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Abstract

The Japanese anchovy Engraulis japonicus is used as live bait in skipjack pole-and-line fisheries. Japanese
anchovies are transported to fishing grounds by fishing boats on voyages that can take from 4 to 50 days.
Because ammonia excreted by Japanese anchovies might affect their survival during transportation, fishers
empirically attempt to maintain them in healthy condition by exchanging water aboard ship holding tanks
at a rate of 160-500 % volume h™!. To develop protocols for more efficient and cost-effective transportation
of Japanese anchovies, we evaluated their ammonia tolerance and effects of stocking density and variable
water exchange on their survival. We estimated median lethal concentrations (with 95 % confidence
intervals) of un-ionized ammonia nitrogen (UIAN), at which 50 % of Japanese anchovies had died within
24 h and 48 h, as 0.770 (0.751-0.790) mg I"! and 0.706 (0.661-0.750) mg ™" at 15 °C and 0.634 (0.466—
0.802) mg I'! and 0.450 (0.379-0.521) mg 1! at 25 °C, respectively. While the UIAN concentration
increased to lethal levels and severe fish mortality (dependent on stocking density) occurred at 25 °C with
no water exchange, the UIAN concentration could be maintained within non-lethal levels at 25 °C and with
a one-third water exchange every 12 h. Our results suggest that present-day empirically deduced water
exchange rates applied aboard commercial vessels in holding tanks of Japanese anchovies could be reduced,
implying a possible cost reduction for the skipjack pole-and-line fisheries.
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Introduction In the pelagic SPLF, to maintain healthy

In Japan’s pelagic and inshore skipjack pole- Japanese anchovies aboard vessels, fishers

and-line fishery (SPLF), the Japanese anchovy
Engraulis japonicus is transported live to fishing
grounds by fishing boats equipped with holding
tanks for use as a live bait (Yamashita et al. 2011).
For pelagic SPLF boats operating in tropical seas,
transportation of live Japanese anchovies by
fishing boats can take up to 50 days, while for
vessels working inshore this transportation can

take as little as 4 days.

empirically reduce the high temperature (~30 °C)
of ambient seawater to 15 °C using a cooling
system and exchange water in tanks by a flow-to-
waste system at a rate > 160 % volume h™! (Kimura
et al. 2012). This cooling of water is costly; with
depressed fish and soaring fuel prices, reducing
costs is increasingly important to ensure the
continued viability of the pelagic SPLF.

For inshore boats the water in tanks containing
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Japanese anchovies is not cooled, and water quality
is maintained by a flow-to-waste system at 500 %
of its volume h™' (Kurosaka et al. 2012). However,
during summer when seawater temperatures can
exceed 29 °C, mass death of Japanese anchovies
often occurs in holding tanks.

In the SPLEF, therefore, for efficient and cost-
effective transportation of Japanese anchovies to
fishing grounds, knowledge of their upper
temperature limits and lower water exchange rates
is essential to ensure their viability in transit.

The wupper thermal tolerance of Japanese
reported by Oda et al. (2018)
after exposing fish to 15, 20, 25, 30, and 35 °C for

anchovies was

120 h. Anchovy survival was high (> 98 %) at
temperatures ranging 15-25 °C, but all fish died at
temperatures > 30 °C. Accordingly, holding tank
water temperature during transfer of Japanese
anchovies to pelagic and tropical fishing grounds
could be increased from the current 15 °C to 25 °C,
but it would be necessary to control temperatures
below lethal limits during summer for the inshore
fishery.

Fish generally excrete ammonia as a principal
waste product, and they are very sensitive to
ammonia toxicity (Handy and Poxton 1993; Wang
and Walsh 2000; Ip et al. 2001). Therefore, high
ammonia concentrations might negatively affect
survival of Japanese anchovies during
transportation, if fish are being fed, and in
instances where water exchange was limited. An
understanding of ammonia tolerance limits of
Japanese anchovies would enable appropriate
water exchange rates when transporting them

aboard SPLF boats to be determined. Despite this,

no study of which we are aware has reported the

ammonia tolerance of Japanese anchovy.

