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Abstract 15 

Typhoons are a common feature of summer and autumn months in the East China Sea. These events 16 

often promote phytoplankton growth in surface waters as a result of upwelling and transport of 17 

nutrients, but their effects on sub-surface waters and ecosystems are little known. Furthermore, 18 

biological studies tend to focus on phytoplankton (using chlorophyll a assays), rather than on 19 

heterotrophic zooplankton. Indeed, measurements of biological and physicochemical changes 20 

induced by the storms are difficult to perform and risky, using standard shipboard sampling 21 

techniques. Using a camera mounted on an underwater, cabled observatory system in shallow 22 

coastal waters of Okinawa, Japan, we collected the first continuous, in-situ observations of the near-23 

bottom, mesoplankton community during a series of typhoons. An increase in diatoms and 24 

radiolarians was found during all typhoons, whereas the response of larger zooplankton groups was 25 

variable between typhoons. A bloom of Trichodesmium cyanobacteria and diatoms was seen after a 26 

series of typhoons, while the total chlorophyll a concentration remained nearly unchanged at the 27 

sampling location. These findings shed new light on short-term responses of sub-surface 28 

ecosystems during typhoons. 29 
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Introduction 36 

The East China Sea is a warm, oligotrophic, marginal sea, in which nutrients are limiting to 37 

phytoplankton growth in both the surface and sub-surface layers (Hashihama et al. 2013; Hung et 38 

al. 2013a; Wu et al. 2003). This region is usually swept by typhoons (tropical cyclones) in the 39 

summer and autumn months, sometimes repeatedly. These storms often cause cooling at the 40 

surface, and an increase in nutrient concentrations, which in turn stimulate post-typhoon 41 

phytoplankton blooms in surface waters (e.g. Chen et al. 2009; Hung and Gong, 2011; Liu et al. 42 

2013; Tsuchiya et al. 2013; 2014; Zheng and Tang, 2007). Upwelling of deep water, as well as 43 

post-typhoon increases in surface and sub-surface primary production, are believed to be beneficial 44 

for higher trophic levels by increasing the flux of particulate organic matter toward the sediment 45 

(Hung and Gong, 2011; Hung et al. 2010), but the short-term response of heterotrophic 46 

communities to typhoons has yet to be studied. 47 

Indeed, marine studies during typhoons are hindered by the storms, which render traditional 48 

shipboard sampling activities virtually impossible. For these reasons, the bio-physical effects of 49 

typhoons are primarily studied using satellite monitoring, gathering such information as sea surface 50 

height, temperature, or chlorophyll a concentration. However, these methods can only gather data 51 

regarding the upper layer of the water column. This may induce an underestimation of the effect of 52 

typhoons on the water column, as strong storms have been shown to induce sub-surface increases in 53 

chlorophyll a concentration that remain undetected by remote sensing techniques (Ye et al. 2013). 54 

Additionally, satellite monitoring is restricted to the measurement of detectable photosynthetic 55 

pigments, and is not adapted to the study of zooplankton communities. 56 

As a result, the effect of typhoons on the physical oceanography and biogeochemistry of 57 

surface waters and the autotrophic communities found there is well documented (D’Asaro et al. 58 

2011; Pun et al. 2011). But studies of the response of heterotrophic plankton groups to these storms 59 

are lacking, and the impact of typhoons on sub-surface waters is still largely unknown. This is even 60 

more important in shallow coastal ecosystems, where compositional changes in sub-surface water 61 

masses necessarily have a more direct impact on benthic ecosystems. 62 

Installed at a depth of 20 m on the edge of a coral reef on Okinawa Island, in the central East 63 

China Sea, the OCTOPUS (OIST Cabled Teleoperational Observatory Platform for Undersea 64 

Surveillance) system provides continuous biological and physical measurements of coastal, sub-65 

surface waters. Using an underwater plankton camera installed on the observatory, we studied the 66 

impact of typhoons of varying intensity on the near-bottom mesophyto- and zooplankton 67 

communities. 68 

 69 

Material and Methods 70 
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OCTOPUS is comprised of an OceanCube (Woods Hole Oceanographic Institution, USA) 71 

cabled observatory system installed on the seafloor at about 20 m depth on the northwestern coast 72 

of Okinawa Island, Japan (26°42.79’N, 127°52.13’E) (Fig. 1). Data from all sensors and cameras 73 

are sent to a shore-based server in real time at full resolution on a single-mode fiber optic cable. An 74 

