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Effects of sudden changes in salinity on 
endogenous rhythm of the spotted sea bass 

Lateolabrax sp. 

W. S. Kim · J.M. Kim· M. S. Kim· C. W. Park · H. T. Huh 

Biological Oceanography Division, Korea Ocean Research & 

Development Institute, Ansan, PO Box 29, Seoul 425-600, Korea 

Abstract Endogenous rhythm in oxygen consumption of juvenile spotted sea bass 

Lateolabrax sp. was measured to test the effects of sudden changes in salinity 

(SCS) on the metabolic activity. Mean oxygen consumption rates of this euryhaline 

fish decreased by 13.5 - 16.0 % and 25.3 - 36.4 % when they were transferred 

from 31.5 to 15 %0 seawater and fresh water (0 %0), respectively. The maximum 

rate of oxygen consumption was observed at 18:00 to 19:00 p.m. in local time, I to 

2 h before sunset even though they were kept in constant darkness. The peaks of 

oxygen consumption occurred at 23.2 and 23.3 h intervals, which correspond with 

a circadian rhythm, as revealed by maximum entropy spectral analysis (MESA). A 

markedly weak.end rhythm in the oxygen consumption occurred from 8 to 10 d 

after onset of the experiments. This study indicates that spotted sea bass can 

withstand sudden drops in salinity from 31.5 %0 to fresh water, and yet maintain a 

regular though somewhat dampened endogenous rhythm of oxygen consumption. 
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Introduction 

Exposure of aquatic organisms to sudden changes in environmental conditions or to 

toxic chemicals may cause a severe impact on the physiological processes. For 

example, rhytlunicity of oxygen consumption and swimming activity breakdown 

when fish are exposed to the higher toxic chemicals (Kim et al. 1996a) and 

antibiotic concentrations (Harries and Morgan 1984), 

Salinity affects various physiological processes in aquatic animals such as 

metabolism, osmoregulation and biorhythm. This is particularly significant for 

euryhaline, migratory fishes which experience both fresh water and seawater in 

thdr life span. Osmotic and ionic regulation in marine fish has been intensively 

reviewed by Alderdice (1988) and Evans (1993), The previous studies on the 

effecls of sudden changes m salimty (SCS) have been focused on the acclimatiott of 

gametes {Hintz and Lawarence 1994), balance of blood conslltuents (Hwang ct al. 

!989: Roche et aL 1990; Mancera et al. 1993; Chen and Lin 1994; Munro et al. 

1994), muscle clectrolyte content (Engel et a.!. !987: Chernitsky et al. 1993), and 

oxygen consumption {Oertzen 1984; Barton and Barton 1987; Moser and Gmy 

1989; Aarset and Aunaas 1990; Moser and Miner 1994; Cheung: and Lam J995; 

Gaumet et al. 1995; Lucu and Pavicic 1995), Variation in salinity affected the 

circatida! locomotor actiV\ty of the sh.ore crab, Care in us maeruu (Reid and Naylor 

1989). Little data, however, are available on the effects of SCS on tbeendogcbous 

rhythm of oxygen consumption in fis.h. 

Sea bass Lateolabroxjaponkus, a euryha!ine fish. spend early life cycle in the 

low salinity waters of estuaries and in rivers (Ch.yung 1977). The ICa bass 
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Dicentrachus labrax are known to have a remarkable ability to regulate plasma 

electrolytes over wide range of salinities (Carrillo et al. 1986). It is assumed, 

therefore, that there should be variations in metabolic activities of sea bass when 

they are adapted to different levels of salinity. 

The purpose of this work is to study the effects of sudden changes in salinity on 

the metabolic activity in tenns of oxygen consumption of the spotted sea bass. 

