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 Globally, coral reefs are in severe decline (Jackson et al., 2001) and face potential 

extinction of 1/3 of reef species by 2050 (Veron, 2011). This decline is the result of the 

inability of coral communities to recover after disturbance events, often resulting in a 

shift from coral- to macro-algal dominated regimes. Reef resources managers are in need 

of tools to assess the condition of these ecosystems prior to, during, and post disturbance, 

especially in regions of the world where coral cover and diversity are high, yet 

management resources are scarce. Foraminifera have been widely utilized as 

bioindicators in both modern and paleoenvironments for more than a century due to their 

abundance, diverse functional morphology, rapid generation time, global distribution, and 

rich geologic record (Sen Gupta, 1999; Hallock et al., 2003). The FoRAM Index (FI) was 

developed as a single metric indicator to assess whether water quality supports coral 

recruitment and reproduction in Caribbean and Western Atlantic coral reefs (Hallock et 

al., 2003), yet the FI has not been widely applied to Indo-Pacific coral reefs.
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This study reports benthic foraminiferal assemblages from Pulau Karangmadjat, 

Mentawai Islands, Indonesia, and is the first to provide in situ foraminiferal assemblages 

for the Mentawai region. Results revealed overall low Shannon’s H’ and Fisher’s alpha, 

and low Buzas and Gibson’s evenness values across 13 sample sites selected from a 

variety of reef habitat zones. Values for the FI were also calculated and were extremely 

high across all sites due to the dominance of symbiont-bearing calcarinid taxa, suggesting 

favorable water quality conditions. Q-mode hierarchical cluster analysis revealed 4 

clusters, only one of which corresponded in its entirety to a well defined benthic habitat 

zone. Overall, a high degree of similarity between foraminiferal assemblages was present 

for most sites sampled due to the dominance of calcarinids, suggesting prevalence of a 

macro-algal substrate, and potentially a shift from a coral- to macro-algal dominated 

regime for this study area. Utilization of indices like the FI, when used in conjunction 

with non-FI analysis of foraminiferal assemblages, may aid managers in deducing drivers 

of regime shifts on Indonesian coral reefs, which may ultimately facilitate solutions for 

reef conservation and recovery following natural and anthropogenic disturbance. Further 

testing of the applicability of the FI on Indian Ocean and Indo-Pacific reefs is needed to 

in order to test this hypothesis.
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INTRODUCTION

Coral reefs worldwide are facing unprecedented threats due to the impacts of 

human activity, confounding the ability of reefs to recover after disturbance events. 

Resource managers are in need of effective tools to assess the condition of coral reefs 

both prior to and post disturbance, especially in regions of the world where coral cover 

and diversity are high, and management resources are scarce. Foraminifera have been 

widely utilized as bioindicators in both modern and paleoenvironments for more than a 

century due to their abundance, diverse functional morphology, rapid generation time, 

global distribution, and rich geologic record (Sen Gupta, 1999, Hallock et al., 2003). 

They are particularly useful in tropical marine environments, where trends in diversity of 

foraminiferal assemblages are mirrored throughout higher trophic levels, and have been 

proposed as an overall measure of biodiversity for these environments (Renema, 2007). 

The FORAM Index (FI) was developed under Environmental Protection Agency 

guidelines for bioindicators in order to provide a simple metric to assess whether water 

quality supports coral recruitment and reproduction in Caribbean and Western Atlantic 

coral reefs. The FI was developed by Hallock and others (2003) based on observations of 

analogous water quality requirements for both larger symbiont-bearing foraminifera and 

that of zooxanthellate corals. Use of the FI has since been successfully expanded to 

include myriad global reef locales, but its applicability to Indonesian reefs is unknown 

and requires testing (Hallock, 2003). 
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Study Area 

This study was conducted at Pulau (P.) Karangmadjat (Fig. 1), located in the 

central portion of the Mentawai Island chain, West Sumatra, Indonesia (-1.91667, 

99.30278, Geographic Coordinate System, WGS84 datum). The Mentawai Islands are a 

700 km long island chain of exposed outer arc ridge, which lie on top of a megathrust 

along the Sunda shelf - Sumatran subduction zone, where the Indian-Australian plate 

subducts obliquely beneath the Eurasian plate at an approximate rate of 59 mm/year 

(Shearer and Bürgmann, 2010). The islands are perfectly parallel to and  separated from 

the urbanized and heavily polluted waters of Padang, Sumatra by a 150 km wide forearc 

basin. Seismic activity along this boundary is high, and several large megathrust 

earthquakes have caused significant uplift along portions of the chain (Nias in 2004, 

Pagai Island, Macaronis in 2010), yet the central portion of the chain remains “locked” 

and has yet to undergo a major tectonic event (Singh et al., 2010) providing an unaltered 

sedimentary record.	

P. Karangmadjat is one of dozens of islands in the Mentawai chain and is located 

within the westernmost corner of the coral triangle, or center of maximum marine 

biodiversity (Hopley, 2011). The island hosts an array of reef types and is characterized 

by spur and groove fringing reef on its southern and western margins where wave 

attenuation is greatest, and fringing reef, patch reef, coral rubble and seagrass beds along 

the eastern margins where conditions are comparatively less hydrodynamically energetic  

Two sand cays with fringing reef are also located directly to the east of the island and are 

separated from P. Karangmadjat by a deep, narrow trench (Fig. 2).  These sand cays act 

to buffer the east side of the island from storms. The predominant feature of the island is 



	3 

its’ coastal wetland habitat consisting of one “hill” (approximately 30 meters in height) 

and a mangrove swamp enclosed by low lying coastal uplands and narrow sand beaches.  

