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The East Sulu Sea, the area off the coast of the Zamboanga peninsula, is one of the major fishing grounds 
for sardine in the Philippines principally driven by primary production that follows seasonal upwelling in the area. 
Chaetognaths are zooplankton predators whose abundances may serve as control to overall plankton biomass 
in such productive waters. This study aims to compare and characterize chaetognath assemblages associated 
with structural attributes between high and low production areas within an upwelling area. Zooplankton were 
collected in February 2013 during an upwelling season using a 45cm-diameter NORPAC net with a 200um 
mesh bag attached to it. Three depth intervals (0-65m, 65-135m and 135-200m) were examined in each station 
for the vertical profiling of zooplankton. The mean zooplankton biomass for the high (Stn 24) and low (Stn 22) 
production stations were 51.8 ml 100m-3 and 75.8 ml 100m-3, respectively. A total of 993 chaetognaths with 
an average density of 47.5 ind. m-3 were collected from the Stn 24, and only 334 individuals accounting for 
an average density of 10.6 ind. m-3 from the Stn 22. The results show an aggregation of chaetognaths in the 
surface layer of the two stations, particularly in the high production station, contributing 80.96 ind. m-3 to the total 
zooplankton. Flacisagitta enflata was the most dominant species found in both stations. This study suggests 
that physical and biological controls may dictate chaetognath assemblage composition and distribution.
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A comparison of the vertical distribution and 
species composition of Chaetognaths between 
high and low production areas in Dipolog Bay, 
East Sulu Sea, Philippines

The eastern Sulu Sea, particularly along the coast 
of Zamboanga Peninsula, is a major fishing ground 
in the Philippines for the planktivorous Sardinella 
lemuru and at least 3 other species of sardines 
(Willete and Santos 2013). The coastline of Dipolog 
exhibits wind-driven upwelling during the northeast 
monsoon (DeVantier et al. 2004; Miki et al. 2008). 
Winds during the northeast monsoon blow parallel to 
the northern coast of Zamboanga Peninsula (Villanoy 
et al. 2011) and drives a relatively strong offshore 
Ekman transport that leads to the upward movement 
of nutrient-rich water from deeper layers (Villanoy 
et al. 2011).  Upwelling of the subsurface water in 
the coast replaces the transported layer, bringing 
nutrients to the surface. This seasonal upwelling 
event in the southeastern Sulu Sea influences 

plankton productivity in the area that becomes more 
available to higher trophic levels. Thus, the upwelling 
phenomenon makes the Sulu Sea an excellent 
commercial fishing ground for planktivorous fish 
such as sardines. The hydrography of the area is 
relatively well-known, but detailed consideration of 
its effects on zooplankton distribution is still sparse. 
Several factors may trigger the vertical migration of 
planktonic organisms. Light intensity and the depth of 
the “deep scattering layer” are significant factors that 
may dictate the vertical position of a plankter (Banse 
1964). Temperature and the depth of the thermocline 
may also serve as a barriers for various species 
(Banse 1964).

Chaetognaths, commonly called “arrow-worms, 
are a phylum of marine invertebrates (Pierrot-
Bults and Nair 2010). They are strictly marine and 
commonly planktonic found from the surface down to 
great depths (Kehaiyas et al. 1994). They are good 



Acabado & Campos/ Phil. J. of Nat. Sci.  23: 30-40 (2018) 31

indicators of water masses because they are found 
within narrow ranges of different water parameters, 
such as salinity, temperature and turbulence. Hence, 
they are likely to have species-specific horizontal 
and vertical patterns of distribution (Terazaki 1998). 
They are known to feed mostly on early stages of 
copepods, larvacea (i.e. Oikopleura) and even larval 
fish (Terazaki 1998; Tönnesson and Tiselius 2005). 
As predators, they control the abundance of their 
planktonic prey, and play an important role in the 
transfer of energy to higher trophic levels (Kehayias 
et al. 1994). Chaetognaths have been reported to 
regulate copepod numbers especially during blooms 
or upwelling (Sullivan 1980, Gibbons and Stuart 
1994, Terazaki 1998), especially in tropical coastal 
areas. However, their role in oceanic regions is largely 
unexplored. 

Several investigations in the Sulu Sea examined 
vertical distribution of zooplankton in general 
(Nishikawa et al. 2007, Acabado et al. 2010), and of 
the calanoid Rhincalanus nasutus (Metillo et al. 2014).  
Johnson et al. (2006) studied the offshore distribution 
of chaetognaths, but did not compare upwelling and 
non-upwelling areas.

This study was done to determine and compare 
the vertical distribution patterns of chaetognaths 

between high and low production areas within 
an upwelling region on the coast of Dipolog Bay, 
Zamboanga del Norte, Philippines.