Acoustic Vector Current Meter (Nortek, USA) and Water Quality Monitor (WQM: WETLabs, 75 

USA) attached to the main node measured physical and optical properties of the water at 20 m 76 

depth (Table 1). The chlorophyll a, turbidity and coloured dissolved organic material (CDOM) 77 

sensors of the WQM were calibrated at 24.1°C at WetLabs in September 1st, 2013. No further 78 

calibrations were performed during the 3-month deployment. An Acoustic Doppler Current Profiler 79 

(RD Instruments, USA), positioned 45 m to the West of the main node, was used to measure 80 

surface wave height. 81 

A Continuous Plankton Imaging and Classification Sensor (CPICS, Woods Hole 82 

Oceanographic Institution, USA) was installed on the main node, about 1.60 m above the seafloor, 83 

equipped with a Prosilica GT 1380 camera and a synchronized strobe light in waterproof housings, 84 

imaging an 8.00 x 7.50 x 0.55 mm volume of water 4 times per second (0.48 L/hr). Images (1380 x 85 

1024 pixels) were processed in real-time on shore to bound all objects exceeding 645 µm2 (100 86 

adjacent pixels) as “Regions of Interest” (ROI), using graphic processing hardware and customized 87 

software. The software is capable of recording up to 999 ROI per full image to hard disk, a limit 88 

that was never reached during the present study. ROI were manually sorted into 11 categories 89 

representing the main plankton taxonomic groups present in the sampling area: filamentous 90 

cyanobacteria (Trichodesmium spp.), diatoms, radiolarians (primarily acantharians), foraminiferans, 91 

copepods, isopods, cnidarians, other zooplankton (e.g. appendicularians, ostracods, and larval 92 

molluscs), mysids, and fish; and a marine snow ‘particle’ category regrouping all non-living 93 

particles (Fig. 2). The size range of particles was 100 µm to 10 mm in length. 94 

Plankton images were collected between August 28th and November 9th, 2013. Typhoons 95 

were identified based on data provided by the Regional Specialized Meteorological Center (Japan 96 

Meteorological Agency, 2014). All dates and times are listed in universal time (UTC), local time 97 

being UTC+09:00. Night lasted about 12 hr during the studied period, from 9:00 to 21:00 UTC. All 98 

data were analyzed in 1-hr bins. Using the R package “vegan” (Oksanen et al. 2013), analyses of 99 

similarity (ANOSIM) were performed on binned plankton abundance data to test the effect of wave 100 

height on plankton distribution. 101 

 102 

Results 103 

1. Baseline community 104 
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The OCTOPUS cabled observatory is installed on the northwestern shore of Okinawa 105 

Island, Japan, on the northeastern edge of the channel separating Motobu Point from Ie Island (Fig. 106 

1). The closest river to the sampling site is located about 6 km south of the sampling point, just 107 

north of Sesoko Island. The mean depth of the station during the sampling period was 19.34 m, with 108 

an average 1.2 m tidal variation (Fig. 3). The mean temperature above the seafloor was 29.2° C in 109 

August, decreasing to 25.7° C in early November. Salinity, dissolved oxygen, chlorophyll a, 110 

CDOM and turbidity were not measured until September 9th. Low salinities and relatively high 111 

dissolved oxygen concentrations were observed throughout the sampling period, with average 112 

values of 34.60 and 4.52 mL/L, respectively (Fig.3). Chlorophyll a, CDOM, and turbidity were low 113 

except during typhoons, with average values of 0.22 µg/L, 0.21 ppb QSDE and 0.08 NTU, 114 

respectively.  115 

Near-continuous imaging at the cabled observatory between August 28th and November 116 

9th, 2013, yielded images of 50,320 planktonic organisms, and about 340,000 marine snow 117 

particles ranging between 100 µm and 10 mm in length. On average, the particle abundance at the 118 

observation point was 400 particles/hr, increasing to 2,000/hr when wave heights exceeded 2.0 m. 119 

Zooplankton was the dominant plankton group, with copepods (primarily Calanoida) and 120 

radiolarians, representing 36.27 and 25.24% of total plankton, respectively (Table 2). These groups 121 

were also the most common temporally, having been observed in 97% of all sampling hours. 122 

Because they were imaged almost exclusively during periods of high turbidity and wave height 123 

