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Introduction
Dissolved oxygen (DO) is one of the most essential 

factors for the survival of aquatic organisms. Both 
hypoxia and hyperoxia could have severe impacts on 
physiology, growth, and the survival of fish (Mallya, 

2007; Wang et al., 2018 and Roh et al., 2020). The 
supersaturation of water can be induced through ex-
cessive water pressure (e.g., hydroelectric plants) and 
photosynthesis in algae (Coffin et al., 2018 and 
Pleizier et al., 2020). When fish are exposed to water 
with supersaturated gas, air emboli can be formed in 
the skin, eyes, and gills, causing gas bubble disease 
(GBD) (Grahn et al., 2007). Previously, cases of acute 
mass mortality occurred in wild as well as various 
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farmed fish species (e.g., Grahn et al., 2007; Machova 
et al., 2017 and Midilli et al., 2019). In general, over 
110% gas saturation is known to be capable of caus-
ing GBD (Xue et al., 2019 and Pleizier et al., 2020). 
However, those studies showed that the severity of 
the disease could vary depending upon fish species, 
sizes, life stages, and environmental conditions. In 
this study, we report on GBD that occurred naturally 
in olive flounder (Paralichthys olivaceus) acclimated 
in an aquarium.    

A total of approximately 1,200 healthy olive floun-
der (average weight = 35 g) were acclimated in six 
1,500 L-sized cylindrical flow-through tanks in the 
aquarium of the Fisheries Science Institute, Pukyong 
National University (Busan, Korea). Inlet seawater 
was pumped inshore to the facility from 250 m at 
a depth of 10 m (Fig. 1) and, after sand filtration 
treatment, the water was introduced into the tank at 
a flow rate of ~1,000 L hour-1 (circulation rate of 25 
cycles per a day). More than 600 fish were dead with-
in two days after they were housed in the facility 
(water temperature, 17oC). Ten dead fish and five 
moribund fish were sampled for microscopic ob-
servation and the presence of infection. The water 
quality in the rearing water in the tank and inlet sea-
water was measured including temperature, salinity, 
pH, DO, nitrite, ammonia, chemical oxygen demand), 

and phosphate according to the Water Pollution 
Standard method (KME, 2011). Additionally, the sea-
water near the facility was sampled to measure DO 
levels. Algal samples taken from seawater near the 
facility were moved to the laboratory and used for 
species identification based on 18S rDNA gene 
sequencing. Briefly, the genomic DNA of the algae 
was extracted using a DNeasy PowerSoil kit (Qiagen, 
Germany), and 18S rDNA was amplified using uni-
versal primer sets (SS5, GGT GAT CCT GCC AGT 
AGT CAT ATG CTT G; SS3, GAT CCT TCC GCA 
GGT TCA CCT ACG GAA ACC) according to a pre-
viously described method (Khaw et al., 2020). The 
PCR amplicon was purified using an AccuPrep PCR/ 
Gel Purification Kit (Bioneer, Korea) and sequenced 
using a 3730XL DNA Analyzer (Thermo Fisher- 
Applied Biosciences, USA) by Bionics Co. (Korea).

In the clinical observations, most carcasses showed 
excessively opened opercula and mouths (Fig. 2A), 
and occasionally, severe exophthalmia (Fig. 2B). 
Although there were no pathogens isolated from the 
fish samples, numerous gas emboli were found in the 
lamellar arterioles of all sampled moribund and dead 
fish (Fig. 2C and D), which are common clinical traits 
of GBD in fish (Grahn et al., 2007). The concen-
tration of DO in the rearing water, inlet water, and 
seawater near the facility was 11.4, 11.5, and 22.5 

(A) (B)

Fig. 1. Satellite image (A) and schematic diagram of the aquarium in the Institute of Fisheries Sciences (B).
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mg L-1, respectively, which corresponded to 145, 146, 
and 286% saturation at 17oC and 34 PSU (Table 1). 
Except for the DO level, the other water quality pa-
rameters were normal (Table 1). These results clearly 
indicated that the excessively supersaturated DO lev-
els in the inlet water caused GBD in fish.

In an effort to identify the causative agent of the 
supersaturated seawater near the facility, we found an 

enormous algal bloom along the coast near the facility 
(Fig. 3). As a result, 1,588 base pairs of 18S rDNA 
sequence were retrieved (Genbank accession: OL 
333871), which were most closely related to Ulva cal-
ifornica (99.87% sequence identity), followed by U. 
prolifera, U. linza, and U. curvata (99.81%). In recent 
years, massive blooms of green algae have been in-
creasing in frequency worldwide due to coastal eutro-
phication and global warming (Smetacek and Zin-
gone, 2013 and Kang and Chung, 2017). Ulva species 
are the typical macroalgae species responsible for 
green tides, causing tremendous ecological and eco-
nomical losses worldwide (Ye et al., 2011). A pre-
vious study (Coffin et al., 2018) showed that the DO 
levels in estuaries were highly likely to be super-
saturated (up to 25 mg L-1) due to the presence of 
Ulva species. Similarly, a heavy algal bloom com-
posed principally of Chlamydomonas induced ex-
tremely high supersaturation (32 mg L-1), which even-

Table 1. Water quality measured in rearing water, inlet water, and coastal water

Parameters Rearing water Inlet water Coastal water
Dissolved oxygen (mg L-1) / Saturation rate (%)
Temperature (oC)
Salinity (psu)
pH
Chemical oxygen demand (mg L-1)
Ammonia (mg L-1)
Nitrate (mg L-1)
Phosphate (mg L-1)

11.4 / 145
17
34

7.94
0.8

0.025
0.019
0.010

11.5 / 146
17
34

7.93
0.6

0.019
0.019
0.007

22.5 / 286
17

NT*
NT
NT
NT
NT
NT

* NT, Not tested.

(A)                   (B)

(C)                   (D)

Fig. 2. Clinical signs of gas bubble disease in olive 
flounder. Almost all dead fish showed excessively 
opened opercula and mouths (A) and unilateral exoph-
thalmos (B). Gas emboli (black arrows) in the lamellar 
arterioles were observed in the wet mount preparations 
under a light microscope (C, x100 magnification and 
D, x200 magnification).

(A)                        (B)

Fig 3. Algal bloom observed along the coastline (A) 
and the nearby inlet pipeline (B).
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tually resulted in the occurrence of GBD and massive 
mortality in various wild fish (Woodbary, 1942). 
Consistent with those findings, the DO level of the 
inlet water in this study was 22.5 mg L-1, indicating 
supersaturation, causing GBD and acute mass mortal-
ity. 

To reduce DO concentrations in the seawater used, 
we temporarily minimized the introduction of inlet 
water from 1,000 to 100 L hour-1 and maximized the 
aeration rate inside the tank, resulting in decreased 
DO levels from 11.4 to 8.8 mg L-1 (112% saturation). 
Similarly, Machova et al. (2017) showed that remov-
ing the cover of the holding tank and increasing the 
aeration level could successfully lower the saturation 
level from 136% to 110%. Additionally, the inlet wa-
ter was filtered using triple carbon filters with 50, 
10, and 1 um pore sizes. As the inlet water passed 
through the micro-pores, the supersaturated gas was 
de-aerated, which decreased the amount of dissolved 
gas in the water to under 100% and completely ceased 
the mortality.

This case report described acute mass mortality in 
olive flounder due to GBD caused by the supply of 
supersaturated seawater into an aquarium. The culprit 
in the gas supersaturation of seawater was a mass 
bloom of photosynthetic organisms (Ulva species in 
this case report). 
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