MATERIALS AND METHODS

An upwelling area has been established by 
Villanoy et al. (2011) along the western side of the 
Dipolog Strait, which corresponds to the coast of 
Zamboanga peninsula. Zooplankton samples were 
collected during the latter part of northeast monsoon 
(24 February 2013) on board the R/V BFAR – DYCA. 
Two stations from Dipolog Bay were picked out and 
examined to represent an area with strong signals 
of upwelling (Stn 24), and another which is further 
offshore (Stn 22) and away from the upwelling area 
(Fig. 1B). The upwelling signal is depicted by the 
higher chlorophyll concentration in the inner portion 
of Dipolog Bay (Fig. 1B). This information is based 
on underway measurement of chlorophyll along the 
cruise path. 

Both stations were sampled during the day so as 
to avoid bias due to differences in abundance and 
composition between night and day samples, which 
may be largely affected by diel vertical migration 
of zooplankton. Station (Stn) 24 was located N 8o 
36.90’, E 123o 0.91’ within the upwelling area with 
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Figure 1. Location of stations along the upwelling area in Dipolog and Sindangan Bays, Zamboanga del Sur, Philippines (red box). 
A) Area of study (red box) of SARDYN Project 2013; B) actual cruise path on 20-27 February 2013 superimposed on underway 
chlorophyll data. Red dots indicate sampling stations. Station 24 is found within the area of relatively higher surface chlorophyll 
concentration (encircled region) in Dipolog Bay. 
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bottom depth of 1097m, while Stn 22 was further 
offshore located N 8o 43.95’, E 122o 55.06’ in a non-
upwelling area (Fig. 1). Station 22 is a deeper region 
with bottom depth of 1901m.

Figure 1. Location of stations along the upwelling 
area in Dipolog and Sindangan Bays, Zamboanga 
del Sur, Philippines (red box). A) Area of study (red 
box) of SARDYN Project 2013; B) actual cruise path 
on 20-27 February 2013 superimposed on underway 
chlorophyll data. Red dots indicate sampling stations. 
Station 24 is found within the area of relatively higher 
surface chlorophyll concentration (encircled region) 
in Dipolog Bay. 

Zooplankton samples were preserved in 10% 
seawater-buffered formalin solution and brought 
back to the lab for processing. The volume of water 
filtered was computed using the towed distance 
multiplied by the area of the net mouth assuming 
high filtration efficiency. Zooplankton biomass was 
computed using the displacement volume and the 
volume of water filtered and expressed as ml m-3. The 
zooplankton samples collected at Stn 24 included a 
large proportion of salps, which were removed prior to 
displacement volume measurements. This was done 
to avoid bias in density and biomass measurements 
for mesozooplankton. Densities were expressed as 
ind. m-3.

All chaetognaths were sorted out and subsampling 
was avoided to minimize underestimation of the 
taxon. The total number of individuals counted and 

identified from each station are presented in Table 1. 
Matured individuals were identified to species level 
using the keys of Alvariño (1967), Pierrot-Bults and 
Chidgey (1988), Bieri (1991) and Cassanova (1999). 
Juvenile chaetognaths were separated from the 
matured specimens (Stage II-V brooding phases) 
based on Alvariño (1992) and were only counted to 
also report abundance of early stage chaetognaths. 

Underway measurements of chlorophyll was 
also employed. An SBE19 SEACAT CTD Profiler 
which measures vertical profiles of temperature 
and chlorophyll was deployed down to 200m at 
each station (Fig. 2). The mixed layer depth (MLD) 
was computed as the depth where the temperature 
cools down by 0.2oC from 10m depth (de Boyer 
Montégut 2004). Chlorophyll a Ocean color data 
(1 km resolution) on chlorophyll was automatically 
downloaded from MODIS Level 2 data immediately 
after the cruise (Fig. 2). Figures from MODIS are 
shared data within the SARDYN Research Program.

RESULTS

Hydrography

Figure 2 reveals the upwelling signal and primary 
production in Dipolog Bay. The MODIS Aqua Ocean 
Color provided the spatial, sea surface distribution 
of chlorophyll a as seen in Fig. 2A. This establishes 
the distinction between the two stations investigated, 
wherein Stn 24 lies on the upwelled region (described 
by elevated levels of chlorophyll a) in Dipolog Bay. 

Figure 2. Evidences of upwelling in Station 24 during the sampling in 24 February 2013. A) Surface chlorophyll-a image for 
Dipolog-Sindangan Bay after the oceanographic cruise (28 February 2013) conducted by SARDYN Project on 20-27 February 
2013, B) vertical temperature (oC) profile, and C) vertical chlorophyll (mg m-3) profile from CTD casts during the actual sampling.
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Stn 22, on the other hand, lies on a low production 
region with chlorophyll a concentration of <0.5 mg m-3. 
The chlorophyll vertical profile (Fig. 2C) is congruent 
with the upwelling event in Stn 24, where surface 
chlorophyll was one magnitude higher than that in 
Stn 22 at least in the upper 30 m (mean chlorophyll 
concentration: 1.44 and 0.26 mg m-3, respectively). 
The vertical profiles of temperature in the 2 stations 
show similar patterns, with a very subtle difference 
in the upper 100m with slightly colder temperature at 
Stn 24 (Fig. 2B). The MLD was also shallower in Stn 
24 (29m) compared to Stn 22 (MLD = 42m). 

