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Abstract 

The spotted grunter, Pomodasys cOlnmersonnii, has been identified as a candidate species for 

mariculture in South Africa due to its high market demand and apparent biological suitability for 

culture. In common with most other potential mariculture species the spotted grunter has an 

estuarine juvenile phase. In this respect, the difficulties encountered in determining the optimum 

environmental requirements of spotted grunter are app licable to the majority of other potential 

mariculture species. Due the variability of estuarine habitats determination of the optimum 

environmental requirements of estuarine species under laboratory conditions are a prerequisite 

to subsequent evaluation of aquaculture potential. Therefore, using the spotted grunter as a 

representative of a typical potent ial mariculture species, the aim of this study was to contribute 

to the protocol for evaluating the environmental requirements of potentia l aquaculture species. 

The growth of fish is dependent on the relationship between food intake, metabolism and 

environmental factors. In thi s relationship, environmental factors do not act on growth per se, 

but rather act through metabolism on growth. Consequently, the environmental factors affecting 

the growth of a fi sh species can be classified into functiona l categories according to their 

respective influence on metabolic processes. Five functional categories are recognised, namely: 

controlling, limiting, mask ing, directive and lethal factors. In thi s study, the functional categories 

were sequenced to develop a theoretical protocol for determining the optimum environmental 

requirements of potential mariculture species under art ifi cial conditions. It was hypothes ised that 

the correct sequence for experimentally determining the optimum environmental requirements of 

a species should correspond to theoreti cal protocol. 

The hypothesis was tested from the experimental invest igat ion into the individual effects of 

temperature, salinity, light intensity, photoper iod and food intake on growth performance of 

juvenile spotted grunter. The investigations quantified the relative effects of controlling, 
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masking, directive and limiting factors on growth performance. The results of the studies were 

statistically compared to obtain a ranking of the effects of the environmental factors (e.g. 

temperature, salinity, etc.) on growth performance of juvenile spotted grunter. The statistical 

ranking facilitated the formulation of a second protocol for sequentially determining the optimum 

environmental requirements of a species. The second protocol was derived purely from the 

experimental data. Based on the corroboration between the theoretical protocol and that 

formulated from the experimental investigations, the hypothesis was accepted. 

Confirmation of the protocol for examining the effects of controlling, limiting, masking and 

directive factors prov ided a basis for the development of a preliminary experimental sequence for 

determining the optimum enviro nmental requirements of juvenile marine fish. In the development 

of the experimental sequence , the protocol was interpreted in conjunction with the experimental 

methods used to determine the effects of environmental factors on the growth of juvenile spotted 

grunter. The experimental sequence provides a logical frame work within which the optimum 

environmental requirements of other marine fish species can be determined. In addition, 

evaluation of growth performance by this method provides a basis for comparison of the 

mariculture potential between species. 
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Plate 1.1: Adult (680mm)(top) and juvenile (62111m) phases of the spotted grunter, Pomadasys 

commersol1l1ii (Lacepede, 1802) . Reproduced with kind permission of Phil and Elaine Heemstra, 

and the J.L.B. Smith Institute of Ichthyology. 



Chapter 1 

General Introduction 

The aquaculture production of any species is governed by its economic viability. Therefore the 

biological factors that directly contribute to this, namely survival, growth rate and food 

conversion should be among the fundamental criteria for assessing the mari culture potential of 

any species. However, growth performance is a summary measure of a d iverse spectrum of 

complex interactions between an organism and its environment. The effects of environmental 

factors act at many levels, including biochemical, cytological and physiological, and via a 

multiplicity of metabolic pathways (Brett, 1979). Consequently, any estimate of growth of fishes 

is also a renection of the prevailing environmental conclitions under which these are measured. 

Even th ough growth performance is inherently biased by the effects of environmental factors, it 

is nonethe less the only meaningful biological measu re for comparison between species. Since 

the effect of environmental factors on growth performance cannot be removed and environmental 

requirements are species specific, these must somehow be 'standardized' before candidate 

mariculture species can be compared on an equal and realistic basis. 

Maximum growth is the only biological value where the compromising effects of environmental 

factors on growth performance are negated. An estimate of maximum growth, therefore, 

represents the only unbiased biological measu re for comparison between candidate aquaCUlture 

species. Maximum growth can , howeve r, only be achieved under optimum environmental 

conditions. In an optimum environment metabolic processes are optimizecl. Consequently, all 

activities related to catabo lism, including growth, are maximised. Therefore , any evaluation of 

the culture potential of a cancl idate mariculture species should begin with the determination of the 

optimum environmental requirements. 



Traditionally the environmenta l requi rements of fish have been derived from observations of their 

natural environment (Person-Le Ruyet, 1990). The fundamental enviro nmental requirements, 

such as salinity and pH, are extrapolated from fi eld obse(·vation and simulated in the captive 

envi ronment. This su ite of env ironmental conditions then acts as a basis upon which 

economically important cr iteria, such as growth performance and opti mum ration size, are 

assessed (Chua & Teng, 1982; Harris & Cook, 1995). This approach is flawed at a fundamental 

level as it assumes th at fi sh are found under optimum environmental conditio ns in their natural 

environment. In add ition , for many potentia l mariculture species exper imentation on this basis 

is not possible as the data pertain ing to the di stribution of marine fish is often not accurate nor 

complete enough to precise ly define their environmental requirement s. Many marine fis h have 

nursery areas with environmental conditions which differ significant ly from those to which the 

adults are exposed. The latter is particularly pertinent to the majority of potential mariculture 

food fish. From a review of all the marine species which are current ly being considered for 

aquaculture, it was establ ished that over 75 % of these spec ies are euryhaline and utilize estuaries 

as nursery areas (Append ix I). Therefore the determination of the environmental requirements 

of the majori ty of maricul ture species is comp li cated by the variability of their natural habitat. 

Estuaries are dynamic systems typified by uneven and rapid fluctuations in water currents, 

salinity, turbidity , temperature and dissolved oxygen (Potter 1'1 (II., 1990). The extreme and 

complex variation of the env ironmenta l fac tors in estuaries, coupled wi th the difficul ties of 

accurately determining fish distribution within these systems, makes it imposs ible to estimate even 

the most fundamental environmental requirements fro m field observation. Consequently, the 

traditional app roach to detemlining the opt imum environmental requ irements and subsequent 

assessment of growth performance prov ides an almost random evaluat ion of the mariculture 

potential of candidate species. This provides no scientific basis for comparison between species. 

The evaluat ion of [Jotential mar icultu re species must, therefore , be performed under laboratory 

cond itions. In format ion de(·ived from observation of the natural environment can only be 

considered as indicat ive of environmenta l tolerances rather than providing a clue to the 
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environmental requ irements. Data on environmental to lerances are, nevertheless, fundamental 

for developing the technology for artificial cultme of a species as these ranges define the limits 

upo n on which laborato ry determi nation of optim um envi ronmental requirements can be based . 

The inherent limi tat ions of laboratory stud ies, SllCh as rest rictions in number of experimental 

aquaria, necess itate a step-wise approach to determining the optimum environmental requirements 

of a species. However, the environmental requirements of a species encompasses a multitude of 

interacting factors which all affect growth to some extent (Brett, 1979) . J n add ition, the degree 

to which individual environmental factors affect growth and interact with one another varies from 

species to species. Consequently, before the complete suite of optimum environmental 

requirements can be defined. it is necessary to first quant ify the independent effect of each 

environmental factor. This is essentially a simplistic approach as it ignores in teractions between 

factors and by doing so the accuracy of the study can be jeopal·dized. This can be al lev iated to 

a certa in extent by ensming that the sequence of experimentat ion is co rrect and conducted under 

precise, well-controlled condit ions (Fry, 197 1). Smprisingly, at the present time there is no 

recognised sequential protocol for the determining the environmental requirements of any species. 

Since there is no protocol for accu l'ate ly determining the optimum environmental conditions for 

the cu lture of a spec ies under artificial conditions , essentially no scient ific basis for comparison 

of mariculture potential between cand idate s[lecies ex ists. 

At present there is no finfish ma ri culture in sou thern Africa. Attempts to culture rai nbow trout 

(Oncorhynchus mykiss) in seawater have not proven successful (Hecht & Britz, 1993). The 

proposed developments of salmon (SO/1II0 s(t/ar) farming in Saldanha Bay, put forward in 1992, 

have al so yet to materialize (Hecht & Britz , 1993). The high cost of production and compet ition 

from the Norwegian salmon industry has, so fa r, proved to be detrimental to these industries. 

Th is suggests that the development of finfish O1 ar iculture in South Africa wi ll have to rely on 

nove l species and the creation of niche markets in order to succeed as an export indust ry. Since 

translocation of exot ic species has generally proven to be det rimental to the environment (de 

Moor & Bruton , 1988). the cultu re of indigenous species would appea r to be the natural choice. 
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The potential for finfish mariculture in South Africa was first conceptualized by Safriel and 

Bruton (1984) when they included turbot (Scopluhalmus maximus) as a high pr ior ity cand idate 

species in a list of potential aquaculture species. Ten species of ind igenous marine fi sh, including 

spotted grunter (Pomarlas),s cOll1l11ersonllii), were aho listed, but these were considered to be non­

priority species . In a later comment on the status of mariculture in South Africa, turbot was still 

the primary candidate for mariculture. However , the indigenous galjoen (Dichisrius capensis) 

and the grey mullet (Mugi/ cephalus) were also included in the list of species under consideration 

(Genade, 1985). Subsequent research into the mariculture pote nt ial of finfish has been confined 

to indigenous species. Assessme nt of the aquacul ture potentia l of South Af,·ican marine candidate 

species has varied from research on artificial propagation to growth trials and behavioural studies. 

For example, ga lj oen Dichis/ills capensis (Dichistidae) and two sparid species Chrysobleplws 

puniceus and Cheimerir{s lIufar have been successfully spawned in captiv ity (van der Lingen, 

1986; Garrat, 199 1) . Large scale rearing of the larvae of two other sparids, red roman 

Chrysoblephlls III/ieeps and caqJenter Argyrozona argyrozonll, has also been attempted (Davis, 

1996). Growth tr ials have been conducted on white steen bras LirllOgnm!7us li/hognmhus (Harris 

et 01., 1991) and spotted grunte ,· POll7arlasys cOl11mersonnii (Bussiahn, 1992; Deacon & Hecht , 

1996). Additional studies of behaviour in relation to environmental factors have also been 

conducted on the latter species (Deacon & Hecht , 1995; Burton , 1995) . 

With the exception of spotted grunter , all assessment of South African potent ial mariculture 

species has been limited to preliminary investigation. Thi s is in spite of the recommendations that 

many of them are su itable candidates for maricu lture (van der Lingen, 1986; Garrat, 1991; Harr is 

el aI., 1991). Since no set cr iteria have been used to measure mariculture potenti al, the results 

of these studies are inconclu sive with regard to the economic viabi lity of any of these species. 