To improve transportation methods of Japanese
anchovies and SPLF cost efficiency, we conducted
experiments that 1) evaluated the ammonia
tolerance ability of Japanese anchovy; and 2)
examined the effects of stocking density and water
exchange rate, and 3) water exchange frequency on

survival of Japanese anchovies.

Materials and Methods

Experimental fish

Japanese anchovies were captured with purse
seine fishing or fixed shore net fishing along the
west coast of Nagasaki Prefecture, Japan, for use
in the SPLF in November 2009 (for experiment 1)
and in February 2010 (for experiments 2 and 3).
Fish were then transported live by truck to the
Shibushi  Field Station laboratory, FRA,
Kagoshima Prefecture, Japan, and stocked in an
80-kl concrete tank (70 kl seawater volume) with
flow-through water (exchange rate 12.5 % volume
h™!, temperature 14-22 °C, salinity 32 PSU), and
cultured  with  formulated feed  pellet
(Iwashitairyou; Marubeni Nisshin Feed Co., Ltd.,
Tokyo, Japan) daily at a ratio of 0.6 % of fish body
weight (employed in the SPLF). Feeding ceased

the day before and during each experiment.

Experiment 1: evaluating anchovy ammonia
tolerance

To determine the ammonia tolerance of Japanese
anchovies under the current temperature regime of
the pelagic SPLF (15°C) and upper safe
temperature (25 °C) for culturing Japanese

anchovies (Oda et al. 2018), we exposed test fish

to seawater with total ammonia nitrogen (TAN) at
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concentrations of 40, 80, 120 and 160 mg 1! at
15 °C, and 10, 20, 40 and 80 mg 1" at 25 °C. We
prepared the sump tanks of 2 kl volume with
seawater containing concentrations of TAN,
adjusted using ammonium chloride (NH4CI;
Nacalai Tesque Inc., Kyoto, Japan). A control sump
tank in which no ammonium chloride was added
was also prepared. We used two 200-1 black
polyethylene tanks (actual water volume 175 1) for
each treatment. Seawater was supplied to
experimental tanks from sump tanks using small
pumps at an exchange rate of 20.8 % volume h™".
Tanks were aerated using airstones.

Ammonia  tolerance  experiments  were
conducted on December 14, 2009 at 25 °C and
from February 3, 2010 at 15 °C, for 48 h. Tests
were run under conditions of constant light (700—
1900 Ix) used in the pelagic SPLF. Average
anchovy body size was 95.4 + 4.9 mm total length
(TL) and 5.2 + 1.0 g body weight (BW) (mean +
standard deviation, N = 30) for experiments at
25°C,and 104.6 £ 8.1 mm TLand 7.3+ 1.6 gBW
for experiments at 15 °C (a body size comparable
to that of bait fish used in the SPLF). Water
temperature was controlled by heater. The stoking
density of fish in each test tank was ~13 kg fish k1!
used in the pelagic SPLF (~400 individuals at
25 °C and ~320 individuals at 15 °C). To acclimate
for 3 days prior to commencing experiments, we
stocked fish into test tanks and roughly counted
their number in a short time (to minimize stress on
test animals). Japanese anchovies were observed
every 3 h during experiments;, dead fish were
counted and removed. On completion of

experiments, the final numbers of surviving fish

were counted; the initial numbers of stocked fish in

test tanks were determined as 384-417 at 25 °C,
and 297-342 at 15 °C.