Figure 2. Evidences of upwelling in Station 24 
during the sampling in 24 February 2013. A) Surface 
chlorophyll-a image for Dipolog-Sindangan Bay 
after the oceanographic cruise (28 February 2013) 
conducted by SARDYN Project on 20-27 February 
2013, B) vertical temperature (oC) profile, and C) 
vertical chlorophyll (mg m-3) profile from CTD casts 
during the actual sampling.

Abundance and species composition 

This study shows the comparison of chaetognath 
vertical distribution between high (Stn 24) and low 
production (Stn 22) areas in Dipolog Bay. Only two 
stations were compared, but showed a substantial 

difference in terms of density and species composition 
of chaetognaths. Table 1 shows chaetognath density 
(ind. m-3), zooplankton biomass (displaced volume 
in ml 100m-3) and no. of species identified in each 
stratum of both stations. The number of chaetognaths 
collected in Stn 24 (993 individuals) was two folds of 
that in Stn 22 (334 individuals) despite the smaller 
sampling volume in the former. The low production 
station (Stn 22) showed relatively higher zooplankton 
biomass ranging from 48.37 – 116.08 ml 100m-

3 from the surface down to 200m. The biomass of 
the remaining samples in Stn 24, after the removal 
of salps, ranged from 35.93 – 67.71 ml 100m-3. The 
zooplankton collected in the high production station 
was fewer than in Stn 22 in terms of biomass.

Table 1. Chaetognath density and zooplankton 
biomass per depth layer in each station. Sampling 
in Stn 24 was limited to a maximum depth of 135m 
only. The variation between depths is expressed as 
the standard deviation (s).

A total of 1,327 chaetognath individuals 
were collected from the two sampling stations. 
Approximately over 60% of these were juveniles. 
Nineteen identifiable species belonging to 9 genera 
were identified from the remaining matured specimens 
(Table 2). Both stations showed highest chaetognath 

Table 1. Chaetognath density and zooplankton biomass per depth layer in 
each station. Sampling in Stn 24 was limited to a maximum depth of 135m 
only. The variation between depths is expressed as the standard deviation (s).
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abundance in the surface layer, with a higher 
mean density in the upwelling station (mean = 
47.49 ind. m-3; range:  14.01 – 81.96 ind. m-3) 
than in Stn 22 (mean = 10.61 ind. m-3; range: 
4.55 – 21.09 ind. m-3), although these were not 
significantly different (t’ = 1.088, p = 0.237). In 
contrast, mean zooplankton biomass was over 
40% higher in Stn 22 (mean = 75.77 ml 100m-

3), but this was also not significantly different 
from mean biomass in the high production 
station (mean = 51.82 ml 100m-3; t’ = 0.923; 
p = 0.212). Species richness, as an index of 
diversity, was considerably higher in Stn 24, 
with 19 species from the 2 layers sampled, 
than in Stn 22, with only 10 species observed 
in the 3 layers sampled (Table 1). Pielou’s 
evenness values between the two stations 
do not vary greatly. However, the lower 
evenness value in Stn 24 (0.39; Stn 22= 0.44) 
suggests more variation in densities in the 
high production region (Table 2). Simpson’s 
index of dominance in Stn 22 is slightly higher 
(0.55) which reflects the lower diversity in the 
same station (Shannon-Weiner Index (H’) = 
1.01) compared to Stn 24 (Table 2).

The species composition is summarized 
in Table 2. Information on their distribution is 
based on the website of the World Register 
of Marine Species (WoRMS Editorial Board, 
2018). Juvenile chaetognaths made up a 
large portion of the assemblages, comprising 
68.6% in the upwelling station, and 40.4% in 
the non-upwelling station.  Of the identifiable 
(matured) fraction of the samples, Flacisagitta 
enflata (Bieri) was the most abundant 
species in both stations, but dominated the 
assemblage in Stn 22, making up 88.53% of 
the mean chaetognath density in that station.  
They were likewise abundant in the upwelling 
station, but made up only half as much 
(46.93%).  A few other species, including 
Serratosagitta pacifica (Tokioka), Pterosagitta 
draco (Krohn) and Aidanosagitta neglecta 
(Aida) showed moderate abundances in Stn 
24 as well, jointly comprising 34.29% of overall 
mean density.  Of the 19 identified species, 11 
were recorded only in the upwelling station and 
not identified in the non-upwelling station. On 
the other hand, only 2 of the oceanic species, 
the Serratosagitta pseudoserratodentata 
(Tokioka) and Ferosagitta ferox (Doncaster), 

