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ABSTRACT: Foraminifera are widely used as indicators for reconstructing past marine
environmental conditions. This study aims to investigate the ecological conditions of Waipoga
waters, North Papua, by analyzing the distribution of foraminifera during the late Middle
Holocene to Late Holocene. The study area plays an important role in the dynamics of the
Indonesian Throughflow (ITF/ITF) and ENSO. Sediment core samples were prepared and
identified for foraminifera, followed by quantitative analyses including relative abundance, P/B
ratio, and ecological indices. In addition, sortable silt analysis was applied as an environmental
proxy to support the reconstruction of past environmental changes. The results show that
foraminiferal abundance throughout the sediment core varies. Planktonic foraminifera are more
dominant, comprising 12 genera with 22 species. The most dominant species are Globigerinoides
ruber (41,7%), Neogloboquadrina dutertrei (11%), Neogloboquadrina incompta (13,2%),
Pulleniatina obliquiloculata (4%), Hastigerina pelagica (6,65%), and Globigerinoides immaturus
(6,7%). Meanwhile, benthic foraminifera consist of 42 genera with 62 species, dominated by
Bulimina marginata (1,8%), Cibicidoides pachyderma (1,89%), and Lenticulina calcar (1,3%).
During the late Middle Holocene to Late Holocene, the Waipoga waters were influenced by
variations in bottom current intensity and thermocline stability. Zones I and III reflect oligotrophic
conditions with weak circulation, while Zone II indicates increased bottom current intensity, high
productivity, and dysoxic conditions, suggesting possible intensification of upwelling events.
Keywords: Distribution, Foraminifera, Holocene, Waipoga Waters

ABSTRAK: Foraminifera merupakan indikator yang sering digunakan untuk merekonstruksi
kondisi lingkungan perairan masa lampau. Penelitian ini bertujuan untuk mengetahui kondisi
lingkungan Perairan Waipoga, Papua Utara, dengan menganalisis distribusi foraminifera selama
Kala akhir Holosen Tengah hingga Holosen Akhir. Wilayah penelitian berperan dalam dinamika
ITF dan ENSO. Sampel inti sedimen dianalisis melalui preparasi dan identifikasi foraminifera,
kemudian dilakukan analisis kuantitatif berupa perhitungan kelimpahan relatif, rasio P/B, dan
indeks ekologi. Selain itu, analisis ukuran butir sedimen digunakan sebagai proksi kondisi
lingkungan untuk mendukung rekonstruksi perubahan lingkungan purba. Hasil penelitian
menunjukkan kelimpahan foraminifera sepanjang inti sedimen bervariasi. Foraminifera
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planktonik lebih dominan terdiri atas 12 genus dengan 22 spesies. Spesies yang lebih dominan
adalah Globigerinoides ruber (41,7%), Neogloboquadrina dutertrei (11%), Neogloboquadrina
incompta (13,2%), Pulleniatina obliquiloculata (4%), Hastigerina pelagica (6,65%), dan
Globigerinoides immaturus (6,7%). Sementara itu, foraminifera bentonik terdiri dari 42 genus
dengan 62 spesies, didominasi oleh Bulimina marginata (1,8%), Cibicidoides pachyderma
(1,89%), dan Lenticulina calcar (1,3%). Sepanjang akhir Holosen Tengah hingga Holosen Akhir,
kondisi perairan Waipoga dipengaruhi oleh variasi intensitas arus dasar laut dan stabilitas
termoklin. Zona I dan III mencerminkan kondisi oligotrofik dengan sirkulasi lemah, sementara
Zona II menunjukkan peningkatan intensitas arus dasar laut, produktivitas tinggi, dan kondisi
disoksik yang mengindikasikan kemungkinan intensifikasi peristiwa upwelling.

Kata Kunci: Distribusi, Foraminifera, Holosen, Perairan Waipoga

INTRODUCTION
The Waipoga waters are located in the eastern

part of Cenderawasih Bay (Figure 1), north of Papua
Island in the Pacific Ocean, and hold a strategic
position as an area that is passes through by New
Guinea Coastal Current (NGCC) and New Guinea
Coastal Under Current (NGCUC) which flow from
the Pacific Ocean enters the Indonesian Waters as the
Indonesian Throughflow (ITF) (Gordon, 1986). The
Indonesian Throughflow (ITF) is a flow of water
masses between the Pacific Ocean and the Indian
Ocean that passes through Indonesian waters, with
the ITF pathways shown in Figure 2. The ITF
transports warm water masses from the Pacific
Ocean toward the Indian Ocean, which has relatively
cooler temperatures (Wyrtki, 1987). The ITF occurs
due to density differences influenced by pressure,
temperature, and salinity between the two oceans
(Hasanudin, 1998; Nining, 2002 in Azis, 2006). In
addition, as the source of the Indonesian
Throughflow, the northern Papua waters are also
situated within the Western Pacific Warm Pool
(WPWP), thus influenced by the El Niño Southern
Oscillation (ENSO). WPWP is a pool of warm water
located in the western Pacific region, including the
eastern Indonesian waters, that can shift eastward or
westward across the Pacific, generating a circulation
known as the ENSO cycle or El Niño Southern
Oscillation. ENSO is a periodic phenomenon caused
by unusual interactions between the ocean and
atmosphere along the equatorial Pacific Ocean,
which impacts climate variability in the region as
well as in several other parts of the world. El Niño
occurs when sea surface temperatures in the eastern
Pacific Ocean rise, while those in the western Pacific
decline (with the WPWP shifting further eastward),
resulting in reduced rainfall in the western Pacific
and increased rainfall in the eastern Pacific. La Niña,