Materials and methods 

Experimental fish 

The spotted sea bass Lateolabrax sp."' used in this study were 3 to 12 mo old 

juveniles reared in a culture tank ( 100 I) in the laboratory after artificial propagation 

at the Korea Ocean Research and Development Institute (KORDI). Test fish [ n = 

4, mean total length= 14.1 ± 0.3 cm (X ± SE), 5.7 ± 0.4 g dry wt (OW), 1995 

year class; n = 42, mean total length= 9.1 ± 0.5 cm, 1.6 ± 0.4 g OW ind·1 - 1996 

year class] were held in 31.5 'lco and acclimated to 14 °C for 4 weeks. In 16 

experiments, oxygen consumpllon of the 46 ammals {2 fish group; N = 2, 3 fish 

group; N = 14) was monitored with 2 to 3 fish being put in one chamber at a time 

(Tables 1, 2). Controls were held in 31.5 %0 throughout the experiment. Feeding of 

fish was stopped 48 h before their introduction into the test chamber and they were 

not fed throughout the expenments. At the end of the tests, individuals were 

removed and weighed. Dry weight (OW in g) was calculated from regressions 
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relating body dry weight to total length (TI_,< 15 cm) and was expressed as: DW = 

0.00135*TL3.i 82 (n = 40, r2 = 0.97, p < 0.01). 

Experimental design 

The test fish were kept in the experimental chamber for 72 to 119 h for adaptation 

and then exposed to 15 %nor fresh water (FW). Measurements of the oxygen 

consumption were conducted over 96.1 h to 427.3 h. Human intervention and 

disturbance were minimized throughout the experiments. The oxygen consumption 

rate was measured by using an automatic intennittent-flow-respirometer (AIFR). 

The AIFR has a greater flexibility in determining the oxygen consumption at 

various intervals and oxygen tensions than other types of respirometers {closed and 

flow-through). No measurements were made while exchanging the expenmental 

water between 31.5 and O %0. It took about 20 seconds to exchange water in the 

te~t chamber. 

• Twn forms of the sea bas1 l<ll~n/abra., 1aponicus have been recognized in the northeast As,an water,;: 

sea bas~ with black dots on the la1eral body region (spotted) and w,thout dots. Although these t\l<O form~ 

are not yet differentiated taxonomically, the !potted sea bass appears to be a distinct specie! from the 

non spott~d one L ;apomcu,. as there exist considerable morphologtcal and genetic d1ffe1ence, between 

the two (Ynkogawa and Sek, 1995: Park et al 1996). 
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The probe voltage for polarization was examined for 20 min in order to ascertain 

whether it had deviated from the gauge voltage at the beginning of the experiment. 

Experimental waters were filtered free of bacteria through sterile membrane filters 

(with two Sartorius Capsule Filters, input 0.2 µm and output 0.07 µm). Oxygen 

levels in the plexiglass experimental chamber (1.4 I) was maintained between 85 

(lowest) and 95 % (highest) of saturation. Measurements were conducted in a 

constantly darkened incubator (Rl-50-1060, REVCO, USA) with constant 

temperature of 13.8 to 14.9 °C. The magnetic drive gear pump (MS-Z, Ismatec Sa, 

Switzerland) produced horizontal water flow rates of 690 ml min·1. During the 

experiments, water temperature and air pressure were continuously monitored 

using a thermometry sensor (Pt-100, Farnell, Germany) and a barometric pressure 

sensor (Sensym Hs 20, Farnell), respectively. Before and after the experimems, 

salinity (%v) was measured with a salinometer (LF 320, WTW, Germany). At 

every second the actual oxygen level was recorded by the digital controlling unit 

through a picoammeter. Mean oxygen consumption values for the test organisms 

were calculated every 90 s and displayed graphically at 90 s intervals. Data 

readings, including local and experimental time (seconds), temperature (0 C), air 

pressure (hPa), oxygen consumption (ml 02 h" 1) and oxygen levels(%), were 

stored directly into a hard disk drive for future analysis. More detailed descriptions 

of AIFR, including the location of the probe, calculation methods and a schematic 

of the aPParatus are given in Kim et al. (1996a, 1997). 
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Analysis of oxygen consumption records 

Rhythmicity was determined by a Maximum Entropy Spectral Analysis (MESA) 

program using raw data transformed into 30 min lag intervals. Time series were 

analysed for periodicity using MESA spectra following the procedures and 

algorithms described by Dowse and Ringo (1989). Statistical comparisons between 

experimental and control groups were made by the Student's r - test. The analysis 

of the rhythm of oxygen consumption was performed using the weighted smooth 

curve procedure of 2 % (KaleidaGraphy custom program for Macintosh, Synergy 

Software). To plot a best fit smooth curve, through the center of the data, the 

locally weighted least squared error method was used. The value of 2 %, obtained 

from the repeated tests showed a best fit curve. Statistical values were computed for 

each batch from the data points measured (Tables 1, 2). 