The mangrove swamp experiences diurnal flushing as shifting inlets to its south open up 

to a moat like waterway toward its north, and an open lagoon and boat inlet toward the 

northeast provide a second access point to the surrounding seawater. These features make 

P. Karangmadjat unique in that it is the only island within the central Mentawai Islands to 

host this variety of coral reef morphology. Furthermore, to date, there have been no 

studies of in situ foraminiferal assemblages at any island within the Mentawai Island 

chain, and only one study conducted 100 km to the south of this study area which 

examined foraminifera as a component of sediments deposited in association with the 

2010 earthquake and tsunami. 
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Figure 1. Location of P. Karangmadjat within the Indonesian Archipelago. Map A. illustrates the larger 
Indo-Pacific region with inset B. showing a closer view of Sumatra. Inset C. shows the island Siberut, 
which is separated from Sumatra by a 150 km wide forearc basin, and the position of P. Karangmadjat (D.) 
to the south. Note: Basemap provided by Esri, HERE, DeLorme, MaypmyIndia. 
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Figure 2. GeoEye 1 satellite image of P. Karangmadjat. GeoEye1 (2009) satellite image of the study area 
showing the spur and groove reef and extensive reef flats along southern and western margin of the island; 
fringing reef patch reef, seagrass beds, and rubble along eastern margin of the island. Two sand cays, one 
vegetated, are clearly visible just to the northeast of Pulau Karangmadjat, and are also encircled by fringing 
coral reef. 
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Objectives 

 The objectives of this study are to 1) provide the first report of occurrence and 

distribution of modern shallow water benthic foraminifera from the Mentawai Islands, 2) 

determine the environmental conditions at Pulau Karangmadjat based on analysis of 

foraminiferal assemblages, 3) determine whether water quality conditions at this site are 

conducive to coral reef recruitment and proliferation based on the FoRAM Index (FI), 

and 4) determine whether or not FI and non-FI foraminiferal assemblage analyses are 

congruent, thereby testing the applicability of the FI to Indonesian coral reefs.	

Hypothesis  

 The hypothesis of this study is that overall abundance and diversity foraminiferal 

assemblages will be moderate to high across all sampling sites in this study area, and 

foraminiferal assemblages will be dominated by taxa characteristic of healthy Indian 

Ocean and Indo-Pacific coral reef environments. Despite recent impacts to Indonesian 

coral reefs, values of FI will also be high, due to the remote nature of the study area and 

the dominance of symbiont-bearing foraminifera, implying that water quality conditions 

at this site are conducive to coral recruitment and proliferation. Both FI and non-FI 

foraminiferal assemblage analysis are expected to be congruent with one another, 

supporting the applicability of the FI to reefs at this site and within the Indian Ocean 

region. 	

Relevance 

This study is the first to report in situ occurrence and distribution of modern 

shallow water foraminiferal assemblages from the Mentawai Islands, thereby filling an 

important gap in known biogeographic range distributions of foraminiferal species 
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between Western and Central Indian Ocean, and Indo-Pacific faunas. This study is also 

the first to test the applicability of the FI to an Eastern Indian Ocean coral reef, 

potentially providing resource managers with an efficient and cost effective tool in 

assessing environmental conditions of reefs within the region. Furthermore, this study 

will report environmental conditions at Pulau Karangmadjat based on foraminiferal 

assemblages and provide a baseline for future investigations at this site, as well as within 

the Mentawai Island region.	
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CORAL REEF CRISIS 

Global reef crisis 

Although they occupy a mere 1% of the ocean’s seafloor, coral reef ecosystems 

are the most biologically diverse in the marine environment providing habitat for an 

estimated 1/3 of all marine species (Veron et al., 2009). They account for approximately 

1/6 of oceanic carbonate production, provide economic resources to 500 million coastal 

inhabitants, and buffer shorelines from storm surge, erosion, and consequences of rising 

sea level, but these ecosystem are facing unprecedented threats due to the impacts of 

human activities. Globally, reefs are in severe decline (Jackson et al., 2001) and face 

extinction of 1/3 of reef species by 2050 (Veron, 2011). The increased degradation of 

coral reefs worldwide has resulted from the inability of these ecosystems to recover after 

disturbance events due to the compounded effects of local and global scale impacts such 

as pollution, increased runoff due to land use change, unsustainable fishing practices, 

increased sea surface temperature, and ocean acidification, resulting in a shift from a 

coral- to macro-algal dominated regimes (Hughes et al., 2007; Mumby, 2009; Renema, 

2010; Hoegh-Guldberg, 2011). Resource managers are in need of effective tools to assess 

the condition of coral reefs both prior to and post disturbance, especially in regions of the 

world where coral cover and diversity are high, and management resources are scarce.	

Status of Indonesian coral reefs 

The Indo-Pacific hosts 75% of the world’s coral reefs, and more than 90% of 

identified coral species (NOAA; Burke et al., 2010), yet nearly 95% of reefs within the 
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Indonesian archipelago are impacted by anthropogenic disturbance and 50% of these 

reefs have been classified as high to very high risk (Burke et al., 2010). Increased runoff 

and nutrification of coastal waters due to land use change, overfishing, and the commonly 

employed, albeit illegal practice of bomb and poison fishing where explosives and 

poisons are used to stun prey for easy collection constitute some of the major localized 

anthropogenic threats to Indonesia’s coral reef ecosystems.  These threats are further 

amplified by global scale impacts of rising atmospheric carbon dioxide concentrations 

resulting in increased sea surface temperatures (SST) and ocean acidification.  Two 

recent mass bleaching events triggered by anomalous SSTs resulted in mortality of nearly 

100% of corals and fishes in Sumatra and Java in 1997 and again in 2010 (Abram et al., 

2003; Burke et al., 2010). Such catastrophic bleaching events are predicted to increase in 

frequency throughout this century as concentrations of atmospheric CO2 continue to rise, 

and have now crossed a threshold of 400 ppm (Veron et al., 2009). Furthermore, 

Indonesia and other neighboring countries rely disproportionately on reef resources for 

both social and economic sustenance, making them considerably more vulnerable to 

effects of reef degradation than many other coastal nations (Abram et al., 2010).	
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SOME APPLICATIONS OF FORAMINIFERA 

The Foraminifera 

 Foraminifera are unicellular organisms belonging to the Protozoa, that are 

enclosed by their characteristic shell or “test” comprised of one or more interconnected 

chambers. The test may be made up of foreign material from the surrounding 

environment (agglutinated) or composed of self secreted calcium carbonate (calcareous), 

and are typically 50-200 microns in size. Foraminifera are classified based on their wall 

structure, test morphology, and position of aperture and umbilicus (Loeblich and Tappan, 

1988; Murray, 2006). A diversity of morphologies, robustness, and high abundance have 

resulted in a well preserved and extensive geologic record (Cambrian to recent), making 

them a useful tool in biostratigraphy. 

Foraminifera are found in all marine and brackish water environments and may be 

either planktonic or benthic in life mode. Benthic foraminifera live either within the 

sediment (infaunal), or at or above the sediment-water interface (epifaunal). Using their 

cytoplasmic pseudopodia, they can attach to a preferred substrate, gather and digest food, 

dispose of waste material, and move. Planktonic species are widely distributed and far 

less diverse than their benthic counterparts. There are an estimated 40-50 extant species 

of planktonic foraminifera, which is approximately two orders of magnitude fewer than 

that of benthic foraminifera. Although some benthic foraminifera are widely distributed 

or are considered “pioneer” or “opportunistic” species, many are restricted to specific 

environments controlled by depth, temperature, salinity, nutrient availability, dissolved 
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oxygen content, and substrate type. It is these constraints on particular taxa that make 

some foraminifera or assemblages of foraminifera so useful in environmental analysis 

and paleoenvironmental reconstruction. 	