Figure 3. Vertical distribution of chaetognath species grouped according to 
densities (a. high, b. mid-, and c. low density). The x-axes indicate densities 
expressed as ind. m-3 and the y-axes correspond to the depth intervals (m) 
investigated in each station. The white triangles in a and b indicate the 
spliced portions of the bars to magnify lower density taxa.

were recorded in Stn 22 and absent in the upwelling area 
(Table 2). able 2. Chaetognath species composition in 
upwelling (Stn. 24) and non-upwelling stations (Stn. 22) 
surveyed in Dipolog Bay in 24 February 2013. Since the bulk 
of the samples in both stations were juveniles, their overall 
density and relative contribution were separated to show 
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the actual contribution of identifiable specimens. 
The percent contribution of juveniles is based on the 
overall density per station, while relative contribution 
of the identified species was based on the total 
density of the matured specimens only. Note: Sd = 
standard deviation.

Vertical Distribution 

The vertical distribution of the identified matured 
specimens are shown in Fig. 3 below.  Of those 
occurring in both stations, epipelagic A. neglecta was 
recorded only in the surface layer, while epipelagic 
Zonosagitta pulchra (Doncaster) only in deeper 
layers. The others were recorded in all layers, 
but were generally more abundant in the surface.  
These include the epipelagic taxa of F. enflata, S. 
pacifica and Mesosagitta minima (Grassi).  Among 
the species found only in the upwelling station, only 
P. draco was recorded in all depths sampled, while 
the others were recorded only in either surface or 
deeper layers.  These include Flacisagitta hexaptera 
(d’Orbigny) and Sagitta bruuni (Alvariño), which were 
recorded only in the surface, as well as Serratosagitta 
serratodentata (Krohn) and Krohnitta subtilis (Grassi) 
which were recorded only in deeper water.  While 
the rest of the species seemed to be concentrated in 
specific layers, their relatively low densities may not 
be representative of their true vertical distribution in 
the water column. 

Figure 3. Vertical distribution of chaetognath 
species grouped according to densities (a. high, b. 
mid-, and c. low density).  The x-axes indicate densities 
expressed as ind. m-3 and the y-axes correspond to 
the depth intervals (m) investigated in each station. 
The white triangles in a and b indicate the spliced 
portions of the bars to magnify lower density taxa.

DISCUSSION

General distribution patterns

Regions of high and low production in the upwelling 
area in Dipolog Bay were investigated. Similar 
temperature and chlorophyll profiles were observed 
between the two stations with subtle differences that, 
otherwise, indicate signals of higher productivity in 
Stn 24. Stn 22 had low chlorophyll a concentration 
(<0.5 mg m-3) that is typical of an oligotrophic area 
(Berman et al. 1983). The sea surface color, together 
with the shallower MLD in Stn 24 (29 m) indicates a 
more intense near-surface mixing, compared to Stn 
22 (42 m). 

A large portion of the chaetognath samples 
were comprised of unidentifiable juveniles. In the 
high production station (Stn 24), the mean density of 
juveniles was 32.59 ind. m-3, representing over 69% 
of all chaetognaths.  In the low production station (Stn 
22), however, juveniles made up only 40% (4.28 ind. 
m-3).  Since nanophytoplankton (2 - 20µm) are known 
to be abundant in upwelling areas (Estrada and Blasco 
1985), small and early stage copepods that feed on 
them flourish. These copepodites, further, are food for 
juvenile chaetognaths. Thus, juvenile chaetognaths 
are likely to be also abundant in this area following 
predator and prey relationship. Further down the food 
chain, the juvenile chaetognaths themselves are food 
for larger zooplankton, especially the larval stages of 
fish, such as sardines. 

Nineteen species of chaetognaths were identified 
in the Bicol Shelf, Pacific Coast (Noblezada and 
Campos 2008) and the internal waters of Central 
Philippines (Noblezada and Campos 2009). Of 
these 19 species in these previous accounts, 14 
species were shared with this study. Similar to 
these reports, F. enflata, a widespread epiplanktonic 
species (Terazaki 1996), also dominated in this study. 
Flacisagitta enflata was significantly dominant in Stn 
22 contributing to 88.5% of the total sample, while 
contributing only 46.9% in Stn 24. This increased 
abundance of F. enflata explains the lower diversity 
index in Stn 22 (Table2).  The difference in the 
number of species between the two stations is mainly 
due to the presence of mesopelagic groups in the 
upwelling station, such as F. hexaptera, K. subtilis 
and Aidanosagitta oceanica (Grey), resulting to the 
higher species diversity in this station. These species 
were completely absent in the other station, which 
suggests that the horizontal extent of the upwelling is 
only very close to the coast of Dipolog. 