Results 

Endogenous rhythm in oxygen consumption of the spotted sea bass 

(control) 

The instantaneous rates of oxygen consumption in the 2 fish (A) and 3 fish groups 

(B) exhibited a rhythmicity throughout the experiments (Fig. 1). The oxygen 

consumption rate was elevated in the first 3 to 4 h of experiment probably due to 

initial stress. Four cycles were observed with a period 96.l and 96.9 h, 

respectively in the 2 fish groups (Fig. IA) and in the 3 fish groups (Fig. I B ). 
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The juvenile SJX)tted sea bass maintained relatively low uptake of oxygen during 

the daylight (in local time) which is referred to as the basal' rate in this study. 

Thereafter the rate of oxygen consumption drastically increased, reaching a peak 

around 6:00 to 7:00 p.m. (which correspond to sunset in natural condition) even 

though they were kept in constant darkness and constant temperature. The 

amplitude of the oxygen consumption rate ranged from 0.66 to LI 9, and from 

0.46 to 1.70 ml 0 2 g ow·1 h·1 in the 2 and 3 fish groups. respectively. The mean 

oxygen consumption rate, averaged over the entire duration of the experiment and 

over the entire range of oxygen levels (between 94.4 and 85.6 %), was 0.84 ± 

0.001 and 0.85 ± 0.003 (X ± SE) ml 0 2 g ow·1 h·1 m the 2 and 3 fish groups, 

respectively (Table I). 

MESA spectra of each of the data sets presented in Fig. I indicated that peaks of 

oxygen consumption mainly occurred at 23.3 and 23.2 h intervals, which 

corresponds to a circadian rhythm (Figs. 2A, 2B ). The instantaneous rate of 

oxygen consumpt10n by 2 fish group also showed minor peaks in the short periods 

of 11.7 h mtervals (Fig. 2A). 

Effects of sudden changes in salinity (SCS) 

Exposure from 31.5 to 15 %0 - Group I 

Instantaneous rate of oxygen consumption in the 3 fish group was fitted to a 

weighted smooth curve of 2 % (Fig. 3). The frequency of rhythmicny observed 

was 6 cycles over a 6 d period ( 144.1 h) at 31.5 %0, indicating approximately 24 h 

circadian cycles. The juvenile spotted sea bass maintained the same rhythmicity of 
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oxygen consumption after the exposure at 15 %,, (Fig. 38). However, the mean 

oxygen consumption rates appeared to gradually decrease (r2 = 0.85. p < 0.05) 

with time:. After transfer to 15 %0, the oxygen consumption rate of the fish (Group 

I) increased for a short period presumably due: to stress, then decreased by 13.5 to 

16.0 % compared to control at 31.5 %0 (Table 2). 

Exposure from 31.5 to O %,, (fresh water • FW) • Group II 

The instantaneous rate of oxygen consumption for groups of 3 fish was observed 

for 119.3 h (Fig. 4A) at 31.5 %, and for 308.1 h in FW (Fig. 48). The 

instantaneous rate of oxygen consumption, thc:rc:forc:, was recorded for a period of 

427.4 h and it was also fitted to a weighted smooth curve of 2 %. The rate of 

oxygen consumption of fish exposed to f'oN dropped sharply. In spite: of a reduced 

rate, however, the oxygen consumption of fish maintained clear endogenous 

circadian rhythm. The mean oxygen consumption rates before and after FW 

exposure: were significantly different {p < 0.01) indicating that the fish in FW 

(Group II) consumed about 25.3 to 36.4 % less oxygen than fish at 31.5 %0 (Table 

2). It was noted that a markedly weaker endogenous rhythm of oxygen 

consumption occurred during the 8th to 10th d (April 4 to 6, 1997) after the onset 

of experiment. After this period, oxygen consumption resumed a clear c:ndogc:nous 

circadian rhythm. The mean oxygen consumption rate on the 8th to 10th d were 

transformed mto 30 min lag intervals to dampen rhythms. The analysis revealed a 

significant difference (t = 4.19, p < 0.001) between the two periods and compared 

to the 13th to 15th d using at -test. 
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Discussion 

Transfer of fish from high to low salinity is accompanied by a series of 

physiological events described by an adaptive and a regulative phase (Houston 

1959). It is known that the adaptation time for euryhaline fishes to fluctuating 

salinities varies between 5 ~ 12 hours (Oertzen 1984) and a few days (Parry 1966). 