Foraminifera as bioindicators 

Foraminifera have been widely utilized as bioindicators in both modern and 

paleoenvironments for more than a century due to their abundance, diverse functional 

morphology, rapid generation time, global distribution, and rich geologic record (Sen 

Gupta, 1999; Hallock et al., 2003). The benthic foraminifera are the sole benthic group 

capable of recording seafloor conditions from the bathyal to intertidal zone (Murray, 

2006). Their short life cycle and rapid accumulation in sediments of tropical regions 

make them especially excellent indicators of short and long term environmental change in 

reef ecosystems, where the effects of degraded environmental conditions are often 

difficult to detect in a timely manner in slow growing, long lived stony coral species. 

Collection of foraminiferal sediments causes little to no impact to coral communities, as 

only a small volume of sediment is required, and their high abundance in tropical marine 

environments lends well to statistically robust analysis. Furthermore, in tropical marine 

environments, trends in diversity of foraminifera have been correlated with that of macro 

invertebrates and fishes, and have been proposed as an effective measure of overall 

marine biodiversity in these environments (Renema, 2008).	

The FoRAM Index 

The FoRAM (Foraminifera in Reef Assessment and Monitoring) Index (FI) was 

developed under USEPA guidelines for biological indicators with the purpose of 

providing a simple metric to assess whether water quality supports coral recruitment and 
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reproduction in Caribbean and Western Atlantic coral reefs. The FI was developed by 

Hallock and others (2003) based on observations of analogous environmental 

requirements for both larger symbiont-bearing foraminifera and zooxanthellate corals 

from decades of reef and reef sediments monitoring. The FI categorizes foraminiferal 

taxa into three functional groups: large symbiont bearing (Ps), opportunistic (Po), and 

other small taxa (Ph). A weighting factor is then applied to the large symbiont bearing and 

other small heterotrophic functional groups. The FI is defined by equation 1:	

 FI = (10 x Ps) + (Po) + (2 x Ph)        (1)	

where Px = Nx/T, or the proportion of the number of specimens within its functional 

group (Nx) to the total number of specimens within the assemblage (T). 	

 The FI has been successfully applied to reef ecosystems along the Florida Reef 

Tract, the Caribbean, Brazil, Hawaii, and the Great Barrier Reef, and others, but its utility 

to Indonesian reefs is currently unknown and requires testing (Hallock et al., 2003, 

Hallock, 2012).	
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MATERIALS AND METHODS

Field collection and lab processing 

Methods for sample collection were adopted from Hallock et al. (2003) and 

Uthicke and Nobes (2008). Collection took place in November, 2011, between the 

Southeast and Northwest monsoons and during a period of minimal oceanic swell. This 

collection period was selected to reduce the magnitude of transport of dead tests outside 

of their habitats and into adjacent habitats by wave action and subsequently strengthened 

currents.	

 Using a scoop and plastic baggies, sediment and coral rubble were collected at 

thirteen sites from the upper 2 centimeters of substrate on and adjacent to a range of 

shallow water (>10 meters) habitats: fringing reef, patch reef, reef rubble, and back reef 

lagoon with seagrass. Three replicate samples were collected within one meter of each 

other at each site to reduce the effect of habitat patchiness or within habitat variability. 

Depth, substrate, hydrodynamic energy regime, and coordinate data were recorded at 

each collection site (Table 1). Samples were then washed over a 63µ screen to eliminate 

any mud or clay (Hallock et al., 2003; Murray, 2006) and dried under a fume hood for 48 

hours. Dried samples were split by quartering (Murray, 2006) until a fraction of 75-100 

grams was produced. The fractionated subsample was used for foraminiferal analysis and 

the remaining larger fraction archived. 
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A small scoop of the fraction retained for foraminiferal analysis was obtained 

using a micro spatula, measured to the nearest milligram, sprinkled evenly over a gridded 

tray, and analyzed under a Leica Wild M10 stereo microscope. All foraminifera fitting 

Yordanova and Hoheneggers (2002) criteria for optimally preserved specimens were 

picked from the subsample using a fine sable brush, to best approximate representatives 

of living and recent autochthonous populations. If a count of 300 individuals was 

obtained from the first subsample, it was considered sufficient (Hallock et al., 2003, 

Table 1. Sample site  field collection data 

Site Depth (m) Hydrodynamic Energy 
Regime Latitude Longitude 

PK201101 2-3 LOW -1.973611° 99.36250° 

PK201102 2 LOW -1.993611° 99.39306° 

PK201103 2 LOW -1.969444° 99.44611° 

PK201104 3 MODERATE -1.959167° 99.45028° 

PK201105 3 LOW  -1.917778° 99.50944° 

PK201106 3 MODERATE to HIGH -1.982500° 99.57667° 

PK201107 3.5 - 4 LOW to MODERATE -1.918056° 99.56389° 

PK201108 2 MODERATE -2.069167° 99.46333° 

PK201109 4.5 - 5 HIGH -2.166111° 99.34278° 

PK201110 2 LOW -1.926389° 99.57139° 

PK201111 3 HIGH -2.190000° 99.51194° 

PK201112 3 HIGH -2.029167° 99.53889° 

PK201113 5 - 6 MODERATE to HIGH -2.133333° 99.53917° 
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Murray, 2006). If 300 individuals were not obtained from the first subsample, a second 

scoop of the subsample was obtained, weighed and picked. This procedure was repeated 

until 300 or more individuals were acquired for each site, which is in concordance with 

standard practice in foraminiferal surveys in which all species comprising >1% of the 

total abundance of a population are to be represented (Murray, 2006 and references 

therein). Once picked, specimens were then mounted onto micropaleontological faunal 

slides coated with gum tragacanth for identification, quantification, and archiving. 	

Taxonomic Identification 

 Taxonomic identification was made to the species level, where possible, and 

follows that of the Treatise on Invertebrate Paleontology and Loeblich and Tappan 

(1988), with the exception being identification of the Calcarinidae, which follows 

revisions made to some taxa by Hottinger et al. (1991). For taxa that were not represented 

in the aforementioned references, reports from field surveys conducted at adjacent 

localities were consulted to aid in lower level taxonomic identification, and included 

works from Indonesia by Renema (2001, 2003, 2006, 2008), the Maldives by Parker and 

Gishler (2011), and notably Justin Parker’s exhaustive survey of Ningaloo Reef (2009), 

Western Australia. Nevertheless, some specimens present in samples from P. 