The study of Johnson et al. (2006) was one 
of the first to describe the distribution patterns of 
chaetognaths in the Sulu Sea and the Celebes Sea, 
however, limited to the central basin only in the former. 
There were 20 species reported in the central part of 
the Celebes Sea, and 22 species were identified in 
the Sulu Sea off the south west coast of Zamboanga 
peninsula. The majority of the samples were also 
concentrated above 65m, with an estimated average 
density of 30.0 ind. m-3 in the Celebes and 50.0 ind. 
m-3 in the Sulu Sea. Although less diverse, the density 
of chaetognaths in Dipolog Bay, especially in the 
upwelling area (47.49 ind. m-3), is comparable with 
the densities in these adjacent bodies of water.
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At least the five dominant genera observed 
by Johnson et al. (2006) were similarly found to be 
abundant in this present study. The two seas observed 
by Johnson et al. (2006) harbor different assemblages 
of chaetognaths. Celebes Sea was observed to have 
11 species common with the present study and the rest 
is comprised of several representatives of the genus 
Eukrohnia. The Sulu Sea chaetognath assemblage in 
the study of Johnson et al. (2006) had 13 common 
species to the study. However, epipelagic Krohnitta 
pacifica (Aida) which had a low density contribution 
in this study, was among the top 3 species (12.1%) in 
the offshore Sulu Sea (Johnson et al. 2006). Krohnitta 
pacifica was one of the rare species in this study, 
but these have been reported to be epipelagic and 
well-represented in more open seas like the offshore 
station in the Sulu Sea and the Bicol Shelf (Johnson 
et al. 2006; Noblezada and Campos 2008) as it is 
reported in WoRMS (2018). 

On the other hand, Sagitta bipunctata (Quoy and 
Gaimard) and Zonosagitta bedoti (Beraneck), which 
were among those with relatively low densities in 
this study, were the most dominant in the report of 
Noblezada and Campos (2009). These two species, 
being neritic, are expected to be more abundant in 
semi-enclosed bodies of water near islands, such as 
the Visayan Sea. 

Upwelling Influence to Chaetognath Distribution 
Patterns

Upwelling can displace planktonic organisms 
to depths which they do not commonly inhabit. 
Similarly, horizontal currents (i.e. Ekman transport; 
Villanoy et al. 2011) may carry those plankton that 
are usually recognized as neritic species further 
offshore. Several studies have attempted to link 
upwelling with the distribution of zooplankton (Wing 
et al. 1998; Coyle 2005; Barth et al. 2007; Wiafe et 
al. 2008). During an upwelling event, meroplankton 
that are locally produced near the coast has a higher 
probability to be carried offshore through the Ekman 
transport (Archambault et al. 1998).  Mussel and 
barnacle recruitment were reported to be altered and 
reduced during the upwelling season because of loss 
through horizontal transport (Barth et al. 2007). The 
onshore movement and settlement of meroplankton 
in coastal water, such as crab species, were reported 
to occur primarily during upwelling lulls or relaxation 
(Wing et al. 1998). These are some of the evidences 
wherein upwelling can alter assemblages due to 
advection of plankton to different directions. It is 

largely plausible that chaetognaths follow the same 
pattern of dispersal.

Chaetognaths have been reported to be closely 
associated with different water masses often in 
relation to food, physical forces, and the thermocline 
(Giesecke and Gonzales 2004). They have also been 
characterized by their spatial and vertical distribution 
patterns (Bieri 1959, Pierrot-Bults and Chidgey 1988). 
Most of the chaetognaths observed in the two stations 
are epipelagic. Mesopelagic species (F. hexaptera, 
K. subtilis, A. oceanica) were only recorded in the 
upwelling station (Table 2, Fig. 3), possibly uplifted to 
the epipelagic water column due to upwelling. 

Three equatorial and neritic species, Aidanosagitta 
neglecta, Zonosagitta pulchra and Z. bedoti, were 
observed in the inshore upwelling station as well as in 
the offshore station.  The distribution of these species 
have been associated with upwelling regions, possibly 
due to their tolerance with pronounced changes in 
temperature (Bieri 1959). Apart from physiological 
features, physical mechanisms may explain fine 
scale variations in the distribution of specific groups 
of zooplankton. 

Zonosagitta bedoti is classified as neritic and 
commonly distributed in the epipelagic regions. 
This species had a very low contribution in the 
chaetognath population in two stations, but equally 
interesting distribution because the species’ observed 
distribution in this study does not match its reported 
distribution. Higher concentration was observed in 
the 0-65m layer in the offshore station, but absent in 
this layer in Stn 24. Instead, Z. bedoti concentration 
was observed at 65-135m at Stn 24, and with 
lower density. Zonosagitta bedoti are large-bodied 
chaetognaths (Alvariño 1967), however information 
on their mobility is unavailable. It is, however, quite 
probable that they were carried away from the high 
production regions due to Ekman transport. 