(Fig. 4, 5), Foraminifera were assumed to be of benthic origin, their presence in the CPICS data 124 

representative of benthic resuspension events. Phytoplankton, representing ~11% of total plankton, 125 

were predominantly diatoms (primarily pinnates) and nitrogen-fixing cyanobacteria of the genus 126 

Trichodesmium. Trichodesmium, diatoms and radiolarians were equally abundant throughout the 127 

day. Copepods, cnidarians, and ‘other zooplankton’ also did not show diel patterns of abundance at 128 

the studied taxonomic levels, but peaks of abundance were sometimes seen at night, occurring as 129 

single-species swarms. Juvenile isopods and mysids did not have a high mean abundance, but rather 130 

occurred in periodic, large swarms, at night, at which times they reached concentrations of over 250 131 

ind./hr. Fish (mainly of the family Gobiidae) were found almost exclusively during the day (Table 132 

2). A temperature-salinity-plankton plot (Gallager et al. 1996) showed mysids, fish, isopods and 133 

jellyfish were not present during times with highest waves (Fig. 4), while on the contrary, 134 

foraminiferans were primarily found when wave height exceeded 2 m. 135 

 136 

2. September typhoons 137 

Measurement of significant wave height showed a succession of relatively calm periods 138 

with waves less than 1 m, and the passing of several typhoons of varying intensity (Fig. 3). The first 139 
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typhoon (T1317) occurred on September 3rd and 4th, with waves up to 4.0 m. A spiked decrease in 140 

temperature of 1.5°C was recorded right after maximal wave heights. Strong wind was recorded on 141 

September 16th and 17th (Japan Meteorological Agency, 2014), but wave height did not exceed 2.3 142 

m, and only small changes were observed in other physicochemical parameters.  143 

Numbers of marine snow particles were strongly correlated with wave height (ANOVA, 144 

p<0.001), with a maximum of 7,500 marine snow particles observed on September 3rd between 6 145 

and 7 pm UTC (Fig. 5) during Typhoon T1317. Mysids showed the greatest increase in abundance 146 

during the typhoon, with a maximum of 138 ind/hr, and Trichodesmium, diatom, and radiolarian 147 

abundances were also positively correlated with wave height (ANOVA, p<0.001). Other plankton 148 

categories did not show significant variations in abundance during typhoon T1317. Foraminiferan 149 

abundance increased only slightly during the September typhoon, with fewer than 3 individuals/hr.   150 

 151 

3. October typhoons 152 

On October 3rd, waves up to 3.2 m were recorded, followed by three large typhoons of 153 

increasing intensity, on October 7th (T1324: waves up to 3.9 m), 15 and 16th (T1326: waves up to 154 

4.9 m) and from October 24 to 26th (T1327: waves greater than 5 m for 24 hr, with a maximum of 155 

6.1 m). During T1326, temperature and salinity decreased concurrently during 2 events, each lasting 156 

about 3 hr (Fig. 6a). On the contrary, during T1327, salinity decreased by 0.5, followed by a 157 

temperature decrease of nearly 2.5°C that was associated with relatively higher salinity values (Fig. 158 

6b). During both typhoons, each low salinity or low temperature event was associated with an 159 

increase in particle numbers. The last two typhoons were also accompanied by an increase in 160 

turbidity, chlorophyll a, and CDOM concentrations. During T1324 on October 7th, a spiked 161 

decrease in temperature, associated with an increase in salinity was observed before wave height 162 

increased. The highest wave heights were associated with a distinct decrease in salinity and high 163 

turbidity levels, but no significant variation in temperature, CDOM or Chl a was measured. 164 

The October typhoons were accompanied by a significant increase in marine snow particles 165 

(ANOVA, p<0.001). However, the highest concentrations of marine snow were recorded on 166 

September 3rd (Fig. 5) when wave heights did not exceed 4.0 m, while the two largest typhoons in 167 

October showed smaller increases in particle numbers (no imaging was performed during the 168 

