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Abstract. Zooplankton has an essential role in estuarine environments and serves as a food source for
various fish and other benthic planktivorous organisms. The monsoon has affected the water mass
distribution in tropical regions. As planktonic organisms, zooplankton abundance and population structure
are potentially driven by water mass circulation and coupling with the seasonal monsoon. This study
investigated the zooplankton community structures in two months (February and April). February
represents the Northwest Monsoon (NWM), and April represents the Transition I (TI). A total of 47
zooplankton taxa were identified, 19 of which belonged to copepods. The species composition of
zooplankton has slightly different taxa during the NWM and TI. Species composition of zooplankton was
higher in the outer region of Ambon Bay (OAB) during NWM; on the contrary, the higher value of species
composition of zooplankton occurred in the inner of Ambon Bay (IAB) during TI. However, short-term
changes in the abundance of zooplankton have been detected during these two periods of monsoons. In
NMW, the appendicularian Thalia sibogae has a higher abundance, and the opposite, the meroplankton
peak has been reached during TI. The swarm of Appendicularia has been detected along the IAB and sill
area during NWM. In this area, the highest abundance of T. sibogae reached 2 x 10° ind m™3 and 9 x10?
ind m-3, respectively. Meanwhile, meroplankton outnumbers abundance during TI. The higher abundance
of meroplankton of 8 x102 ind m= and 7 x102 ind m™3 in IOB and sill area during TI. The Echinodermata
larvae were counted in higher abundance in IAB and sill area during TI.
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Introduction. The dynamics zooplankton community in coastal and marine waters has
been monitored worldwide (Belkahia et al 2021; Mahara et al 2021; Wang et al 2021).
Monitoring the zooplankton abundance in the urban coastal area has been conducted
using metabarcoding approaches (Song et al 2021). Coastal zooplankton composition,
abundance, and distribution are affected by oceanographic parameters, e.g., salinity,
temperature, productivity, water mass circulation, and monsoon influence. Vereshchaka
et al (2019) explained that temperature and productivity are the main environmental
factors that influence the zooplankton in Black Sea coastal waters. Also, it was evident
that there were significant intra-monsoonal variations in the zooplankton population on
the Sundarbans Estuarine System that were correlated with several hydrological
parameters (Nandy et al 2018; Basu et al 2022).

The plankton community in Ambon Bay has been observed since the 1980s
(Sutomo & Anderson 1984) and continually monitored in Ambon Bay. Phytoplankton
assemblages were investigated (Dwiono & Rahayu 1984; Wagey 2002; Pello et al 2014;
Serihollo et al 2015), and the dynamics of toxic species (Mizushima et al 2007;
Likumahua 2013; Sidabutar et al 2016; Kesaulya et al 2022). Besides that, the
zooplankton populations and abundance in Ambon Bay was determined by Yusuf (1979),
Mulyadi (2011), and Mulyadi and Saputra (2019). Furthermore, other studies were
focused on coastal primer productivities (Basit et al 2012) and physical oceanography
properties (Saputra & Sapulette, 2016). Interestingly, the swarming of appendicularian
salp Thalia sibogae in Ambon Bay was reported in February 1973 (Troost et al 1976). The
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present study aimed to reveal the short-term changes in zooplankton abundance in
Ambon Bay during Northwest Monsoon (NWS) and Transition I (TI). We conducted
sampling during February and April to investigate the dynamics abundance of
zooplankton. Thus, we expected that revealing the dynamic abundance of zooplankton in
Ambon Bay coastal water will have a significant contribution to support marine pelagic
fisheries management.