Influence of High Productivity to Chaetognath 
Distribution Patterns

Food is one of the major factors that lead to the 
variation in plankton distributions. Because of high 
primary production (Fig. 2), Stn 24 is likely to show 
high secondary production as well.  This is consistent 
with the high abundance of salps in Stn 24, which 
are filter feeders that are capable of controlling 
phytoplankton abundance (Shiga et al. 1998; Madin 
et al. 2006). Turbulent areas, such as those affected 
by coastal upwelling, are often dominated by large-
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bodied organisms, mainly because their tougher 
bodies can tolerate rough conditions (Manriquez 
et al. 2009). Smaller and more fragile zooplankton 
dominate in more stable conditions (i.e. offshore 
areas), as was observed in the Stn 22. 

Some species observed were found to match 
their distribution based on literature. Sagitta 
bipunctata was only observed in the 65-135m layer 
in the upwelling area. The vertical distribution of this 
species was studied off California by Bieri (1959). 
Their migration towards the surface during the night 
is mainly for feeding, while their daytime abundance 
occurs along the thermocline region (at 65-135m in 
this study). Similarly, the distribution of Zonosagitta 
pulchra in this study is parallel to the report of Bieri 
(1959), where they are often found in the upper 200m 
in the neritic zone, but may also oftentimes migrate 
kilometers away from the shore. 

Those species that occurred rarely, in either 
single strata or single station are useful for identifying 
distribution patterns. Mesosagitta minima is 
characterized as oceanic with epipelagic distribution, 
and was observed to be very abundant in the 
uppermost layer in the offshore Stn 22 with sizeable 
contribution in the deeper layers of this station and 
Stn 24, but not present in the surface layer of the 
latter. The low contribution of F. enflata in deeper 
layers is even possibly due to the high contribution of 
M. minima (Figure 3). These two species have been 
reported to follow the same period of intensive feeding 
and breeding (Batistić 2003), thus a likely instance 
of restriction due to competition. On the other hand, 
Krohnitta subtilis and Aidanosagitta oceanica, which 
are both classified as mesopelagic, were distributed 
only in the 65-135m layer in the upwelling station. 
The inshore appearance of these deep water groups 
illustrates the high productivity of the upwelling area 
in Dipolog Bay, however, these species are possibly 
restricted to the lower limit of the epipelagic region 
(near 200m). 

Summary and Conclusions

In the present study, the dominant species were 
more common in the surface layer, while less-abundant 
species often had their maximum abundance in 
deeper stratum (Fig. 3). Juveniles have considerable 
distribution across the water column down to 200m. 
However, the density of juvenile chaetognaths in the 
surface layer of the high production region (Stn 24) 
was an order of magnitude higher (Fig. 3; 56.1 ind. m-3) 
than the rest of the water layers sampled. This further 

supports the likelihood of feeding on phytoplankton 
and small zooplankton that are more concentrated in 
the surface layer (Kehaiyas et al. 1994). Since this 
study was focused on the epipelagic stratum, it is 
likely that the species composition will be dominated 
by those tolerant in these conditions. However, 
it is noticeable that chaetognaths are capable of 
periodically moving beyond their habitat (presence of 
mesopelagic species). Thus, chaetognath distribution 
may be dictated by different factors, including the 
availability of prey items. However, this may also be a 
result of vertical transport via upwelling.

This study is one of the few works on the vertical 
distribution of chaetognaths in high and low production 
zones in upwelling areas in the Philippines. The 
ecological role of these chaetognaths in regulating 
phytoplankton and zooplankton blooms in upwelled 
areas as voracious predators of copepods and other 
zooplankton (Noblezada and Campos 2008) is 
apparent, though not fully defined in the study. Juvenile 
chaetognaths feed mainly on small sized and early 
stage cyclopoids, such as Oithona (Sullivan 1980). 
The high concentration of juvenile chaetognaths 
in the high production area (Stn 24) may serve to 
control copepod production. On the other hand, the 
significance of the offshore distribution of observed 
neritic species is not thoroughly explained. Trophic-
dynamic measures must be made to establish some 
ecological aspects on their existence offshore. Future 
studies may focus on the predator-prey relationship 
between chaetognaths and early stage copepods 
and other possible prey. This will aid in explaining if 
food absolutely controls the distribution and success 
of the different assemblages between upwelling and 
non-upwelling areas.