October 7th typhoon due to a power failure), with maxima of 3,700 and 4,200 marine snow 169 

particles/hr during typhoons T1326  and T1327, respectively (Fig. 6). Wave height also showed a 170 

positive correlation with the abundance of marine snow particles relative to plankton, with marine 171 

snow representing 97.4% of the hourly particles on average when wave height exceeded 4.0 m, 172 

against an average of 90% during times with smaller waves. During T1326, increased wave height 173 

caused a significant increase in abundance of diatoms, foraminiferans, radiolarians, copepods, and 174 
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other zooplankton, and a significant decrease in the abundance of fish (ANOVA, p<0.001). The 175 

abundance of Trichodesmium, isopods, medusa, and mysids did not show a significant variation in 176 

relation with waver height. In contrast, during T1327, the abundance of copepods was not 177 

correlated with wave height, while isopods showed a significant negative correlation with wave 178 

height (ANOVA, p<0.001). Analyses of similarity (ANOSIM: wave height ~ time of day, α = 0.05) 179 

showed that wave height had no significant influence on diel patterns of abundance of the plankton 180 

groups. 181 

 182 

4. Post-typhoon 183 

By mid-day on October 28th, turbidity, CDOM, and wave-height had returned to pre-184 

typhoon values and wave height did not exceed 1.0 m except for a couple of hours on November 185 

4th. Chlorophyll a concentrations remained constant, around 0.25 µg/L until November 9th. 186 

From October 29th to November 4th, a significant increase in abundance was found for all 187 

plankton categories except foraminiferans and isopods (ANOVA, p<0.001), independently from an 188 

increase in wave height.  189 

 190 

Discussion 191 

In August and September, warm, oligotrophic water was found in the near-bottom layer at 192 

the sampling location, with low chlorophyll a and CDOM concentrations, as well as low turbidity, 193 

but with relatively high oxygen concentrations (Fig. 3). Salinity remained low (<35.0) throughout 194 

the sampling period, but a gradual decrease in temperature was observed. 195 

Since the CPICS camera recorded only organisms with profiles larger than 645 µm2, the 196 

phytoplankton community appeared to be composed entirely of diatoms, large Trichodesmium 197 

chains, and aggregates. However, the phytoplankton community observed about 10 km south of the 198 

sampling area in 1998 and 1999 was dominated by pico- and nano-phytoplankton, representing 52-199 

55% and 28-34% of the total chlorophyll a concentration, respectively, with larger plankton groups, 200 

such as diatoms representing only 11 - 17% (Tada et al. 1999; 2003). These results match those 201 

from temperate regions having low chlorophyll a concentrations (e.g. Iriate and Purdie, 1994). The 202 

latter studies showed only a limited effect of variations in abundance of micro-phytoplankon on 203 

total chlorophyll a concentration measured in picoplankton-dominated systems (Iriate and Purdie, 204 

1994; Tada et al. 1999; 2003). Therefore, we suspect that in-situ chlorophyll a measurements 205 

performed at the observatory may not reflect larger organisms, such as Trichodesmium and diatoms, 206 

but rather the abundance of pico- and nano-phytoplankton that are too small to be recorded by the 207 

CPICS camera or, in times of high waves, of resuspended micro-phytobenthos (Koh et al. 2006; 208 
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Suga and Montani 2012). These smaller plankton groups were beyond the scope of the present 209 

study, but will form the basis of further studies of the plankton dynamics in this area. 210 

The zooplankton community was dominated by copepods, primarily small calanoids, which 211 

did not show any significant diel patterns of abundance at this taxonomic level. Few copepods were 212 

imaged attached to marine snow particles, suggesting a predominantly herbivorous or carnivorous 213 

community. Radiolarians were the next most abundant group, both numerically and temporally 214 

(Table 2). These organisms often contain endosymbiotic, photosynthetic algae (Adl et al. 2012), 215 

allowing them to obtain energy photosynthetically in times of low prey availability. The dominant 216 

predatory groups were juvenile isopods and mysids, which were nocturnal, and young gobiid fish, 217 

that were strictly diurnal. Gelatinous carnivores were rare, the predominant forms being young 218 

anthomedusan jellyfish, newly released from polyps colonizing the CPICS camera and surrounding 219 

equipment. While polyp stages were observed actively feeding (not shown), no stomach contents 220 

could be observed in the small medusae. 221 

 222 

Three typhoons were monitored at the cabled observatory between September and 223 

November 2013. The typhoons caused an increase in wave height, directly followed by an increase 224 

in the number of marine snow particles recorded by the CPICS camera. The typhoon of September 225 

(Fig. 3) was characterized by moderate maximum wave heights and a moderate increase in 226 

foraminiferan abundance (Fig. 5), reflective of limited sediment resuspension. Although water 227 

turbidity was not measured at this time, a large-area in-situ camera confirmed much higher visibility 228 

throughout the September typhoon compared to the October typhoons. However, water temperature 229 

decreased by up to 1.5°C, and this typhoon corresponded to the largest and fastest increase in both 230 

marine snow and non-swimming plankton (Trichodesmium, diatoms, radiolarians) concentrations 231 