Ideally, further resea rch effort should be conducted in such a manner that the performance of all 

potential candidate species is quantified on criteri a that allow direct comparison between each 

other. This will at least provicie development agencies or the private sector with an appropriate 

list of comparable al ternatives. 
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Although the spotted grunter has long been considered a candidate for mariculture on the basis 

of its high market pri ce, a number of other factors contributed to its recent selection for further 

research. From a marketing perspective this species represents an ideal aquaculture species as 

it is a popular eating fish with no reliable source of supply. In a survey of restaurants serv ing fish 

in major centres in South Africa it was established th at spotted grunter ranked amongst the three 

best table fish in this trade (Hecht, pel's. comm.). The species is only recognised as a 

recreational angling species and may not be so ld (Government Gazette No . 14192, Sea Fishery 

Act No 12 of 1988 as amended in 1992, regulation 48, secti ons: 1-3). Passing of this act was 

prompted by the increasing pressure placed on natural stocks by estuarine and rock and surf 

anglers (Van der Elst, 1988). The spotled grunter is regarded as a premier angling species in 

South Africa (Van cler Westhuisen & Marais, 1977; Van cler Elst, 1988). As there is no 

legitimate natural fishery for this species, supply is currently limited to the illegal sel ling to 

restaurants. In addition, a natura l fishery for spotted grunte r is unlikely to develop as it only 

occurs in estuaries and the shallow subtidal zone and has not been recorded in trawl catches. The 

absence of a natural fishery for a species is important to developing an aquaculture industry as 

the high cost of hatchery production cannot compete with the lower cost of fishing natural stocks. 

From a biological per'spective the spotted grunter possesses many of the traits th at have proven 

to be desirable in aquaculture species. The distribution of spotted grunter encompasses both 

temperate and tropical waters of the east coast of southern Africa (Van der Elst, 1988). Thi s 

wide distribution reflects a high eurythermal capability in this species as water temperatures in 

these regions vary between 12 and 32°C. Although P. cOlllmersonn;; is cons idered to be an Indo­

pacific species (Van del' Elst , 1988), the distribution data on spotted grunter indicates that it may, 

rather, be endemic to the south east coast of southern Africa and possibly Madagascar. Within 

this d istr ibution it is most common ly found off sandy beaches or in estuaries (Wallace, 1975a; 

Wallace et aI., 1984). The species is estuarine dependent (Whitfield, 1990) and is highly 

euryhaline, surviv ing in salinities of 0-70 %0 (Whitfield fI aI., 1981). The spotted grunter is also 

tolerant ofturbiclity levels in excess of200 NTU (Cyrus, 1988: Ter Morshuizen 1'1 ai., in press). 
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Spawning occurs during late winter at sea (Wa llace, 1975b), al though the precise location of 

spawning has yet to be determined. The juveniles « 50 mm tota l length; Plate 1.1 ) recruit into 

the estuaries of Natal and the Eastern Cape between July and December (Wallace, 1975b; 

Beckley, 1984). Post spawning adu lts (Plate 1.1) also enter the estuaries at abou t thi s time 

(Wallace, 1975a) , whet-e they feed pl"incipally on cru staceans and molluscs (Marais, 1984; Van 

der Westhuizen & Marais , 1977; Hecht & van der Lingen, 1992). The juveniles remain in the 

estuaries for at least one year before they return to the sea, where they remain until reaching 

sexual maturity at an age of ap pmximately two to three years and 400mm TL (Wallace, 1975b; 

Wallace and Schleyer, 1979). During this per iod they grow from ca. 160 mm to 400mm TL 

(\Vallace and Schleyer, 1979). P()I1I(1(/IISYS c()mmers()l1 llii attains a max imu m weight of 10kg 

(Van der Elst, 1988) 

The spotted grunter is considered a candidate species fo r mariculture due to its high market 

demand and apparent bio logical suitability for culture. In common with many other potential 

mar icultu re spec ies the spOiled grunte r has an estuarine juvenile phase (Append ix 1)_ In this 

respect, the difficulties encounte t-ed in determin ing the optimum environmental requirements of 

spotted grunter are applicable to the majority of other potent ial mariculture species ; The aim of 

thi s study was to contribute to the protocol for evalu ating the environmental requirements of 

potential aquaculture species and so provide a basis for comparison between species. Implicit to 

the study was the exam ination of the respo nses of juveni le spotted grunter, P()madas),s 

commerso17nii , to environmental factors. 

Fundamentally, environmental factors act on the metabolism and activity of fish (Fry, 1971; 

Brett, 1979; Jobling , 1981 ; Morgan & Iwama, 1991). Although these terms appear to be 

interrelated, or similar_ they rept-esent two ent irely different level s of effect. Metabolism, or 

more sr ec ifically catabo li sm_ refe rs to the biochemical reacti ons whi ch yield the energy utili zed 

by an organism (Ft-y , 1971 ). The purposes to which this energy is invested are all termed 

activities (Fry, 1971). Activ ities, therefore, include all aspects of life including movement, 
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excretion, reproduction and growth. Since the aim of determining the optimum environmental 

requirements of fish is to max imise growth, the primary interest is directed towards those factors 

which promote this activity. 

The interaction between food intake and metabolism is the fundamental "driving force" behind 

fi sh growth (Brett , 1979; Job ling, 1983). Growth rate increases or decreases as a function of 

food intake and metabolism (E ll iot, 1975a, Grayton & Beamish, 1977) . Within thi s relationship 

food intake is a potential limi ting factor as any restriction of food intake directly affects the chain 

of metabol ism. The limiti ng effect offood intake, therefore , involves independent and dependent 

states which become operational at a particular level. Generally gmwth rate increases wi th 

increasing ration from a minimum negative value at zero ration to a maximum at the point of 

maximum food intake (Ell iot, 1975a; Wu rtsbaugh & Davis, 1977; Chua & Teng , 1982) . Above 

max imum food intake, growth rate reaches a plateau where it is independent of any increase in 

ration size. However, max im um food intake and metabo lism are dependent on the effect of 

environmental factors (Brett, 1979). Therefore, when food intake is not a limiting, facto r 

maximum growth is dependent on the relationship between metabolism and environmental factors . 

In thi s relationship environmental factors do not act on gro\vth per se, but rather act 'through 

metabolism on growth (Fry, 1947: 1971; Brett, 1979). 

In defining the environment of a fish, the individual elements (i.e. temperature, li ght, food) can 

be broadly dicot imised into abiotic and biotic factors. Abiotic factors are then generally classified 

into five simple categories, fo llowing Fry's (1947, 197 1) elaboration of Blackman's (1905) 

classical concept of limiti ng factors. The various factors are designated to these categories 

according to their respective in nucnce on metabo lic pmcesses, namely: 

1). Controlling factors , which govern the rates of reaction of metabolic processes (e.g. 

temperature, pH). 

2). Limiting factors, which restri ct the supply or removal of metabolites (e.g. oxygen). 
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3). Masking factors, which modify or have a mitigating effect on an environmental factor 

through some regulatory device (e.g. increased tolerance to heavy metal toxicity derived 

from the presence of salinity). 

4). Directive factors, which cue or signal the animal to select or respond to particular 

characteristics of the environment (e.g. photoperiod induced gonadal maturation). 

5). Lethal factors, which cause a breakdown of metabolic functioning leading to death (e.g 
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Figure 1.1: A hypothetical model of the effect environmental factors on fish metabolism (solid 

line). Environmental effect in this model refersto any combination of environmental factors. The 

shaded area defines the level at which metabolism is dependent on the effects of limiting factors. 
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The effects of these functional categories are best contextualized in a hypothetical curve of the 

effect of environmental facto rs on metabolism (Figure 1.1). For the purposes of this discussion, 

environmental effect (on the X axis) refers to any combinat ion of envi ronmental factors . 

Metabolism only occurs within the bou nds set by the lethal limits of the respective environmental 

factors (Fig 1.1). Beyond the lethal limits there is an irreversible breakdown of metabolic 

processes which ultimately lead to death. Therefore, lethal factors do not enter into further 

consideration in the experimental determinat ion of the optimum environmental requirements . As 

mentioned previously, environmental tolerance data obtained from observation of the natu ral 

environment is used as a basis on which the optimum environmental requirements are determined 

exper imenta ll y. 

Within the lethal limits , metabolism increases or decreases in response to anyone of a 

combinat ion of environmental factol's (F ig 1.1). An increase in metabolism represents 

optimization of the env ironmental facto rs. Maximum metabolic rate, therefore, corresponds to 

the optimum su ite of env ironmental conditions (Fig 1.1). However, the increase of metabolic 

rate above a ce rtain level , the shaded area in Fig 1.1 , is dependent on the fulfillment of the 

limiting factors. Limiting factors, such as oxygen or ammonia, restrict metaboli c processes 

even if al l other envimnmental factors are optimal. Therefore, un less the cri ti cal li mit ing factors 

are not exceeded, metabolism cannot be maximised. This indicates that the levels at which 

limiting factors become operational should be the first aspect to be investigated in the sequenti al 

determ inat ion of the optimum envi ronmental requirements of a species. 

Assuming that the cr itical levels of limiting factors are exceeded, metabol ism is independent of 

limiting factors (Fry, 1971. B,·ett. 1979). The reasons for this phenomenon will be addressed 

at a later stage. Rate of metabolism is then dependent on the interact ion of controlling, masking 

and directive factors (represe nted as the unshaded area in Fig 1. 1). Metabolic processes are 

essentially biochemical reactions. In fish, the molecular activation of metabolites and enzyme 

systems and, therefore, the rate of the biochemical reactions are governed by certain 
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environmental factors, such as temperature and pH (Fry, 1971; Brett, 1979). The upper limit 

of metabo lic processes are ul ti mately defined by the point where the biochemical reactions are 

optimized (Brett, 1971; Crawshaw, 1979; Jobling, 1981). However, metabolism is a combination 

of physiological and metabolic rrocesses . The t\VO processes require coordination in order to 

maximise metabolism. Directive factors, therefore, act as a cue for a particular physiological 

response (Fry, 1971; Schwassmann, 197 1). At this point it should be emphasised that the effects 

of individual environmental factors may fall into one or more of the functional categories at any 

one time. Therefore an environmental factor, such as temperature, may act as both a controlling 

and a directive factor. Physiological processes also demand regulation of the internal 

environment. A constant expend iture of energy is required to maintain the internal mil ieu. 

However, the energy expenditure is dependent on the diffe rence between the external 

environment and the intern al requi rements (Woo & Fung , 1981; Morgan & iwama, 1991). 

Theoretically the smaller the difference between the internal and ex ternal environment, the lower 

the energy expenditure (Potts, 1954; Febry & Lutz, 1987; Watanabe el al., 1989) . Under these 

cond it ions the energy saving may mask the effect of other environmental factors on metabolism. 

For example, metabolism at 10IY temperature and in an isosmotic salin ity may be closer to 

optimal than that in high salinit), and optimal temperature. Therefore, in this hypothetical 

example, sa li nity acts as a masking f"cto r on temperature. 

The interactions between controll ing, masking and direct ive factors are highly complex . 

However, the determination of the optimum environmental cond itions for a species requires 

interpretation of the effects of controlli ng, masking and directive factors into an exper imental 

sequence. It can be argued that if the biochemical processes are not maximised in the fir st place 

then optimum metabolism cannot be atta ined . This imp lies th at an investigation of the effect of 

controlling facto rs shou ld fo ll ow the determination of the limiting factors. Masking factors have 

a comprom ising effect on metabolism and, therefore, interp retation of data pertaining to 

metaboli sm. Masking factors . therefore. need to be investigated before directive factors. As 

directive factors moderate metabo li sm through both physiological "nd behavioural means, 
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accurate interpretation of the effect of directive factors requ ires opt imization of all other factors. 