on the other hand, has the opposite effect, with sea
surface temperatures decreasing in the eastern
Pacific while increasing in the western Pacific,
leading to higher rainfall in the western Pacific,
including Indonesian waters (Ashok & Yamagata,
2009; Darmawan et al., 2021), meaning the WPWP
shifts further westward. The variation in sea surface
temperatures in the northern Papua waters influenced
by ENSO is related to the formation of cyclonic and
anticyclonic eddies, which drive upwelling and
downwelling processes (Simanungkalit et al., 2018).
The formation of anticyclonic eddies is caused by
high sea surface temperatures during La Niña
conditions, leading to the accumulation of water
masses at the eddy’s center. Cyclonic eddies, in turn,
can trigger upwelling processes by bringing cooler
water masses to the sea surface. ENSO events affect
the ITF and monsoon circulation, hence influence the
climate over the Asian region.

Foraminifera are unicellular microorganisms
that are commonly found from shallow to deep
marine environments, as well as in brackish waters,
and exhibit very high diversity. Foraminifera tend to
prefer specific environmental conditions, although
some species can thrive in a wide range of settings.
Therefore, foraminifera are known as proxies for
paleoclimate changes, and their presence can reflect
the ecological conditions of their habitats. Both
benthic and planktonic foraminifera are recognized
as potential indicators of environmental, ecological,
oceanographic, and climatological conditions, both
in the past and present. Based on their
characteristics—such as a simple body structure with
a hard shell, relatively short life cycles, wide
distribution in aquatic environments, and high
adaptability to environmental changes—
foraminifera are often considered bioindicators with
great potential for understanding environmental
conditions in both ancient and modern
waters(Nurruhwati et al., 2012). The distribution,
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morphology, and abundance of foraminifera are
influenced by various environmental factors in their
habitats, such as depth, salinity, temperature, nutrient
availability, oxygen concentration, and others
(Boltovskoy and Wright, 1976; Jurnaliah et al.,
2019). Previous studies (e.g. Peeters et al., 2001;
Gustiantini, 2018; Gustiantini et al., 2018; Jurnaliah
et al., 2019; Damanik et al., 2020; Fabbrini et al.,
2023; Jatiningrum et al., 2023) have concluded that
the distribution of foraminifera in different marine
regions is influenced by climate change. Therefore,
this research was conducted to further study the
distribution of foraminifera in relation to
paleoceanographic conditions in Waipoga waters.

METHODS
The data used in this study consist of marine

sediment core sample from Waipoga waters with the
code NAME GM3-2018-WPG.04. The collection of
marine sediment core was carried out by the Marine
Geological Institute (MGI/BBSPGL) of the
Geological Agency, Ministry of Energy and Mineral
Resources, using a gravity corer on aboard the survey
vessel Geomarin III in 2018, retrieved from a water
depth of 462 m. 

Observations and data collection began with the
description of a 206 cm-long gravity core sediment
sample. The core description included color, grain
size classification following Wentworth (1922), and
observed structures. Preparation of sediment samples
for foraminiferal analysis started with the extraction

Figure 1. Bathymetric map of Waipoga waters, Northern Papua, red dot is the sediment
core for this study, yellow dot is the sediment core for age modelling
(Maryunani, 2009).
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of 5–7 cc of sample using a syringe at 2 cm depth
intervals. Sediment samples were firstly weighed,
before and afterwards they were dried to obtain wet
and dry weights, then soaked, washed with a 0.063
mm sieve, and dried again. Subsequently, splitting
and picking of foraminifera were carried out, with
approximately 300 specimens separated from the
sediment. Identification referred to Loeblich &
Tappan (1994), Hemleben et al. (1989), and
Holbourn et al. (2013). Quantitative analysis was
then performed, including normalization, relative
abundance (%), P/B ratio, ecological indices
(diversity index, evenness index, and dominance
index), and clustering. The calculation of ecological
indices and the construction of clustering
dendrograms were carried out using the PAST
(Paleontological Statistics) software version 4.03,
available at  https://paleoelectronica.org/2001_1/
past/pastprog/index.html, developed by Paul D.
Ryan (1995) in Hammer et al. (2001), with manual
book of PAST (Hammer, 1999-20224).

Normalization to the number of splits (dividers)
with the sample weight and the number of individual
specimens in the normalized sample can be carried
out by (Ardi et al., 2019) : 

      (1)

       (2)

Where:
N    = number of individuals of a species in the

total sample
n     = number of splits (dividers)
A     = number of individuals of a species in one

split
Nz  = number of individuals in the normalized

sample
Ma  = measured mass
Mb  = expected mass

Figure 2. Oceanography and climatology within Indonesian waters. Black arrows indicate
the major ocean currents influencing Indonesian waters, including the NGCC
(New Guinea Coastal Current), NEC (North Equatorial Current), NECC (North
Equatorial Counter Current), HE (Halmahera Eddy), ME (Mindanau Eddy),
while blue arrows show the pathway of the Indonesian Throughflow (ITF)
(Gustiantini, 2018).