(Fig. 5). Large swarms of mysids and some larger zooplankton were also observed, possibly taking 232 

advantage of increased concentrations of diatoms and particles. 233 

 234 

In contrast to September 3rd, the two typhoons in October, for which CPICS data are 235 

available (T1326 and T1327), had much higher physicochemical and biological impacts, with 236 

spiked decreases in salinity following the increase in wave height (Fig. 6), suggesting possible 237 

mixing with surface waters. A distinct decrease in temperature was also observed, corresponding to 238 

high particle numbers. The October typhoons also caused an increase in CDOM, chlorophyll a, and 239 

turbidity (Fig. 3), indicating a possible re-suspension of sediment. This hypothesis was corroborated 240 

by the high abundance of foraminiferans (Fig. 5) and macroalgae shreds observed during the 241 

typhoons, as well as the presence of two small post-larval starfish, imaged during the typhoon, 242 

about 1.5 m off the bottom (Fig. 2i). The October typhoons caused an increase in abundance of non-243 
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swimming plankton such as radiolarians and diatoms, and of the ‘other zooplankton’ category, 244 

primarily in the form of eggs and small molluscs. Fish were almost completely absent during times 245 

of maximum wave heights, possibly due to increased turbidity at the sampling location. The 246 

increase in chlorophyll a observed during the October typhoons was most likely the result of high 247 

turbidity and resuspension of micro-phytobenthos brought on by the typhoons, rather than a sudden 248 

increase in nano- and pico-phytoplankton concentrations (Suga and Montani 2012). Re-suspended 249 

benthic particulate organic matter (POM) is thought to represent as much as 93% of the POM flux 250 

in the western part of the East China Sea (Hung et al. 2013a), thereby contributing greatly to 251 

surface productivity along the continental shelf. Along the Okinawa coast, the flux of resuspended 252 

benthic POM created by autumnal typhoons would benefit both the plankton and the coral reef 253 

community surrounding the observatory site. However, high particle abundances, of benthic origin, 254 

were restricted to the duration of the typhoon in the present study (Fig. 6), and did not continue 255 

after the typhoon, as was reported by Hung and Gong (2011) from surface waters in the East China 256 

Sea. 257 

Different plankton responses observed between the September and October typhoons might 258 

be explained by the positioning of the typhoon in relation to Okinawa Island and the sampling site 259 

(Fig. 1). In October, all three typhoons originated from the southeast, and the observatory site was 260 

therefore somewhat sheltered from the winds by Okinawa Island. In September, however, the 261 

typhoon followed a north to northeast path just west of the island. The large increase in particles 262 

and non-swimming plankton, such as radiolarians, during this typhoon, may reflect increased 263 

current speeds as the typhoon pushed water through the channel between Motobu Point and Ie 264 

Island (Fig 1). Further studies, including the measurement of current speeds and direction would be 265 

necessary to completely explain the different biological responses observed. 266 

 267 

On October 29th, three days after the last typhoon, a short-lived (6-day) bloom of diatoms 268 

and Trichodesmium (Fig. 5) was observed, possibly promoted by precipitation, vertical mixing, and 269 

benthic re-suspension during the October typhoons. This bloom was accompanied by an increase in 270 

abundance of other zooplankton categories, possibly due to increased food supply. Contrary to 271 

previous reports from surface waters in the southern East China Sea (Hung and Gong 2011), no 272 

significant increase in the proportion of centric diatoms was noted after the typhoons. Benthic re-273 

suspension caused by the typhoons may have provided nitrates and other important nutrients, such 274 

as iron or phosphorous to the water column, similar to what was reported from the southern East 275 

China Sea (Hung et al. 2013b; Shih et al. 2013). This hypothesis is supported by the increase in 276 