The first step in defining the optimum envi ronmental requirements of a species is, therefore, to 

identi fy the environmental factors that may influence metabolism and class ify them accord ing to 

the fu ncti onal categories . As limi ting factors affect metabolism by interfering with the supply 

or removal of metabolites, the env iro nmental factors that cont ribute to this category apply to all 

fi sh. From the li teratu re it was established that the environmental factors which limit fi sh growth 

are ration size , disso lved oxygen, ammonia and nitr ite. The effect of ration size on growth has 

been di scussed previously, however ; the pattern of groll1h is similar for all limiting factors 

(Stewart er al., 1967; Alderson . 1979; Chiba, 1988). 

Essentia lly the growth response of fish relative to the concentration of the limiting factor involves 

dependent and independent states. To use the effect of oxygen as an example, it has been found 

that as oxygen concentration increases from the lower lethal limit, growth increases almost 

exponentially (Stewart er al., 1967; Chiba, 1988). However , as the concentrat ion is increased, 

further growth rate decli nes un til it eventu al ly reaches a plateau of maximum growth (Stewart el 

al.,. 1967; Chiba, 1988). Growth is, therefOl"e, at a stable max im um from a critical concentration 

to the saturation point (Stewart er 01., 1967; Chiba, 1988). Provided oxygen concentration is 

maintained with in this range, growth is independent of oxygen concentration (Brett, 1979). The 

criti cal concentration at which growth becomes independent of disso lved oxygen varies from 

species to species . However. maximum growth is always observed at 100% saturatio n. For 

toxic metabolites. such as ammonia and nitrite. a similar patlern of growth is observed, although 

in reverse. At low concentrat ions tox ic metabolites have no effect on growth, but from a critical 

concentration thei r effect increases with increasi ng concentration. From thi s it can be surmised 

th at limi ting factors evoke an ' all or nothing response' as they are governed by criti cal threshold 

levels of tolerance and therefore their effect on growth is neg ligible prov ided they are maintained 

at appropri ate levels (Fry, 197 1; Breit , 1979). Since the appropriate levels co rrespond to the 

max imum or minimum concentrations of the respect ive factors. there is no need for optimization 

of limit ing factors. Therefore, with the exception of rat ion size, the effect of li miting factors did 
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not enter into further consideration in thi s study. The effect of ration size was investigated as 

it is a critical factor in the accurate determination of the environmental requirements of any 

species (Jobling, 1983). 

Assu ming the criti cal levels of the limiting factors are met, environmental factors influence 

metabolism by acting through controlling. masking and directive factors. The major 

environmental factors that contribute to the respective functional categories were identified from 

studies of the natural history of juvenile spotted grunter as well as ecological studies of South 

African east coast estuaries. The spotted grunter is class ifi ed as estuarine dependent, as the 

juveniles of thi s srec ies are found only in estuaries (Whi tfield, 1990) . Southern Afr ican estuaries 

are highly unpredictable environments due to the variable volume and errat ic nature of rainfall 

received in the sub-conti nent (Whitfield. 1990). For example, in temporarily open estuarine 

systems, wh ich are a feature of the south-east African coastline (Potter' er al., 1990), salin ity may 

fluctuate between 0 - 114%0 depend ing on the amount of freshwater inflow. Turbidity levels and 

temperature may also vary according to season and between different estuarine systems. Juvenile 

grunter have been recorded in turbidities of 0-350 NTU (Cyrus, 1988; Tel' Morshuizen er al., 

in press) and temperatures ranging between 12-32 °C (Wooldridge & Bailey, 1982; Ter 

Morshuizen er al., in pr·ess). Since Changes in turbidity are accompanied by a concomitant 

change in light intens ity (Alabaster & Lloyd, 1980), juvenile grunter are also subject to natural 

light intensity variation of between 0 and 3.65x 10·2I'E.sec-l.cm2 Changes in light intensity are 

also dependent on photoperiod. In the Sundays River Estuary (33°43'S, 25 °51 'E), the most 

southerly distribution of juvenile grunter (Beckley, 1984), the photoperiod cycle varies from 

10L: 14D in winter to 14L: 10D in summer. Therefore, under natural environmental cond itions , 

juvenile spotted grunter are exrosed to changing temperature. salinity, light intensity and 

photoperiod . 

The effect of temperature on fish is predominantly manifested through its control of the acti vat ion 

of metabolites and enzyme systems (Fry , 1971). Temperatu re is, therefore, considered to be the 
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principal controlling factor of metabolic processes (Fry, 1971; Brett, 1979). However , under 

non-optimal environmental conditions masking factors have a compensatory effect on metabolic 

processes (Brett, \979). Ju ven ile spotted grunter are capable of surv iving in salinities ranging 

from 0-70%0. P. coll1l11ersoJ/J/ii is an efficient osmoregulator (Bussiahn, \992), This involves 

internal ion regulation with the active transport of ions requiring some energy expenditure. As 

energy expenditure varies according to external salinity concentration (Woo & Fung , 1981; 

Morgan & Iwama, 1991), salin ity acts as a masking factor on growth (Brett, 1979). Photoperiod 

and light intensity are important components in the complex of cues that synchronize the 

endogenous physio logical and activity rhy th ms of fish (Fry. 1971: Schwassmann. 197\; Reynolds 

& easter lin, 1976). Photoperiod and light intensity, therefore, act as directive factors on the 

metabo lism of fish (Fry, 1971; Brett, 1979). 

In contextualizing the effects of the respective functional categories, a theoretical sequential 

protocol for the experimental invest igation of envimnmental requirements was developed. The 

sequence is as follows: 

limiting factors -> controlling factors -> masking factors -> directive factors. 

Therefore, the sequence for the determination of the environmental requirements of juveni le 

spotted grunter wou ld be: 

ration size -> tcmperatllre .... sa lin it)' --> photopcr iocl/light intensity 
(limiting factor) (controlling factor) (masl.: ing ractor) (directive factors). 

However, if food intake is not restricted, the effect of li mit ing factors can be eliminated from the 

protoco l. In addition. preliminary investigation of the effect of sal inity on the growth of juvenile 

grunter was comp leted by Bussiahn (1992) before the current stuely. 
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The order of investigation was, therefore, altered to the fo llowing sequence: 

temperature -> photoperiod -> light intensity -> feeding frequency -> ration size --> salinity. 

The effect of each environme nta l factor on growth performance was determined individually 

under controlled conditions where only the fac tor under investigat ion was varied. All other 

environmental factors were kept constant at levels wh ich were optimal or within ranges of 

environmental tolerances, The effect of ration size was in cl uded in the in vesti gation to test the 

assumption that food intake was not re stri cted when testing the effect of the respective 

controlling, directive and masking faclOl's, Since food intake is primarily dependent on feeding 

regime (Grayton & Beamish, 1977), the effect of feeding frequen cy on food intake was al so 

investigated, Other biot ic factors th at may restrict food intake , such as competition and 

dominance between indi viduals (BI'ett, 1979) , were not in vestigated within the scope of this study. 

However, the effects of these environmenta l factors were considered when interpreting results. 

An investigati on into the effect of salinity was repeated under 'optimum' environmental conditions 

for comparison with the conclusions reached by Buss iahn (1992), 

In this study it was hypothes iseci that the sequence for experimenta ll y determining the optimum 

env ironmental requirements of a species shou ld correspond to the fol lowing theoretical protocol: 

limiting factors -> controlling fa ctors -> masking factors -> directive factors. 

The experimental in ves tigation into the ind ividual effects of temperature, salin ity , light intensi ty , 

photoperiod and food intake on gl'owth performance of juvenile spotted gnmter fac ilitated the 

determination of the re lative effec ts of contro lling, masking, directive and limiting factors. 

Statist ical comparison of the effects of the env ironmenta l factors (temperature, salin ity, etc.) on 

growth performance, facilitates the formulation of a exper imentally based protocol for 

sequentially cietermining the optimum environmental requirements of a species, On the basi s of 
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comparison between the theoretical model and the experimental model, the hypothesis can be 

accepted or rejected. It was, therefore, also hypothesised that temperatme, salinity, light 

intensity, photoperiod and food intake would affect the growth of juvenile P, commersonnii. The 

effects of these factors on growth performance are contextualized in the respective chapters. 

This study begins with a general description of the methods and methodologies employed in the 

experimental determination of the individual effect of environmental factors on growth 

performance of juvenile spotted grunter (chapter 2). In the following chapte rs (3-5), the effects 

of temperature, light and salinity on growth performance of juvenile spotted grunter are described 

and discussed. Chapters 6 and 7 report the investigations into the effects of feeding regime, 

including feeding frequency, digestion and ration size. In Chapter 8 the overall effects of 

environmental factors all growth of juvenile spotted grunter are statistically compared and ranked 

according to their effect. A sequential protocol for determining the optimum environmental 

conditions based on the results of the experimental data is then developed. In Chapter 9, a 

compa!'ison of the theoretical and experimental models for determin ing environmental 

requirements is undertaken. Based on this comparison a preliminary protocol for the sequential 

determinatio n of the optimum environmental requ irements of potential maricu lture species is 

deve loped. Chapter 9 concludes with recommendations for the hatchery rearing of spotted 

grunter and an assessment of maximum growth. 
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Chapter 2 

General Methods 

Accurate measurement of the growth performance of juvenile spotted grunter was fundamental 

to determining the environmental requirements of juvenile spotted grunter. All experimentation 

was conducted under laborato,")' conditions at the Department of Ichthyology and Fisheries 

Science, Rhodes Un iversi ty, Grahamstown, on fish captured from the wild. The experimental 

procedures and cul ture systems used to monitor growth as well as the methods employed for the 

capture, accl imation and feeding of the exper imenta l fish are described in thi s chapter. A 

contextual ization of the theoretical and practical aspects of monitoring growth and statistical 

analyses of growth data is also undertaken. 

Collection and acclimitisation of experiment al fish 

Juvenile gnmter were caught in the Great Fish River Estuary (33' 30'S 27' OTE) with a 12m 

x 3m x 150101 mesh se ine net. From there they were transported in 200 L plastic conta iners, 

filled with 150 L estuarine wate,· supplied with oxygen , to the Department of Ichthyology and 

Fisheries Sciences marine fish laborRlory in Port Alfred. Here the fish were gradually 

acc limitised from natural conditions to those in the holdi ng facility. Juvenile spotted grunter were 

generally captured at salinities of 5-12 %0, and were acclimated to the higher salinity (32-35 %0) 

of the laboratory seawater at a rate of 2 %0 every 30 minutes. The temperature of the natural 

water ranged between 16-25 ' C but nOrt11:1lly only differed from the laboratory water by 2-4 'C . 

However, the rate used for acclimation to differences in sa linity allowed adequate time for any 

adjustment to temperature differences as it exceeded the recommended rate of 2'C every 10 

minutes. Survival of the juvenile grunter after capture varied from 40-85 % depend ing on the 

ambient water temperature in the estuary and the degree to which fish were exposed to silt during 

capture. Although in some cases initial mortality after capture was high, survival beyond 48 
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hours was generally greater than 90%. During acclimatisation to captive conditions the fish were 

kept in 300 L rectangular tanks linked to a 4000 L partially recirculating seawater system exposed 

to natural light and ambient temperatures. The fish were accl imatised for a minimum of two 

weeks before they were used for experimentation. During this time they were fed minced pilchard 

(Sardinops sagax) in excess of their requirements, three times daily. 