To determine TAN concentrations, 50 ml
samples of seawater were collected from each tank
every 3 h and stored at —80 °C. Temperature was
measured using a stem thermometer, dissolved
oxygen (DO) and pH was determined using DO
(HQ-30d; Hach Company, Loveland, CO) and pH
(PB-11; Sartorius Japan, Tokyo, Japan) meters,
respectively. On completion of the experiment,
frozen seawater samples were thawed, centrifuged
at 5000 rpm for 10 min, and filtered with a syringe
filter (Minisart-plus; Sartorius Japan) with 0.2 pm
pore size attached to a 5 ml syringe to remove

extraneous material. TAN concentrations were

measured using a salicylate method by
spectrophotometer, according to the
manufacturer's instructions (DR2010; Hach

Company). TAN is present in seawater as
unionized ammonia (NH3) and ionized ammonium
(NH4"); environmental pH, temperature, and
salinity affect the equilibrium of NH3 and NH,",
and ammonia toxicity is particularly related to NH3
concentration (Handy and Poxton 1993; Wang and
Walsh 2000; Ip et al. 2001). The concentration of
highly toxic un-ionized ammonia nitrogen (UIAN)
was calculated from the TAN concentration, pH
and temperature at 32 PSU salinity according to
Kido et al. (1991) based on reports of Whitfield
(1974) and Bower and Bidwell (1978) by: X (%) =
100/(1 + antilog (9.35 + 0.0324 (298 — T) — pH)),
where X is the percentage of UIAN to TAN, and T
the temperature (°K). Oxygen saturation (%) in test
water was also calculated based on the saturated
DO concentrations (100%) in seawater (32 PSU) at

designated temperatures following Truesdale et al.
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(1955) as: K (mg 1I'") = 14.161 — 0.3943T +
0.00077147* — 0.00006467° — 32(0.0841 -
0.00256T+ 0.00003747%), where K is the saturated
DO concentration, and T the temperature (°C).
Ammonia tolerance of Japanese anchovy was
evaluated by median lethal concentration (MLC)
as the UIAN concentration at which 50% of test
fish died after 24 h or 48 h from the onset of
experimentation. MLC values were estimated by
applying a generalized linear model (GLM) with a
binomial distribution using the g/m function
(quasibinomial family, logit link) in R statistical
software version 4.0.2 (R Core Team 2020). In the
GLM, the number of live or dead fish after 24 or
48 h was the two-vector response variable; the
mean value of the UIAN concentration until 24 or
48 h was the explanatory variable. MLC values
with 95% confidence intervals were estimated
based on GLM results using the invest function
implemented in the investr package (Greenwell

and Schubert Kabban 2014) in R.

Experiment 2: effects of stocking density and
water exchange rate on anchovy survival

Our three treatments were: 1) high stocking
density (~49 kg fish kI™") with water exchange at
500% volume h™' (control), 2) high stocking
density (~49 kg fish kI"") without water exchange,
and 3) low stocking density (~24.5 kg fish kl™")
without water exchange. Treatment 1 represented
standard inshore SPLF conditions.

We used two 200-1 black polyethylene tanks
(actual water volume 100 1) in each treatment. Fish
of 112.7 £ 6.5 mm TL and 7.8 + 2.0 g BW were
stocked 2 days before initiating an experiment for

acclimation to tank environments. Pure oxygen

was provided to tank water by airstone, as is
sometimes performed on inshore SPLF boats
during summer. The experiment commenced on
April 29, 2010 for 96 h at 25 °C under constant
illumination. Dead fish were counted and removed
every 6 h; the initial number of fish stocked in low-
density tanks was 333-335 individuals, and in
high-density tanks, 649-655 individuals. TAN
concentration was measured, and UIAN

concentration was estimated every 6 h as in

experiment 1.

Experiment 3: effect of water exchange method
on anchovy survival

Of two treatments, the first, the control, had tank
water continuously exchanged at a rate of 500%
volume h™! (as operated on inshore SPLF boats).
Treatment 2 had one third of the tank water
exchanged with the same volume of fresh seawater
every 12 h. Fish of 112.9 + 4.0 mm TL and 8.3 +
1.6 g BW were stocked in tanks at ~49 kg fish k1™';
the experiment was conducted from May 8§, 2010.
The initial number of stocked fish in replicate tanks
treatments 511-535;

in the two ranged

methodology is otherwise as in experiment 2.

Results

Experiment 1: evaluating anchovy ammonia
tolerance

Water tank environmental parameters are
presented in supplementary Tables S1 and S2. TAN
concentrations were higher than designated
concentrations in some tanks, but differentiation of
TAN concentrations could be maintained between

treatments.