Karangmadjat were not referenced in any of the above works or have currently 

unresolved taxonomy at the species level. In these cases, taxonomic assignments could 

only be made to the generic level. 	

Mapping of Benthic Habitats 

Benthic habitats at P. Karangmadjat were defined based on a combination of 

resources, including the habitat and substrate type recorded during sample collection, 
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high resolution satellite imagery acquired in late 2009 from the GeoEye-1 Satellite (Fig. 

2), and ground truthed data points obtained during initial surveys of the islands’ habitat. 

Manipulation of GeoEye-1 1.65 meter multispectral resolution imagery was conducted in 

Adobe Photoshop, which greatly aided in the delineation of boundaries of both 

submerged and upland coastal habitats.  	

Foraminiferal Assemblage Analysis 

 Many foraminiferal forms present in the samples from P. Karangmadjat were not 

represented in the primary or other relevant literature. Furthermore, many of the 

dominant taxa present in this study are currently under taxonomic revision, or are wholly 

unresolved at the species level. Because the description of new species was beyond the 

scope of this project, analysis of foraminiferal assemblages was made on widely accepted 

generic classifications. This is consistent with the majority of modern and 

paleoecological analysis utilizing foraminifera, as well as other taxa (Forcino, 2012). 	

Absolute and Relative Abundance 

Both absolute abundance and relative abundance of genera were calculated for 

each of the 13 sample sites. Here, absolute abundance is the number of individuals per 

gram of sample analyzed. Relative abundance refers to how evenly distributed a species 

is in relation to the total number of individuals within a sampled community, represented 

as a percentage of the total community composition. 	

Diversity Indices 

 Many equations for quantifying biodiversity exist in the ecological and 

paleoecological literature, partly because no one index or measure of biodiversity can 

capture the breadth of the concept, which is in and of itself difficult to define. In its 
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simplest of terms, biodiversity is a measure of species richness (S), which is the total 

number of species present in a community or sampled population. Diversity indices 

attempt to account for not only the number of species present in a sample or population, 

but the evenness or dominance of a given species in relation to other species present. 

Here, some diversity indices commonly applied in foraminiferal ecology and 

paleoecology have been calculated for each site sampled using the paleontological 

statistics software package PAST 3.13 (Hammer et al., 2001) including Fisher’s alpha 

diversity (α), the Shannon-Weiner diversity index (H’), and Buzas and Gibson’s evenness 

(E). 	

The Fisher alpha index (Fisher et al., 1943) uses a log series distribution to predict the 

number of species represented by one individual, two individuals, and so on. Fisher’s 

alpha is defined by equation 2: 

	 	 	 				! = ! ln 1 + !
! 		 																							 										 	      (2) 

where S is the number of species (or species richness), n is the total number of 

individuals, and α is Fisher’s alpha. 

The Shannon-Weiner diversity index (Shannon and Weaver, 1949) accounts for 

the number of individuals, as well as the number of taxa present in a sample, and is 

defined by Equation 3: 

                  !! =  − !! ln !! 		 				 		 		               (3) 

where pi is the proportion of the ith species and “ln” is the logarithm to the base of e. The 

contribution of each species to the value of H’ is dependent on its proportion, meaning 
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that rare species make little contribution to H’. The lowest value of H’ is 0, and will be 

obtained from a sample containing only 1 taxon. Alternatively, in samples were species 

richness is hig and taxon are evenly distributed, values of H’ will reach a maximum, 

where Hmax = lnS. Since Shannon-Weiner diversity index accounts for evenness, but not 

independently of species richness, it is recommended to calculate a measure of evenness 

that is normalized for species richness (Hammer and Harper, 2006).	

Evenness (or its inverse, dominance) describes how individuals are distributed 

throughout a sample. Values of evenness range between 0 and 1, where higher values 

indicate an even distribution of species throughout a sample, and lower values an uneven 

distribution. Buzas and Gibson’s evenness (Buzas and Gibson, 1969) was calculated for 

each sample site in this study and is defined by equation 4: 

     ! =  !! !	 	 	 	 	 						(4) 

where H is Shannon’s H’, and S is the number of taxa.	

FoRAM Index 

The FoRAM Index (FI) was calibrated from decades of reef and reef sediments 

monitoring (Hallock et al., 2003) and developed under USEPA guidelines for biological 

indicators.  The FI categorizes foraminiferal taxa into three main functional groups: large 

symbiont-bearing (s), opportunistic (o), and other small taxa (h), and applies a weighting 

factor to the proportion of symbiont-bearing forams, or Ps, and the proportion of small, 

heterotrophic foraminifera or Ph. The proportion of opportunistic taxa or Po is 

unweighted. The FI is defined by the following equation:	

FI = (10 x Ps) + (Po) + (2 x Ph)    (1)	
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Where Px = Nx/T, or the proportion of the number of specimens within its functional 

group (Nx) to the total number of specimens within the assemblage (T). The value of FI 

range on a scale of 0-10, with 10 representing a sample where 100% of the taxa host algal 

symbionts. Hallock's classification of water quality conditions based on FI values are as 

follows:	

FI > 4 environment conducive to reef growth	

3 < FI < 5 indicates environmental change	

2 < FI < 4 environment marginal for reef growth and unsuitable for 

recovery	

FI < 2 stressed conditions unsuitable for reef growth	

Hierarchical Cluster Analysis 

 Hierarchical Q-mode cluster analysis was performed in PAST 3.13 using the 

unweighted pair-group average (UPGMA) algorithm and similarity matrix computed 

with Bray-Curtis dissimilarity equation. Q-mode cluster analysis produces hierarchical 

groupings based on similarity between samples by joining items and clusters in 

progressively larger clusters, and has proven to be an effective means of identifying 

biofacies (Hammer and Harper, 2006). The UPGMA algorithm defines the distance 

between two clusters based on the average of all possible distances between members of 

two groups. Bray-Curtis dissimilarity is a commonly employed method of measuring the 

difference in ecological abundance data between sample sites. Bray-Curtis is sensitive not 

only to the “shape” of a sample but also the physical size of each sample being compared. 

The primary objective of this study was to determine environmental conditions at P. 
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Karangmadjat based on foraminiferal assemblages, which required an appropriate 

number of individuals to be included in any analysis of such assemblages (Murray, 

2006), and was less concerned with ensuring the volume of sample being analyzed was 

uniform. Therefore, relative abundance of species rather than raw species counts were 

used in computing Bray-Curtis similarity matrix to correct for any potential skewedness 

due to differences in the volume of samples analyzed. Bray-Curtis similarity was 

computed from relative abundance as defined by equation 5: 

																																																															d!" = 1 − !!"!!!"!
!!"! !!"!