Material and Method

Description of the study sites. Ambon Bay is located on Ambon Island, consisting of
the Inner of Ambon Bay (IAB) and outer of Ambon Bay (OAB) separated by a shallow,
narrow sill of approximately 12 meters depth. The study was carried out in February and
April 2014 at 17 stations (Figure 1). February represents the Northwest Monsoon (NWM),
and April represents the Transition I (TI). Zooplankton samples were collected vertically
from 10 meters of depth using NORPAC net (mesh size 330 pm; mouth diameter 45 cm).
The samples were preserved at 4% formalin. Zooplankton determination followed the
method suggested by Wickstead (1965) under a binocular microscope (Nikon Eclipse) at
different magnifications (10x, 20x, 40x, and 100x). The identification of zooplankton
samples was done referring to Yamaji (1984), Nishida (1985), Mulyadi (2002), and
Mulyadi (2004). Oceanographic features (temperature and salinity) in Ambon Bay were
obtained from a monitoring program established by Research Center for Deep Sea
(RCDS-LIPI 2014).

Field Site Map
Ambon Bay, 2014
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Figure 1. Maps of zooplankton stations in Ambon Bay, Indonesia (map generated using Google
Earth and QGIS).

Results. Oceanography properties in Ambon Bay varied in the inner bay (IAB) and in the
outer bay (OAB). Sea surface salinity (SSS) in the OAB was higher than in the IAB, while
sea surface temperature (SST) in IAB was higher than in OAB. Temperature and salinity
during NWM have been shown in Figure 2.
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Figure 2. The distribution of temperature and salinity in Ambon Bay during NWM (RCDS-LIPI 2014).

During NWM, SST in IAB ranged from 28.63-29.94°C and 26.79-26.91°C in OAB,
respectively. During TI, SST ranged from 26.79-26.91°C in IAB, and 26.31-26.47°C in
OAB. Meanwhile, during NWM, SSS reached for 32.56-33.77 psu in IAB and 33.26-33.78
psu in OAB, respectively. During TI, SSS reached for 32.12-32.99 psu in the IAB, and
33.43-33.98 psu in OAB, respectively.

There were 47 species of zooplankton identified, and 19 taxa belonged to
copepods. Detailed composition of zooplankton in Ambon Bay is shown in Table 1.

Table 1
Species composition of zooplankton in Ambon Bay, 2014
No NWM TI
IAB Sill OAB IAB Sill OAB
1 Copepoda Candacia discaudata - - ° - - °
2 Centropages brevifurcus - ° ° ° - °
3 Acartia amboinensis ° ° ° ° ° °
4 Pontellopsis inflatodigitata - - ° ° ° °
5 Canthocalanus pauper - - ° - - -
6 Temora discaudata - ° ° - - °
7 Tortanus forcipatus ° ° ° - °
8 Labidocera sp. ° - ° ° °
9 Euchaeta sp. - - ° - - °
10 Paracalanus aculeatus - - ° - - -
11 Acrocalanus gibber ° ° ° ° ° °
12 Subeucalanus subcrassus ) ° ° ° ° °
13 Copilia quadrata - - ° - - -
14 Sapphirina sp. ° ° ° - - -
15 Oncaea sp. - ° ° ° - °
16 Oithona sp. ° ° ° ° ° °
17 Corycaeus sp. ) ° ° ° ° °
18 Macrosetella sp. - - - ° - -
19 Clytemnestra sp. - ° - - - -
20 Cladocera Penilia avirostris ° ° - ° ° -
21 Evadne tergestina . ° - o - -
22 Ostracoda Pyrocypris natans - - ° - - °
23 Chonchoecia sp. ) ° ° - ° °
24 Decapoda Lucifer intermedius ° ° ° ° ° -
25 Acetes sp. ) ° - ° °
26 Mysis sp. - - ° - -
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27 Hyperia sp. ° - - ° ° -
28 Pseudeuphausia sp. ° - - ° - -
29 Chaetognatha Sagitta enflata ) ° ° ° ° °
30 Krohnitta pacifica ° ° ° ° ° °
31 Thaliacea Thalia sibogae ° ° - ° ° °
32 Appendicularia Oikopleura sp. ) ° ° ° ° °
33 Hydrozoa Siphonophora sp. ° ° ° ° ° °
34 Cubozoa Carybdea sp. ) ° ° ° ° °
35 Meroplankton Penaeidae larvae ° - - ° - °
36 Palaemonidae larvae ° - ° ° ° °
37 Cirripedia larvae ° ° ° ° - -
38 Stomatopoda larvae - - - ° - -
39 Brachyuran (zoea) larvae ° - ° ° ° °
40 Brachyuran (megalopa) larvae - - - - ° -
41 Echinodermata larvae ° ° ° ° ° °
42 Gastropoda larvae - ° ° ° ° °
43 Bivalvia larvae - ° ° ° - °
44 Annelida larvae ) ° ° ° ° °
45 Fish eggs ° ° ° ° ° -
46 Fish larvae ° - ° ° - -
47 Leptochela larvae ° - ° - - °