In this study, the change of salinity resulted in 13.5 - 16.0 % and 25.3 - 36.4 % 

decreases in oxygen consumption rates by the juvenile spotted sea bass transferred 

from 31.5 % to 15 and O %0 (FW), respectively. Moser and Gerry (1989) found 20 

and 59.6 % reduced oxygen consumption by the juvenile croaker Micropogonias 

undulmus (8 - IO cm in body length) when the fish were exposed to 15 and O %0 

respectively from 34.0 %0 at 25 °C. These results may suggest that energy for the 

osmoregulatory adaptation to salinity change is lower for juvenile spotted sea bass 

than for juvenile croaker. It seems that the differences in oxygen consumption may 

be partly due to differences in the adaptation time by the different species. It also 

could be due to the fact that croaker have lower metabolic rates at low salinity 

regardless of adaptation time. More work is needed to elucidate the respiratory 

adaptation to salinity change. 

Most marine organisms show an endogenous rhythm in their behaviour and 

physiological processes (Palmer 1995). Morgan and Iwama ( 1990) stated that 

changes in metabolic rate in relation to endogenous rhythm would be very difficult 

to measure accurately. However, the use of an automatic interm1ttent-flow

respirometer (AIFR) made it possible to observe the endogenous rhythm of oxygen 

consumption of river puffer fish Takifugu obscurus (Kim et al. 1996a, 1997) and 
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manila clam Ruditapes philippinarum (Kim et al. 1996b). Juvenile spotted sea bass 

showed a strong endogenous circadian rhythm of ca 24 h of their instantaneous 

rate of oxygen consumption, which was similar to that observed in juvenile river 

puffer fish (Kim et al. 1996a, 1997). However, the rhythm patterns were different 

from the river puffer fish, even though these two species were reared in the same 

laboratory. The maximum rate of oxygen consumption in juvenile spotted sea bass 

was observed in the afternoon (6 - 7 p.m.), while juvenile river puffer fish showed 

the peak consumption at early morning, 6 - 7 a.m. in local time even though they 

were kept in constant darkness {Kim et al. 1997). The difference between rhythms 

of sea bass and puffer fish could probably be related to the feeding patterns of two 

species in the wild. However, the eco-physiological significance in their 

endogenous rhythms cannot be immediately explained, as their behav10rs in the 

natural environments are not well documented yet. 

The majority of juvenile sea bass are found within brackish and estuarine waters 

(Chyung 1977) or may be found around minor freshwater inputs and tidal lagoons 

on the open coast (Dando and Demir 1985; Kelley 1986, 1988: Pickett and Pawson 

1994). It is generally known 1hat estuarine waters provide better nursery ground for 

juvenile bass, because they offer good feeding conditions and contain relatively few 

predators (Jennings et al. 1991; Pickett and Pawson 1994). The results of this 

study indicate that juvenile spotted sea bass can withstand rapid salinity changes 

from 31.5 %0 to fresh water and yet maintain an endogenous rhythm of oxygen 

consumption without breakdown. While it appears that sponed sea bass adapt 

quickeiy to an euryhaline environment, a markedly reduced oxygen consumption 
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and weak.end rhythm was observed during 8 to 10 d after the onset of the 

experiment. Information on the relationship between endogenous rhythm of oxygen 

consumption in aquatic organisms and intrinsic factors is very limited. Mehner and 

Wieser ( 1994) reported that the pattern of swimming activity of the starved perch 

Perea fiuviatilis was changed when glycogen reserves in muscles and liver were 

exhausted due to starvation for 7 to 8 d. They noticed that the perch switched 

energy fuel around this time from carbohydrates to other sources. It can be 

assumed, therefore, that the weak rhythm of oxygen consumption we observed in 

the juvenile spotted sea bass was probably coincided with the switchmg of energy 

source after starvation period of 8 to 10 d. 

