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ABSTRACT

Ambon Bay is a silled bay on Ambon Island consisting of two regions, Inner Ambon Bay (IAB) and
Outer Ambon Bay (OAB) that are separated by shallow sill. Ambon bay and its surrounding have
economically important ecosystem since the utilization for many activities. The bay is affected by
anthropogenic impacts associated with urbanization, climate change, and nutrients over enrichment.
The “deep water-rich nutrients” from Banda Sea that enter the bay during Southeast monsoon also
contribute to this enrichment as well as the nutrients transport from the land. The high concentration
of nutrients increases carbon dioxide level and promotes acidifications. There are literatures about
nutrients over enrichment in Ambon Bay, however, little is known about coastal acidification as
nutrients over enrichment impact. In order to study the effect of nutrients distribution on the acidity of
Ambon Bay, the researchers measured pH and concentrations of nutrients {nitrate + nitrite (N+N) and
Soluble Reactive Phosphate (SRP)} from water samples collected in 7 stations on both IAB and OAB
during Southeast monsoon. The results showed that in surface water, nutrients concentrations is
increased from May to June due to the “deep water flushing” occurrence on May and increased
precipitations from May to June. From July to August, the nutrients concentrations on surface layer
decreased, due to the decreased precipitations. In column and bottom water, the nutrients
concentrations were increased consistently from May to August. While the acidity has a reverse
response to the nutrients, when nutrient concentrations increased the acidity was decreased.
Statistically, pH was not significantly correlated with the concentrations of nutrients on surface water,
but showed significantly correlated on column and bottom water. The results indicated that the
distribution of nutrients on column and bottom water might be an important environmental factor
affecting the acidification of the Ambon Bay in Southeast monsoon.
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1. Introduction enrichment in euphotic area. The high

concentration of nutrients in coastal ecosystem

In many coastal areas around the world,
nutrients  over-enrichment is a major
environmental problem (Seitzinger et al., 2005;
Heisler et al., 2008; Wallace et al., 2014; Zhang
and Gao, 2016, lkhsani et al. 2016). The rapid
increase of human activities transport large
amount of nutrients from land to coastal areas
trough the rivers (de Jonge et al., 2002;
Seitzinger et al.,, 2005). Another reason of
nutrients over-enrichment in coastal area is
upwelling induced by wind and/or topography
(Feely et al., 2008). Upwelling brings the deep
water onto surface layer. The characteristic of
the deep water was cool, dense, and rich in
nutrients. The impact of upwelling is nutrients

promotes algal productivity and reduced oxygen
level, but increases carbon dioxide level
(Wallace et al., 2014; Aparicio et al., 2016,
Zhang and Gao, 2016). Carbon dioxide which
enters the waters can form carbonic acid
(H,CO3) dissociating into bicarbonate ions
(HCOy), carbonate ions (CO32'), and hydrogen
ions (H") that can decrease the seawater pH. In
addition, some nutrients may exist in the form of
weak acid, for instance N may exist as HNOg,
which may affect the acidity of seawater
directly.

The effect of nutrients distribution on
coastal acidification may be evidence in Ambon
Bay area. Ambon Bay is semi-enclosed bay on
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Ambon Island in Moluccas Province, Indonesia.
The bay consists of inner and outer region that
is separated by narrow sill (about 17 m deep
and % km wide). The inner Ambon Bay is at
average 30 m deep while the outer Ambon bay
is opens into Banda Sea. Ambon Bay and its
surrounding have several function and
purposes, like fishery and aquaculture areas,
port harbor of Indonesian Navy and Water
Police, fishery harbor, hot water waste disposal
from State Electricity Company, ship docking,
recreations and settlements areas (Pello et al.,
2014). In Ambon area, the northwest monsoon
is the dry hot season while the southeast
monsoon is the rainy wet season. Ambon Bay
is part of Banda Sea, where the water mass
and nutrients distribution in that sea was
affected by monsoon. Wyrtki (1961) determined
that during northwest monsoon from about
September to March, occurred water mass
sinking in Banda Sea. Meanwhile during
southeast monsoon from about April to August,
occurred water mass upwelling.

