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Abstract

Three temperature levels (18, 23 and 28 1C), three
stocking density levels (0.72, 1.42 and 2.84 kgm�3)
and two sizes of groups (averaging 104 and 173 g
respectively) were used to conduct experiments on
the e¡ect of temperature, stocking density and ¢sh
size on the ammonia excretion (AE) of palmetto bass
(Morone saxatilis � M. chrysops). The AE increased
with the increase in temperatures bya signi¢cant de-
gree (Po0.05) among di¡erent temperature groups.
There appeared to be a tendency towards increase
of the AE with increased stocking densities, and sig-
ni¢cant di¡erences (Po0.05) were found among
stocking groups.TheAE of smaller size-groupwas sig-
ni¢cantly higher than that of the larger size-group.
Diurnal variation of AE in palmetto bass showed that
theAE rose greatly to reach a peak at about 4 h after
feeding, and to the lowest values at about 24 h post
feeding in all of the experimental groups.
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Introduction

In general, oxygen consumption rates are the most
commonly used index to measure the metabolic
activity of ¢sh. Brett and Zala (1975) described a gen-
eral parallelism between oxygen consumption rates
and ammonia excretion (AE) rates of sockeye salmon.
Besides, ammonia is the main nitrogenous excretory

product of ¢sh and is derived from dietary protein
catabolism. The AE rate is, therefore, considered a
metabolic rate of ¢sh (Dabrowski 1986). In addition,
the toxicity of nitrogenous excretory product is the
limiting factor in intensive ¢sh culture (Bra¢eld
1985). The sublethal environmental ammonia con-
centrations resulted in the stress of ¢sh and caused
retarded growth (Meade 1985; Frances, Nowak & Al-
lan 2000). In such a case, ammonia is considered
toxic and must be excreted or converted into a less
toxic substance such as nitrites and nitrates
(�kelsrud & Pearson 2007).
Changes in qualityand quantityof dietary proteins

could a¡ect protein metabolism (Lied & Braaten
1984). Furthermore, the AE rate increases positively
in response to protein intake (Brett & Zala1975;Yang,
Liou & Liu 2002). As a result, AE could be potentially
used as an index of dietary protein utilization for
selecting candidate culture ¢sh (Brett & Zala 1975;
Jobling 1981;Yigit, Koshio, Aral, Karaali & Karayucel
2003).
On the other hand, high ammonia concentration

may limit ¢sh production. Information on AE would
be useful in determining thewater £ow rates and bio-
logical ¢lter size required to avoid excess of ammonia
concentration (Forsberg & Summerfelt 1992a). As a
whole, measurement of AE may be an important in-
dicator of the e¡ect of various environmental and nu-
tritional factors on protein metabolism (Jobling1981;
Forsberg & Summerfelt1992a; Kelly & Kohler 2003).
It has been stated that the metabolic rate of ¢sh,

measured by oxygen consumption or AE, varied
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directly by temperature (Fry 1971; Brett & Groves
1979; Forsberg & Summerfelt 1992a) and inversely
with individual ¢sh mass (Fry1971; Piper, McElwain,
Orme, McCraren, Fowler & Leonard1982; Cai & Sum-
merfelt1992). Aside from this, theAE rate is found to
be also related to the ¢sh size (Porter, Krom, Robbins,
Brickell & Davidson 1987; Cai & Summerfelt 1992;
Kikuchi 1995). Palmetto bass (Morone saxatilis �
M. chrysops) have received considerable attention in
Taiwanculture, as a food ¢shand for use in fee-¢shing
ponds. This study was conducted, therefore, to eluci-
date the e¡ect of temperature, stocking density and
¢sh size on the AE in palmetto bass, given that mini-
mal information is available in this respect. The data
established in this study may be useful for reference
on the aquaculture management of this species.