The fish were then transported to the laboratories in Grahamstown where further acclimat isation 

to the experimental conditions was undertaken. The fish were transferred direct ly from their 

transport containers to the experimental system. Acc limatisation to the temperature or salinity 

of the water in the experimental system was not necessary as this was adj usted to equal that of 

the Port Alfred fac ility . The fish were size sorted and eight to ten fish were stocked in each of 

several 40 L experimen tal aquaria. The water temperature of the experimental system was then 

gradually increased to within the zone of final preference (24 - 25°C) for this species (Deacon 

& Hecht, 1995). The fish were fed finely chopped pilchard at least three times daily until they 

became cond itioned to accepting food, after which they were weaned onto a semi-moist pelleted 

diet. The fish were acclimatised to respective experimental treatments for a minimum of two 

weeks. 

Experimental diet 

The adoption of a standard diet for experimentation on the envi ronmental requirements of juvenile 

spotted grunter was considered essen ti al for the prevention of any growth var iation stemming 

from diet related differences. Early attempts to wean juvenile grunter onto a commercial dry diet 

proved unsuccessful. Although the fish would repeatedly inha le dry pellets, they would not 

swallow them. It was concluded from this behaviour that the texture of a dry pellet is 

inappropr iate for this species. However, a semi-moist pelleted diet proved to be high ly palatable 

and was well accepted by juvenile spolled grunter. formulation of the diet was based on the 

protein and fat requirements of other juvenile marine fish (Table 2.1). Table 2.2 summarises the 
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the proximate concentration of the semi-moist pelleted diet used for feeding juvenile spotted 

grunter dur ing the experimental period. The diet, by weight, consisted of fishmeal (42%), 

pregelat inised starch (19.9%), marine oil (4.4%), sunflower oil (0.5%), a vitamin and mineral 

premix (3.6%) and water (11.9%). HOl1logenised fillets of pilchard were added at 17.2% by 

weight to increase palatability. All ingredients were thoroughly mixed by hand before extrusion 

through a pelletizer with a Imm die. The length of the pellets was varied according to the size 

of the fi sh. The diet was stored frozen at -29 ± rc. Fresh food was prepared every two weeks 

during the experiments. 

Table 2.1: The di etary protein ane! fat requi rements of some juvenile marine fish. 

FISH SPECIES FISH PROTEIN FAT SOURCE 
SIZE LEVEL LEVEL 
(g) (%) (%) 

Sciaenops ocdlorlls 46-77 35-44 Daniel s & Robinson , 1986 
2.0 40-45 Serra no 1'1 01., 1992 

6-10 Ellis & Reigh, 1991 

ScopliJalmlls maxim liS 50-60 Person-Le Ruyet el 01., 1991 
6 Bromley, 1980 

Dicentrarchus labrax 31-57 50 Hidalgo & Alliot, 1988 

Seriola 57 Shimeno et al. , 1985 
qllinqlleradiora 

Pagrlls major 1.6 52 Takeuchi fI 01.,1991 
50 

Sparlls (llInUIl 61 Saballt & Luquet, 1973 
6 Kaigeropolilas et 01., 1992 

Gadus morlwil 173-318 54 Lie 1'1 III., 1988 
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Table 2.2: The proximate concentration of the semi-moist pelleted diet used for feeding juvenile 

spotted grunter during the experimental period. 

Crude protein 

Crude fat 

Ash 

Moisture 

Gross energy 

Experimental culture system 

36.30% 

3.54% 

16.77% 

27.7% 

18.1878 MJ/kg 

Most of the expel'iments were conducted in 40 L glass aquaria , linked to a 2000 L seawater 

reci rculation system. The seawater used to fi II the system was obtained from Port Al fred. 

The aquaria were illuminated by 91clll Biolux fluorescent tubes providing a light intensity 

of 1.95x10 J.lE.secl .cm2
. Photoperiocl was controlled by means of a time switch. Filtered 

seawater was circulated through the tanks at a rate of 60 Llh and water was aerated by means 

of airstones connected to an oil free rotary blower. Outflow water from the experimental 

tanks drained into a 350L settlement tank after which it was passed through a series of 

biological and mechanical filters. Biological filtration was affected in two serially linked 70 

L filter boxes and a tower trickle filter (2m x 0. 15m) filled with finely shredded plastic (Fig 

2. 1). Water exiting the biological filters was mechanically filtered through aquarium floss 

and a crushed shell buffer tank (70 L) before reaching the sump from where it was 

recirculated by a submersible pump (Fig 2.1). Water destined for the culture tanks was 

passed through a pressure IIlter capable of filtering to IOJ.lm and a Ultraviolet sterilizer (Fig 

2.1). The excess delivery from the pump was directed to either the trickle filter (described 

above), or to a protein skimmer situated in the settlement tank (Fig 2.1). The water 

temperature was maintained within the thermal preferendum of the species (Deacon & Hecht, 

1995), at 24.8 ± 0.3°e by means of a thermostatically controlled 3kW heating element 

located in the sump (Fig 2.1). 
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Figurc 2 .1: The experimental system used in the determination of the optimum environmcntal requirements of juvenile spotted 

grunter. The arrows indicate direction of water fl ow. 



Due to the requirements of the temper8ture and s31inity exper iments, two other cu lture systems 

were constructed for these studies. These are described in the respective chapters. 

Experimental procedure 

General maintenance and cleaning of the experimental system was undertaken prior to each 

experiment. These activities included removal of algal and diatomaceous growth from surfaces 

of the aquaria and cleaning of filters. Any accumulated sludge was siphoned from the sett lement 

tanks and filters. Mechanical filters were also cllanged or rinsed. A water change of ± 20% 

with dark-matured seawater was conducted at this time. 

Each of the tank s was stocked with 8 fish which hacl been acclimatised to the respective 

experimental condit ions fOI' 14 days. To imrrol'e statistical treatment of data all fish were 

ind ividually marked (Brett, 1979), uncleI' anaesthesia, by clipping off the tips of different 

combinations of dorsal and anal fin sp ines. The fish were anaesthetised by placing them in a 

0.02 % solution of 2-rhenoxyethanol (Deacon er (fl., 1997). Although it is known that anaesthesia 

effects the growth of some fish srecies, the growth rate of spotted grunter is not affected by 

regul ar anaesthesia with 2-phenoxyethanol (Deacon er al., 1997). During the exper iments 

standard length and weight of each fish were measu red weekly, under anaesthesia. The fish were 

starved for 36 hrs prior to measurement to ensure complete evacuation of the gut and to prevent 

the fish from choking on regurgitated food. During the weighi ng and measuring procedure, the 

fish were transferred to a 10 L container filled with 4 L of seawater, freshly drawn from the 

recirculation system, to which the anaesthetic at a concentrat ion of 0.2m1/L was added . The fish 

were weighed to 0.01 g and standardlcngth was measured to the nearest millimeter, after which 

they were placed in their respect ive tanks to recover. Water quality parameters, such as 

ammonia, nitrite, temperature and salinity, in the expel' imental system were monitored dai ly. 

Salinity and dissolvecl oxygen levels were kert constant at 35%0 and 100% saturation, 

respectively. 
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Statistical procedures 

The growth (increase in gl'ams per week) of individual fish in the replicates of each treatment 

were compared by one-way ANOYA. The condition factor (C) was calculated from weight CW) 

and length (L) using the relationship 

C = W/O' 

where b = 2.71, which was determined from a length /weight regression, y = 2.71x - 109.52 (r2 

= 0.97, n = 498) , of wild fish for the size range (2.5 - lO.Og). Food conversion ratio (FCR) 

was calcu lated according to the equat ion: 

FCR = D,')' food fed /wet weigh t ga in 

Specific growth rate (SGR). representing the percent daily increase in weight (Priede & Secombe, 

1988), was calculated from: 

SGR = f(InW ,-lnWo)/tJ x 100 

where t is time in days, W, = weight at time t and W 0 = initi al weight. 

Additional comparison of weight gain between treatments was achieved by an analysis of 

covariance (F-Test), for which the data were linearly transformed using the natural Log of 

individual weight. Specific Growth Rate, Cond ition Factor and Food Convers ion Ratio were 

compared using a one-way ANOYA and diffe rences among means were tested by applying 

Tukey's Mul tiple Range Analysis. Equality of variances among treatmen ts were confirmed with 

a Bartlett's Test (Zar, 1984). 

Fi sh size is an imponant factor infl uencing the growth of fish (Elliot. 1975b; Brett & Shelbourne, 

1975; Brett , 1979). Genera lly, maximum growth rate of fish decreases with increasing size 

(Elliot , 1975b; Brett & Shelbourne, 1975; Brett, 1979). Initial growth is almost exponential and 

is generally linear . However, as size increases growth rate moderates and the relationsh ip 
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between maximum growth and size becomes curvilinear. In species which have distinct larval 

and juvenile phases . the Size-growth conti nuum is punctuated by short periods of variable growth 

corresponding to metamorphos is (B rett , 1979). 

The average initial length of juvenile spotted grunter tlsed in experiments to determine the 

independent effect of environmental factors on grov.~h, varied between 50 and 68mm. This 

var iation is not considered to have had any comprom ising effect on maximum growth as fi sh of 

this size are still in the exponential phase of growth. furthermore , all major differentiat ion, Stich 

as metamorphosis . has occurred before juvenile spotted grunter reach thi s size. 
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Chapter 3 

Thermal resistance and the effect of temperature 

Introduction 

Temperature has consistently been identified as the primary abiotic factor controlling key 

physiological , biochemical and life history processes in fi sh (Beitinger & Fitzpatrick 1979). The 

control that temperature exerts on rates of reaction, through its influence on the activity of 

metabolites, ultimately dete rmines the effect of all other environmental variables. A knowledge 

of the intel-acti on of a fish and it s thermal environment is, therefore, of fundamenta l importance 

to the study of environmen tal requirements. Since it also directly affects growth and survival of 

fi sh, it is essentia l information for the aquacul turali st. 

The responses of fi sh to temperature are most often described in terms of the thermal limits, 

optimum temperatu re and preferred temperature. The zone of thermal tolerance of a species is 

defined by the incipient lethal temperature (ILT) range within wh ich at least 50% of the 

population could survive indefin itely (Jobling, 1981). Beyond this range lies the zone of 

resistance whel'e there is a progressive increase in therma l stress (Elliot, 1981) . Both the 

thermal tolerance and thermal resistance of fish are strongly influenced by accl imation 

temperature (Jobling, 1981 ). Indicat ion of thermal stress begins with abnormal behaviour, such 

as cessation of feed ing. and terminates with metabolic di sfunction and ultimately death depending 

on exposure time to the stress (Elliot. 1981). The extreme measure of thermal res istance is the 

critical thermal max ill1ull1 (CTMax) which repl'esents both a method and a parameter (Becker & 

Genoway, 1979). CTMax and the upper incipient lethal temperature (UILT) are often confused 

as they both appear to measure maximull1 therm al tolerance. However, the methods of estimating 

th ese values illu strate the fundamental differences between them. Determination of the CTMax 

requires a progress ive upward change from accl imation to exposure temperatures until a physical 

24 



disorganisation response is observed. On the other hand, estimation of the upper incipient lethal 

temperature (U ILT) requires an abrupt change of temperature upwards from acclimation to 

exposure until a lethal response occurs (Becker & Genoway, 1979). 