Upwelling in Banda Sea causes the
increasing of thermocline up to £ 70 m, and
bringing the deep water from Banda Sea to
inner bay through tidal upwelling mechanism
(Anderson and Sapulete, 1981; Wenno and
Anderson, 1984; Zjilstra et al., 1990). The deep
water from Banda Sea will sink after through
the sill since it was denser and cooler than
resident deep water of inner Ambon Bay. This
is often referred to as deep water “flushing”
(Anderson and Sapulete, 1981). Flushing has
important impact of nutrient distribution in
Ambon Bay, because it brings the rich nutrient
from bottom to surface layer. Besides of
upwelling, excessive nutrients from land that
are transported to the coastal area at rainy
season can cause nutrients enrichment in
Ambon Bay (Ikhsani et al., 2016). This condition
provided the opportunities to analyze the
interaction between nutrients distribution and
coastal acidification.

This study aims at determining the
vertical profile of temperature, salinity, nitrite
plus nitrate (N+N), Soluble Reactive Phosphate
(SRP) and pH during southeast monsoon in the
Ambon Bay with a purpose of attempting to
analyze the interaction between the distribution
of nutrients and coastal acidification.

2. Materials and Methods

Sample collection

The survey was carried out during
southeast monsoon from May to August 2012.

The sampling stations were arranged as a
straight line from inner bay to outer bay. There
are 7 sampling station, 3 stations in inner bay, 1
station in sill and 3 stations in outer bay, as
seen in Figure 1. Stations locations were
recorded using a Garmin GPS data logger
76CSX type. At each station, the distributions of
temperature and salinity were recorded with
Compact conductivity-temperature-depth (CTD)
recorder model ASTD 687.

During each survey, water samples of
outer bay were collected for multiple depths
including surface layer (O m) and water column
(10, 25, and 50 m). While for inner bay, that
shallower from outer bay, the water samples
were collected for surface layer (0 m), water
column (10 m and 25 m for station 3, the
deepest station in inner bay with 45 m depth)
and bottom water of inner bay (0.5 m near the
sea bed). Sub sampling collected using Nansen
bottle and vertically profiled the water column at
seven stations across the Ambon Bay. A total of
25 water samples for each survey were
collected using well cleaned polyethylene
bottles. The sample were stored in cooler box
and the refrigerated at 4 °C for further analysis.
All the samples were filtered with cellulose
acetate membrane filters (Whatman, 0.45 pum)
before nutrients determinations. Concentration
of nutrients; nitrite plus nitrate (N + N), and
Soluble Reactive Phosphate (SRP) were
determined on P2LD laboratory. Additional
meteorology data, such as precipitation, has
been collected from Meteorology, Climatology,
and Geophysics Agency, Ambon.

Analytical method

Nitrite and nitrate was determined by
standard pink azo dye method (Strickland and
Parsons, 1972). Soluble Reactive Phosphate
(SRP) was determined with the standard
phospomolybdenum blue method (Strickland
and Parsons, 1972).

The pH values were determined by in situ
using a portable pH meter model HI 9126 that
provided pH measurements on the NIST scale.
Prior to each survey, a three point calibration
was conducted on the pH sensor using
commercial buffer solution. The vertical profiling
of the physical and chemical data carried out
using Ocean Data View (ODV) software version
4.6.2.
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Figure 1. Station map in Ambon Coastal Bay, Moluccas Province, Indonesia

3. Results and Discussion

Seawater mass characteristic during southeast
monsoon

Based on the measurement during
southeast monsoon in both of inner and outer
Ambon Bay, it could be seen that the vertical
profile of temperature and salinity changes
gradually from May to August as seen in Figure
3. From the temperature-salinity (T-S) diagram
on May (see Fig.2), it could be seen that the
water mass with high density (salinity > 34 psu)
was identified in inner (represented by station
no. 3), sill (represented by station no. 4), and
outer bay (represented by station no. 5). The
high density water mass with salinity > 34 psu
was the character of Banda Sea’s water mass
(Zjilstra et al., 1990). The existence of Banda

Sea’s water mass in inner bay showed deep
water “flushing” occurrence (Anderson &
Sapulete, 1981). The Banda Sea’s water mass
from outer bay, climbing up the sill and sinking
to the bottom of inner bay. The flushing process
was replacing resident deep water in the bottom
of inner bay.