https://paleoelectronica.org/2001_1/past/pastprog/index.html
https://paleoelectronica.org/2001_1/past/pastprog/index.html
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Relative abundance analysis was carried out to
calculate the percentage of abundance of each
species present in the sample (Junita et al., 2020)

. 
Relative Abundance =        (3)

Where:
Ni : Total individuals of the species
N  : Total foraminifera in one sample

The calculation of the ratio between the number
of planktonic and benthic foraminifera (P/B ratio) in
each sample indicates paleobathymetric changes
based on the classification of Grimsdale &
Morkhoven (1955), using the following formula,
according to the study conducted by van Marle
(1989) dalam Jurnaliah et al. (2017): 

    (4)

Where:
P  = number of planktonic individuals
B = number of benthic individuals

Ecological Indices
Diversity Index
Hammer et al. (2009) explained that the

Shannon index, also called entropy, considers both
the number of taxa and their relative abundances. Its
value approaches 0 when only a single taxon is
present, while higher values indicate richer and more
even communities. The calculation of the diversity
index uses the Shannon-Weaver formula (Bakus,
1990, in Jurnaliah et al., 2019):

     (5)

Where:
H'  = Diversity index
Pi  = 
S   = Number of species
Ni = Number of individuals of i1, i2, i3, etc.
N  = Total number of individuals

With the H' value range as follows:
1. H' < 1.0: Low, indicating high ecological stress,

low productivity, and a disturbed ecosystem
2. 1.0 < H' < 3.0: Moderate, indicating moderate

ecological stress, moderate productivity, and a
slightly disturbed ecosystem

3. H' > 3.0: High, indicating low ecological stress,
high productivity, and a stable ecosystem

Evenness Index
Evenness can also be expressed as Shannon

diversity divided by the logarithm of the number of
taxa, reflecting how evenly individuals are spread
among taxa (Hammer et al., 2009). Evenness index
obtained from the formula of Buzas and Gibson’s
evenness in Hammer (1999-2024):

   (6)

Where:
E        = Evenness index
H’       = Diversity index
Hmax = log2 S
S         = Number of species

With the E criteria as follows:
1.   E > 0.6: High species evenness
2.   0.6 ≥ E ≥ 0.4: Moderate species evenness
3.   E < 0.4: Low species evenness

Dominance Index
 The dominance index is closely related to

Simpson’s index, reflecting the probability that two
randomly chosen individuals belong to the same
taxon (Hammer et al., 2009). The calculation of the
dominance index uses Simpson’s dominance index,
range from 0 (all taxa are equally present) to 1 (one
taxon dominates the community completely):

   (7)

Where:
D = Dominance index
ni = Number of individuals of genus i
N = Total number of individuals

With C evaluated based on the following criteria
(Odum, 1996 in Munthe et al., 2011):

1. 0 < C < 0.5: No dominant genus (low)
2. 0.5 < C < 1: Presence of a dominant genus

(high)

Clustering
Foraminiferal biozonation was carried out using

cluster analysis with the hierarchical single linkage
method and the Euclidean similarity index, through
the PAST application. Indicator species reflecting
certain environmental conditions were determined
based on the formula by Dufrȇne & Legendre (1977):
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IndVal= A_ij B_ij×100(8)
Where:
A_ij = 〖Nindividuals〗_ij/〖Nindividuals〗_i
B_ij = 〖Nsites〗_ij/〖Nsites〗_i
With the following explanation:
〖Nindividuals〗_ij = mean abundance of species/

genus j in cluster i
〖Nindividuals〗_i = total mean abundance of all

species/genera in cluster i
〖Nsites〗_ij  = number of sites in cluster i where

species/genus j occurs
〖Nsites〗_i = total number of sites in cluster i

The determination of sediment type from the
collected samples was carried out using grain size
analysis with the Particle Size Analyzer (PSA)
method, employing a Malvern Mastersizer 3000,
available at the laboratory of Marine Geological
Institute (MGI), Geological Agency, Ministry of
Energy and Mineral Research of Indonesia, to obtain
the grain size distribution of each sample. The results
of the grain size distribution obtained from the
Particle Size Analyzer (PSA) method were then
analyzed using the GRADISTAT v9.1 application,
developed by Blott and Pye (2001). For the intensity
of bottom current estimation, we considered only silt
sediment type (10-63 μm size fraction), by
calculating it’s sortable silt mean size ( ), that were
translated into bottom current intensity following the
equation of Ledbetter (1986). According to McCave
et al. (1995), this silt size fraction reflects the bottom
current intensity better, because it is not influenced
by surface currents dynamics, and is non-cohesive.
Bottom currents generally rarely move sand fractions
(>63 μm in size), while sediment fraction <10 μm
tends to be cohesive. The detailed grain size
preparation and analysis have been described in Putri
(2023). 

The age estimation of the GM3-2018-WPG.04
sediment core, was reconstructed by using the
MD012382 sediment core studied by Maryunani
(2009) as a reference (Figure 1), also has been
described in Putri (2023). The determination of the
GM3-2018-WPG.04 sediment age was obtained from
the correlation between the mean size sortable silt
pattern of GM3-2018-WPG.04 and the abundance of
Cibicides spp (benthic microfauna influenced by
bottom current) from the MD012382 sediment core
(Maryunani, 2009). 