Within the lim its of thermallO lerance fish, when provided a choice, ultimately congregate at and 

occupy a narrow ra nge of temperatures refer red to as the zone of final thermal preferendum or 

preferred temperature (Reynolds & Casterlin, 1979). The se lected range of temperature is species 

speci fi c and ultimately independent of previous thermal history (Fry, 1947; Jobling 198 1) . This 

behaviour is sign ificant as numerous studies on the thermal responses of fish have shown that the 

zone of fina l thermal rreferenclul11 closely approximates the temperature at which their 

physiological func tio ns, inc luding growth, are opt imi sed (Brett, 1971; Crawshaw, 1979 ; Jobling 

1981; Britz & Hecht, 1987). Furthermore, a strong correlation between the final preferenclum 

and optimum growth has led to the conclusion that temperature preference studies prov ide a rapid 

technique for estab lishing the optimal temperature for rearing that species (Jobling, 1981). 

Methods for determining the temperature prefe rence include temperature gradient tanks, 

electronic sh utt le boxes and body core temperature telemetry ane! ca lori metry (M cCauley, 1977) . 

A number of temperatu re preference studies have , however, exhibited exper imental bias, such 

as an 'end of tank' effect (Badenhuisen, 1967). Non-thermal environmental factors such as 

season (Barans & Tubb, 1973), light intens ity (Reyno lds 1'1 al. , 1977), age (McCau ley & 

Hugg ins, 1979) and biotic interact ions (13eit inger & Mag nuson , 1975) have also been shown to 

influence thermose lec tive behav iou r. Consequently estimates of the zone of final thermal 

preferendum often require val idation through growth trials. In these experiments surv ival, 

growth and food conversion are measu red above and below the final thermal preferenc!um. This 

is ti me consuming an c! requires a high number of experimental animals. 

Strong pos itive con'elations have also been fOllnd between the CTMax, and the final thermal 

preferend lllll (Jobling, 1981: TSli ch icla, 1995). Regress ion ana lyses between the CTMax and the 

fina l thermal preferendlllll of 14 species of Japanese marine fish yielded a correlation coefficient 
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of 0.973 (Tsuchid a, 1995). On the strength of the good correlat ion between lethal temperature 

and CTMax, and the final preferendu m, it has been suggested that dete rmination of the CTMax 

may provide a rapiel means of assessing the final thermal preferendum (Tsuchida, 1995). An 

indirect es timate of the optimum temperature fo r growth cou ld then be obtained from the final 

thermal preferendum. Al though Jobli ng (1981) was the first to recognise the potential of this 

method , it was not cons idered precise enough to give an accurate estimate of the final thermal 

preferendum. The main cr iti cism was the inconsistency of the methods, in parti cular the heating 

rate, used to determ ine the CTMax. 

The CTM ax was or iginally defined as the temperature at which fish lose equilibrium when 

subjected to a progress ive heating of the water at a rate of 1°C mi n-' from acclimation 

temperatu re (Jobling, 1981 ). This rate is no longe r considered approp riate as it results in a lag 

bet\veen deep-body temperature and tes t temperatures (Stevens & Fry, 1974, Becker & Genoway, 

1979). Therefore the higher the heating rate the highe r the est imate of CTMax (Becker & 

Genoway, 1979). In their eval uation of methods for determining CTMax, Becker and Genoway 

(1979) recommended a heating rate of 18°C h-' (0.3°C min- '). Thi s moderate rate was 

considered opt imal as deep-body temperature parallelled test temperatures, but at the same time 

did not allow for compensation by acclimat ion. In recent stud ies of CTMax a heati ng rate of 5°C 

h-' has been adopted (Tsuchida, 1995; Kita f l al. , 1996) . This rate is presumab ly based on 

Becker and Genoway's (1979) stud y whi ch showed no significant diffe rence between a heating 

rate of 6 and 18 °C h-' . None theless, the methodology for determining CTMax now appears to 

be more or less standardised wh ich suggests that thi s may be a reliable cri teri a for calcul at ing the 

fina l preferendum. Furthermore, independent eva luation of the final thermal preferendum by the 

CTMax method and temperatu re preference experiments may eliminate the need for growth 

studies when establishing the rmal optima. 

In an investigation into the thermo"egu latory behaviour of juvenil e P()Jnadasys cnmmersonnii, 

Deacon and Hecht (1995) found the zo ne of final temperature pl-eference of thi s species to lie 
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between 24 and 25°C. In thi s study (op Cif.) supplementary temperature preference experiments 

were also conducted to the test the effect of potent ial biases such as vari at ion in salinity, social 

interaction, accl imation temperature and 'end of tank' effect. Although these factors were found 

to have no effect on temperature preference, it is still unknown whether the zone of final thermal 

preferenda correlates with the optimum temperature for growth in this species. The ai m of thi s 

study was, the refore, to establish the optimum temperature fo r growth in juvenile spotted grunter 

and to test the hypothes is of whether thermal resistance data can be used to accurately pred ict the 

zone of fina l thef'mal prefe rendum and to confi rm that th is con'esponds with the growth optimum. 

Materials and m ethods 

Temperafure groll>fh frial 

The effect of temperatuf'e on growth was conducted in 50 L glass aquar ia. The exper imental setup 

inc lu ded two replicates at each of fi ve temperatures with independent fi ltration for each tank. 

All tanks contained an ill SifU type fi lter ( 18 L) filled with crushed shel l, through which water was 

circulated at a rate of 60 Llh by means of an airlift system (Fig 3.1). Ten fish were used per 

replicate. Initial le ngth and weight of the fish were 68 ± 6.7mm and 14.62 ± 2.79g. The 

temperature treatments differed by increments of 2°C within a range of 4°C above and below 

the thermal preferendum of 24,5°e (Deacon & Hecht 1995). The tanks were heated with 300 

Watt thermostatically cont rolled heaters. Average temperature and standard deviation for the 

treatments were 20.5 ± O.l oe , 22.6 ± 0.2 °e, 24.6 ± O,3°e, 26.3 ± OA oe an d 28.5 ± 

0.5 °e, respectively. Water qu ali ty parameters wef'e mo nitored dai ly and these remained optimal 

throughout th e experiment with nitf'ite levels remaining below 0.1 mg/L and unionised ammon ia 

remaining below 0.02 mg/L. Photoper iod was controlled to a 12L:12D cycle . Salinity was kept 

constant at 35%0 , w ith th e addi ti o n of distilled water when necessary. The fi sh we re fed to 

satiation twice daily . The exreriment was conducted over a period of 8 weeks. 
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Determination of thermal resistance 

The thermal resi stance of juvenile spotted grunter was evaluated on the basis of a CTMax test 

(Becker & Genoway, 1979). A total of 100 fish (SL: 55.3 ± 2.4mm and weight: 3.71 ± O.92g) 

were divided into four groups of 25 fish and acclimated to temperatures of 20 ± 0.2 , 24 ± 0.3, 

27 ± 0.5 and 30 ± 1°C, respectively. The fish were acclimated for three weeks prior to use 

in CTMax experiments. During this time fish were fed to satiation three times a day on a semi­

moist pelleted diet. Photoperiod was maintained on 12L: 12D cycle and salin ity was kept constant 

at 35%0. 

For the CTMax tests five fish were taken at random from the respective acclimat ion temperature 

and transferred to a 30 L test tank containing seawater of the acclimation temperature. The fish 

were starved for 24 hrs prior to exper imentation. The test tank was immersed in a temperature 

mOderating water bath to prcI'ent excessive heat loss during the experiment. Airstones were 

positioned in th e test tank to create water movement and mai ntain dissolved oxygen at saturation 

leve l. The fi sh were left undisturbed for a minimum of I hr to acclimatize to condi tions in the 

test tank. Wate,' temperature was then progressively increased by the addition of heated (60°C) 

seawater. The st ream of heated seawate r was posit ioned so as to fall directly into the plume of 

the central airstone. This ensured the rapid distribution of heated water throughout the test tank 

within 2 seconds. Temperature was simultaneously meas ured in the centre and edges of the tank. 

The CTMax for each fish was reco rded as the temperature at which loss of equilibrium occurred . 

The fish were then returned to water at the respective acclimation temperature to recover. 

CTMax tests at each acclimation temperatu re were perfo rmed at two rates of increase, 0.3 and 

1°C min" , respectively . All tests were performed in duplicate (n = 10 fish). 

Starisicai analysl's 

Statistical analyses of the growth data was cond ucted acco rding to the methods described in 

Chapter 2. CTMax values for ind ivid ual fish in each of the re pli cates, acclimation temperature 

and heating rate were compared using a one-way ANOYA. CTMax for each accli mation 
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temperature and rate was then calculated as the arithmetic mean from observation of 10 fish. 

Linear regression analyses was applied to establish the relationship between acclimation 

temperature and eTMax for the respective heating rates of 0.3 and l.Ooe min". Slope of the 

regressions were compared by analysis of covariance (F-test). 

[xptrimtnlld 
Aqu&ria (SOL) 

. . .............. .. ....... . . 

filler Sv£Lem 
(30L) 

Sbtll BuICer/ 
I! j ~lo,j e .1 filtH 

AirltO[H 

Figure 3.1: The experimental unit used to establish the effect of temperature on the growth of 

juvenile spotted grunter (Pomadays commersonlzii). The arrows indicate direction of water flow. 

Results 

Effect of temperature on growth Tate 

Temperature was found to have a highly significant (P< 0.01) effect on growth, condition factor 

and food conversion of juvenile spotted grunter (Table 3.1) . Growth, expressed as weight gain 

over time, was found to increase rapid ly from the lowest temperature (20.5°C) to 24.5°e (Fig 

3.1). Above 24.5°C there was no significant improvement in weight gain (Fig 3.2) or Specific 

Growth Rate (Table 3.2) . The highest condition factor of the fish was recorded at 22.5°e, 

although it did nOI differ significantly from the condition of fish at 24.5°C (Table 3.2). The 

condition of the fish was, however, significantly lower at the lower and upper extremes of the 

temperature range (Table 3.2). Food conversion ratios were similar at all temperatures except 

at 20.5°e, where a significantly (P<O.Ol) higher FCR was recorded (Table 3.1 & 3.2). 
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Table 3.1: Summary of one·way ANOYA tests of the effect of temperature on the growth 
performance of juveni le spotted grunter, Pnma!/n.,)'s cnmmersonllii. 