Acknowledgements We would like to thank Dr T. W. Lee (Chungnam National 

University. Korea) for his helpful comments on an earlier draft of the 

manuscript. We thank Dr H. Dowse (University of Maine, USA) for graciously 

providing us the Maximum Entropy Spectral Analysis (MESA) program. We 

also thank two anonymous referees for comments that improved the text. 

11 



References 
Aarset AV, Aunaas T (1990) Effects of osmotic stress on oxygen conswnption and 

ammonia excretion of the Arctic sympagic amphipod Gammarus wilkitzkii. Mar 

Ecol Prog Ser 58: 217-224 

Alderdice DF (1988) Osmotic and ionic regulation in teleost eggs and larvae. In: 

HoarWS, Randall DJ (eds) Fish physiology XIA. Academic Press, New York, 

pp 163-251 

Barton M, Barton AC (1987) Effects of salinity on oxygen consumption of 

Cyprinodon variegatus. Copeia: 230-232 

Carrillo M, Zanuy S, Montoro R, OUevier F (1986) Daily patterns of blood 

electrolytes in sea bass adapted to different osmotic media at different times of 

the year. J Interdisciplinary Cycle Res 17: 69-80 

Chen JC, Lin JL (1994) Responses ofhemolymph osmolarity and tissue water of 

Penaeus chinensis Osbeck juveniles subjected to sudden changes in salinity. 

Mar Biol 120: 115-121 

Chernitsky AG, Gambaryan SP, Karpenko LA, Lavrova EA, Shkurko OS (1993) 

The effects of abrupt salinity changes on blood and muscle electrolyte content in 

the smolts of the Atlantic salmon, Salmo salar. Comp Biochem Physiol 104A: 

551-554 

Cheung SO, Lam SW (1995) Effect of salinity, temperature and acclimation on 

oxygen consumption of Nassarius festivus (Powys 1835) (Gastropoda: 

Nassariidae). Comp Biochem Physiol I I IA: 625·631 

Chyung MK (1977) The fishes of Korea. II-Si Sa Press, Seoul, pp 605-606 

Dando PR, Demir N (1985) On the spawning and nursery g:cound of bass 

Dicentrarchus Iabrax in the Plymouth area. J mar biol Ass UK 65: 159-168 

Dowse HB, Ringo JM ( 1989) The search for hidden periodicities in biological time 

series revisited. J Theor Biol 139: 487-515 

Engel OW, Hettler WF, Coston-Clements C, Hoss DE (1987) The effect of abrupt 

salinity changes on the osmoregulatory abilities of the Atlantic Menhaden 

Brevoortia tyrannus. Comp Biochem Physiol 86A: 723-727 

12 



Evans DH (1993) The physiology of fishes. CRC Press, Boca-Ration, R.-USA, 

pp 315-341 

Gaumet F, Boeuf G, Severe A, LE Roux A, Mayer-Oostan N (1995) Effects of 

salinity on the ionic balance and growth of juvenile turbot. J Fish Biol 47: 865-

876 
Harries OJ, Morgan E (1984) The effects of ethanol, valinomycin and 

cycloheximide on the endogenous circa-tidal rhythm of the estuarine amphipod 

Corophium volutator. Mar Behav Physiol 10: 219-233 

Hintz JL, Lawarcnce JM (1994) Acclimation of gametes to reduced salinity prior to 