			 	 	 															(5) 

where the summed differences between variables (relative abundance of genera) are 

standardized by the summed variables of objects (sample sites) and djk is the distance 

between objects. The resultant matrix of distances between objects ranges between 0 and 

1, where 0 would indicate that the objects were identical, and 1 that objects had no 

variables in common.  
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RESULTS

Benthic Habitat and Reef Zones Map 

 Benthic habitat mapping at P. Karangmadjat revealed four primary zones typical 

of tropical reef environments: Fringing reef with strong spur and groove morphology, 

fringing reef with intermittent patch reef, patch reef with seagrass meadows, and back 

reef lagoon (Fig. 3). Fringing spur and groove reef sites were characterized by high wave 

energy and dominant Acropora, and Montipora coral genera. The fringing reef with 

intermittent patch reef zone experienced moderate wave action and was dominated by 

Acropora, Porites, Fungia and Goniastrea coral genera. Patch reefs with intermittent 

seagrass zones were lower wave energy zones and were dominated by Montastrea and 

Goniastrea coral genera, as well as the seagrass Thalassia. The back reef lagoon was the 

least hydrodynamically energetic zone, and dominant genera included Fungia, some 

smaller branching Acropora, as well as the endangered bivalve mollusk Tridacna. The 

position of reef crests and reef slope were also mapped, and are well defined along the 

margins of the island where wave attenuation is greatest, and continuous reef flats are 

most prominent.   

Foraminiferal Assemblages 

 A minimum count of 300 individuals was obtained from all samples, except for 

sample 05, which contained 288 well preserved individuals. A total of 4,396 individuals 

from 27 genera and 18 families were represented in the foraminiferal assemblages at P. 
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Karangmadjat. A faunal list of all observed taxa  and associated functional classification 

for purposes of calculating the FoRAM Index can be found in Appendix 1. 

Occurrence, Distribution, and Relative Abundance 

 Of the 27 genera present, 5 genera were found at every site sampled: Neorotalia, 

Pararotalia, Amphistegina, Elphidium, and Quinqueloculina. Relative abundance of 

calcarinid taxa was high at 85% of the sites accounting for between 40 – 90% of total 

species composition, with the exception being sites 01 (patch reef with seagrass) and 05 

(fringing reef with patch reef) where Pararotalia, a taxa known to co-occur with 

Neorotalia (Renema, 2003), was dominant. Neorotalia accounted for the majority of 

calcarinid occurrence, followed by several species of Calcarina. Amphistegina was 

dominant (38% – 47% of total species composition) at sites which were located within 

spur and groove fringing reef environments (Sites 06, 11, and 12). Although 

Quinqueloculina and Elphidium were present at all sites, they were present in very low 

relative abundance for most sites sampled, with the exception of site 06 (spur and groove 

fringing reef), which contained the highest abundance of Quinqueloculina of all sites 

sampled. Overall, the most dominant taxa were Neorotalia, Pararotalia, and 

Amphistegina, and 21 of the remaining genera observed were present in low relative 

abundance (Figs. 4, 5). Plates of images of the commonly occurring foraminiferal taxa 

can be found in Appendix II.	
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Figure 3. Benthic habitat zones map. Map of study area illustrating four primary benthic habitat zones and 
position of reef crest and slope. The location of sample collecting sites are also illustrated. 
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Figure 4. Stacked bar graph of raw foraminiferal counts for each sample site. Stacked bar graph of raw 
foraminiferal counts of 26 taxa present at the 13 sites sampled at P. Karangmadjat. Note, each site is named 
with a root ID of “PK2011”, followed by the site number.  
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Figure 5. Stacked area chart of relative abundance of foraminifera for each sample site. Stacked area chart 
of relative foraminiferal abundance for the 13 sites sampled at Pulau Karangmadjat. The taxa illustrated 
represent all taxa which comprised >2% relative abundance of the total sample.  The sites are ordered 
according to their similarity as defined by the results of hierarchical cluster analysis (Fig. 6). 

Diversity Indices 

 Taxon richness (S) ranged from 8 – 15, with an average of 13 genera (Table 2). 

Diversity indices across all sites were relatively low (Murray, 2006). Shannon’s H’ 
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– 3.36, with an average of 2.70. All sites exhibited an uneven distribution of taxa. Buzas 

and Hayek evenness (eH/S) was between 0.21 – 0.40, with an average of 0.31. Site 05 

(fringing reef with patch reef) had the highest H’ and Fisher’s alpha, and taxonomically 

was the most evenly distributed, however it’s FI value was the lowest of all sites. Site 09 

(fringing reef with intermittent patch reef) had the lowest diversity and was among the 

least even of the sites sampled, yet had the highest FI value. 

Table 2. Diversity indices calculated from foraminiferal assemblages at P. Karangmadjat 

Site Richness 
(S) 

# of 
Individuals 

Absolute Abundance 
(# individuals/gram) 

Shannon's 
H' 

Fisher's 
alpha 

Evenness 
(e^H/S) 

FI 

PK201101 15 374 9.287 1.39 3.13 0.27 5.4 

PK201102 13 361 1.761 1.50 2.64 0.34 7.6 

PK201103 15 513 24.575 1.52 2.89 0.30 7.6 

PK201104 13 300 1.004 1.22 2.77 0.26 9.1 

PK201105 15 288 6.571 1.80 3.36 0.40 5.1 

PK201106 10 310 33.862 1.23 1.98 0.34 8.4 

PK201107 13 311 3.444 1.54 2.74 0.36 7.9 

PK201108 15 376 0.941 1.14 3.13 0.21 8.8 

PK201109 8 322 0.741 0.70 1.49 0.25 9.4 

PK201110 15 307 0.685 1.31 3.30 0.25 9.4 

PK201111 12 325 3.101 1.33 2.45 0.32 9.2 

PK201112 12 300 5.882 1.49 2.50 0.37 8.7 

PK201113 13 309 0.597 1.47 2.75 0.33 7.5 

        
        

FoRAM Index 

Values for the FI were high at every site sampled. (Table 2). Sites 01 and 05 

exhibited the lowest FI (5.4 and 5.1, respectively), which was a result of lower relative 

abundance of symbiont-bearing taxa and high relative abundance of the “opportunistic” 
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Pararotalia at these two sites. All other sites sampled had FI scores between 7.5 and 9.4, 

and were also characterized by dominance of calcarinid taxa Neorotalia calcar, and 

Calcarina spp..	