Acknowledgments

This study is part of the output from the SARDYN 
Project 3 (Estimating Early Life Stages, Mortality and 
Sources of Recruits) funded by the Department of 
Science and Technology, Philippines. Vital physical 
oceanographic data were provided by Prof. C. Villanoy 
and his team. The authors are grateful for Alexanra 
Bagarinao, Lucas Felix and Dexter Piloton for the 
assistance in the fieldwork, and Donna Guarte for 
proofreading the manuscript. Most of the laboratory 
work were done in the OceanBio Laboratory, 
University of the Philippines Visayas. This study was 
(partially) supported by the Core-to-Core Program (B. 
Asia-Africa Science Platforms) of the Japan Society 
for the Promotion of Science (JSPS).



Acabado & Campos/ Phil. J. of Nat. Sci.  23: 30-40 (2018) 39

References

Acabado CS, Campos WL, Noblezada MMP, 
Estremadura DG (2010) A comparison of 
zooplankton assemblages in a coastal upwelling 
and offshore station in East Sulu Sea. Science 
Diliman 22 (2): 51 – 60.

Alvariño A (1967) The chaetognatha of the NAGA 
Expedition (1959-1961) in the South China Sea 
and the Gulf of Thailand. Part 1_Systematics. 
Scripts Inst. NAGA. 4-2. La Jolla. 197 pp.

Alvariño A (1992) Chapter 22. Chaetognatha. 
Reproductive Biology of Invertebrates: V: Sexual 
Differentiation and Behavior. pp 425-470.

Archambault, P, Roff JC, Bourget E, Bang B, and 
Ingram GR (1998) Nearshore abundance of 
zooplankton in relation to shoreline configuration 
and mechanisms involved. Journal of Plankton 
Research 20: 671 – 690.

Banse K (1964) On the vertical distribution of 
zooplankton in the sea. ScienceDirect (Progress 
in Oceanography) 2: 55-125.

Barth J, Menge B, Lubchenco J, Chan F, Bane J, 
Kirincich A, McManus M, Nielsen K, Pierce S, 
Washburn L (2007) Delayed upwelling alters 
nearshore coastal ocean ecosystems in the 
northern California current. PNAS 104 (10): 3719 
– 3724.

Batistić, M. (2003) Abundance, Biomass, C- and N 
Content of Flaccisagitta enflata and Mesosagitta 
minima (Chaetognatha). P.S.Z.N.: Marine 
Ecology 24:1-13.

Berman, T, Townsend DW, Sayed SZE, Trees 
CC, and Azov Y. (1984) Optical transparency, 
chlorophyll and primary productivity in the 
Eastern Mediterranean near the Israeli Coast. 
Oceanologica Acta 7(3):367-372.

Bieri R (1959) The distribution of planktonic 
chaetognatha and their relationship to water 
masses. Limnol. Oceanogr. 4: 1-28.

Bieri R (1991) Systematics of the chaetognatha. In 
Bone, Q., H. Kapp, Pierrot-Bults, AC. (ed.). The 
Biology of Chaetognaths. Oxford University 
Press, Oxford, 122-136 pp.

Casanova JP (1999) Chaetognatha. In South Atlantic 
Zooplankton, edited by D. Boltovskoy, Backhuys 
Publishers, Leiden. 1353-1374 pp.

Coyle K (2005) Zooplankton distribution, abundance 
and biomass relative to water masses in eastern 
and central Aleutian Island Passes. Fish. 
Oceanogr. 14: 77 – 92.

de Boyer Montégut, C, Madec G, Fischer A, Lazar 
A, and Iudicone D. (2004) Mixed layer depth 
over the global ocean: An examination of profile 
data and a profile-based climatology. Journal of 
Geophysical Research 109.

DeVantier L, Alcala A and Wilkinson C (2004) 
The Sulu-Sulawesi Sea: Environmental and 
socioeconomic status, future prognosis and 
ameliorative policy options. Ambio 33: 88-97.

Estrada M and D. Blasco (1985) Phytoplankton 
assemblages in coastal upwelling areas. Int. 
Symp. Upw. W.Afr. Inst. Inv. Pesq., Barcelona 1: 
379 – 402.

Gibbons MJ and Stuart V (1994) Feeding and vertical 
migration of the chaetognath Sagitta friderici 
(Ritter-Zahony, 1911) in the Southern Benguela 
during spring 1987, with note on seasonal 
variability of feeding ecology. S. Afr. J. Mar. Sci. 
14:361-372.

Giesecke R and Gonzalez H (2004) Feeding of Sagitta 
enflata and vertical distribution of chaetognaths 
in relation to low oxygen concentrations. Journal 
of Plankton Research 26(4): 475-486.

Johnson T, Nishikawa J and Terazaki M (2006) 
Community structure and vertical distribution 
of chaetognaths in the Celebes and Sulu Seas. 
Coastal Marine Science 30(1): 360-372.

Kehaiyas G, Fragopoulo N and Lykakis J (1994) 
Vertical community structure and ontogenetic 
distribution of chaetognaths in upper pelagic 
waters of the Eastern Mediterranean. Marine 
Biology 119: 647 – 653.