spawning in Luidia clathrata (Echinodennata: Asteroidea). Mar Biol 120: 443-

446 

Houston AH (1959) Osmoregulatory adaptation of steelhead trout (Sa/mo gairdneri 

Richardson) to sea water. Can J Zoo! 37: 729-748 

Hwang PP, Sun CM. Wu SM (1989) Changes of plasma osmo!ality, chloride 

concentration and gill Na-K-ATPase activity in tilapia Oreochromis 

mossambicus during seawater acclimation. Mar Biol 100: 295-299 

Jennings S, Lancaster JE, Ryland JS, Shackley SE (1991) The age structure and 

growth dynamics of young-of-the-year bass. Dicentrarchus labrax, 

populations. J mar biol Ass UK 71: 799-810 

Kelley DF (1986) Bass nurseries on the west coast of the UK. J mar biol Ass UK 

66: 439-464 

Kelley DP (1988) The importance of estuaries of sea-bass, Dicentrarchus labrax 

(L.) J Fish Biol 33: 25-33 

Kim WS, Jeon JK, Lee SH, Huh HT (1996a) Effects of pentachlorophenol (PCP) 

on the oxygen consumption rate of the river puffer fish Takifugu obscurus. Mar 

Ecol Prog Ser 143: 9-14 

Kim WS, Kim JM, Yi SK, Huh HT (1997) Endogenous circadian rhythm in the 

river puffer fish Takifugu obscurus. Mar Ecol Prag Ser 153: 293-298 

Kim WS, Rumohr H, Schmid MK, Koh CH (1996b) A rhythm1city m the rate of 

oxygen consumption by the Manila clam, Ruditapes philippinarum. J Korea 

Soc0ceanogr31: 117-122 

13 



Lucu C, Pavicic D (1995) Role of seawater concentration and major ions in oxygen 

consumption rate of isolated gills of the shore crab Carcinus mediterraneus 

Csm. Comp Biochem Physiol 112A: 565-572 

Mancera JM, Perez-Figares JM, Femandez-Llebrez P ( 1993) Osmoregulatory 

responses to abrupt salinity changes in the euryhaline gilthead sea bream 

(Sparus aurata L.). Comp Biochem Physiol. 106A: 245-250 

Mehner T, Wieser W (1994) Energetics and metabolic correlates of starvation in 

juvenile perch (Percajluviatilis). 1 Fish Biol 45: 325-333 

Morgan JD, Iwama GK (1990) Effects of salinity on growth, metabolism, and ion 

regulation in juvenile rainbow and steelhead trout (Oncorhynchus mykiss) and 

fall Chincook salmon ( Onchrhynchus tshawytscha). Can J Fish aquat Sciences 

48: 2083-2094 

Moser ML, Gerry LR (1989) Differential effects of salinity changes on two 

estuarine fishes, leiostomus .wnthurus and Micropogonias undulatus. 

Estuaries 12: 35-41 

Moser ML, Miller JM ( 1994) Effects of salinity fluctuation on routine metabolism 

of juvenile spot, leiostomus xanthurus. J Fish Biol 45: 335-340 

Munro J, Audet C. Besner M, Dutil JD (1994) Physiological response of American 

plaice (Hippoglossoides platessoides) exposed to low salinity. Can J Fish aquat 

Sciences SI: 2448-2456 

Oertzen JA von (1984) Influence of steady-state and fluctuating salinities on the 

oxygen consumption and activity of some brackish water shrimps and fishes. J 

exp mar Biol Ecol 80: 29-46 

Palmer JD ( 1995) The biological rhythms and clocks of intertidal animals. Oxford 

University Press, Oxford 

Park JY, Kim KK, Kim Y (1996) Genetic characterization of two types of sea bass 

Lateolabraxjaponicus in Korea by isozyme analysis. J Aquaculture 9: 437--444 

Parry G (1966) Osmotic adaptation m fishes. Bio Rev 41: 392-444 

Pickett GD, Pawson MG (1994) Sea bass - biology, exploitation and conservation. 

Chapman & Hall. London 

14 



Reid DG, Naylor E {1989) Are there separate circatidal and circadian clocks in the 

shore crab Carcinus maenas. Mar Ecol Prog Ser 52: 1-6 

Roche H, Charr K, Peres G ( 1990) The effects of a quick decrease in the water 

salinity (hypo-osmotic shock) on biometrical parameters and blood constituents 

in a ewyhaline sea fish (Dicentrarchus labrax). Bull Acad Vet Fr 63: 81-92 

Yokogawa K, Seki S (1995) Morphological and genetic differences between 

Japanese and Chinese sea bass of the genus Lateolabrtu. Jap J lchthyol 41: 

437-445 

15 



Table 1. Lo.teolabrax sp .. Experimental parameters and oxygen consumption rate of 

the spotted sea bass {control groups). Values are mean± SE. 