Hierarchical Cluster Analysis 

Bray-Curtis revealed 4 clusters (Fig. 6). Cluster I was the only cluster to align in 

its entirety with a benthic habitat zone. This cluster was comprised of sites 06, 11, and 12, 

which were located within dense spur and groove fringing reef zones and were 

characterized by high relative abundance of Amphistegina (39%, 38%, and 47%, 

respectively). Clusters II and III both contained sites with characteristically high relative 

abundance of Neorotalia calcar and Calcarina spp., and contained sampling sites that 

were located in the remaining three benthic habitat zones: fringing reef with intermittent 

patch reef, patch reef with seagrass, and back reef lagoon. Cluster II was comprised of 

sites 04, 08, 10, and 09, and Cluster III of sites 02, 03, 07, and 13. Cluster II and III only 

differed slightly in that sites falling into Cluster III were characterized by marginally 

higher abundances of Pararotalia. Cluster IV was comprised of sites 01 and 05, which 

were characterized by the highest relative abundance of Pararotalia of all sites, and were 

located in patch reef with seagrass and fringing reef with intermittent patch reef benthic 

habitat zones. Overall, Neorotalia was dominant in all clusters ranging between 40% – 

73% of the total assemblage composition, with the exception being Cluster IV, which 

was composed of 19% total composition of Neorotalia (Fig. 7).	
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Figure 6. Results of Bray-Curtis hierarchical cluster analysis. Hierarchical cluster analysis was performed 
in PAST 3.13, and was calculated from the Bray-Curtis dissimilarity equation and UPGMA algorithm, 
which groups samples based on the average distance of all members within each sample. 
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Figure 7. Percent composition of genera for each cluster produced from hierarchical cluster analysis.
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DISCUSSION

Results of diversity indices were expected to be moderate to high across all 

sampling sites at P. Karangmadjat due to the remoteness of the island and its location 

within the Indo-Pacific region of maximum marine biodiversity, however, this was not 

the outcome of this study. Results of Shannon’s diversity, Fisher’s alpha and Buzas and 

Gibson’s evenness were low for all sites sampled, indicating degraded reef conditions. 

Further examination of foraminiferal assemblages across all sites also revealed a trend 

toward dominance of the Indo-Pacific endemic calcarinid taxa, which although are a 

large symbiont-bearing group, have been shown to prefer macro-algal substrates rather 

than that of stony corals (Renema 2008, 2010). Even sites where dominance of 

calcarinids were lowest had high relative abundance of the opportunistic taxa 

Pararotalia, which has been known to co-occur with Neorotalia calcar (Renema, 2003). 

In contrast, results from the FoRAM Index were extremely high, indicating water quality 

conditions that should be conducive to the recruitment and proliferation of coral reefs. 

Sites 01 and 05 exhibited the lowest FI (5.4 and 5.1, respectively), although this value 

still falls within the range of values that indicate environmental conditions conducive to 

reef growth. These results are not surprising given the dominance of symbiont-bearing 

calcarinid taxa at all sites.  

Bray-Curtis hierarchical cluster analysis revealed high similarity amongst all sites 

sampled due to the high relative abundance of calcarinid taxa Neorotalia and Calcarina 

spp.. Cluster analysis revealed only one grouping which corresponded in entirety with a 
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benthic habitat zone – Cluster I, spur and groove fringing reef. Even though Cluster I 

contained high relative abundance of Neorotalia (40%), it was the only cluster to contain 

high relative abundance of Amphistegina (42%), a taxa commonly associated with coral 

reef substrate, suggesting more optimal reef conditions within this zone, which may in 

part be due to reduced establishment of macro-algae due the high wave energy 

experienced in this zone (see Table 1). The remaining three clusters were predominantly 

characterized by calcarinids and the opportunistic taxa, Pararotalia, suggesting 

suboptimal conditions for coral reefs. 

Overall, results of Bray-Curtis hierarchical cluster analysis, and that of the non-FI 

diversity indices strongly suggest that the reefs at Pulau Karangmadjat are degraded, and 

have shifted from a coral- to macro-algal dominated regime. The reefs here may have 

either failed to recover post disturbance or are currently in a state of decline, despite the 

high FI values found at all sites sampled. The incongruous results of the FI versus that of 

non-FI foraminiferal assemblage analysis may not foster support for the use of the 

FoRAM Index on Indonesian reefs. However, the extremely high values of FI due to the 

abundance of calcarinid taxa does not negate the fact that this group hosts algal-

symbionts, and as such, will require water quality conditions that support photosynthesis 

(e.g. low suspended sediment loads and high light availability, oligotrophic conditions) 

Although the FI may not be useful as a single method for calculating reef health 

on reefs where Calcarinidae occur, it remains a useful indicator of water quality 

conditions, as was its intended purpose. Here it is proposed that reef degradation at this 

site may be the result of failed coral recovery following climatic disturbances (eg. 

bleaching and upwelling events) due to the absence of herbivorous fishes, which control 
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macroalgal populations, and not a consequence of decreased water quality, as revealed by 

the FI. When analyzed in conjunction, results of both FI and non-FI foraminiferal 

assemblage analysis may point to drivers of regime shifts on Indonesian reefs, however, 

further testing of the applicability of the FI on Indian Ocean and Indo-Pacific reefs in 

conjunction with non-FI foraminiferal assemblage analysis is needed. 
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CONCLUSIONS

This study is the first to report in-situ shallow water benthic foraminiferal 

assemblages from the Mentawai Islands. Analysis of foraminifera collected at 13 sites 

within 4 reef habitat zones at Pulau Karangmadjat revealed homogenous, low diversity 

assemblages, characterized by dominance of the macro-algal preferring calcarinid taxa 

Neorotalia calcar and Calcarina spp.. These findings were supported by Bray-Curtis 

cluster analysis which revealed a high degree of similarity among clusters due to the high 

relative abundance of calcarinid taxa, suggesting that conditions here have shifted from a 

coral dominated to macro-algal dominated regime, despite the remote nature of this study 

area and its proximity to the Indo-Pacific region of maximum marine biodiversity. 

 Alternatively, results from calculation of the FoRAM Index (FI) suggested water 

quality conditions were conducive to coral recruitment and proliferation. The FI was 

initially created for Caribbean and Western Atlantic coral reefs, where calcarinid taxa do 

not occur. Because the calcarinids are a large symbiont-bearing group, their dominance 

will lead to high FI values. This may lead to incongruous results of FI and non-FI 

foraminiferal assemblage analysis for regions where Calcarinidae are endemic, which 

suggests that the FI should not be used as a sole metric indicator of reef health in these 

regions. However, when applied in conjunction with other common and widely accepted 

analysis of foraminiferal assemblages, utilization of the FI may aid managers in deducing 

potential drivers of regime shifts on Indonesian coral reefs, by allowing them to rule out 

such impacts as increased sediment load and nutrification caused by urbanization and 
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land use change near coastal communities. Future work should include application of the 

FI in conjunction with additional foraminiferal assemblage analysis across a wider 

geographic range of Indian Ocean and Indo-Pacific reefs in order to test this hypothesis. 