RESULTS
Sediment Core Description of Site GM3-

2018-WPG.04
The sediment core description shows no

lithological changes. The core is dominated by dark
gray silt with a uniform texture and the presence of
bioturbation structures. This indicates that the
sediments were deposited in a deep-sea environment
with low depositional energy. The description of core
GM3-2018-WPG.04 is summarized in the
lithological column shown in Figure 3.

Grain size 
The grain size analysis using the GRADISTAT

v9.1 application also shows that the largest fraction in
the GM3-2018-WPG.04 samples is silt, with all
samples ranging from 53.6% to 90.0%. Some
samples contain sand (6.2–44.5%), while a small
portion contains clay (1.5–4.3%). Therefore, this
study uses silt-sized sediments. The sediment types,
based on the classification of Blott and Pye (2001),
are presented in Table 1.

The mean grain size of the sediment at the
bottom of the core shows relatively finer material
(medium silt), then becomes coarser (coarse silt–very
coarse silt) in the 120–40 cm interval, and returns to
finer material (medium silt) at the top of the core
(Figure 4). Afterwards, we calculated the mean size
of sortable silt fraction ( ) to identify the bottom
current variability. The ( ) value was then
translated into deep-sea current velocity following
the calculation of Ledbetter (1986), yielding values
ranging from a minimum of 33.8 cm/s at a core depth
of 130 cm to a maximum of 49 cm/s at a depth of 40
cm (Figure 5 and Table 2).

Darmawan et al. (2021) stated that at 50-1000 m
water depth of the northern Papua flows an
undercurrent water (New Guinea Coastal
Undercurrent - NGCUC). Previous research on the
NGCUC was conducted by Lindstrom et al. (1987)
and Kuroda et al. (2000) in the waters of Papua New
Guinea. According to Lindstrom et al. (1987), the
current velocity of NGCUC is around 50 cm/s, while
according to Kuroda et al. (2000), the average speed
of NGCUC in northern Papua New Guinea is 54 cm/
s with a standard deviation of 15 cm/s. These finding
suggest that our bottom current velocity estimation in
this study are not very different compared to those
two previous studies.
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Figure 3. Lithological column of sediment core GM3-2018-WPG.04

                           Table 1. Sediment classification of sample GM3-2018-WPG.04

Depth of Layer 
Sediment Core (cm)

Sediment 
Classification

0 medium silt
10 medium silt
20 medium silt
30 medium silt
40 very coarse silt
50 medium silt
60 coarse silt
70 coarse silt
80 coarse silt
90 coarse silt
100 coarse silt
110 coarse silt
120 coarse silt
130 medium silt
140 medium silt
150 medium silt
160 medium silt
170 medium silt
180 medium silt
190 medium silt
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Figure 4. Mean grain size diameter of sediment core GM3-2018-
WPG.04 (μm)

        Table 2.   Velocity of bottom current translated from the sortable silt mean size  
                                      value (Ledbetter, 1986)

Depth Intervals 
(cm)

Mean size of 
Sortable Silt (μm)

Bottom Current of 
Ledbetter (1986) (cm/s)

0 30,930 36,72994
10 31,50 37,903
20 32,85 40,6813
30 30,28 35,39224
40 36,90 49,0162
50 33,44 41,89552
60 35,02 45,14716
70 36,71 48,62518
80 36,65 48,5017
90 32,40 39,7552
100 34,09 43,23322
110 34,19 43,43902
120 33,20 41,4016
130 29,53 33,84874
140 30,09 35,00122
150 29,70 34,1986
160 30,38 35,59804
170 31,01 36,89458
180 30,05 34,9189
190 31,02 36,91516
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Foraminifera in Waipoga Waters
Foraminiferal Distribution and P/B Ratio
Foraminifera in sample GM3-2018-WPG.04

were found throughout the sediment core intervals
and exhibited good preservation conditions, such as
intact shells with no discoloration. Based on the
identification results, the foraminifera in the study
area consist of 12 planktonic genera with 22 species
and 41 benthic genera with 61 species, with varying
abundances at different depths. The abundance of
planktonic foraminifera was more dominant
compared to benthic foraminifera. In the analysis of
20 sediment samples, the total number of planktonic
individuals was 818200, while the number of benthic
individuals was 114000.

Planktonic Foraminifera
In the Waipoga waters sediment samples,

planktonic foraminifera species were found in
abundant numbers at all depths (Figure 6), with
Globigerinoides ruber being the most dominant
species (41.7%). The abundance of G. ruber indicates
that the waters at the study site had warm surface
temperatures and oligotrophic conditions (low
nutrient content). This species is generally found
above the thermocline (within the mixed layer) and is
associated with low-productivity environments
(Fairbanks et al., 1982; Troelstra and Kroon, 1989).

In addition to G. ruber, the species G. immaturus
(6.7%) was also found in abundance across all
depths. This finding emphasize  the indication that

the study area represents warm waters with low
productivity levels. However, unlike G. ruber, G.
immaturus is more common found in waters with
higher salinity.

