

(2014) who studied foraminifera in several islands in 

Kepulauan Seribu in Jakarta noted that Amphistegina sp. was 

the dominant genus and it was followed by Calcarina sp. 

Phosphate and Nitrate analysis were also conducted in 

the study. Nitrate concentration were < 0.005 mg/L at all 

sampling stations, while phosphate ranged from < 0,005 mg/L 

to 0.888 mg/L (Table 2). According to Hallock et al. (2003), 

benthic foraminifera assemblages respond to nutrient fluxes 

in seawater. Large benthic foraminifera such as Amphistegina 

sp. and Calcarina sp. which host algal endosymbionts 

dominate sediment in area with low nutrient. This somewhat 

contrast with our findings at Bahu Bridge with the phosphate 

concentration of 0.888 mg/L and 0.462 mg/L, but the FoRAM 

Index was found to be 9.16 which indicate that water 

condition strongly supports the presence of symbiont-bearing 

foraminifera.  

Our present findings indicate that the diversity of foraminifera 

in Manado Bay is higher than the finding in similar studies 

conducted in other areas in Indonesia (among others, Aulia et 

al 2012; Nurdin et al 2014; Nurruhwati et al 2020). And based 

on the calculation of FoRAM Index, we can assume that most 

of the areas in Manado Bay are still conducive for coral reef 

growth. However, continuous environmental monitoring 

which involved benthic organisms such as foraminifera is 

needed, in order to sustain the ecological function of the bay. 

 

 

CONCLUSION 

 

A total of 3194 specimens were determined from this study 

and 40 genera were found. From this number, 8 genera were 

categorized into symbiont-bearing foraminifera, 3 were from 

opportunistic group and 19 genera were of heterotrophic. 

Some of the specimens have been identified to species level, 

among others Amphistegina madagascariensi, A. radiata, 

Ephidium craticulatum, and Calcarina defrancei. Some 

genera need to be examined further; this is especially for 

Quinqueloculina sp. which were quite diverse. Present 

findings on FoRAM Index are also quite interesting because 

the area of study is in one long coastline in Manado Bay and 

the index ranged from 2.06 to 9.19. One way to make sure that 

the index is exactly representing the present condition is by 

doing monitoring program on the foraminifera assemblages in 

the bay. 
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SUPPLEMENTS 

 

 
 

Plate 1. Benthic foraminifera of symbiont-bearing functional group: 1. Calcarina defrancei; 2. Amphisorus hemprichii; 3. 

Sorites orbiculus; 4. Operculina ammonoides; 5. Amphistegina radiata; 6. A. madagascariensis; 7. Peneroplis planatus; 8. 

P. pertusus; 9. Heterostegina sp.; 10. Heterostegina sp.; 11. Laevipeneroplis sp.; 12. L. bradyi. 

 

 
 

Plate 2. Benthic foraminifera of opportunistic functional group: 1. Elphidium craticulatum; 2. E. crispum; 

3. Ammonia sp.; 4. Bolivina sp. 
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Plate 3. Benthic foraminifera of heterotrophic functional group: 1. Eponides sp.; 2. Vertebralina striata; 3. Planispirinella 

exiqua; 4. Pseudohauerina orientalis; 5. Assanonella tubulifera; 6. Fijiella sp.; 7. Pseudopyrgo milletti; 8. Siphogenerina 

sp.; 9. Lachlanella sp.; 10. Miliolinella sp.; 11. Neoconorbina sp.; 12. Cibicides sp.; 13. Mikrobelodontos bradyi; 14. 

Rosalina sp.; 15. Cymbaloporetta sp.; 16. Triloculina trigonula; 17. Sahulia sp.; 18. Cornuspira sp.; 19. Acervunila sp.; 20. 

Nonionoides sp.; 21. Spiroloculina sp.; 22. Textularia sp.; 23. Schlumbergerina alveoliniformis; 24. Quinqueloculina sp.; 

25. Pyrgo sp.; 26. Sphaerogypsina sp.; 27. Agglutinella sp.; 28. Neocassidulina sp.; 29. Planorbulinella sp. 

 

 