Materials and methods

Fish and rearing conditions

Palmetto bass juveniles, obtained from a private ¢sh
farm in the southern Taiwan, were maintained in
an outdoor concrete pond (8.0 � 7.9 � 0.8m) until
required for the trial. Before each experiment, ¢sh
were transported from the holding pond to six indoor
recirculating freshwater tanks (2.0 � 1.7 � 0.7m),
each holding 1700 L of water at a water depth of
0.5m. The tanks were maintained under a 12 L:12 D
photoperiod and supplied with ¢ltered, aerated and
thermostatically controlled (26 � 0.5 1C) well water
at a £ow rate of 96 Lmin�1. Fish were acclimated
for 2 weeks before commencing the experiments.
During the period of acclimation and experiments,
¢shwere fed to satiation twice daily with commercial
£oating pelleted feed (0.45 cm diameter). The proxi-
mate composition of the feed on wet basis was 8.9%
moisture,51.1% protein,8.0% lipid and11.5% ash.

Experiment1 ^ e¡ect of temperature on AE

The experiment involved three temperature treat-
ments of 18, 23 and 28 1C with two replicates per
treatment. This temperature range was selected to
re£ect nearly natural culture condition in Taiwan.
Temperature in each tank was adjusted at a rate of
approximately 1 1C day�1 to attain the experimental
temperature. On the ¢nal day of acclimation, 60 ¢sh
with even size were selected (31.41 � 6.91g) and ran-
domly restocked in each tank. Total ammonia nitro-
gen (TAN) was determined 21 days after the

commencement of the experiment. On the day of
measuring, ¢sh were fed twice, once at 09:00 hours
and then at15:00 hours.

Experiment 2 ^ e¡ect of stocking density
on AE

The experimental water temperature was main-
tained at 26 � 0.5 1C in both experiment 2 and
experiment 3 and was reached within 3 days.
This temperature was selected to optimize growth
and feed e⁄ciency for palmetto bass (Woiwode &
Adelman 1991). At the end of acclimation, the ¢sh
were weighed and measured before the start of the
experiment. The ¢sh were randomly distributed into
each tank at an evenly sized mean weight of 30.34 g
(SD55.88). They were divided into two replicate
groups of 40,80 and160 ¢sh, representing low, med-
ium and high density groups of 0.7, 1.4 and
2.8 kgm�3. On day 21, AE was analysed and ¢sh
were fed once at 09:00 hours.

Experiment 3 ^ e¡ect of ¢sh size on AE

After acclimatization, a random sample of those lar-
ger ¢sh were sieved and graded into two weight
groups (mean): 101^109 (104) and 169^180 (173) g.
The number of ¢sh held in each of the four tanks
(two replicates per treatment) varied with ¢sh size:
61 ¢sh in 104 g groups and 36 ¢sh in 173 g groups.
AE were measured on day 21 and day 42. Fish were
fed once at 09:00 hours on the day of measuring.

AE analysis

Two 125mL samples of tank water were collected
and pooled together and then three sub-samples
were analysed for TAN concentrationusing the auto-
mated phenate method (American Public Health
Association, American Water Works Association &
Water Environment Federation 1995). Ammonia
excretion was calculated by stopping tank in£ow for
1h and measuring the resulting decrease in tank AE
(Forsberg & Summerfelt 1992b). On the day AE was
analysed, samples of tank water at the start (and the
end) of stopping in£owwere collected at 09:30 (10:30)
hours, 13:30 (14:30) hours, 17:30 (18:30) hours, 21:30
(22:30) hours and next day 09:30 (10:30) hours.
Ammonia excretion was calculated for each tank
and each sampling time using the formula:
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mg TAN� kg�1 � h�1 ¼ ð½TAN�60 � ½TAN�0Þ
� tank water volume ðLÞ
� biomass�1ðkgÞ

where [TAN]0 and [TAN]60 5 concentration at time
0 and 60min after the in£ow water was shut o¡.
A measurement of total ¢sh weight was taken on

the next day when AE was measured.

Statistical analysis

Data was analysed using one-way analysis of var-
iance (ANOVA), comparisons between treatment
means were made with Duncan’s multiple range test,
statistical results were considered signi¢cant if
Po0.05 in experiments 1 and 2. Student’s t-test was
used to assess whether the means of two size-groups
in experiment 3 were statistically di¡erent from each
other at the 5% signi¢cance level.

Results

The AE in palmetto bass of the 18, 23 and 28 1C
groups is presented in Fig. 1. The AE increased with
the increase in temperatures and were signi¢cantly
di¡erent (Po0.05) among the groups.
On day 21, the daily AE in palmetto bass of the

three temperature groups is given in Fig. 2. The AE
reached sharp peaks about 4 h after feeding was in-
itiated. It then declined, and elevated again to moder-
ate peaks at about12 h, before dropping to the lowest
values at 24 h for all the temperature groups.