Total 30 28 36 33 25 30

The highest total composition of zooplankton has occurred during NWM in OAB, and the
lowest has occurred during TI in the sill area. Several taxa have been identified in all
areas (IAB, sill area, and OAB) during NWM and TI period, e.g., Acartia amboinensis,
Acrocalanus gibber, Subeucalanus subcrassus, Oithona sp., Corycaeus sp., Sagitta
enflata, Krohnitta pacifica, Oikopleura sp., Siphonophora sp., Carybdea sp.,
Echinodermata larvae, and Annelida larvae. Zooplankton taxa, which was present during
NWM and absent during TI, was Sapphirina sp.

During NWM, zooplankton taxa, e.g., Acartia amboinensis, Tortanus forcipatus,
Acrocalanus gibber, Subeucalanus subcrassus, Sapphirina sp., Oithona sp., Corycaeus
sp., Chonchoecia sp., Lucifer intermedius, Sagitta enflata, Krohnitta pacifica, Oikopleura
sp., Siphonophora sp., Carybdea sp., Cirripedia larvae, Echinodermata larvae, Annelida
larvae and fish eggs were present in IAB, sill area and OAB. Meanwhile, the zooplankton
taxa, e.qg., Acartia amboinensis, Pontellopsis inflatodigitata, Labidocera sp., Acrocalanus
gibber, Subeucalanus subcrassus, Oithona sp., Corycaeus sp., Acetes sp., Sagitta enflata,
Krohnitta pacifica, Thalia sibogae, Oikopleura sp., Siphonophora sp., Carybdea sp.,
Palaemonidae larvae, Brachyuran (zoea) larvae, Gastropoda larvae, Annelida larvae were
identified in IAB, sill area, and OAB during TI.

The total composition of zooplankton taxa was dominated by copepods during the
study (Figure 3). Copepods account for 27-47% of total composition of zooplankton,
followed by meroplankton (22-34%) in the second position.

During NWM, copepods reached 27-47%, followed by meroplankton which has a
value of 22-30% of the total composition of zooplankton. Copepods have a leading
position in OAB and sill area while meroplankton takes over the position in IAB. In the
third position, decapod constitutes 4-14% of the total composition of zooplankton.
Although decapod has a few contributions in OAB and sill area, the composition
percentage value was increase in IAB.

AACL Bioflux, 2023, Volume 16, Issue 2. 724
http://www.bioflux.com.ro/aacl



NWM

IAB SILLAREA OAB

Transition |

IAB SILLAREA OAB

M copepoda M cladocera MW ostracoda W Decapoda W Chaetognatha

W Thalia M larvacea B Cubozoa W siphonophora B meroplankton

Figure 3. Zooplankton composition (%) in Ambon Bay (NWM and TI).

During TI, copepod accounts for 28-46% in the first position and is followed by
meroplankton in the second rank with 25-34% of the total composition of zooplankton. In
detail, Copepoda has the leading position only in OAB. At the same time, both copepod
and meroplankton shared an equal contribution in the sill area. Meanwhile, meroplankton
overtook and became the leading position in IAB. Decapod become the third leading
position in the percentage of the total composition of zooplankton (3-12%).

Zooplankton abundance in Ambon Bay during NWM and TI ranged from 474-5981
(17234£997) ind m™3. The detailed total abundance of zooplankton is shown in Figure 4.
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Figure 4. Total abundance zooplankton (ind m-3) in Ambon during NWM and TI.