Based on the measurement of
temperature and salinity variability, the authors
expect that the deep water flushing occurred
only in May. The T-S diagram from June to
August showed that water mass in outer bay
have lower density than that of inner bay.
Therefore, the water mass from outer bay could
not replace the deep water in inner bay. In July,
the surface salinity of outer bay was very low,
due to mixing with fresh water from the river
along the coast in Outer Ambon Bay.
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Figure 2. The Temperature-salinity (T-S) Diagram

Nutrients distribution

The vertical distribution of both N+N and
SRP in Ambon Bay showed low concentration
in surface water and increased with increasing
depth. Nutrients taken up by marine organism
in surface waters and returned to solution as
the organism die, sink to depth and decompose
(Sarmiento & Gruber, 2004; Cochran, 2014).
The vertical distribution of N+N and SRP during
May to August in both of inner and outer bay
was seen in Figure 4 A. During May survey, the
concentration of N+N on surface and column
water was in range 2.3 — 52.9 and 10.3 - 51.8
ug L. From Figure 4A, it can be seen that rich
N+N water mass climbs up the sill then sink into
the bottom of inner bay, replacing the resident
deep water. Based on Figure 3B, this rich N+N

water mass was upwelling water mass from
Banda Sea with high salinity character, >34
psu. The renewal deep water caused nutrients
enrichment in both of bottom and column water,
because the former deep water is displaced
upwards and a net outflow will occur in the
upper portions of the sill water column
(Anderson &Devol, 1973; Anderson &Sapulete,
1981; Gargett et al. 2003).

From May to June, the concentration of
N+N on surface layer and water column in both
of outer and inner bay was increased to 15.3 —
47.2 and 16.4 — 52.4 ug L' The highest
increasing N+ N concentration occurred in
surface layer of stations no.3, from 2.3 to 26.7
Hg L™. The surface salinity of this stations was
33.39 psu, it means that N+N enrichments
could be influenced more by river discharge
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than Banda Sea upwelling. Station 3 was this station. In June that precipitations were
located on Ferry harbor that connected both higher (1252 mm) than those in May (908 mm.
sides of Ambon Island and to other Islands. Larger amount of nutrients transport from the
Besides that, rivers that were flowed through land through the rivers and caused enrichments
high population settlements streamed down in on this stations.
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Figure 3. (A) The Vertical Profile of Temperature (°C) and (B) and Salinity (psu) in Ambon Bay during
Southeast Monsoon
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Figure 4. (A) The Vertical Profile of N+N (ug L™) and (B) SRP (ug L™) in Ambon Bay during Southeast

Monsoon

In  July and August, the N+N
concentration on surface water decreased to
11.2 — 29.7 ug L™ and 6 — 36.4 pg L™. It was
influenced by the decreasing of precipitation in
June and August became 1157 and 639 mm
(Source: Meteorological, Climatological, and
Geophysical Agency, 2016). A much wider N+N
concentration in water column range of 2.6 —
64.2 and 9.2 — 85.4 pg L™ was occurred in July
and August. The concentration of N+N in

bottom water of inner bay increased from May
to August with varied from10.1 — 56.1 in May,
46.3 — 92 in June, 22.2 — 94.9 in July and 52.7
—116.6 pg L™ in August. The highest increasing
N+N concentration on bottom water, more than
10 times occurred from May to June in station
1. From May to June, the salinity of bottom
water in station 1 was increased from 33.7 to
33.8 psu, and stable up to August. Increasing
salinity together with N+N concentration on May
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might be caused by flushing process. Another
reason were that this station was surrounded by
high density settlements, sea grass and
mangrove area, many rivers that were flowed
through agriculture area also streamed down to
this station. Therefore, the high N+N
concentration in this station was also caused
from mineralization of sea grass and mangrove
litter as well as agricultural fertilizer (Sims et al.,
1998; Kristensen et al., 2000; Homer &Olsen,
2002, Ray et al., 2015).

The concentration of SRP in surface
layer has the same pattern as N+N in surface
water, increased from May (0 — 4 pg L) to
June (3.5 — 17 pg L™), but decreased in July (8
—12.3 pg L) to August (3 — 14.9 pg L™). The
highest increasing SRP concentrations from
May to June were found in station 1, which was
probably associated with the fact that many
rivers flows through agricultural area and
transported large amounts of phosphate
fertilizer to this station. The concentration of
SRP in water column in May to August varied
from 0 — 7.9 in May; 5.2 — 15.3 in June; 12.1 —
20.8 in July and 4.5 — 20.9 pg L™ in August.
Same as N+N, the SRP concentration in bottom
of inner bay increased from May to August. The
SRP concentration was ranged from 3 — 10.9 in
May, 11.4 — 22 in June, 9.7 — 25.7 and 13.4 —
32.7 ug L™*. From May to August, the highest
increasing SRP concentration in bottom water
was founded on station 3. The high
concentration of SRP could be explained by the
higher precipitations in southeast monsoon that
caused accumulation in bottom water of station
3. Another reason was no occurrence of deep
water flushing by upwelling water mass from
June to August. As seen in Figure 4, from May
to August the inner bay has higher both of N+N