TheAE of palmetto bass for di¡erent stocking den-
sities is detailed in Fig. 3. There appeared to be a ten-
dency toward increasing AE with increased stocking
densities, and signi¢cant di¡erences were found
among stocking groups. In regard to the daily AE,
the highest dailyAE values occurred 4 hafter feeding
and the lowest values were found 24 h after feeding
in all the three stocking densities (Fig. 4). Di¡erence
in theAE among all the stocking densities was signif-
icant in spite of measuring time.
The AE was inversely related to ¢sh size as shown

in Table 1. The AE of smaller size group was signi¢-
cantly higher than that of the larger size group dur-
ing both analysing periods.TheAEwas higher on the
¢rst measuring day than the second, regardless of the

0

5

10

15

20

25

30

18 23 28

Temperature (°C)

M
ea

n 
am

m
on

ia
 e

xc
re

tio
n

(m
g 

T
A

N
 k

g−1
 h

−1
)

a

b

c

Figure 1 Rates of ammonia excretion (mean � SD) in
palmetto bass at 18, 23, and 28 1C groups. Vertical bars
not sharing the same letter are signi¢cantly di¡erent,
Po0.05.
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Figure 2 Daily ammonia excretion rate of palmetto bass
at 18, 23 and 28 1C groups. Vertical bars not sharing the
same letter are signi¢cantly di¡erent, Po0.05.
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Figure 3 Rates of ammonia excretion (mean � SD) of
palmetto bass at di¡erent stocking densities over a period
of 24 h.Vertical bars not sharing the same letter are signif-
icantly di¡erent, Po0.05.
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size of the group. Figure 5 illustrates the dailychanges
in theAE between two size groups of palmetto bass on
day 21. The AE rose sharply to reach a peak 4 h after
feeding, and then declined to the lowest value at 24 h
post feeding. Moreover, the AE of the smaller size
group was higher than that of the large size group,
irrespective of measuring time. A similar trend of
hourly change was found in theAE measuring on day
42, with the exception of a slight elevation in AE of the
larger size group12 h after feeding (Fig.6).

Discussion

Given that ammonia represents the end nitrogenous
metabolite excreted by ¢sh, themeasurement of AE is
then recognized as an indicator to evaluate themeta-
bolic activity of ¢sh (Bra¢eld 1985; Dabrowski 1986).
Generally, temperature has great e¡ect on metabolic
rate of ¢sh, and has been consequently shown to be
related to the AE of ¢sh. The increase in AE with in-

creasing water temperatures found in present study
agrees with reports for other ¢sh species (Dabrowski
1986; Cai & Summerfelt 1992; Kikuchi 1995; Person-
Le Ruyet, Mahe, Le Bayon & Le Delliou 2004). In
higher water temperatures, higher energy demand is
met, partially, through the transamination and dea-
minationof dietaryaminoacids with the resultant ex-
cretion of ammonia, and the release of carbon
skeletons utilized as an energy source (Lied & Braaten
1984; Forsberg & Summerfelt1992a).
In an intensive aquaculture system, production

of toxic metabolic wastes is one of the major factors
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Figure 4 Daily ammonia excretion rate of palmetto bass
at high, medium and low stocking densities after feeding.
Vertical bars not sharing the same letter are signi¢cantly
di¡erent, Po0.05.

Table 1 Rates of ammonia excretion (mean � SD) of two
size-groups of palmetto bass1

Mean ammonia excretion�

(mgTAN kg� 1h� 1)