At 15 °C most Japanese anchovies survived in
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the control and 40 mg I"! treatments, with mean
survival rates after 48 h 99.8 % and 99.4 %,
respectively (Fig. 1A). In the 80, 120 and 160 ppm
treatments, fish mortality increased sharply as
TAN concentration increased, with mean survival
rates after 48 h being 82.6 % in the 80 mg I'!
treatment, 12.9 % in the 120 mg 1”! treatment, and
0 % after 33 or 36 h in the 160 mg 1”! treatment.
DO and oxygen saturation tended to decrease with
increased TAN concentration, particularly early in

experimentation (Table S1). Oxygen saturation
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varied from ~38-76 %.

The 24 h and 48 h MLC values (+ 95 %
confidence intervals) of UIAN were estimated as
0.770 (0.751-0.790) mg 1™' and 0.706 (0.661—
0.750) mg 1'!, respectively, based on GLM analysis
(Fig. 2A; Table 1).

At 25 °C high fish mortality occurred in one
control tank when aeration was (accidentally)
not provided; results for this tank have been
The survival rate of

excluded from analysis.

control and 10 mg 1! treatment fish reached about
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Fig. 1. Survival rate of Japanese anchovies exposed to seawater with different total ammonia
nitrogen concentrations at 15 °C (A) and 25 °C (B), experiment 1 (with two replicate tanks per
treatment). At 25 °C, one control tank was excluded because high fish mortality occurred when
aeration was (accidentally) not provided. Ammonia concentration controlled at 10-160 mg 17! by
adding NH4Cl to water (the control tank received no NH4Cl).
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Fig. 2. Survival response of Japanese anchovies to different concentrations of un-ionized ammonia
nitrogen (UIAN) after 24 h or 48 h at 15 °C (A) and 25 °C (B), experiment 1. Curves illustrated
using coefficient estimates from the generalized linear model to evaluate relationships between
UIAN and anchovy survival (Table 1). Arrows indicate the median lethal concentration at which
50 % of test anchovies died.

Table 1. Coefficient estimates with standard errors (SE) in the generalized linear model with
a binomial distribution for evaluating relationships between un-ionized ammonia nitrogen
concentration (Doses) and survival of Japanese anchovies, experiment 1.

Expenmentgl Time Coefficient Estimate SE t value p value
temperature (°C)

15 24h Intercept 9.07 0.73 12.35 <0.0001

Doses -11.78 097 -l12.16 <0.0001

48 h  Intercept 7.18 0.78 9.20 <0.0001

Doses —10.17 1.14 —8.95 <0.0001

25 24h  Intercept 3.27 0.57 5.72 0.000717

Doses =5.15 1.27 —4.06 0.004803

48 h  Intercept 3.73 0.64 5.83 0.000641

Doses —8.29 1.55 —5.34 0.001079
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94 % (Fig. 1B). In the 20 mg 1! and 40 mg I'!
treatments fish mortality varied between replicate
tanks, the number of dead fish increased with time,
and the mean survival rate after 48 h was 74.8 %
and 26.8 %, respectively. In the 80 mg 1! treatment,
the decrease in survival rate was pronounced, with
100% mortality after 12 or 30 h. DO and oxygen
saturation tended to fluctuate as it did at 15 °C
(Table S2). Oxygen saturation varied from ~51 %—
112 %.

The UIAN 24 h and 48 h MLC values (+ 95 %
confidence intervals) were estimated as 0.634
(0.466-0.802) mg 1! and 0.450 (0.379-0.521) mg
1!, respectively, based on GLM analysis (Fig. 2B;

Table 1).