Other planktonic foraminifera found in high
abundance and present at all sampled depths in
Waipoga waters include Neogloboquadrina
incompta (13.2%), Neogloboquadrina dutertrei
(11%), Hastigerina pelagica (6.65%), and
Globigerinoides immaturus. Neogloboquadrina
dutertrei and Neogloboquadrina incompta are
species abundant above the pycnocline, preferring
warmer and shallower surface waters, as well as
eutrophic (nutrient-rich) environments, often
associated with upwelling events (Curry et al., 1983;
Fairbanks et al., 1982; Ortiz et al., 1995; Cannariato
and Ravelo, 1997; Kawahata et al., 2002;
Kuroyanagi and Kawahata, 2004). Hastigerina
pelagica generally inhabits warm, shallow waters
with high salinity (Bé and Hutson, 1977).

The species Pulleniatina obliquiloculata (4%)
was also found in considerable abundance at several
depths. This species is known to commonly live within
the thermocline layer and prefers eutrophic conditions,
often associated with upwelling processes(Ravelo et
al., 1990; Baohua et al., 1997; Pflaumann and Jian,
1999).

Figure 5. Fluctuations of mean size of sortable silt and estimated
deep-sea current velocity based on Ledbetter’s (1986)
equation



138 Wijaya, et al.

Figure 6. The planktonic foraminifera identified in this study are: (1) Orbulina universa, (2) Tinophodella
ambitacrena, (3) Globigerinoides ruber, (4) Neogloboquadrina incompta, (5) Neogloboquadrina
dutertrei, (6) Hastigerina pelagica, (7) Pulleniatina obliquiloculata, (8) Globorotalia tumida, (9)
Globorotalia wilesi, (10) Globigerina bulloides, (11) Globigerinoides sacculiferus, (12)
Alloglobigerinoides conglobatus, (13) Neogloboquadrina sp., (14) Globigerinita uvula, (15)
Globigerinoides trilobus, (16) planktonik unidentify, (17) Globigerinoides immaturus, (18)
Hastigerinella sp., (19) planktonik unidentify (1), (20) Globorotalia hirsuta, (21) Sphaeroidinella
excavata, dan (22) Neogloboquadrina blowi.
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Benthic Foraminifera
Benthic foraminifera were found in relatively

smaller numbers compared to planktonic foraminifera.
However, their diversity was higher than that of
planktonic species. The most abundant benthic
foraminifera identified in the study area include
Bulimina marginata (1.8%), Cibicidoides pachyderma
(1.89%), and Lenticulina calcar (1.3%) (Figures 7
and 8).

Bulimina marginata is known as a species
adapted to low-oxygen (dysoxic) conditions,
commonly associated with upwelling processes and
high organic carbon content in the seafloor sediments
(Rathburn et al., 1996; Martins et al., 2015).
Cibicidoides pachyderma is considered an indicator

species of environments with strong bottom currents.
It can inhabit both eutrophic and oligotrophic
settings. In oligotrophic conditions, C. pachyderma
tends to live shallower within the sediments, while in
eutrophic conditions, it can burrow deeper
(Wollenburg et al., 2018). Lenticulina calcar is
recognized as a species that thrives in environments
with intermediate oxygen levels (suboxic conditions)
(Kaiho, 1994).

From the planktonic and benthic foraminifera
species, it can be inferred that, in addition to
variations in productivity, the study area also
experiences fluctuations in salinity and nutrient
availability, which may influence the distribution of
foraminifera species.

Figure 7. The benthic foraminifera identified in this study are: (1) Bulimina marginata, (2) Quinqueloculina
seminulum, (3) Enantiodentalina timorensis, (4) Praeglobobulimina spinescens, (5) Uvigerina
proboscidea, (6) Quinqueloculina sp., (7) Hyalinea balthica, (8) Lenticulina lamarck, (9) Ammonia
sp., (10) Cibicidoides pachyderma, (11) Globocassidulina subglobosa, (12) Epistominella exigua, (13)
Laevindentalina sp., (14) Cibicidoides alazanensis, (15) Bolivina spathulata, (16) Hyalinea
florenceae, (17) Parafissurina subventricosa, (18) Oolina baukalionilla, (19) Triloculina triquetrella,
(20) Laevidentalina translucens, (21) Euuvigerina reineri, (22) Lenticulina calcar, (23) Grigelis
orectus, (24) Oolina portseaensis
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The average P/B ratio across all depths is 87.7%,
with values ranging from 77.8% to 94.6% (Figure 9).
A high P/B ratio indicates that the study area is
dominated by planktonic foraminifera, with only a
small proportion of benthic foraminifera at each
depth. Based on the P/B ratio results, the study area
can be classified as an upper bathyal environment,
with all sediment samples representing depths
greater than 200 m (the core samples were taken from
a depth of 462 m). However, within the depth
intervals of 20–22 cm to 2–4 cm, the P/B ratio values
show a decrease compared to other depth intervals.

Figure 8. The benthic foraminifera identified in this study are: (25) Bolivinita quadrilatera, (26) Siphonina
australis, (27) Uvigerina aculeata, (28) Gyroidina soldanii, (29) Hansenisca soldanii, (30)
Osangularielloides rugosus, (31) Neolenticulina peregrina, (32) Siphogenerina sp., (33) Neouvigerina
ampullacea, (34) Uvigerina dirupta, (35) Hoeglundina elegans, (36) Ammodiscus intermedius, (37)
Heterolepa praecincta, (38) Lenticulina sp., (39) Bolivina vadescens, (40) Hanzawaia concentrica,
(41) Pullenia bikiniensis, (42) Discorbinella bertheloti, (43) Pyrulina cylindroides, (44) Lagena
sulcata, (45) Reussoolina stellula, (46) Laevidentalina antartica, (47) Siphotextularia concava, (48)
Cibicides sp.