104 g fish 173 g fish

Day 21 17.34 � 0.62 11.88 � 0.45

Day 42 14.30 � 0.40 8.57 � 0.54

1Values of size-groups in day 21 and day 42 are signi¢cantly dif-
ferent (Po0.05) respectively.
�Mean excretion rate over a 24-h period.
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Figure 5 Daily ammonia excretion rate of two size-
groups of palmetto bass on day 21. Each data represent
an average value from replicates � SD. The columns
marked with asterisk are signi¢cantly di¡erent between
the size-groups at the same sampling time.
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Figure 6 Daily ammonia excretion rate of two size-
groups of palmetto bass on day 42. Each data represent
an average value from replicates � SD. The columns
marked with asterisk are signi¢cantly di¡erent between
the size-groups at the same sampling time.
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limiting stocking density of ¢sh. In our study, the
higher value of AE at higher stocking densities
has demonstrated that the AE is proportional to the
stocking density. The ¢nding is consistent with some
related reports (Piper et al. 1982; Cai & Summerfelt
1992). Under high stocking density conditions, the
AE increased with the increasing ¢sh biomass. On
the other hand, higher levels of social hierarchy
(aggressive behaviour) at higher stocking density, as-
sociated with elevated metabolic rate (Rosa, Beckerb
& Oliveira 2006), will result in the increase in AE.
TheAE is also in£uenced by ¢sh size, as indicated by

some reports (Jobling 1981; Cai & Summerfelt 1992;
Zhang, Goodwin, Pfei¡er & Thomforde 2004). In this
study, the AE was inversely related to ¢sh size. This is
in accordance with the results from other studies
(Ming1985; Porter etal.1987;Almendras1994;Kikuchi
1995; Zhang et al. 2004). It is found in this study that
there’s a tendency for the AE to increase with time in
all the experimental size-groups, and this is the reason
why extra AE was determined on day 42. As indicated
by previous studies (Porter et al. 1987; Zhang et al.
2004), this is a function of amount excreted/unit bio-
mass that the smaller ¢sh excrete metabolites at a
markedly higher rate than the larger ¢sh.
In addition to temperature and ¢sh size, AE is also

a¡ected by feeding (Ming1985; Gallagher & Matthews
1987; Seginer 2008). After feeding, ¢sh usually in-
crease their metabolic rate as observed by an increase
in AE (Kaushik & Dabrowski 1983; Seginer 2008).
Therefore, ¢sh will exhibit a diurnal variation of AE.
From the four times of AE measurements, our data
showed thatAE reacheda sharp peak4 hafter feeding,
as found by Brett and Zala (1975) for the sockeye sal-
mon and Porter et al. (1987) for the gilthead seabream.
However, disparate results were reported as 3^6 h
for Japanese £ounder (Kikuchi 1995), 3 h for sea bass
(Almendras1994),5^6 h for cod (Lied & Braaten1984),
10 h for common carp (Kaushik 1980) and 12h for
rainbow trout (Gunther, Brune & Gall1981).These dis-
crepancies are probably due to the di¡erence in ¢sh
species, feeding time and feeding frequency (Fry1971;
Forsberg & Summerfelt1992a; Seginer 2008).
Probably due to the two feeding times, there ap-

peared to be two peaks in our temperature experi-
ment, similar observation was described by Rychly
andMarina (1977) and Porter et al. (1987). In contrast,
di¡erent results with one single peak were obtained
by many other authors, despite of feeding frequency.
It may be assumed that the £uctuation of nitrogen
excretion is related to ¢sh activity and oxygen con-
sumption, of which their daily rhythm had been

examined. Further, it was reported that the cortisol
has an in£uence on the AE in some ¢sh species and
would exhibit a diurnal rhythm, re£ecting the circa-
dian biorhythms in theAE (Webb &Wood1998).
According to Brett and Zala (1975), the AE of ¢sh

starved over 24 h represented a near approximation
of the endogenous nitrogen fraction, whereas the exo-
genous nitrogen was derived from the food intake or
more precisely, nitrogen intake. Therefore, post-feed-
ing increasing AE is considered as the oxidation of
exogenous rather than endogenous amino acids.
When the fasting time was not long enough, the mea-
sured AE might partially be derived from dietary pro-
tein, in other words, theAE was not fully endogenous
nitrogen fraction. In this regard, the varied food depri-
vation time of 10 h for sea bass, 25 h for cod or even
1 week for common carp and rainbow trout were
demonstrated by some researchers (Kaushik 1980;
Lied & Braaten 1984; Almendras 1994). The baseline
level of AEwas observed 24 hafter feeding in our data,
however, the partitioning of endogenous nitrogen in
AE obtained in the present study needs further proof.
In conclusion, AE increased with increasing tem-

peratures and stocking densities. On the contrary,
AE varied inversely with individual ¢sh size. Diurnal
variation of AE in palmetto bass showed that AE
increased to a sharp peak at about 4 h after feeding
was initiated, and to the lowest value at about 24 h.