and SRP concentration than those of outer bay.
These differences were mainly caused by the
existence of sill located between the inner and
outer bay that restricts water mixing process
(Anderson &Sapulete, 1981; Basit et al. 2012),
so that the nutrients accumulation was occurred
in the bottom area of inner bay, especially in
station 3. Whereas, the “upper sill water mass”
can undergo water mass mixing that induced by
wind (Ruiz-Castillo, 2016; Disbiolles, 2016).
This “upper sill water mass” mixing explained
the uniformity of N+N and SRP concentration in
both of inner and outer bay.

The acidity (ph) of Ambon bay

In contrast to the increasing nutrients
concentration, the acidity of Ambon bay was
decreasing  gradually  during  southeast
monsoon. The pH value (on NIST scale) from
May to August was declined by more than 1.0
pH units in both of inner and outer bay. The pH
value in surface layer were varied from 7.71 —
8.64 in May, 7.32 — 8.02 in June, 7.72 — 7.96 in
July and 6.62 — 6.78 in August. In water
column, the pH ranged from 7.57 — 8.68 in May,
7.13 —8.04 in June, 7.56 — 7.8 in July and 6.64
— 6.79 in August. While in bottom water of inner
bay, the pH ranged from 7.56 — 8.58 in May,
7.09 — 7.64 in June, 7.52 — 7.69 in July and 6.7
— 6.77 in August. It could be seen that pH value
in surface layer and water column decreased
from May to August. While in bottom layer, pH
value decreased from May to June, increased
slightly in July and decreased again in August.
The slightly increasing pH value of bottom
water in July maybe associated with the wide
range of N+N and SRP concentration (Zhang
&Gao, 2016).

Table 1. The Summary of correlation test between nutrient distribution and acidity

Significance
Distribution
N+N SRP
Surface 0.616 0.097
Column < 0.001 < 0.001
Bottom 0.048 0.016
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Figure 5. The vertical profile ph in Ambon bay during southeast monsoon

The pH value of bottom was smallest
than column and surface water from May to
August. It means that the bottom water was
most acidified than another area. This trend
could be associated with N+N and SRP
concentration that showed highest
concentrations on bottom water. To analyze the
correlation between nutrient distribution and
acidity, the data was tested using SPSS
Statistic 17.0 software, the summary of this test
given in Table 1. The result showed that no
correlation between N+N and SRP
concentration in surface water with acidity, but
significant correlation in column and bottom
water. The acidity of surface water may be
mainly caused by atmospheric CO, adsorption
than CO, release from respiration process
(Feely, 2010). While for column and bottom
water, the enrichment of nutrients during
Southeast monsoon may enhance acidification

in Ambon Bay. A common phenomenon that
was accompanying acidification by nutrients
enrichment is oxygen depletion (Gilbert et al.
2010; Zhai et al., 2012; Wallace et al, 2014).
The consequence of nutrient enrichment was
algal blooming and stimulated acidification
(Smith et al., 1999; Gilbert et al., 2008; Loureiro
et al, 2011).

4. Conclusion

In this research, the N+N and SRP
concentrations generally increased during
southeast monsoon due to the increased
precipitations and the influx of “deep water-rich
nutrient” from Banda Sea. The influx of “deep
water-rich nutrient” from Banda Sea caused
deep water flushing in IAB on May. From June
to August there is no occurrence of deep water
flushing in 1AB, therefore the nutrients
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enrichment cause by land transport. While the
pH value of Ambon Bay decreased during
southeast monsoon, indicating a sign of
acidifications.

The bottom water of IAB is most acidified
area because the existence of sill that restricts
water mass mixing. In surface water, there is no
correlation between nutrients concentrations
and pH value. While the significant correlation
showed in column and bottom water. This result
indicated that CO, uptake from atmosphere
may be the main reason of acidification in
surface water. For column and bottom water,
the high concentrations of nutrients promote
high primary production and increased CO,
level may be the main reason of acidification.