2 Fish 3 Fish 
Mean total length {cm ind-1) 14.1 9.2 
Mean dry weight {g OW ind·1) 6.13 1.57 
Number of points measured 2711 2900 
Aow rate {ml min·l) 690 690 
Temperature (0 C) 14.9 ± 0.005 14.3 ± 0.001 
Levels of oxygen saturation(%) 94.2 - 85.7 94.4- 85.6 

(±0.02) (± 0.05) 
Salinity (%0) 31.5 31.5 
Duration (h) of the experiment 96.1 96.9 
Mean oxygen consumption 0.84 ± 0.001 0.85 ± 0.003 

(ml 02 gDW1 h"1) 
Number of experiments 2 ' Total number of fish 4 12 

16 



Table 2. Lateolabrax sp .. Comparision of the oxygen consumption rates in spotted 

sea bass before and after sudden changes in salinity to 15 %c (I) and fresh 

water (II). Values are mean ±SE. 

Groun 
Number of fish in each experiment 
Mean total length (cmind"1) 

Mean dry weight (g DW ind-1) 
Number of points measured 
Flow rate (ml min·1) 
Temperature ("C) 

Levels of oxygen saturation (%) 

Salinity (%c) 
Duration (h) of the experiment 
Mean oxygen consumption 
(ml 02 g ow·1 h"1) 

Before exposure (A) 

After exposure (B) 

Decrease in the rate of oxygen 
consumption(%)= (B-A)/A 
(ml Oi g DW 1 h·1) 
Number of experiments 
Total number of fish 

17 

3 
9.1 

1.54 

1508 - 2266 
690 

14.4 - 14.6 
(± 0.002 0.003) 

94.9 85. J 
(± 0.002) 

31.5 - 15.0 
98.3 144.l 

0.74 · 0.81 
('.!'. 0.001 0.002) 

0.64 - 0.68 
{± 0.001 - 0.002) 

.J. 13.5 - 16.0 

4 
12 

Il 
3 ,., 

l.62 

6263 13788 
690 

13.8 - 14.1 
(± 0.001 0.002) 

94.9 85.2 
(±0.03) 
31.5 - 0 

153.1-427.3 

0 87 - 0.99 
(± 0.002 0.003) 

0.63 - 0.65 
(± 0.0001 - 0.002) 

.J. 25.3 - 36.4 

6 
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Fig. l. Lateolabrnx sp .. The time series of the oxygen consumption rate (ml 02 g 

nw·1 h"1) by 2 spotted sea bass, during about 4 d (A) and by 3 fish during 4 

d (Bl. The fish were kept under at 14.3 and 14.9 °C and oxygen levels of 

85.6 94.4 %. (o) Mean oxygen consumption rate during 90 s. Arrows 

indicate peaks of oxygen consumpt10n at around 18:00 p.m .. 
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Fig. 2. Lateolabra.x sp .. Maximum Entropy Spectral Analysis (MESA) spectra for 2 

(2A) and 3 (2B) spotted sea bass data presented in Figs. IA and IB. Period 

length (h) corresponding to the dominant peaks in the MESA plots are given 

in parentheses. 
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Fig. 3. U11eolabrax sp .. Patterns of the oxygen consumption rate of 3 group~ of 

juvenile spotted sea bass before (31.5 'ifd and after transfer to 15 %0 

(salinity change indicated by vertical bar). The arrow indicates that the 

oxygen consumption rate increased for a short time after transfer to 15 %0. 

A dot point represents the mean oxygen consumption rate during 90 s 

intervals. 
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Fig. 4. La1eo!abrax sp .. Patterns of the oxygen consumption rate of groups of 3 

juvenile spotted sea bas~ for 427.3 h before (31.5 %0) and after transferred 

to fresh water {O %0) as md1cated by the vertical bar. The triangle indicates a 

period of weakend endogenous rhythm. A dot point represent:. mean 

oxygen consumption ra1e during 90 s intervals. 
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