FACTOR F·RATIO D.F. SIG. LEVEL 

Temperature: 20.5,22.5,24 .5,26.5 & 28.5°C 

Condition factor 12.070 4 0.0000 

Food conversion ratio 45.722 4 0.0004 

Specific growth rate 7.937 4 0.0000 

Table 3.2: Tukey's Multiple Range Analyses' of the effect of temperature on the condition 
factor, food convers ion and growth of juvenile spotted grunter , Ponw!/asys commersollnii. 
Superscript letters (a,b & c) indicate homogenous groupi ngs of means. Temperature treatments 
that share any common letter are not significantly different fmm one another (P<0.05) 

Growth parmnctcl' Tcmperature (0C) Tllkcy HSD 
Average 

Cond ition factor 20.5 0.65065'b 

22.5 0.66873' 

24.5 0.66070h
, 

26.5 0.64368' 

28.5 0.64328' 

Food conversion 20.5 2.46495" 

ratio (FeR) 22.5 1.58635h 

24.5 1.46273h 

26.5 1.51714' 

28.5 0.64328" 

Specific growth 20.5 0.71823' 

rate (SGR) 22.5 1.22994' 

24.5 4.46579" 

26.5 4.73737h 

28.5 5.31598" 
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Figure 3.2: The effect of temperature on the weight gain of juvenile spotted grunter, Pomadasys 
commersonnii. Each datum for20.5°C CO), nyC CD), 24.5'C C-), 26.5°C ce) and 28.5°C 
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Figure 3.3: The effect of acclimation temperature and heating rates of 0 .3 C-) and l.O°C min" 
ce) on the crit ical thermal maximum CCTMax) of juvenile spotted grunter, Pomadasys 
commersonnii. Each datum is the arithmetic mean of 10 fish and the vertical bars are standard 
deviations. 
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Thermal resislllnce 

The CTMax of juvenile spotted grunte r was significantly affected by acclimation temperature and 

heating rate (P < 0.05) (Fig 3.3). Increasing acclimation temperature resulted in significantly 

higher (P< 0.05) values of CTMax at both heati'ng rates (0.3 and 1°C min'!)(F ig 3.2). The 

relationship between acclimation temperature and CTMax was found to be linear regardless of 

heating rate (Fig 3.2). However, the slopes of the linea,' regress ions of acclimation temperature 

and CTMax for 0.3 and 1°C min'! were found to be significant ly different. Values of CTMax 

determined at a heating rate of I,O °C min'! at each acclimation temperature were significantly 

highe r than those determined at a rate of 0.3 °C min'! (P<0.05). 

Discussion 

The effect of temperature is predominant ly man ifested through its control of the rate of chemical 

reactions (Fry, 1971), As fish are obligate poikliotherms, their metabol ism is temperature 

dependent, with ambient wate r tem pe,'ature controll ing molecular activat ion of the metabol ites 

and enzyme systems . As temperature is the principal factor contro lli ng metaboli sm, and therefore 

activity, investigation into this environmental factor must precede all others. The optim um 

temperature for gf'Owth is thought to correspond to the temperature at which all physiological and 

biochemical reactions a,'e optimal. Determination of the optimum temperature for growth, 

therefore, serves as a basis upon which the effects of all other factors can be examined , 

The metabolic and physiological activities of juvenile spotted grunter were undoubtedly regulated 

by temperature. Optimum gf'Owth, condition and feed conversion were observed at 24.5°C, At 

20.5°C the growth ane! condition of juvenile grunter was 38.4% and 2.7% lower than at 24.5 °C, 

respectively. Food conversion was 59.3% higher at 20.5°C than at 24,5°C. At 22.5°C growth 

was slightly , though not significantly better than at 20.5 °C although cond ition factor and feed 

conversion were significantly better. Above the optimum temperature there were no fu rther 

improvements in gro,,"'lh or food conversion , but there was a significant loss in cond ition, This 
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suggests that the high temperature tolerance of grunter is incurred at high metabolic cost. 

However, the highest temperature tested in this experiment was not suffic iently high enough to 

be detrimental to growth. It is concluded that juvenile grunter should be successfu lly reared in 

water temperatures of24-28'C, with opt imum growth at 24.5'C. 

The optimum temperature fa,' growth of24.5'C forjuvenile grunter fell within the zone of final 

preference 24-25'C determined by Deacon and Hecht (\995) . These results provide further 

confirmation that observation of behavioural thermoregulation is a valid method of establishing 

the zone of final thermal preference and therefore the opt imum temperature for growth. 

Furthermore, knowledge of both the optimum temperature for growth and the final preferendum 

provides an ieleal base to assess altemative methods of determining the fina l preferendum. 

Tsuchida (1995) suggested that dete rm ination of the CTMax provides a feasible alternative to 

temperature preference studies for determining the final thermal preferendum. Correlation of the 

CTMax with the final preferenda of 14 marine fish species resulted in a highly significant 

relationship between these responses. The correlation describes a linear functions as follows: 

CTMax = 0.74\ fP + \7. \04 (r = 0.973) (Tsuchida, \995). 

On the strength of this correlation it was implied that the final preferendum could be calculated 

from an est imate of the CTMax (Tsuchida, \ 995). As the relationship between acclimation 

temperature and CTMax is linear, it is not clear from Tsuchida's ( \995) discussion how a single 

value of CTMax parameters would be obtained for substitution in to the relat ionsh ip. Substitu tion 

of random values of CTMax into Tsuchiela's (1995) relationship wi ll provide a range of 

temperatures which mayor may not correspond with the final preferendum. 

The critical therma l maximum of juvenile spotted grunter was found to be highly dependent on 

acclimation temperature ir respective of whether the heating rate was 0.3 or \ .O'C min" . An 

increase in acc limation temperature resulted in a linear increase in CTMax. This relationsh ip is 
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consistent with the response observed in other species (Becker & Genoway , 1979; Job ling, 1981; 

T suchida, 1995; Kita ef at., 1996). Si nce there is no po int of inflecti on, at least w ithin the zone 

of tolerance , it is not poss ib le to detel'mine a fin ite value for CTMax . Fu rthermore, the CTMax 

at anyone accli mation temperature is dependent on the heating rate . In juvenile spotted grunter 

th e CTMax of fish accli mated to 24 °C was 1.65'C higher at a rate of 1°C min'l than that at 

O,3°C min'l In addition, the re spective regress ions of acclimation versus CTM ax for the two 

rates (O,3°C and I ,O°C min") were significantly different. Therefo re the error between the 

di ffere nt heating rates is also inconsistent. Ultimately the difference in CTMax in relation to 

accl imation temperature and heating l'ate prevents any re li able calcu lation of final preferendum, 

For example, in juven ile spotted grunter accl imated to 20 ' C, the mean CTMax values determined 

for heating rates of 0.3 and 1.0 ' C.min" were 33.6 and 35.8° C, respect ively. The mean CTMax 

values for fi sh acclimated to 30'C were 38.7 and 39.5 ' C for heati ng rates of 0 ,3 andl.O°C.min' 

',respecti vely. If these CTMax values al'e su bst ituted into Tsuchid a's (1995) equation the 

estimate of the final thermal preferendum cou ld range between 22.3 and 30.2 ' C depending on 

acc li mat ion temperatlll'e and heating rate. However. tempe rature preference studies and growth 

trials indicate th e final preferendum fo r juven ile spotted grunter to be 24.5'C (Deacon & Hecht, 

1995; 1996), 

In thi s study juvenile spotted grunte r were acc limated to four different temperatures including one 

(24'C) which corresponded to the fina l preferendum. In an attempt to estab lish how Tsuch ida 

(1995) calculated the final prefel'end ull1 from CTMax data . the res pective CTMax values 

determ ined at each accl imation temperature and heating rate for juvenile spotted grunter were 

consecutively substituted into the relationship. It was found that o nly the CTMax value 

determined from fi sh acc limated to 24'C at a heating rate ofO.3'C mi n" correlated with the final 

preferendum. Substitution o f thi s va lue into the relationsh ip resulted in a calcul ated final 

prefe rend um of 25. 03°C. Thi s ag rees well with the final preferendum (24 - 25°C) determined 

from stud ies of behavioural th ermoregulation and the growth optimum of 24.5 °C . 
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Kita ef al. (1996) obse t- ved a sim ilar relationship between acclimation temperature, CTMax and 

final preferendum in rock fish, SebasficlIs marmorwlIs. However, the CTMax values determined 

at an acc limat ion temperature of 20°C for SebasficlIs martllOrafllS were compared with those 

calculated from a final preferendum value of 20.rC (K ita el al., 1996). Perhaps comparison 

of CTMax values at 20.rC, determined from the regression of these parameters against 

acclimation, would have given a more accu rate estimate of the fi nal preferendum. In any case, 

accu rate calculation of the final preferendum from CTMax and/o r lethal temperature data seems 

to require an independent estimate of the final preferendum. Using a preliminary esti mate of 

final preferendum determined fmm a behav ioural study, CTMax can be determined 

experimentally from fish acclimated to a temperature which corresponds to the theoretical final 

prefe rendum. Alternative ly the corresponciing CTMax and lethal temperature va lues can be 

obtained from regression of accli mation ve rsus CTMax and/or lethal temperature. The accuracy 

of the final preferend um fml11 both approaches can be validated by compari son of experimental 

and calculated esti mates of CTMax and lethal temperature or by back calculation of the final 

preferendum. 

In juvenile spotted grunter a signi ficant difference was found between CTMax at the two heating 

rates (0 .3 and I.O °C mitl"). However, an accurate estimate of CTMax can only be obtained by 

using an appropriate heating rate. Becker and Genoway (1979) suggested that CTMax should be 

determ ined at moderate heating rates to prevent discrepancies between deep body and exposure 

tem perature_ Higher va lues of CTMax at the faster heating rate ( I .O°C min-') in juvenile grunter 

may ind icate a lag between deep body and exposure temperature , thereby support ing thi s 

observation. It has also been observed that at rapid heating rates , slight variation in measurement 

of CTMax endpoints (i.e. defining the point of loss of equil ibrium) result in differences of 

CTMax wh ich may exceed 2°C (Becker & Genoway, 1979). This can create errors in the 

regression analyses and result in unreali st ic values of CTMax. In testing the effect of different 

heating rates (1, 6, 18,30 and 60°C h-') on juvenile coho salmon (Oncorhynchlls kist/fCh) and 

pumpk inseed sunfish (Leflomis gihbo.l'IIs), Becker and Genoway (1979) recommended a heating 
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rate of 18 °C h'l (O.3°C min' I). This rate was cons idered optimal as deep-body temperature 

parallelled test temperatures, but at the same time did not allow for compensation by acclimation. 

The use of a heating rate of 0.3°C min· 1 for dete rmination of CTMax for juvenile grunter 

provided an accurate estimate of the final preferendum. Kita ff al. (1996) also obtained good 

estimates of CTM ax fOl' SehusliclI.\· murmorlllllS using a heating rate of SoC h·1 It is therefore 

concluded that heating rates of 0.1 - 0.3 °C min'l should be appropriate for determining CTMax 

values for confirmation of the final preferendum. 