Figure 9. P/B Ratio Graph
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Ecological Indices
The foraminiferal diversity index in all sediment

samples from Waipoga waters ranges between 1.702
and 2.284, which falls into the moderate category.
This indicates a fairly good species diversity and a
relatively stable ecosystem, although still
experiencing moderate ecological stress. The
evenness index ranges from 0.2462 to 0.4318,
indicating low to moderate evenness, where the
distribution of individuals among species is not
uniform. Meanwhile, the dominance index is
relatively low, ranging from 0.1662 to 0.3209,
suggesting that no single species strongly dominates
the foraminiferal community in the sediment samples
from the study area (Figure 10).

Cluster
Cluster analysis was conducted to group each

depth based on the similarity of foraminiferal
composition. The clustering results were grouped
using a distance value of 20,000. This distance index
value was chosen because it represents the
distribution of foraminifera based on ecological
similarity. The dendrogram results (Figure 11) show
that the samples are divided into six main zones,
reflecting changes in foraminiferal communities.

In each zone, the species Globigerinoides ruber is
highly abundant; therefore, this species is not a major
factor in cluster formation. Instead, species with more
significant fluctuations in abundance, such as
Neogloboquadrina dutertrei, Hastigerina pelagica,
Neogloboquadrina incompta, and Globigerinoides

immaturus, play a greater role in distinguishing
between zones.

Zone 1 (190–192 cm) 
Zone 1 is characterized by an average

foraminiferal abundance of around 300 specimens/g.
The dominant species are Neogloboquadrina
dutertrei (15.35%), Globigerinoides immaturus
(12.87%), and Hastigerina pelagica (8.13%),
indicating that the waters in this zone were deposited
under relatively deep thermocline conditions, warm,
and oligotrophic. The abundance of N. dutertrei
suggests that this zone may be associated with a
stable thermocline layer, while G. immaturus reflects
waters with low nutrient content and high oxygen
levels (oxic).

Zone 2 (150-182 cm)
Zone 2 shows an increase in Neogloboquadrina

incompta (14.18%), with a decrease in
Globigerinoides immaturus (7.83%) and N. dutertrei
(9.41%). Cibicidoides pachyderma (1.69%)
increased compared to Zone 1 (0.90%); this species
is typically found in environments with stronger
currents and can adapt to both oligotrophic and
eutrophic conditions. Lenticulina calcar (2.54%)
also increased, indicating suboxic conditions. These
increases may suggest enhanced ocean currents and
nutrient input, resulting in more eutrophic conditions
with intermediate oxygen levels (suboxic).

Zone 3 (110-142 cm)
This zone is marked by the dominance of

Neogloboquadrina incompta (16.8%), which further
increased compared to the previous zone, along with
decreases in Globigerinoides immaturus (5.83%) and
H. pelagica (5.03%). The high abundance of N.
incompta indicates more eutrophic conditions and an
increase in nutrient supply, which may be related to
changes in thermocline stability

Zone 4 (100-102 cm)
This zone is dominated by Pulleniatina

obliquiloculata (16.3%), Neogloboquadrina
dutertrei (14.67%), and Globigerinoides immaturus
(13.59%), with a decrease in Cibicidoides
pachyderma (0.54%). Globigerinoides ruber shows
a drastic decline in this zone, which may indicate
disruption in surface water stability and cooler
conditions. The increase in P. obliquiloculata,
typically associated with the thermocline and
eutrophic conditions, suggests the possibility of a
shallower thermocline, potentially linked to

Figure 10. Ecological Index Graph
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upwelling events, though further confirmation is
needed.

Zone 5 (90-92 cm)
This zone is dominated by Neogloboquadrina

incompta (12.93%), Hastigerina pelagica (10.17%),
Bulimina marginata (3.67%), and Cibicidoides
pachyderma (2.82%). Meanwhile, N. dutertrei
(6.5%), Pulleniatina obliquiloculata (5.93%), and
Globigerinoides immaturus (5.65%) declined. The
increase in Bulimina marginata indicates low oxygen
levels (dysoxic). Globigerinoides ruber rebounded
after its previous decline in Zone 4, suggesting a
return to warmer conditions and a deeper thermocline
following a possible earlier upwelling event. 

Zone 6 (2-82 cm) 
This zone is still dominated by Neogloboquadrina

incompta (11.93%) and Neogloboquadrina dutertrei
(12.63%), indicating eutrophic conditions and warm
waters. The decrease in H. pelagica (6.23%) may
suggest a shift toward lower salinity conditions
compared to the previous zone. 