Madin LP, Kremer P, Weibe PH, Purcell JE, EH Horgan 
EH, DA Nemazie DA (2006) Periodic swarms of 
the salp Salpa aspera in the Slope Water off the 
NE United States: Biovolume, vertical migration, 
grazing, and vertical flux. Deep-Sea Research I 
53: 804-819.

Manriquez K, Escribano R and Hidalgo P (2009) 
The influence of coastal upwelling on the 
mesozooplankton community structure in the 
coastal zone off Central/Southern Chile as 
assessed by automated image analysis. J. Plank. 



Acabado & Campos/ Phil. J. of Nat. Sci.  23: 30-40 (2018)40

Res. 31(9): 1075-1088.

Metillo, E.B., Acabado CS, Campos WL, Nishida 
S (2014) Distribution of Rhincalanus nasutus 
Giesbrecht 1888 (Calanoida, Copepoda) during 
the Eastern Sulu Sea Coastal Upwelling Season. 
Philippine Journal of Science 143 (1):9-19.

Miki M, Ramaiah N, Takeda S, Furuya K (2008) 
Phytoplankton dynamics associated with the 
monsoon in the Sulu Sea as revealed by pigment 
signature. Journ. Of Oceanography 64: 663 – 
673.

Nishikawa J, Matsuura H, Castillo LV, Campos WL, 
Nishida S (2007) Biomass, vertical distribution 
and community structure of mesozooplankton in 
the Sulu Sea and its adjacent waters. Deep-Sea 
Research II 54: 114 – 130.

Noblezada, M.M. and Campos (2009) Composition, 
abundance and distribution of Chaetognaths 
along the Pacific Coast and adjacent internal 
waters of the Philippines. Science Diliman 19(1): 
14-23.

Noblezada MM and Campos WL (2008) Spatial 
distribution of chaetognaths off the northern Bicol 
Shelf, Philippines (Pacific Coast). ICES Journal 
of Marine Science, 65: 484-494.

Pierrot-Bults AC and Chidgey KC (1988) 
Chaetognatha. Synopses of the British Fauna 
(New Series), No. 39. Brill/Backhuys, London.

Pierrot-Bults A and  Nair V (2010) Horizontal and 
vertical distribution of Chaetognatha in the 
upper 100m of the western Sargasso Sea and 
the Central and South-east Atlantic. Deep Sea 
Research II, 57: 2189-2198.

Shiga N Takagi S, and Nishiuchi K (1998) 
Interannual variation and vertical distribution of 
appendicularians in the South of St. Lawrence 
Island, Northern Bering Sea Shelf, in Summer. 
Mem. Fac. Fish. Hokkaido University. 45(1): 48-
51.

Sullivan BK (1980) In situ nehavior of Sagitta elegans 
and Eukrohnia hamata (Chaetognatha) in relation 
to the vertical distribution and abundance of prey 
at Ocean Station “P”. Limnol. Oceanogr.25(2): 
317-326.

Terazaki M (1996) Vertical distribution of pelagic 
chaetognaths and feeding of Sagitta enflata in 

the Central Equatorial Pacific. Journal of Plankton 
Research 18(5): 673-682.

Terazaki M (1998) Life history, distribution, seasonal 
variability and feeding of the pelagic chaetognath 
Sagitta elegans in the Subarctic Pacific: A review. 
Plankton Biol. Ecol. 45(1): 1-17.

Tönnesson K and Tiselius P (2005) Diet of the 
chaetognaths Sagitta setosa and S. elegans 
in relation to prey abundance and vertical 
distribution. Mar Ecol Prog Ser 289: 177 – 190. 

Villanoy C, Cabrera O, Yniguez A, Camoying M, 
de Guzman A, David L, & Flament P (2011) 
Monsoon-driven coastal upwelling off Zamboanga 
Peninsula, Philippines. Oceanography.

Wiafe G, Yaqub H, Mensah M, Frid C (2008) Impact 
of climate change on long-term zooplankton 
biomass in the upwelling region of the Gulf of 
Guinea. ICES J. Mar. Sci. 65 (3): 318 – 324.

Willete DA and MD Santos (2013) Correcting 
widespread misidentifications of the highly 
abundant and commercially important sardine 
species Sardinella lemuru, Bleeker, 1853 in the 
Philippines. J. Appl. Ichthyol. 29: 881–885.

Wing S, Botsford L, Ralston S, Largier J (1998) 
Meroplanktonic distribution and circulation in a 
coastal retention zone of the northern California 
upwelling system. Limnol. Oceanogr. 43 (7): 
1710 – 1721.

WoRMS Editorial Board (2018) World Register of 
Marine Species. Available from http://www.
marinespecies.org at VLIZ. Accessed 2018-11-
14. doi:10.14284/170