Acknowledgement

This research was part of Ambon Bay
Monitoring (MTA), the authors are grateful to all
the group member of MTA especially Mr. Hans
as a coordinator for this project. The authors
would like to acknowledge M.S. Abdul “Boby”,
Is Pelupessy and Im Pellupessy for technical
assistance during the research, authors also
grateful to Ms Noviastuti Putri Indrasari for
constructive comments and suggestions on this
manuscript.

References

Anderson, J.J & Devol, A.H. 1973. Deep water
renewal in Saanich Inlet, an intermittently
anoxic basin. Estuarine and Coastal
Marine Science 1. 1-10.

Anderson, J.J & Sapulete, D. 1981. Deep water
renewal in Ambon Bay, Ambon,
Indonesia. Procedings of the Fourth
International Coral Reef Symposium 1:
369-374.

Aparicio, F.l., Nieto-Cid, M., Borrull, E., Calvo,
E., Palejero, C., Sala, M.M., Pinhassi, J.
Gasol, J.M. Marassé, C. 2016.
Eutrophication and acidification: Do they
induce changes in dissolved organic
matter dynamics in the coastal
Mediterranean Sea. Science of the Total
Environment 563: 179-189.

Basit, A., Putri, M.R., Tatipatta, W.M. 2012.
Estimation  of  seasonal  vertically
integrated primary productivity in Ambon
Bay wusing the depth-esolved, time-
integrated production model. Marine
Research in Indonesia 37: 47-56.

Cockharn, J.K. 2014. Chemical oceanogrphy. In
Reference Module in Earth System and

Environmental Sciences.USA.

de Jonge, V.N., Elliot, M., Orive, M. 2002.
Causes, historical development, effect
and future challenges of a common
environmental problem: eutrophication.
Hydrobiologia 475: 1-19.

Desbiolles, F., Blanke, B., Bentamy, A., Roy, C.
2016. Respon of the Southern Benguela
upwelling system to fine-scale
modifications of the coastal wind. Journal
of Marine System 156: 46-55.

Feely, R.A., Sabine, C.L. Hernandez-Ayon,
J.M., lanson, D., Hales, B. 2008.
Evidence for upwelling of corrosive
“acidified” water onto the continental
shelf. Science 320: 1490-1492.

Feely, R.A., Alin, S.R., Newton, J., Sabine, C.I.,
Warner, M., Devoll, A., Krembs, C.,
Maloy. C. 2010. The combined effect of
ocean  acidification, mixing, and
respiration on pH and carbonate
saturation in an urbanized estuary.
Estuarine, Coastal and Shelf Science 88:
442-449.

Gargett, A.E., Stucchi, D., Whitney, F. 2003.
Physical processes associated with high
primary production in Saanich Inlet,
British Columbia. Estuarine, Coastal and
Shelf Science 56: 1141-1156.

Gilbert, D., Rabalais, N.N., Diaz, R.J. Zhang, J.
2010. Evidence for greater oxygen
decline rates in the coastal ocean than in
the open ocean. Biogeosciences 7: 2283-
2296.

Gilbert, P.M., Burkholder, J.A.M., Granéli, E.,
Anderson, D.M. 2008. Advances and
insight in the complex relationship
between eutrophication and HABSs:
Preface to the special issue. Harmful
Algae 8: 1 - 2.

Heisler, J., Gilbert, P.M., Burkholder, J.M.,
Anderson, D.M., Cochlan, W., Dennison,
W.C., Dortch, Q., Gobler, C.J., Heil, C.A.,
Humpries, E., Lewitus, A., Maginien, R.,
Marshal, H.G., Sellner, K., Stockwell,
D.A., Stoecker, D.K., Suddelson. M.
2008. Eutrophication and harmful algal
blooms: A scientific consensus. Harmful
Algae 8: 3 -13.

Holmer, M., Olsen, A.B. 2002. Role of
decomposition  of mangrove  and
seagrass detritus in sediment carbon and
nitrogen cycling in a tropical mangrove
forest. Aquatic Microbial Technology 230:
87-101.



Ikhsani et al., 2017, Coastal Acidification as Nutrients Over Enrichment Impact 95

Ikhsani, I.Y., Abdul, M.S, Lekalette, J. 2016.
Phosphate and nitrate distribution in inner
Ambon Bay during northwest and
southeast monsoon. Widyariset 2: 86-95.