Experiment 2: effects of stocking density and
water exchange rate on anchovy survival

No significant decrease in survival rates of
Japanese anchovies was observed in the control
treatment at high stocking density with a water
exchange; mean survival rate after 96 h was 87.5 %
(Fig. 3A). Mean survival rate in the high- and low-
density treatments without a water exchange
decreased sharply after 30 h and 54 h, with 100 %
mortality by 54 h and 96 h, respectively.
the control

The UIAN concentration in

treatment remained at about 0.01 mgl! but
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Fig. 3. Survival rate of Japanese anchovies (A) and un-ionized ammonia nitrogen (UIAN) concentration
(B), experiment 2 at 25 °C for three treatments: 1) high stocking density with water exchange (control),
2) high stocking density without water exchange, and 3) low stocking density without water exchange.
Two tanks were used for each treatment. Ammonia concentration was not examined after 72 h.
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increased in high- and low-density treatments,
exceeding 0.4 mg 1! after 36 h and 48 h in the high-
and low-density treatments, respectively (Fig. 3B;
Table S3), at which point survival rate declined
sharply (Fig. 3A); a substantial increase in the
UIAN concentration was observed in the high-
(Fig. 3B). DO was

density  treatment

supersaturated during experimentation (Table S3).

Experiment 3: effect of water exchange method
on anchovy survival

Survival of Japanese anchovies with an
intermittent (test) and continuous (control) water
exchange gradually differed from 12 h; the mean
survival rate after 96 h was 71.5% in the control
treatment and 50.8% in the test treatment, with

survival rate variable in the test treatment (tank 1
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Fig. 4. Survival rate of Japanese anchovies (A) and un-ionized ammonia nitrogen (UIAN)
concentration (B), experiment 3 at 25 °C for two treatments: 1) tank water continuously exchanged
(control), and 2) one third of the tank water drained and replenished with the same volume of fresh
seawater every 12 h (test). Two tanks were used for each group.
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43.8 %, tank 2 57.7 %) (Fig. 4A). The UIAN
concentration in the control group was less than
0.01 mg 1" during experimentation, but in the test
group reached ~0.3 mg I"! by 36 h, then fluctuated
between ~0.21 and 0.35 mg 1! (Fig. 4B; Table S4).
DO was supersaturated during experimentation

(Table S4).

Discussion

In experiment 1, we determined the acute
toxicity of UIAN to Japanese anchovies of 5-7 g
BW, and estimated 24 h and 48 h MLC values (+
95 % confidence intervals) at 15 °C to be 0.770
(0.751-0.790) mg 1! and 0.706 (0.661-0.750) mg
1!, and at 25 °C, 0.634 (0.466-0.802) mg 1! and
0.450 (0.379-0.521) mg 1!, respectively.
Ammonia toxicity has been reported for several
marine fish species, e.g., 96 h MLC values of
UIAN between 1.7 and 2.6 mg 1! for seabass
Dicentrarchus labrax, seabream Sparus aurata
and turbot Scophthalmus maximus juveniles of
6-163 g BW under optimal environmental
conditions (17-18 °C, 34 PSU, and > 75 % oxygen
saturation) (Person-Le Ruyet et al. 1995). Person-
Le Ruyet et al. (1995) also calculated 6 h, 12 h, 24
h, and 48 h MLC values of UIAN for these fish
juveniles and documented that the MLC values did
not change significantly from 24 to 96-h exposure
and were not related to fish size. Thus, ammonia
tolerance ability appeared to be lower in Japanese
anchovies than in juveniles of seabass, seabream
and turbot.

In experiment 1, DO and oxygen saturation
tended to decrease with increasing ammonia
concentration, possibly because of increased
oxygen

consumption by fish affected by

elevated ammonia concentration (Lemarié et al.
2004). Because the toxicity of ammonia to fish
increases with decreasing oxygen (Wajsbrot et al.
1991), it should be noted that our MLC estimates
are based on the survival of Japanese anchovies
that may have been synergistically affected by
increased ammonia concentration and decreased
oxygen (minimum saturation 38 % at 15 °C and
51 % at 25 °C). Further study is required to
determine the ammonia toxicity level for Japanese
anchovies under non-oxygen limited conditions
with pure oxygen supply as employed in
experiments 2 and 3.