The total abundance of zooplankton peaked in IAB (Station 5) with a value of nearly 6000
ind m-3, and the lower occurred in OAB (Station 16) with a value under 500 ind m=3 during
NWM. However, in TI, the total abundance of zooplankton peaked in IAB (Station 5) with
a value of nearly 3000 ind m=3. A lower abundance was detected in OAB (Station 10) with
a value under 600 ind/m3.

The appendicularian zooplankton Thalia sibogae has a remarkable abundance
value in IAB (almost stations, except St 01) and the sill area during NWM (Figure 5). The
outnumbers of T. sibogae occurred in Station 5, reached 5 x103 ind m-3, and replaced the
predominant taxa position of copepods in IAB and sill area during NWM. However,
meroplankton becomes the leading taxa because of the abundance of zooplankton in the
IAB and sill area during TI.

Although copepods have a lower abundance in IOB and sill area during NWM and
TI, the abundance of copepods in OAB is predominant. During NWM, the abundance of
copepods ranged from 1x102 - 3x102 ind m=3 in IAB and 2x102? - 5x102ind m=3 in the sill
area. While the higher values abundance of copepods in OAB during NMW ranged from
2x102 - 1x103 ind m=3. A slightly similar pattern occurred during TI. The abundance of
copepods in IAB and sill area ranged for 1x102 - 3x102 ind m=3 and 2x102% - 3x102%ind m-3,
respectively. Meanwhile, the abundance of copepods in OAB ranged 2x102 - 6x102 ind m-
3 during TI.

Discussion. The SST during NWM is higher than SST during the TI period. On the
contrary, the SSS during NWM is lower than SSS during the TI period. The water mass
condition in Ambon Bay is significantly affected by monsoon (Saputra & Sapulette 2016).
Interestingly, the distribution and value of SST in IOB was warmer than in OAB. On the
contrary, the SSS in IOB was lower than in OAB during NWM and TI periods. These
results indicated that the water mass circulation in IOB and OAB is driven by tides
(Wenno & Anderson 1984; Nurfitri & Putri 2019).

AACL Bioflux, 2023, Volume 16, Issue 2. 726
http://www.bioflux.com.ro/aacl



NWM

7000

6000

5000
4000
3000
2000
SULTTTTITTA
]
514

Ind/m3

5T2 ST3 5T/ STB | 519 5T10 ST11 ST1Z2 5T13 ST14 ST1S5 ST6 STI7
1AB SillArea OAB
Tl
3000
2500
2000
M
51500
=
1000
) I I I I I I I
]
5T2 513 ST4 515 5T8B | ST9 ST10 ST11 ST12 ST13 ST14 ST15 ST16 ST17
1AB SilArea OAB
N copepoda H Thalia u Meroplankton B Cladocera W Ostracoda
M Decapoda N Chaetognatha M Larvacea H Siphonopora W Cubozoa

Figure 5. The abundance of zooplankton in each group (ind m-3) during NWM and TI.

Copepoda in Ambon Bay was the predominant taxa in the total composition of
zooplankton community structures. Copepods is the most diverse and major group of
zooplankton in estuarine envrironments (Li et al 2017). In this study, 47 species or
groups of zooplankton were recorded from Ambon Bay, a number which is higher than
the number of species (45 sp.) in Malaysia seagrass ecosystem (Ismail et al 2021).
Mulyadi and Radjab (2015) identified 43 species of zooplankton in Morella coastal waters,
which is located near Ambon Bay. The copepod composition account for 19 species in
Ambon Bay which is lower than copepod from Cilacap mangrove and coastal area (36
sp.) (Mulyadi & Murniati 2017) and the diversity of copepod from Sundarbans Estuarine
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System (SES), India (41 sp.) (Basu et al 2022). Meroplankton is in the second position in
order of species composition. The meroplanktonic organisms were found in the higher
number of composition in IAB, indicating that the inner bay has essensial functions. The
previous study explained that IAB is the spawning ground or nesting area for several
adult nekton or benthic organisms (Mulyadi 2012), which consist of a mangrove
ecosystem (Suyadi 2009) and seagrass (Irawan & Nganro 2016).