Trichodesmium, as well as diatoms. These nitrogen-fixing cyanobacteria are not nitrate-dependent, 277 

but an iron scarcity has been suggested as limiting their abundance in the South China Sea (Wu et 278 
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al. 2003). Additionally, labile phosphate represents less than 30% of the dissolved organic 279 

phosphate (DOP) concentration in the East China Sea (Hashihama et al. 2013), indicating a possible 280 

phosphate limitation of phytoplankton in the coastal waters of Okinawa (Guo et al. 2012). The post-281 

typhoon increase in abundance of Trichodesmium is contrary to what was observed after the 282 

passage of a hurricane in the North Atlantic (Davis and McGillicully, 2006), indicating that the 283 

response of these organisms may vary depending on the physical oceanographic and biological 284 

conditions of the sampling location. Chlorophyll a concentrations, most certainly reflecting pico- 285 

and nano-phytoplankton communities that were too small to be imaged by the CPICS camera (see 286 

above), did not show a significant increase at the end of October, confirming that typhoons may not 287 

benefit all autotrophic plankton groups equally (Chen et al. 2009; Chung et al. 2012). Indeed, in 288 

similar oligotrophic, pico-phytoplankton-dominated communities, increased nutrient concentrations 289 

due to upwelling events have been shown to trigger diatom blooms preferentially (Chung et al. 290 

2012; Maita and Odate 1988). In a study of the relative abundances of the different phytoplankton 291 

size classes found south of the observatory site in 1998 and 1999, several peaks in abundance of the 292 

larger micro-phytoplankton class (> 20 µm) relative to smaller phytoplankton groups were observed 293 

during the autumn months (Tada et al. 2003), which might indicate post-typhoon diatom blooms. 294 

Similar to our results, the increase in meso-phytoplankton biomass was not reflected in the total 295 

chlorophyll a concentration. 296 

 297 

Conclusions 298 

This study presents the first observations of near-bottom mesoplankton communities above 299 

a coral reef and their responses to typhoons of varying intensity. The first typhoon, in early 300 

September, caused a large increase in abundance of nearly all studied plankton categories. In 301 

contrast, plankton communities reacted differently to the larger October typhoons, with less mobile 302 

organisms increasing in abundance during the typhoons, while larger zooplankton disappeared from 303 

the sampling area. The constant monitoring of physicochemical parameters during the October 304 

typhoons showed that increased wave height caused a spiked decrease in salinity, as well as a 305 

slower, more prolonged decrease in temperature, corresponding to higher particle concentrations. 306 

At the end of the typhoon season, a bloom of diatoms and Trichodesmium cyanobacteria appeared 307 

in the sampling area, but the total chlorophyll a concentration did not increase significantly. Further 308 

studies incorporating different sampling techniques will be necessary to simultaneously examine the 309 

whole size range of the phyto- and zooplankton communities, as well as nutrients such as 310 

phosphorus or iron in this coral reef ecosystem, in order to better understand the interactions among 311 

these organisms and changes resulting from major environmental events such as tropical cyclones. 312 

 313 
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Table Legends 400 

Table 1. Characteristics and sampling period of measured physicochemical, environmental 401 

parameters. 402 

 403 

Table 2. Median and maximum abundance (counts/hr), relative nighttime abundance (100 * 404 

nighttime category abundance / total category abundance), total relative abundance (100 * 405 

total category abundance / total plankton abundance), and temporal presence (100 * number 406 

of hours present / total number of hours sampled) of particle and plankton types over the 407 

sampling period 408 

 409 

Figure Legends 410 

Figure 1. Map of the sampling area showing the position of the OCTOPUS observatory (star), and 411 

tracks of the epicenters of the four typhoons studied (data obtained from the Japan 412 

Meteorological Agency, 2014). Track width indicates relative wind strength of the typhoons. 413 

Dates are given in UTC. 414 

 415 

Figure 2. Examples of the 11 CPICS image categories: a. marine snow; b. Trichodesmium spp.; c. 416 

diatoms; d. radiolarians; e. foraminiferans; f. copepods; g. isopods; h. cnidarians; i.-j. ‘other 417 

zooplankton’ (i. adult starfish; j. chaetognath); k. mysids; l. fish. Scale bar = 500 µm except 418 

for j, k, l: 1,000 µm. 419 

 420 

Figure 3. Temporal variation of depth (m), temperature (°C), salinity, dissolved oxygen (DO; 421 

mL/L), turbidity (NTU), CDOM (ppb QSDE), chlorophyll a (µg/L), and significant wave 422 

height (m) measured in the near-bottom layer at the observation site between August 28th and 423 