Kristensen, E., Andersen, F.g., Holmboe, N.,
Holmer, M., Thongtham, N. 2000. Carbon
and nitrogen mineralization in sediment of
the Bangrong mangrove area, Phuket,
Thailad. Aquatic Microbial Technology
22:199-213.

Loureiro, S., Rene, A., Garces, E., Camp, J.,
Vaque, D. 2011. Harmful Algal blooms
(HABSs), dissolved organic matter (DOM),
and planktonic microbial community
dynamic at a near-shore and a harbor
station influenced by upwelling (SW
Iberian Peninsula). Journal of Sea
Research 65: 401-413.

Pello, F.S., Adiwilaga, E.M., Huliselan, N.V.,
Damar, A. 2014. Seasonal variation of
the composition and density of
phytoplankton in inner Ambon Bay.
Aquatic Science and Technology 2: 30—
41.

Ray, R., Rixen, T., Baum, A., Malik, A., Gleixer,
G., Jana, T.K. 2015. Distribution, sources
and biogeochemistry of organic matter in
a mangrove dominated estuarine system
(Indian Sundarbans) during the pre-
monsoon. Estuarine, Coastal and Shelf
Science 167: 404-413.

Ruiz-Castillo, E., Gomez-Valdes, J. Sheinbaum,
J., Rioja-Nieto, R. 2016. Wind-driven
coastal upwelling and  westward
circulation in the Yucatan shelf.
Continental Shelf Research 118: 63-76.

Sarmiento, J.L. Gruber, N. 2004. Ocean
Biogeochemical in dynamics. Princeton
University Press.

Seitzinger, S.P., Harrison, J.A., Dumont, E.,
Beusen, A.H., Bouwman, A.F. 2005.
Sources and delivery of carbon, nitrogen,
and phosphorus to the coastal zone: An
overview of Global Nutrients Export from
Watersheds (NEWS) models and their
application. Global Biogeochemical
Cycles 19 (4).

Sims, J.T., Simard, R.R., Joern, B.C. 1998.
Phosphorus loss in agricultural drainage:
Historical  prespective and current
research. Journal of Environmental
Quality 27: 277-293.

Smith, V.H., Tilman, G.D., Nekola, J.C. 1999.
Eutrophication: impact of excess nutrients
input on freshwater, marine, and

terrestrial  ecosystem.  Environmental
Pollution 100: 179-196.
Strickland, J.D.H., Parsons, T.R. 1970.

Inorganic micronutrients in sea water. In:
A practical handbook of seawater
analysis. Ottawa, Canada.

Wallace, R.B, Baumann, H., Grear, J.S., Aller,
R.C., Gobler, C.J. 2014. Coastal ocean
acidification: The other eutrophication
problem. Estuaries, Coastal and Shelf
Science 148: 1-13.

Wenno, L.F., Anderson, J.J. 1984. Evidence for
tidal upwelling across the sill of Ambon
Bay. Marine Research in Indonesia 23:
13-20.

Wetsteyn, F.J., llahude, A.G., Baars, M.A.
1990. Nutrients distribution in the upper
300 M of the eastern Banda Sea and
northern Arafura Sea during and after the
upwelling season. Netherlands Journal of
Sea Research 25: 449-64.

Whyrtki, K. 1961. In Physical Oceanography of
the Southeast Asean Waters. 29-36. The
University of California. La Jolla,
Caliofornia.

Zhai, W.D., Zhao, H.D., Zheng, N., Xu, Y. 2012.
Coastal acidification in summer bottom
oxygen-depleted waters in northwestern-
northern Bohai Sea from June to August
in 2011. Chinese Science Bulletin 57:
1062-1068.

Zhang, J., Gao, X. 2016. Nutrients distribution
and structure affect the acidification of
eutrophic ocean margins: A case study in
southwestern coast of the Laizhou Bay,
China. Marine Pollution Bulletin. In press
http://dx.doi.org/10.1016/j.marpolbul.2016
.06.095.

Zijlstra, J.J., Baars, M.A., Tijssen, S.B.,
Wetsteyn, F.J., Witte, J.1.J. 1990.
Monsoonal effect on the hydrography of
the upper waters (<300m) of the eastern
Banda Sea and northern Arafura Sea,
with  special reference to vertical
transpport processes. Netherland Journal
of Sea Research 25: 431-447.