In the pelagic SPLF, to maintain healthy
Japanese anchovies, fishers empirically reduce
holding tank water to 15°C and have a high water-
exchange rate (> 160 % volume h™") (Kimura et al.
2012). The UIAN concentration of water
containing Japanese anchovies aboard pelagic
SPLF boats was < 0.011 mg 1”! (Kimura et al.
unpublished data), which is much lower than our
estimated 24 h and 48 h MLC values for UIAN for
Japanese anchovies at 15 °C. The mean UIAN
concentration of 0.34-0.36 mg 1! at 15 °C in the
TAN 40 mg 1! treatment with oxygen saturation of
~70 % (Table S1) had a survival rate exceeding
99 % over 48 h (Fig. 1). Consequently, aboard
pelagic vessels, the water in tanks holding
Japanese anchovies might be being replaced more
often than is necessary given anchovy ammonia
tolerance.

In experiment 2, mortality of Japanese
anchovies was density dependent at 25 °C when
held without a water exchange. Mortality was
highly associated with increased UIAN

concentration in tank water because severe fish
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mortality occurred at UIAN concentrations
exceeding 0.4 mg 1! (Fig. 3), equivalent to 48 h
MLC of Japanese anchovies at 25 °C. Thus, UIAN
concentration manifested lethal effects on Japanese
anchovies at similar levels in different oxygen
saturation conditions in experiments 1 (limited)
and 2 (saturated). In experiments 2 and 3 at 25 °C,
the UIAN concentration in control treatments
(standard protocols aboard inshore vessels: water
exchange rate 500 % volume h™') was very low (<
0.01 mg 1I'") and survival rate of test fish was
relatively high (88 % in experiment 2, and 72 % in
experiment 3) at 96 h (Figs. 3 and 4). In experiment
3, in the test group, the UITAN concentration did not
reach MLC, and was maintained at around 0.3 mg
I"! by means of intermittent renewal of holding
tank water (Fig. 4). This water exchange frequency
maintained the mean survival rate of test fish at
51 %, which is 71 % the survival rate (72 %) of the
control treatment. The upper UIAN concentration
to keep Japanese anchovies healthy may be ~0.1
mg 1I"!, as recorded during the experiment until 12
h before the anchovy survival rate tended to
separate in control and test treatments (Fig. 4;
Table S4).

We reveal that exchanging water of or below 25 °C
to reduce the UIAN below chronic toxicity levels
is necessary for efficient and cost-effective transfer
of Japanese anchovies from port to fishing grounds
in the SPLF. For pelagic SPLF, the fuels costs
would be reduced by decreasing water exchange
rates to control the UIAN concentration below the
upper safe level (~0.1 mg 17") under the upper safe
temperature condition (25 °C) in transit. For
inshore SPLF which require relatively short

voyages to transport Japanese anchovies to fishing

grounds, to reduce costs of cooling system
installation, seawater ice could be used to cool
anchovy water to or below 25 °C before departing
port; then, a second stock tank could be prepared
with seawater ice to maintain temperature and
UIAN concentration below the upper safe levels
(25 °C and ~0.1 mg 1", respectively) by means of
intermittent renewal of holding tank water in
transit.
Further study is required to determine
appropriate and practical water exchange rates and
methodologies for commercial application, in
addition to a trial aboard a commercial vessel to
verify if costs can be reduced by the methodology
that we advocate herein for the pelagic and inshore

SPLF.

Acknowledgements
We would like to thank all the staff of the
Shibushi  Field Station, FRA, for their
cooperation in advancing this research. We would
also take this opportunity to thank K. Kurosaka and
T. Kimura of JAMARC, FRA, for their generous
cooperation in gathering information and giving
advice. We are grateful to two anonymous
reviewers for their valuable comments and
suggestions, which have improved the manuscript.
We also thank Steve O’Shea, PhD, from Edanz

Group (https://en-author-services.edanzgroup.com/

ac), for editing a draft of this manuscript.

References

Bower, C. E., Bidwell, J. P. (1978). Ionization of
ammonia in seawater: Effects of temperature,
pH, and salinity. J. Fish. Res. Bd. Canada 35:
1012-1016.