To summarize, optimum gro\\1h, condition and food conversion of spotted grunter were observed 

at 24.5°C. This correspondeci with the zone of thermal preference (24 - 25°C) determined by 

observation of thermoregu latory hehaviour (Deacon & Hecht, 1995), An evaluation of the 

CTMax method of determining the fina l preferendum (Tsuchida, 1995) revealed that th is 

approach relies on a preliminary value of the final preferendum for furth er data analyses. The 

CTMax method does not therefore constitute an independent method of determining the fina l 

preferendum. However, ifused in conjunction with temperature preference studies, CTMax data 

could provide confirmation of the final preferendul11 on purely physiological criteria. The 

determinat ion of CTMax is not subject to the same experimental biases as studies of behavioural 

thermoregulation. However, the accuracy of CTMax data is dependent on the use of an 

appropriate heating rate, The combinat ion of studies of behavioural thermoregulation and the 

CTMax method could e li minate the need for growth experiments testing the effect of temperature . 
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Chapter 4 

The effect of photoperiod and light intensity 

Introduction 

Light has been impl icated as a major env ironmental factor influencing the endogenous cycles of 

metabolism and activity in fish and other organi sms (Fry, 1971) , Photoperiod and light intensity 

are important components in the complex of environmental cues or "zeitgebers" which 

synchro ni se the physiological and activity rhythms of fish (Schwassmann, 197 1). Primar ily they 

cont rol the periodicity of endogenous rhythms, such as gonadal maturation (Hanyu & Razani, 

1985), but may also d irectly influence the behaviour of fish. The presence of cycli c diel activity 

patterns have been recogn ised in both freshwater and marine fish species (Reynolds & Casterlin, 

1976; Reynolds, 1977) . The domi nant factor influencing daily activity pattern is the imposed 

light-dark reg ime (Schwassmann. 1971) .. while the locomotor activity observed wi th in this pattern 

is determined by the ambient light in tensity (Reynolds & Casterli n, 1976). Since the energy 

requirement of fish is directly related to activity, an understanding of the effect of photoperiod 

and light intensity is critical when stri vi ng to maximise gro;vth of fi sh under culture conditions. 

The role of photoperiod on reproductive cycles has been extensively stud ied (Hanyu & Razan i, 

1985). However , its effect on growth is not ful ly understoocl (Tandler & Helps, 1985) . While 

many authors recommend a continuous light regime for the rearing of marine fi sh larvae (Tandler 

& Helps, 1985 , Duray & Koh no . 1988), little is known of the effect of photoperiod on the 

growth of juven il e fi sh. Research in to its effect on juven ile freshwater and anadromolls fish 

suggests that the response is spec ies spec ific. In their study of ju ve nile (l.5g) Percaj/llvescens, 

Hu er 01. (1976) found that growth rate was nearly three times greater with 16h than with 8h 

light. Similarly .. Gross er !II. (1965) found th at the growth and food conversion effic iency of 

Lepomis cyanel/lis were higher at 16L:8D than 8L: 16D. Meske (1985) examined the effect of 
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photoperiod on the survival and growth of three freshwater species, common carp (Cyprinus 

carpio), wels (Siluris glanis) and ee l (Anguilla anguilla). Eel were found to grow best under a 

light regime of 12l: 120, but no photoperiod effect was recorded for carp and wels, of which 

the latter is a nocturnal feeder. The growth of juvenile wa lleye (Slizo."edian vilreum) , another 

nocturnal predator, was also found to be independent of photoperiod (Hu el al., 1976). Juvenile 

African catfish (Ciarias gariepinlls) are negatively phototaxic and have been found to disp lay 

maximum growth under conditions of continual darkness (Britz & Pienaar, 1992). 

It is generally accepted that m:lrine fish larv:le are positively phototaxic and that feeding is greatly 

facilitated by high li ght intensities. As they are visu:ll hunters, acuity of vision and searching 

volume are governed by a th"esho ld in light intensity below which feeding and spontaneous 

swimming do not occur (Blaxter, 1968; 1973 ; Tandler & Mason, 1983). However, the scotopic 

(dim-light) vision of most marine teleosts develops during their metamorphosis from larvae to 

juveni les (Hu el al., 1991). This may be accompanied by a change of feeding behaviour. For 

example, Marlivae (198 1) found that the larvae of soft sculp in (Gilberlia sigalules) fed visually, 

but after metamorphosis shifted from visual to "distant touch" feeding behaviour and from 

twilight to noctul'l1al feeding. Research on Spal'lls (Rhabclosargus) sarba indicates that scotopic 

visual acuity develops progressively during the early juvenile stage (Hu el al. , 1991). Young 

juvenile Sparus (Rhabdosarglls) sarba (TL: 12-1 Smm) were unable to feed under dark conditions, 

whereas larger juveniles (Tl: 30-40mm) actively fed during this period. Unfortunately there is 

no record of the light intensity uncler which the experiment was performed. 

The spotted grllnte r has been described as an estuarine dependent species as its life cycle is 

characterised by a mm'ine larval phase followed by a wholly estuarine juvenile phase (Whitfield, 

1990). As the la,'vae are pe lagic it can be assumed that they, like most other marine fish larvae , 

are visual p,'edators ancl are therefore photopositive. Juvenile grunter , on the other hand, feed 

on benthic invertebrates (L. Makesel:l, Department of Ichthyology and Fi sheries Science, Rhodes 

University. pers. comm) and may not necessarily be visual p,'edators, especially when considering 

38 



the variation in turbidity of the estuaries in which they occur. Since turbidity drastically reduces 

the penetration of light into water, indi viduals liv ing in very turbid systems survive under a very 

different light intensity regime compared to those in clear estuaries. This suggests that light 

intensity is not an important factor in the survival of juvenile spotted grunter. The indifference 

of juvenile grunter (78-1 04mm) to various levels of turbidity supports this theory (Cyrus, 1984) . 

However, it is still uncertain whether fish respond to turbidity per se or to the associated 

reduction in light intensity (Cyrus, 1984). 

Under artific ial conditions juvenile grunter are most active under high light intens ities (Deacon 

& Hecht, 1995), whereas larger grunter (50-2390g) are most active at night (du Preez el al., 

1986). This would suggest that development in this species may be accompanied by a shift from 

positive to negative phototaxis. Tn other species which inhabit turbid waters, for example the 

walleye (Slizosiediall l'ilrellm) , a gradual sh ift from positive to negative phototaxis is observed 

as larvae develop into juveniles (Bu lkowski & Mead, 1983). Larval walleye of between 1 and 

3 weeks old show a mal'ked p,'efe,'ence for a high light intensity (7800 lux), whereas juveniles 

of 35 to 40mm actively seek shelter f!'Om light. Light intensity preference studies performed on 

juvenile spotted grunter indicate a simi lar response to that of walleye, Burton (1995) found that 

juvenile grunter consistent ly selected the darkest area of a light grad ient, even when there were 

only slight differences in light intensity. However, it remains to be established whether light 

intensity preference is a re liable indicator of a species' light intensity requirements. 

Overall, the effects of photoperiod and light intensity on growth, in marine as well as freshwater 

fish, indicate that knowledge of the natural history and ecology is vital to understand a species' 

response to light. Stomach content analyses of juvenile spotted grunter captured from its natural 

environment suggest that it feeds both during the day and night (A. Paterson, Department of 

Ichthyology and Fisheries Sciences , Rhodes University, pers. comm.), while under captive 

conditions juvenile gnlnte r were found to be most active during the light phase, remaining almost 

stationary at night (Deacon & Hecht, 1995). This is contrary to the pattern of activity observed 
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in larger (SO-2390g) spotted gnmter (du Preez N aI., 1986). The conflicting nature of these 

observations reveals no clue to the light requirements of this species or the importance of light 

as an environmental factor. 

Considering the powerful directive nature of photoperiod and light intensity, this investigation 

of these two components of light was undertaken to estab lish their influence on the growth 

performance of juvenile spotted grunter and to determine the cond itions which promote maximum 

growth and survival. 

Material and Methods 

Photoperiod grml'lh frial 

The 40 L experimental tanks were arranged on three tie r's with three tanks per tier. Each tank 

was stocked with eight fish . Ini tial length and weight of the fish were IOS.2 ± 9.6mm and 16.18 

± 4.72g, respectively. Photoperiod in each tier was controlled by a separate time switch set to 

16L:8D, 12L:12D and 8L: 16D resrectively. Each tier was sealed on fi ve sides with black 

polyethylene sheet ing (250 micron) and thick black curtains were hung in front. This excluded 

all extraneous light and prevented light filtering between the tiers. Each compartment was lit by 

a single Biolux fl uo rescent tube (3ft) providing a light intensity of ISOO lux at water surface. 

During the dark period light intensity was < 2 lu x. Water quality parameters remained optimal 

throughout the exper imental period . The growth tri al was conducted over a period of six weeks . 

Fish were fed three times daily to satiat ion 011 the standard semi-moist pelleted diet during the 

hours of light. 

Ughl inrensiry gro lvrlz frial 

The tanks were arranged on three tie r's with thl'ee tanks per tier. Each tank was stocked with 

eight fi sh. In itial length and weigh t of the fish were 98 ± 6.7mm and 14 .62 ± 2.79g. Light 

intensity in each tier was controlled at 6.3IxI0·' (high). 1.9SxlO·j (intermediate) and 2.32xJ()4 
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/LE.sec·'.cm' (low), respectively. This was achieved by altering the number of fluorescent tubes 

(OsgramR 1 m Biolux) per tier. Sections of the tubes were shie lded to ensure homogeneity of light 

intensity to each tank. Light intensity was meastll'ed in quanta.sec·'.cm' with a Biospherical 

Instruments QS L-l 00 Laboratory Quantum Scalar I rradiance Meter. Quanta. sec''. cm' were 

converted to microeinsteins/second/cm' (/LE.sec·'.cm') by dividing by 6.D22xlOl7 (QSL-IDD 

Instruction Manual). Biolux" fluorescent tubes deliver light in the wave length range of 520-

750nm. Each tier was sealed on five sides with black polyethylene sheeting (250 micron) and 

thick black curtains were hung in front. This excluded all extraneous light and prevented light 

filtering between the tiers. Photoperiod was set to a 14L: 10D cycle with the dark period light 

intensity falling to below 2 lux in all tiers . Water quality parameters remained optimal 

throughout the experimental period , with nitrite levels remaining below D.1 mg/L and unionised 

ammonia remaining below 0.02 mg/L. The experiment was conducted over a period of 8 weeks. 

The fish were fed to sat iation three times daily on the standard semi-moist pelleted diet during 

the hours of light. 

Res ults 

Effecr oj pllOroperiod 011 grOlvrh rare 

Modified photoperiod had a sub tle influence on the growth performance of juvenile P. 

commersonnii. Weight gain at day lengths of S, 12 and 16 hours were not significantly different, 

although a slightly lower weight gain was observed in fish kept under the Shr light reg ime (Fig 

4. 1). This trend was also reflected in the specific growth rate of fish in th is treatment (Table 4. 1 

& 4.2). However, the fi sh kept at 12L: 12D had a sign ificantly (P< 0.01) higher condition factor 

than those kept at longer or sho rter photoperiods (Table 4.1 & 4.2). Photoperiod had no 

significant (P> 0.05) effect on FeR (Table 4.1 & 4.2). 
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Table 4.1: Summary of one-way ANOYA tests of the effect of photoperiod on the growth 

performance of juvenile spotted grunter, POl11adas),s COll1l11ersol111ii. 

FACTOR F-RATIO D.F. SIG. LEVEL 

Photoperiod: 8L:160, 12L:120 & 16L:16D 

Condition factor 17.947 2 0.0000 

Food conversion ratio 0.999 2 0.4222 

Specific growth rate 0.596 2 0.5518 

Table 4.2: Tukcy's Multiple Range Allalyses' of the effect of photoperiod on the condition 

factor, food conversion and growth of juveni le spotted grunter, Pot/1odasys cOl17l11ersonnii . 

Superscripts (a & b) indicate homogenous grouping of means. Photoperiod treatments which 

share any common superscript are not significantly different from one anothe r at P<0.05. 