November 9th, 2013. Colour scale represents significant wave height (m), gray shading 424 

indicates missing wave height information. Boxes correspond to typhoons. 425 

 426 

Figure 4. Distribution of marine snow and plankton categories depending on temperature and 427 

salinity during the sampling period. Colour scale represents significant wave height (m), gray 428 

shading indicates missing wave height information. 429 

 430 

Figure 5. Temporal variation in abundance (counts/hr) of particle and plankton types during the 431 

sampling period. Colour scale represents significant wave height (m), gray shading indicates 432 

missing wave height information. White boxes correspond to typhoons. 433 

 434 
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Figure 6. Salinity, water temperature (°C), significant wave height (m), and marine snow particle 435 

concentrations (particles/hr), during a. Typhoon T1326, b. Typhoon T1327. 436 
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Figure 1. Map of the sampling area showing the position of the OCTOPUS observatory (star), and 2 

tracks of the epicenters of the four typhoons studied (data obtained from the Japan 3 

Meteorological Agency, 2014). Track width indicates relative wind strength of the typhoons. 4 

Dates are given in UTC. 5 
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Figure 2. Examples of the 11 CPICS image categories: a. marine snow; b. Trichodesmium spp.; c. 8 

diatoms; d. radiolarians; e. foraminiferans; f. copepods; g. isopods; h. cnidarians; i.-j. ‘other 9 



 

2 

zooplankton’ (i. adult starfish; j. chaetognath); k. mysids; l. fish. Scale bar = 500 µm except 10 

for j, k, l: 1,000 µm. 11 
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Figure 3. Temporal variation of depth (m), temperature (°C), salinity, dissolved oxygen (DO; 14 

mL/L), turbidity (NTU), CDOM (ppb QSDE), chlorophyll a (µg/L), and significant wave 15 

height (m) measured in the near-bottom layer at the observation site between August 28th and 16 

November 9th, 2013. Colour scale represents significant wave height (m). Boxes correspond 17 

to typhoons. 18 
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 20 
Figure 4. Distribution of marine snow and plankton categories depending on temperature and 21 

salinity during the sampling period. Colour scale represents significant wave height (m). 22 

 23 
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 24 
Figure 5. Temporal variation in abundance (counts/hr) of particle and plankton types during the 25 

sampling period. Gray shading indicates missing data. White boxes correspond to typhoons. 26 

 27 

 28 
Figure 6. Salinity, water temperature (°C), significant wave height (m), and marine snow particle 29 

concentrations (particles/hr), during a. Typhoon T1326, b. Typhoon T1327. 30 



Parameter Instrument Measurement period 

Depth (m) Acoustic Vector Current Meter (ADV), Nortek, USA Aug.28 to Nov.09 ‘13 

Temperature (°C) ADV Aug.28 to Nov.09 ‘13 

Significant wave height (m) Acoustic Doppler Current Profiler, RD Instruments, USA Aug.28 to Nov.08 ‘13 

Salinity Water Quality Monitor (WQM), WETlabs, USA Sept.10 to Nov.09 ‘13 

Dissolved oxygen (DO) concentration (mL/L) WQM Sept.10 to Nov.09 ‘13 

Turbidity (NTU) WQM Sept.10 to Nov.09 ‘13 

Coloured dissolved organic material (cdom) (ppb QSDE) WQM Sept.10 to Nov.09 ‘13 

Chlorophyll a (Chl a) concentration (µg/L) WQM Sept.10 to Nov.09 ‘13 

 

 

Table 1. Characteristics and sampling period of measured physicochemical, environmental parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Median 

abundance 

(counts/hr) 

Maximum 

abundance 

(counts/hr) 

Relative 

nighttime 

abundance (%) 

Total relative 

abundance              

(% of total plankton) 

Temporal 

presence 

(%) 

Trichodesmium 1 20 49.37 1.58 26 

Diatom 3 36 48.58 9.28 76 

Radiolaria 7 80 46.71 25.24 97 

Foraminifera 1 10 45.51 0.43 8 

Copepoda 8 574 65.84 36.27 97 

Isopoda 2 334 97.24 5.11 23 

Cnidaria 1 46 62.74 1.35 20 

Other zooplankton 4 145 63.52 15.77 85 

Mysidae 2 276 98.4 4.11 19 

Fish 3 67 5.28 0.87 4 

Marine Snow 79 14996 51.93  100 

 

Table 2. Median and maximum abundance (counts/hr), relative nighttime abundance (100 * nighttime category abundance / total category abundance), 

total relative abundance (100 * total category abundance / total plankton abundance), and temporal presence (100 * number of hours present / 

total number of hours sampled) of particle and plankton types over the sampling period 
 