Greenwell, B. M., Schubert Kabban, C. M. (2014).
investr: An R package for inverse estimation.
R J. 6 (1): 90-100.

Aquatic Animals | January 17, 2021 | Oda et al. AA2021-1


http://aquaanimal.net/cgi-bin/AA2021/TableS4-Oda2021.docx

Handy, R. D., Poxton, M. G. (1993). Nitrogen
pollution in mariculture: Toxicity and
excretion of nitrogenous compounds by
marine fish. Rev. Fish Biol. Fish. 3: 205-241.

Ip, Y. K., Chew, S. F., Randall. D. J. (2001).
Ammonia toxicity, tolerance, and excretion.
Fish Physiol. 20: 109-148.

Kido, K., Watanabe, Y., Nakamura, Y., Okamura, T.

(1991). Effect of ammonia on the survival of
red sea bream, Pagrus major eggs and larvae.
Aquacult. Sci. 39: 353-362.

Kimura, T., Hashigaya, 1., Oshima, T., Fusejima, I.
(2012). Annual Reports of the Marine

Fisheries Resource Exploitation: Pelagic
Skipjack Pole-and-Line Fishery in the
Central and Western Pacific. Marine

Fisheries Research and Development Center,
Japan Fisheries Research and Education
Agency, Yokohama (in Japanese).

Kurosaka, K., Yamashita, H., Eto, M., Okaya, K.,
Taniguchi, M., Omoji, S., Matsuda, K.,
Hirose, T., Ogawa, M. (2012). Annual
Reports of the Marine Fisheries Resource
Exploitation: Inshore Skipjack Pole-and-Line
Fishery in the Nansei Island Water and
Western Kyushu Water. Marine Fisheries
Research and Development Center, Japan
Fisheries Research and Education Agency,
Yokohama (in Japanese).

Lemarié, G., Dosdat, A., Covés, D., Dutto, G.,
Gasset, E., Person-Le Ruyet, J. (2004). Effect
of chronic ammonia exposure on growth of
European seabass (Dicentrarchus labrax)
juveniles. Aquaculture 229: 479—491.

Oda, K., Hashimoto, H., Masuda, Y., Imaizumi, H.,
Usuki, H., Teruya, K. (2018). Resistance of
Japanese anchovy, Engraulis japonicus, in
captivity to high water temperature and
hypoxia. J. Fish. Technol. 10: 1-7 (in
Japanese with English abstract).

R Core Team (2020). R: A language and
environment for statistical computing. R
Foundation for statistical computing, Vienna,
Austria. https://www.R-project.org/ (accessed
22 June 2020).

Person-Le Ruyet, J., Chartois, H., Quemener, L.
(1995). Comparative acute ammonia toxicity
in marine fish and plasma ammonia response.
Aquaculture 136: 181-194.

Truesdale, G. A., Downing, A. L., Lowden, G. F.
(1955). The solubility of oxygen in pure
water and sea-water. J. Appl. Chem. 2: 53-62.

Wang, Y., Walsh, P. J. (2000). High ammonia
tolerance in fishes of the family
Batrachoididae (toadfish and midshipmen).
Aquat. Toxicol. 50: 205-219.

Wajsbrot, N., Gasith, A., Krom, M. D., Popper, D.
M. (1991). Acute toxicity of ammonia to
juvenile gilthead seabream Sparus aurata
under reduced oxygen levels. Aquaculture
92:277-288.

Whitfield, M. (1974). The hydrolysis of
ammonium ions in sea water—a theoretical
study. J. Mar. Biol. Assoc. U. K. 54: 565-580.

Yamashita, H., Yokota, K., Sasao, S. (2011).
Potential of milkfish as live bait in a skipjack
pole and line fishery: Evaluation of catch
efficiency in comparative operations. Nippon
Suisan Gakkaishi 77: 902—-904 (in Japanese).

Received: 19 November 2020 | Accepted: 15 January 2021 | Published: 17 January 2021

I  E ..
Aquatic Animals | January 17, 2021 | Oda et al. AA2021-1

11