With myriad disturbances threatening coral reefs globally, the potential to identify drivers 

of regime shifts on coral reefs, and ultimately facilitate solutions for reef conservation 

and recovery following natural and anthropogenic disturbance, may be key to the 

persistence of these vital ecosystems. 
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APPENDICES 

APPENDIX A: Raw counts of foraminiferal taxa and relative abundance data for each 

sample site  

APPENDIX B: Plates of some commonly occurring foraminiferal taxa at Pulau 

Karangmadjat



	36 

APPENDIX A

This appendix contains all raw counts and relative abundance (RA) data of 

foraminiferal taxa identified at each site sampled at Pulau Karangmadjat. Genera are 

listed in order first according to their appropriate functional group as defined by the 

FoRAM Index, then by Order, Family, and finally, Genus. The total number of 

individuals from each sample site are also given. 
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Raw Counts and Relative Abundance of Foraminiferal Taxa Page 1 

 

 

 

 

 

 

Taxon Classification

Functional Group Order Family Genus Raw Counts RA Raw Counts RA

Miliolida Alveolinidae Alveolina 1 0 0 0

Peneroplidae Peneroplis 1 0 1 0

Soritidae Amphisorus 0 0 0 0

Sorites 1 0 2 1

Rotaliida Amphisteginidae Amphistegina 118 32 20 6

Calcarinidae Baculogypsinoides 1 0 0 0

Calcarina 12 3 41 11

Neorotalia 43 11 196 54

Schlumbergerella 4 1 0 0

Nummulitidae Heterostegina 1 0 2 1

Buliminida Bolivinidae Bolivina 1 0 2 1

Rotaliida Elphidiidae Elphidium 4 1 18 5

Rotaliidae Ammonia 0 0 1 0

Pararotalia 177 47 58 16

Miliolida Hauerinidae Hauerina 0 0 0 0

Miliolidae Triloculina 0 0 0 0

Quinqueloculina 4 1 15 4

Spiroloculinidae Spiroloculina 0 0 4 1

Rotaliida Acervulinidae Acervulina 0 0 0 0

Planogypsina 0 0 0 0

Cymbaloporidae Cymbaloporetta 1 0 1 0

Eponididae Eponides 0 0 0 0

Rotaliidae Asterorotalia 0 0 0 0

Psuedorotalia 5 1 0 0

Siphogenerinoididae Siphogenerina 0 0 0 0

Textulariida Textularidae Textularia 0 0 0 0

Total # of individuals 374 361

Other Small, 
Heterotrophic Taxa

PK201101 PK201102

Symbiont-Bearing

Opportunisitic

Sample Sites
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Taxon Classification

Functional Group Order Family Genus Raw Counts RA Raw Counts RA

Miliolida Alveolinidae Alveolina 0 0 0 0

Peneroplidae Peneroplis 1 0 2 1

Soritidae Amphisorus 0 0 7 2

Sorites 3 1 4 1

Rotaliida Amphisteginidae Amphistegina 65 13 6 2

Calcarinidae Baculogypsinoides 0 0 0 0

Calcarina 46 9 50 17

Neorotalia 257 50 197 66

Schlumbergerella 0 0 0 0

Nummulitidae Heterostegina 1 0 2 1

Buliminida Bolivinidae Bolivina 1 0 0 0

Rotaliida Elphidiidae Elphidium 10 2 1 0

Rotaliidae Ammonia 0 0 0 0

Pararotalia 98 19 22 7

Miliolida Hauerinidae Hauerina 0 0 0 0

Miliolidae Triloculina 0 0 0 0

Quinqueloculina 22 4 5 2

Spiroloculinidae Spiroloculina 0 0 0 0

Rotaliida Acervulinidae Acervulina 2 0 0 0

Planogypsina 2 0 0 0

Cymbaloporidae Cymbaloporetta 1 0 0 0

Eponididae Eponides 0 0 1 0

Rotaliidae Asterorotalia 1 0 2 1

Psuedorotalia 0 0 0 0

Siphogenerinoididae Siphogenerina 0 0 1 0

Textulariida Textularidae Textularia 3 1 0 0

Total # of individuals 513 300

Other Small, 
Heterotrophic Taxa

Symbiont-Bearing

Opportunisitic

PK201103 PK201104

Sample Sites
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Taxon Classification

Functional Group Order Family Genus Raw Counts RA Raw Counts RA

Miliolida Alveolinidae Alveolina 0 0 0 0

Peneroplidae Peneroplis 4 1 0 0

Soritidae Amphisorus 0 0 2 1

Sorites 0 0 1 0

Rotaliida Amphisteginidae Amphistegina 24 8 122 39

Calcarinidae Baculogypsinoides 0 0 0 0

Calcarina 27 9 0 0

Neorotalia 72 25 123 40

Schlumbergerella 0 0 0 0

Nummulitidae Heterostegina 0 0 0 0

Buliminida Bolivinidae Bolivina 2 1 0 0

Rotaliida Elphidiidae Elphidium 16 6 1 0

Rotaliidae Ammonia 3 1 0 0

Pararotalia 115 40 2 1

Miliolida Hauerinidae Hauerina 3 1 0 0

Miliolidae Triloculina 2 1 0 0

Quinqueloculina 10 3 53 17

Spiroloculinidae Spiroloculina 1 0 0 0

Rotaliida Acervulinidae Acervulina 0 0 0 0

Planogypsina 0 0 2 1

Cymbaloporidae Cymbaloporetta 5 2 0 0

Eponididae Eponides 0 0 3 1

Rotaliidae Asterorotalia 3 1 0 0

Psuedorotalia 0 0 0 0

Siphogenerinoididae Siphogenerina 0 0 0 0

Textulariida Textularidae Textularia 1 0 1 0

Total # of individuals 288 310

Opportunisitic

Other Small, 
Heterotrophic Taxa

Symbiont-Bearing

PK201105 PK201106

Sample Sites
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Taxon Classification