The mean zooplankton abundance in this study was 1723+997 ind m3 which is
higher than the mean abundance of zooplankton in Morella coastal waters (890+£128 ind
m-3) (Mulyadi & Radjab 2012) and in the Bay of Bengal (33.37+£7.19 ind m3) and
35.08+2.07 ind m3 in the South China Sea (Li et al 2017). The abundance of
zooplankton in estuarine was affected by environmental factors, e.g., temperature and
salinity (McKinstry & Campbell 2018). Temperature and salinity affect the growth of
zooplankton. Several taxa are more tolerant of the wide range of salinity which is known
as euryhaline species or short ability to adapt the fluctuation of salinity as stenohaline
species.
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Figure 6. The abundance of meroplankton in each taxa (ind m-3) during NWM and TI.

The short-term changes in the abundance of zooplankton were detected during NWM. In
NMW, the appendicularian Thalia sibogae has a higher abundance, and the opposite, the
meroplankton peak has been reached during TI. A swarm of Appendicularia has been
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detected along the IAB and sill area during NWM. In this area, the highest abundance of
T. sibogae reached 2 x 103 ind m™3 and 9 x10? ind m3, respectively. The swarming of
appendicularian zooplankton in Ambon Bay was reported in a previous study by Troost et
al (1976). In another area, outbreaks of appendicularian salp were detected in the
Apulian coast and the Otranto Channel in March-May 2013 (Boero et al 2013). Heron and
Benhaam (1985) explained that swarms of appendicularian salp in the ocean was initially
of low density but increased the growth rate, followed by high density, and the value of
growth rate increased to maximum and continued by condition with lack of nutrients or
food caused negative growth rate and decreased of density. Environment conditions,
e.g., temperature and phytoplankton as a driver of appendicularian salp swarms
(Henschke et al 2015). Further, Henschke et al (2016) report the new findings on the
crucial functions of salp in the ocean. They argue that miss-interpretation of salp
functions in marine food webs due to the difficulties sampling and their gelatinous bodies
indicate that salp less-functions in the carbon cycle. In fact, salp is a vital food source for
some commercial fishes, turtles, and crustaceans and a significant role in carbon
exporters.

In addition, meroplankton outnumbers abundance during TI. The higher
abundance of meroplankton 8x102 ind m™3 and 7x102 ind m=3 in IOB and sill area during
TI (Figure 6). The result of this research was a similar pattern to several meroplanktonic
taxa at Jakarta Bay and Seribu Island (Puspasari & Aisyah 2018), in which the author
reported that mollusk, shrimp, and fish larvae were in abundance during April. The
presence of meroplanktonic organisms in high values indicated the spawning time
(Highfield et al 2010), linked to oceanographic factors (Ayata et al 2011). In the Sub-
Artic Shelf System, the seasonal pattern of meroplankton was low density and abundance
during winter, increased during spring, and outnumbered during summer (Silberberger et
al 2016).

Interestingly, the Echinodermata larvae were counted in higher abundance in
IAB and sill area during TI (more than 50 percent of total meroplankton abundance)
related to the habitat preference of the adult of benthic Echinodermata. The IAB consists
of mangrove ecosystem (Suyadi 2009) and seagrass (Irawan & Nganro 2016) which are
the favorable habitat for benthic invertebrates. The population of benthic Echinodermata
in IAB was conducted (Tuapattinaja et al 2014). The author explained that 16 species of
Echinodermata were identified in Tanjung Tiram (IAB), with the higher abundance being
Diadema setosum and the higher frequency occurrence was Holothuria scabra.

Conclusions. This study has successfully investigated the short-term changes in
zooplankton abundance during the NWM and TI period in Ambon Bay. In NMW, the
appendicularian Thalia sibogae has a higher abundance, and meroplankton reached its
peak during TI. IOB and sill area have the vital function as habitat preference for adult
marine benthic organisms, indicated by outnumbers of their planktonic larvae. Capturing
the swarm of salp and planktonic invertebrate larvae in Ambon Bay suggested that
monitoring Ambon Bay is essential to supporting Indonesia's marine pelagic fisheries
management program.
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