Acknowledgments

We sincerely thank the researchers in Chupei Station
of Freshwater Aquaculture Research Center, FRI, for
their technical help. Thanks are due to Y.C.Wen for
her help in the manuscript preparation.We are also
grateful to the anonymous reviewers for their valu-
able comments on the manuscript.

References

Almendras J.M.E. (1994) Ammonia excretion rates of the sea
bass, Lates calcarifer, in fresh and sea water. The Israeli
Journal of Aquaculture ^ Bamidgeh 46,76^82.

American Public Health Association, American Water
Works Association, and Water Environment Federation
(1995) Standard Method for the Examination of Water and
Wastewater, 19th edn. American Public Health Associa-
tion,Washington, DC, USA.

Bra¢eld A.E. (1985) Laboratory studies of energy budgets.
In: Fish Energetics: New Perspectives (ed. by P. Tytler &
P. Calow), pp. 257^281. Johns Hopkins University Press,
Baltimore, MD, USA.

Ammonia excretion in palmetto bass F-G Liu et al. Aquaculture Research, 2009, 40, 450^455

r 2008 TheAuthors
454 Journal Compilationr 2008 Blackwell Publishing Ltd, Aquaculture Research, 40, 450^455



Brett J.R. & Groves T.D.D. (1979) Physiological energetics. In:
Fish Physiology (ed. byW.S. Hoar, D.J. Randall & J.R. Brett),
Vol.8 (pp. 297^352). Academic Press, NewYork, NY, USA.

Brett J.R. & Zala C.A. (1975) Daily patterns of nitrogen excre-
tion and oxygen consumption of sockeye salmon under
controlled conditions. Journal of the Fisheries Research
Board of Canada 32, 2479^2486.

Cai Y. & Summerfelt R.C. (1992) E¡ects of temperature and
size on oxygen consumption and ammonia excretion by
walleye. Aquaculture104,127^138.

Dabrowski K.R. (1986) Active metabolism in larval and juve-
nile ¢sh: ontogenetic changes, e¡ect of water temperature
and fasting. Fish Physiology and Biochemistry1,125^144.

Forsberg J.A. & Summerfelt R.C. (1992a) E¡ect of tempera-
ture on diel ammonia excretion of ¢ngerling walleye.
Aquaculture102,115^126.

Forsberg J.A. & Summerfelt R.C. (1992b) Ammonia excretion
by ¢ngerling walleyes fed two formulated diets. The Pro-
gressive Fish-Culturist 54, 45^48.

Frances J., Nowak B.F. & Allan G.L. (2000) E¡ects of ammo-
nia on juvenile silver perch (Bidyanus bidyanus). Aquacul-
ture183,95^103.

Fry F.E.J. (1971) The e¡ects of the environmental factors on
the physiologyof ¢sh. In: Fish Physiology (ed. byW.S. Hoar
& D.J. Randall), Vol. 6 (pp. 1^98). Academic Press, New
York, NY, USA.

Gallagher M.L. & Matthews A.M. (1987) Oxygen consumption
andammonia excretionof theAmerican eel,Anguilla rostra-
ta fed diets with varying protein energy ratios and protein
levels. Journal of theWorld Aquaculture Society18,107^112.

Gunther D.C., Brune D.E. & Gall G.A.E. (1981) Ammonia pro-
duction and removal in a trout rearing facility. Transac-
tions of the American Society of Agricultural Engineers 24,
1376^1380.

Jobling M. (1981) Some e¡ects of temperature, feeding and
body weight on nitrogenous excretion in young plaice
(Pleuronectes platessa L.). Journal of Fish Biology18,87^96.

Kaushik S.J. (1980) In£uence of nutritional status on the dai-
ly patterns of nitrogen excretion in the carp (Cyprinus
carpio L.) and the rainbow trout (Salmo gairdneriR.).Repro-
duction Nutrition Development 20,1751^1765.

Kaushik S.J. & Dabrowski K. (1983) Postprandial metabolic
changes in larval and juvenile carp (Cyprinus carpio).
Reproduction Nutrition Development 23, 223^234.