Functional Group Order Family Genus Raw Counts RA Raw Counts RA

Miliolida Alveolinidae Alveolina 0 0 0 0

Peneroplidae Peneroplis 0 0 1 0

Soritidae Amphisorus 6 2 1 0

Sorites 0 0 2 1

Rotaliida Amphisteginidae Amphistegina 18 6 12 3

Calcarinidae Baculogypsinoides 0 0 0 0

Calcarina 21 7 47 13

Neorotalia 184 59 261 69

Schlumbergerella 0 0 0 0

Nummulitidae Heterostegina 4 1 0 0

Buliminida Bolivinidae Bolivina 7 2 3 1

Rotaliida Elphidiidae Elphidium 3 1 2 1

Rotaliidae Ammonia 0 0 0 0

Pararotalia 32 10 33 9

Miliolida Hauerinidae Hauerina 0 0 0 0

Miliolidae Triloculina 0 0 0 0

Quinqueloculina 22 7 6 2

Spiroloculinidae Spiroloculina 6 2 1 0

Rotaliida Acervulinidae Acervulina 0 0 0 0

Planogypsina 2 1 1 0

Cymbaloporidae Cymbaloporetta 5 2 3 1

Eponididae Eponides 0 0 2 1

Rotaliidae Asterorotalia 0 0 0 0

Psuedorotalia 0 0 0 0

Siphogenerinoididae Siphogenerina 0 0 0 0

Textulariida Textularidae Textularia 1 0 1 0

Total # of individuals 311 376

Other Small, 
Heterotrophic Taxa

Symbiont-Bearing

Opportunisitic

Sample Sites

PK201107 PK201108
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Taxon Classification

Functional Group Order Family Genus Raw Counts RA Raw Counts RA

Miliolida Alveolinidae Alveolina 0 0 0 0

Peneroplidae Peneroplis 0 0 0 0

Soritidae Amphisorus 3 1 0 0

Sorites 0 0 3 1

Rotaliida Amphisteginidae Amphistegina 2 1 14 5

Calcarinidae Baculogypsinoides 0 0 0 0

Calcarina 29 9 19 6

Neorotalia 264 82 212 69

Schlumbergerella 0 0 0 0

Nummulitidae Heterostegina 2 1 2 1

Buliminida Bolivinidae Bolivina 0 0 4 1

Rotaliida Elphidiidae Elphidium 1 0 6 2

Rotaliidae Ammonia 0 0 0 0

Pararotalia 19 6 18 6

Miliolida Hauerinidae Hauerina 0 0 0 0

Miliolidae Triloculina 0 0 2 1

Quinqueloculina 2 1 16 5

Spiroloculinidae Spiroloculina 0 0 4 1

Rotaliida Acervulinidae Acervulina 0 0 0 0

Planogypsina 0 0 0 0

Cymbaloporidae Cymbaloporetta 0 0 3 1

Eponididae Eponides 0 0 1 0

Rotaliidae Asterorotalia 0 0 0 0

Psuedorotalia 0 0 0 0

Siphogenerinoididae Siphogenerina 0 0 1 0

Textulariida Textularidae Textularia 0 0 2 1

Total # of individuals 322 307

Symbiont-Bearing

Opportunisitic

Other Small, 
Heterotrophic Taxa

Sample Sites

PK201109 PK201110
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Taxon Classification

Functional Group Order Family Genus Raw Counts RA Raw Counts RA

Miliolida Alveolinidae Alveolina 0 0 0 0

Peneroplidae Peneroplis 1 0 0 0

Soritidae Amphisorus 0 0 0 0

Sorites 3 1 0 0

Rotaliida Amphisteginidae Amphistegina 123 38 140 47

Calcarinidae Baculogypsinoides 2 1 1 0

Calcarina 9 3 0 0

Neorotalia 149 46 95 32

Schlumbergerella 2 1 9 3

Nummulitidae Heterostegina 5 2 10 3

Buliminida Bolivinidae Bolivina 0 0 0 0

Rotaliida Elphidiidae Elphidium 5 2 9 3

Rotaliidae Ammonia 0 0 0 0

Pararotalia 20 6 12 4

Miliolida Hauerinidae Hauerina 0 0 0 0

Miliolidae Triloculina 0 0 3 1

Quinqueloculina 5 2 13 4

Spiroloculinidae Spiroloculina 0 0 1 0

Rotaliida Acervulinidae Acervulina 0 0 0 0

Planogypsina 1 0 6 2

Cymbaloporidae Cymbaloporetta 0 0 0 0

Eponididae Eponides 0 0 2 1

Rotaliidae Asterorotalia 0 0 0 0

Psuedorotalia 0 0 0 0

Siphogenerinoididae Siphogenerina 0 0 0 0

Textulariida Textularidae Textularia 0 0 0 0

Total # of individuals 325 301

Symbiont-Bearing

Opportunisitic

Other Small, 
Heterotrophic Taxa

Sample Sites

PK201111 PK201112
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Taxon Classification

Functional Group Order Family Genus Raw Counts RA

Miliolida Alveolinidae Alveolina 0 0

Peneroplidae Peneroplis 27 9

Soritidae Amphisorus 0 0

Sorites 6 2

Rotaliida Amphisteginidae Amphistegina 4 1

Calcarinidae Baculogypsinoides 0 0

Calcarina 5 2

Neorotalia 175 57

Schlumbergerella 0 0

Nummulitidae Heterostegina 3 1

Buliminida Bolivinidae Bolivina 4 1

Rotaliida Elphidiidae Elphidium 11 4

Rotaliidae Ammonia 2 1

Pararotalia 58 19

Miliolida Hauerinidae Hauerina 1 0

Miliolidae Triloculina 0 0

Quinqueloculina 11 4

Spiroloculinidae Spiroloculina 2 1

Rotaliida Acervulinidae Acervulina 0 0

Planogypsina 0 0

Cymbaloporidae Cymbaloporetta 0 0

Eponididae Eponides 0 0

Rotaliidae Asterorotalia 0 0

Psuedorotalia 0 0

Siphogenerinoididae Siphogenerina 0 0

Textulariida Textularidae Textularia 0 0

Total # of individuals 309

Opportunisitic

Other Small, 
Heterotrophic Taxa

Sample Site

PK201113

Symbiont-Bearing
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APPENDIX B

This appendix contains plates of some commonly occurring taxa at Pulau Karangmadjat.
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PLATE I

Figure 1. Neorotalia calcar, d’Orbigny, 1839 

 2. Pararotalia, Le Calvez, 1949 

 3. Amphistegina, d’Orbigny, 1826 

 4. Elphidium, de Montfort, 1808 

 5. Quinqueloculina, d’Orbigny, 1826 

 6, 7. Calcarina, d’Orbigny, 1826 
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