Age Reconstruction of The Sediment Core
According to Maryunani (2009) study, the

abundance of Cibicides spp. in sediment core
MD012382, which was also collected from Waipoga
waters (Figure 1), served as a proxy for bottom ocean
current velocity. This was then correlated with the
sortable silt mean size from the core in this study,

Figure 11. Dendrogram of foraminifera abundance cluster analysis
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which also reflects bottom current velocity. The
sediment core MD012382 already has absolute age
constraints, as radiocarbon dating and Pb-210
analyses were conducted on that core. Therefore,
when correlating the abundance of Cibicides spp. in
core MD012382 with the mean size sortable silt in
this study’s core, the correlated intervals can be
considered to represent the same age. Derived from
age model reconstruction in Figure 12, we can
suggest that the interval depth of 40 cm, which has a
maximum average sortable silt grain size  (36.9 µm),
which occurs just after a minimum value in the
deeper (older) interval, and then decreases sharply
afterwards,  associated with the age of 3170 yr BP of
the MD012382, which characterized by maximum
abundance of the Cibicides group (> 45% in
average), which also occurs after a minimum
abundance at an older age, and abruptly decrease
again afterwards. Another interval that can be
associated and considered as a tie point is the 130 cm
depth interval of GM3-2018-WPG.04, correlated to
the age of 5336 Yr BP of the MD012382. This

interval is characterized by relatively low value of
mean size sortable silt and low abundances of
Cibicides group. These two tie points will later be
used as the basis for age modeling through
interpolation and extrapolation, which is presented in
Table 3. Based on the age model reconstruction, the
age of this studied core can be inferred to fall within
the Middle to Late Holocene. The more detailed of
this age reconstruction method has been described by
Putri (2023). 

DISCUSSION
Several oceanographic parameters can be

interpreted from the assemblage of foraminifera
found in the sediment core from Waipoga waters. The
P/B ratio indicates an upper bathyal environment;
however, in the depth interval between 20–22 cm and
2–4 cm, there is a relative decrease in the P/B ratio.
Thermocline variability can be interpreted from the
group of thermocline-dwelling planktonic
foraminifera, such as Neogloboquadrina blowi,

Figure 12. Age model reconstruction by correlated mean size sortable silt of
GM3-2018-WPG.04 sediment core to the Cibicides spp. assemblages
of the MD012382 (Putri, 2023).

Table 3. Age model reconstruction

Depth Interval (cm) Age (yr BP)
40 3170
60 3651
80 4133
100 4614
120 5095
130 5336
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Neogloboquadrina incompta, Neogloboquadrina
eggeri, Neogloboquadrina sp., and Pulleniatina
obliquiloculata. These species inhabit the
thermocline layer, so variations in their abundance
indicate changes in thermocline depth and
productivity levels, which may be linked to the
influence of upwelling that lead to the more
productive Waipoga waters. Another parameter
observed is the oxygenation level of the seafloor,
inferred from benthic foraminifera that characterize
dysoxic conditions, such as Bulimina spp.,
Ceratobulimina spp., Uvigerina spp., and Bolivina
spp. In addition, Globigerinoides ruber is also
observed due to its highest abundance compared to
other planktonic species. G. ruber serves as an
indicator of warm and oligotrophic surface ocean
conditions. These oceanographic proxy parameters
were then compared with element ratio data as well
as silt grain-size data, as presented in Figure 13.

The variability in sortable mean size  can
reflect changes in bottom current energy related to
the Indonesian Throughflow (ITF), with each zone
representing different bottom current conditions.
That study identified three distinct zones based on
this mean of sediment grain size. In Zone III, at the
depths interval of 190–130 cm (the deepest/oldest
interval), the sediments are relatively finer (medium
silt). In Zone II, sediments become coarser (coarse
silt–very coarse silt) between 120–40 cm. Finally,
sediments return to finer (medium silt) in Zone I, at
30–0 cm. In this study, the Cibicides group was
combined with the Cibicidoides group, which shares
the same ecological characteristics. This includes
species such as Cibicidoides pachyderma,
Cibicidoides alazanensis, Cibicidoides
pseudoungerianus, Cibicidoides mundulus,
Cibicides refulgens, and Cibicides sp. Cibicidoides
and Cibicides are benthic foraminifera that
characterize high-energy marine environments
influenced by strong currents (Pérez et al., 2024).
The Cibicides and Cibicidoides groups were then
correlated with foraminiferal parameters such as the
P/B ratio, ecological index, the abundance of
thermocline dwellers, dysoxic groups, and G. ruber.

Zone III (depth interval 190–130 cm; 5653–
5336 yrs BP) is characterized by relatively finer silt-
sized sediments (medium silt) compared to the
younger Zone II, reflecting lower bottom current
energy. This interpretation is supported by the lower
abundance of Cibicides and Cibicidoides groups—
indicators of high-energy bottom environments—as
well as by the reduced occurrence of dysoxic taxa,
suggesting better-oxygenated (suboxic) conditions.

Ecological indices support this; the diversity index
and evenness are lower in Zone III than in Zone II,
indicating that species were less evenly distributed,
while dominance values are higher, suggesting that a
few species dominated the assemblage. In contrast,
dominance values are higher, indicating that a few
species contributed significantly more to the
assemblage. Furthermore, the decreased abundance
of thermocline dwellers indicates a deeper
thermocline layer and lower nutrient availability.
This is also consistent with the relatively higher
proportion of G. ruber, a species that thrives in
oligotrophic conditions, where higher abundances
reflect lower nutrient levels. The cluster analysis also
supports this interpretation, grouping Zone III within
clusters that represent a deep thermocline, warm
temperatures, and low to moderate nutrient levels. In
addition, the relatively higher P/B ratio in this zone
indicates an increase in water depth. Altogether,
these conditions suggest a weakening of bottom
current circulation and a deepening of the
thermocline, likely linked to enhanced precipitation
and subsequent sea-level rise. A deeper thermocline
further reflects warmer, oligotrophic surface waters,
in agreement with the observed increase in G. ruber.