KellyA.M. & Kohler C.C. (2003) E¡ects ofYucca shidigera ex-
tract on growth, nitrogen retention, ammonia excretion,
and toxicity in channel cat¢sh Ictalurus punctatus and hy-
brid tilapia Oreochromis mossambicus � O. niloticus. Jour-
nal of theWorld Aquaculture Society 34,156^161.

Kikuchi K. (1995) Nitrogen excretion rate of Japanese £oun-
der^ a criterion for designing closed recirculating culture
systems. The Israeli Journal of Aquaculture ^ Bamidgeh 47,
112^118.

Lied E. & Braaten B. (1984) The e¡ect of feeding and starving
and di¡erent ratios of protein-energy to total-energy in

the feed on the excretion of ammonia in the Atlantic cod
(Gadus morhua). Comparative Biochemistry and Physiology
(A) 78, 49^52.

Meade J.W. (1985) Allowable ammonia for ¢sh culture. The
Progressive Fish-Culturist 47,135^145.

Ming F.W. (1985) Ammonia excretion rate as an index for
comparing e⁄ciency of dietary protein utilization among
rainbow trout (Salmo gairdneri) of di¡erent strains. Aqua-
culture 46, 27^35.

�kelsrud A. & Pearson R.G. (2007) Acute and Postexposure
E¡ects of Ammonia Toxicity on Juvenile Barramundi
(Lates calcarifer [Bloch]). Archives of Environmental Con-
tamination andToxicology 53,624^631.

Person-Le Ruyet J., Mahe K., Le Bayon N. & Le Delliou H.
(2004) E¡ects of temperature on growth and metabolism
in a Mediterranean population of European sea bass,
Dicentrarchus labrax. Aquaculture 237, 269^280.

Piper R.G., McElwain I.B., Orme L.E., McCraren J.P., Fowler
L.G. & Leonard J.R. (1982) Fish Hatchery Management. US
Fish andWildlife Service,Washington, DC, USA,517pp.

Porter C.B., KromM.D., Robbins M.G., Brickell L. & Davidson
A. (1987) Ammonia excretion and total N budget for gilt-
head seabream (Sparus aurata) and its e¡ect on water
quality conditions. Aquaculture 66, 287^297.

Rosa A.F.H., Beckerb K. & Oliveira R.F. (2006) Aggressive
behaviour and energy metabolism in a cichlid ¢sh,
Oreochromis mossambicus. Physiology and Behavior 89,
164^170.

Rychly J. & Marina B.A. (1977) The ammonia excretion of
trout during a 24-hour period. Aquaculture11,173^178.

Seginer I. (2008) A dynamic ¢sh digestion-assimilation model:
oxygen consumptionand ammonia excretion in response
to feeding. Aquaculture International16,123^142.

Webb N.A. & Wood C.M. (1998) Physiological analysis of
the stress response associated with acute silver nitrate
exposure in freshwater rainbow trout (Oncorhynchus
mykiss). Environmental Toxicology and Chemistry 17,
579^588.

Woiwode J.G. & Adelman I.R. (1991) E¡ects of temperature,
photoperiod, and ration size on growth of hybrid striped
bass � white bass. Transactions of the American Fisheries
Society120, 217^229.

Yang S.D., Liou C.H. & Liu F.G. (2002) E¡ects of dietary pro-
tein level on growth performance, carcass composition
and ammonia excretion in juvenile silver perch (Bidyanus
bidyanus). Aquaculture 213,363^372.

Yigit M., Koshio S., Aral O., Karaali B. & Karayucel S. (2003)
Ammonia nitrogen excretion rate ^ an index for evaluat-
ing protein quality of three feed ¢shes for the Black Sea
turbot. The Israeli Journal of Aquaculture ^ Bamidgeh 55,
69^76.

Zhang Z.Z., Goodwin A.E., Pfei¡er T.J. & Thomforde H.
(2004) E¡ects of temperature and size onammonia excre-
tion by fasted golden shiners. North American Journal of
Aquaculture 66,15^19.

Aquaculture Research, 2009, 40, 450^455 Ammonia excretion in palmetto bass F-G Liu et al.

r 2008 TheAuthors
Journal Compilationr 2008 Blackwell Publishing Ltd, Aquaculture Research, 40, 450^455 455