In contrast, Zone II (depth interval 120–40 cm;
5095–3170 yrs BP) is characterized by coarser grain
sizes (coarse–very coarse silt), indicating stronger
bottom current energy, which is also supported by a
slight increase in the ln(Zr/Rb) ratio (a grain-size
proxy). This is accompanied by an increase in the
Cibicides and Cibicidoides groups, which reflect
high-energy, more oxygen-demanding (dysoxic to
oxic) bottom-water environments. The ecological
indices also confirm these conditions, as diversity
and evenness reach their highest values in this
interval, while dominance is lowest, suggesting a
more balanced and diverse foraminiferal community
supported by stronger circulation and nutrient
availability. The increased abundance of Cibicides
and Cibicidoides indicates that Zone II represents a
dynamic setting, with oxygen levels beginning to
decline. In addition, the higher abundance of
thermocline dwellers suggests a shallower
thermocline, often associated with upwelling that
enhances nutrient supply, or possibly linked to
stronger bottom currents transporting nutrients
upward. Cluster analysis places Zone II within
clusters 3, 4, and 5, which depict conditions of
elevated nutrient availability and thermocline
instability. This interpretation is further supported by
the decreased abundance of G. ruber, a warm-water
oligotrophic indicator species, confirming a shift
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toward more eutrophic conditions during this
interval. Meanwhile, the increased abundance of
dysoxic benthic foraminifera indicates a reduction in
bottom-water oxygenation to dysoxic levels. Overall,
Zone II reflects an intensification of bottom current
circulation, which likely contributed to enhanced
productivity, both through upwelling processes and
through stronger current activity. This interpretation
is consistent with the maximum current velocity of
~49 cm/s recorded at a depth of 40 cm, dated to
approximately 3170 yrs BP. This period correlates
with Zone II in this study, which indicates intensified
ocean circulation and higher productivity. The
increased abundance of Cibicides and Cibicidoides,
as indicators of high-energy and dysoxic
environments, also aligns with stronger deep-ocean
circulation and with the increased frequency of El
Niño-like events during the Middle Holocene
(Maryunani, 2009). These phenomena likely
contributed to a shallower thermocline and enhanced
upwelling in Waipoga waters, as further reflected in
the higher abundance of thermocline dwellers in this
study.

In Zone I (depth interval 30–0 cm; 2378–0 yrs
BP), the silt grain size becomes finer again (medium
silt), similar to the conditions observed in Zone III.
This indicates a weakening of bottom current energy.
Ecological indices also reflect this transition,
diversity and evenness decrease compared to Zone II,
while dominance increases, suggesting that the
community became less diverse and less evenly
distributed, with certain species becoming more
dominant. In addition, the abundance of thermocline
dwellers decreases, suggesting a deepening of the
thermocline. Based on the cluster results, this interval
falls into Zone 6, which characterizes warm,
eutrophic surface-water conditions with lower
salinity and a relatively more stable environment. On
the other hand, G. ruber once again shows relatively
high abundance, indicating warmer and oligotrophic
surface-water conditions. The abundance of dysoxic
benthic foraminifera decreases, suggesting that
bottom-water oxygenation increased, returning
toward suboxic conditions. Zone I therefore, reflects
a transitional phase into a more stable environment,
with reduced current energy and weakened bottom-
water circulation, implying that the inflow of ITF
into Indonesian waters also diminished.
Furthermore, the decrease in dysoxic taxa supports
the interpretation that oxygen conditions improved,
becoming more suboxic.

This indicates that deep-sea/bottom-water
dynamics (which constitute the source of ITF

entering Indonesian waters) exert a strong influence
on foraminiferal abundance. The circulation of
Southern Ocean bottom waters, as the source of ITF,
is considered to significantly affect the
oceanographic conditions in Waipoga waters,
including the distribution and abundance of
foraminiferal communities.

CONCLUSSIONS
Based on the study conducted to reconstruct past

ocean productivity using foraminiferal distribution
from sediment core GM3-2018-WPG.04, several
conclusions can be drawn as follows:
1.  Sediment sample analysis from Waipoga waters,

North Papua, revealed various species of
planktonic and benthic foraminifera. The
dominant planktonic species are
Globigerinoides ruber, Neogloboquadrina
dutertrei, Neogloboquadrina incompta,
Pulleniatina obliquiloculata, Hastigerina
pelagica, and Globigerinoides immaturus. The
dominant benthic species include Bulimina
marginata, Cibicidoides pachyderma, and
Lenticulina calcar. Planktonic foraminifera are
more dominant, as the study site is located in a
deep-sea (bathyal) zone.

2. The distribution of foraminifera in Waipoga
waters during the late Middle to Late Holocene
was strongly influenced by bottom-water
circulation dynamics (the source of ITF), which
affected thermocline stability, nutrient levels,
and oxygenation. Zones III and I reflect
oligotrophic and suboxic conditions with
weakened bottom-water circulation, while Zone
II represents an intensification of bottom-water
currents, higher nutrient levels and productivity,
as well as more dysoxic conditions, likely
related to upwelling events. Deep-ocean
circulation in the Southern Hemisphere, which
serves as the source of ITF, exerts a significant
influence on the abundance and composition of
foraminifera in eastern Indonesian waters.
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