Gro\\'th parameter Ph otoperiod (HI'S) TlIkcy /lSD 

AYerage 

Condition facto r 8L: 160 0.62842" 

12L:12D 0.65637" 

l6L:8D 0.62842" 

Food conversion 8L: l6D 1.60995' 

ratio (FCR) 12L: 120 1. 84874' 

16L:80 1.89989" 

Specific growth 8L: 160 1.35774" 

rate (SGR) 12L: 12D 1.42029" 

l 6L: Sf) 1.45633' 
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Figure 4.1: The effect of photoperiod on the weight gain of juvenile spotted grunter, Pomadasys 

commersonnii. Each datum for 8L:16D CO), 12L:12D C.) and 16L:8D ce) is the mean of In 

weight Cg). 

18 

15 
..---. 

QD 12 
'--" 

+-' 
..c: 9 
QD ....... 
Q) 

6 ~ 

3 

0 

0 2 4 6 8 

Week 
Figure 4.2: The effect of high, 6.31x1O"')lE.sec·'.cm2 Ce); intermediate, 1.95xlO·3)lE.sec·'.cm2 

C.) and low ,2.32x)()4)lE.sec·'.cm2 CO) light intensity on the weight gain of jU\ienile spotted 

grunter, Pomadasys cOirunersonnii. 
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EffeCl oj lighr i11l1'Ilsiry Oil RrOlvrh 

Light intensity was found to have a significant effect on the growth and survival of juvenile 

spotted grunter. Mortality of fish exposed to the lowest light intensity (2 .32x 10" )lE. sec· '.cm,) 

was significantly higher than at either the intermediate (1. 95x I 0" )lE. sec". cm') or high (6.31 x J(j 

' )lE.sec·'.cm2
) light intensities (Table 4.3 & 4.4). Compar ison between growth rates at each of 

the treatments indicated that the growth of fish in the lowest light intensity was significantly lower 

than that of fish under intermediate and high light intensity (Table 4.3, 4.4 & Fig 4.2) . In 

addition, the rate at wh ich the fish consumed food was significantly lower at the lowest light 

intensity than that observed in the higher light intensities (Table 4.3 & 4.4). Surprisingly, this 

did not affect food conversion ratio, which was similar in all treatments (Table 4.3 & 4.4). 

However, protein efficiency ratio of fish at the low light intensity was poorer than at the other 

intensities, although not significantly so (Table 4.3 & 4.4). On the other hand, the condition 

factor of fish at both high and low light intensity was similar, although both were significantly 

lower than that of fish uncler an intermediate light intens ity (Table 4.3 & 4.4). 

Table 4.3: Summary of one-way ANOYA tests of the effect of light intensity on the growth 

performance of juven il e spotted grunter, !'Oll1l1dllSYS cO/ll1l7l'rsol"lnii. 

FACTOR F-RATI O D.F. SIG. LEVEL 

Light intensi ty: 2.32x 10" . 1.95x10·' & 6.31x10' )lE.sec·'.cm2 

Condition factor 17.264 2 0.0000 

Food consumpt ion 7.330 2 0.0016 

Food convers ion ratio 0.8 10 2 0.4511 

Mortality 5.333 2 0.0467 

Protein effic iency rat io 2.553 2 0.0891 

Speci fic growth rat e 3.366 2 0.0356 
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Table 4.4: Tukey's Multiple Range Analyses' of the effect of light intensity on the condition 

factor, food consumption, foocl co nversion. survival, growth and protein efficiency ratio of 

juvenile spottecl grunter, POlllai!asys collllliersonllii. Supersripts (a & b) indicate homogenous 

grouping of means. Light intensity treatments which share any common superscript are not 

significantly different from one another at P < 0.05. 

Growth parameter Light intensity Tul<ey HSD 

(ILE-sec'[ .cm') Average 

Condition factor 2.32xl0·4 0.85268' 

1.95xI0' 0.93107" 

6.31 x 10.3 0.86317' 

Food consumption 2.32x 1 0.4 5 .75348' 

1. 95x I 0.3 8.25614" 

6.31xI0·' 8.38961" 

Food conversion 2.32x I0·'[ 2.17232' 

ratio (FCR) 1.95xl0·' 2.11646" 

6.31xI0·' 2.77211' 

Mortality 2.32x 10'" 20.8333' 

1.95xl0·' 4.16667" 

6.31xI0··' 4 . 16667" 

Protein efficiency 2.32x 10'" 1.53929' 

ratio (PER) 1.95xl0·' 1.96814' 

6.31xl0·' 1.32526' 

Specific growth 2.32xl0·4 1.46036' 

rate (SGR) 1.95xI0·' 1. 85460" 

6.31x 10" 1.85822" 
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Discuss ion 

Photoperiod had a var ied effect on the measured growth performance parameters of juvenile 

spotted grunter. Growth rate was not significantly affected by the manipulation of photoperiod . 

However, fish kept under a 12L: 120 regime showed a significantly higher condition to those 

under extended or protracted photoper iods. The combination of a sl ightly depressed growth rate 

and the lower condit ion of fish kept under 8L: 16D suggests that juven ile grunter are 

predominantly diurnal. The equally low condition of fish kept under the extended photoperiod 

(16L:80) might suggest that the feeding regime, and therefore rat ion, was not sufficient to 

compensate for the associated increase in activity. The slight, although not sign ificant, 

improvement in food conversion ratio lends some support to this observation . On the other hand , 

Kiyono and Hirano ( 198 1) found that, even when fed ad libilUIIl, juven ile black porgy (Mylio 

macrocepiJlllus) did not consume mOI'e food under a 24 hou l' light photoper iod. Assuming that 

the addit ional food is eit llcr not consumed, or is channelled into non-productive energy by 

juvenile mari ne fish under extended photoperiods, it is concluded that there is no advantage in 

growing juvenile gruntel' under modified photoperiods. This fi nding is consistent with research 

on the effect of ex tended pllOtoperiod on the growth of other juvenile marine fish (Fuchs, 1978, 

Kiyono & Hirano, 198 1) . 

Most of the research into the effect of light intens ity on the growth of marine fish has been 

undertaken on larvae. However , there is a paucity of knowledge with regard to its effect on later 

life-history stages. Light intensity has been shown 10 have a profound effect on other fish, in 

particular ~almo nids (Kwain , 1975; Mitchell. 1986 in Stefansson ('I aI., 1993). Besides its ef fect 

on smolt i fication, both high and low light intensities have been found to have a negative effect 

on the growth of some species. For examp le, under dim conditions « 0.2 lux) growth rate of 

chinook salmon (Oncorhynchus Isi/(/wylsc//(/) and ra inbow trout (0. mykiss) were significantly 

reduced (Kwain , 1975). On the other hand , Mitchell (1986 in Stefansson er aI. , 1993) found 

reduced growth in juveni le Atlant ic salmon (Sallllo solar) at 300 lux, whereas intensities between 
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0.3 and 30 lux did not significantly affect growth. However, in contrast to Mitchell's (1986 in 

Stefansson et. ai., 1993) observations, a later study found that even the highest light intensity 

(715 lux) did not reduce growth or appear stressful to the fish (Stefansson el al., 1993). This 

discrepancy was thought to arise as a result of variation in environmental conditions, such as 

water temperature, fi sh size and pretreatment history. between the two experiments. This 

suggests that the effects of light intensity are sens itive to interaction between environmental 

factors. In this study on juvenile spotted grunter, key env ironmental factors, such as water 

temperatme, photoperiod, salinity and feeding frequency, were kept constant at the optimum 

levels throughout the experiment (Buss iahn, 1992; Deacon & Hecht, 1996; Deacon & Hecht, in 

press) . 

Another potential source of discrepancy between light intensity stucii es is cierived from the 

manner in which light intensity is measured. The use of photometric units, in pat'licular lux, for 

recording light intensity is not strictly accurate as they only measure the relative illuminance of 

white light and therefore ignore other visib le incident wavelengths (Weinberg, 1976). Since the 

sensitivity of an animal to light is ultimately dependent on the wavelengths its visual pigments 

absorb, measurements of inte nsity should he conducted within the relevant range. In fish , age 

related changes in retina structure, such as thc reduction in certain cone photoreceptors, have 

been shown to coincide with changes in feeding behaviour (Loew el aI., 1993). Loss of near 

ultraviolet (UY) retinal cone receptors containing a peak absorbance of arou nd 400nm in larval 

and juvenile perch (Percaj/avescells) is concomitant with a change in feeding behaviour from that 

of a surface planktivore to a demersal omnivore. Adult perch have no UV sensitive cones and 

instead ha~e retinal pigmcnts with peak absorbanccs around 550 and 680nm, respectively 

(Cameron, 1982 in Loew 1'1 III., 1993). A similar change has also been observed between 

juvenile and adult brown trou!. Sallllo IrlllW (Bowmaker & Kuntz, 1987). However, in adult trout 

the number of UY cones is reduced btlt not totally absent. Prey capture studies on juvenile perch 

show that visua l detect ion, recognition , loc8tion and capture of natural food can on ly occur in 

the presence of near-UY light (Locw 1'1111., 1993). This suggests that the effect of light intensity 
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on any particular species is a function of the wavelength spectrum provided by the light source 

and the age of the animals . The visual spectrum of fish ranges between 385 and 700nm with 

most fish having maximum spectral absorbance at around 500nm (Hobson et al., 1981; Huang, 

1989; Loew el ai. 1993). The l ight source used in this experiment on juvenile spotted grunter 

provided a wavelength spectrum in the range of 520-750nm with peaks at around 540 and 620nm. 

This spectrum encompasses most of the wavelength range to which fish visual pigments have 

been found to be most sensitive. However , the shorter wavelengths were not provided by this 

light source. In fi sh, such as perch (Perca .//tll'ialilis) and the black porgy (Acanthapagrus 

schlegeli) , which commonly inhabit poor photic conditions addi tional peak spectral absorbances 

also occur in the 550-680nm ranges (Cameron, 1982; Huang, 1989) . Since juvenile spotted 

grunter in the size range used in this experiment are found in highly turbid water it is likely that 

they also possess ret inal pigments requ ired for sight under poor phot ic conditions. However, this 

is not known for certain. Nonetheless, as all light intensity treatments were subject to the same 

wavelength spectrum , any differences in growth performance could not be the resu lt of 

differences in availahle visible light. However. it seel11s that the effects of l ight intensity should 

be interpreted in conjunction with light wave length spectra, especially when conducting research 

under artificial light. furthermore, light intensity l11eaSUI'el11ents should measure the incident light 

energy within thi s range to establish the actual effect of intensity . Measurements of quanta (in 

I'E.sec· l .cm2
) seem the most suitable as quantul11 sensors usually measure the total number of 

quanta in light ranging from 350-700nl11 (Weinberg , 1976). 

Despite the use of a lil11ited, and possibly not ideal, wavelength spectrum, light intensity still had 

a significant effect on the su rvival ami growth perforl11ance of juvenile spotted grunter. Very low 
'. 

light intensity proved to be detril11ental to feeding, growth, cond ition factor and mortality. This 

is surprising as in its natural envi ronment the spotted grunter is commonly found inhabiting 

highly turbid condit ions (Ter Morshuizen 1'1 (/1., in press). In add ition , observation of grunter 

in vari ous light intcnsity graclicnts incl icated that grunter were sens iti ve to, and able to 

discriminate even slight (> I lux) changes in intensity (Burton, 1995). 1n al l gradients grunter 
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consistently selected the darkest region (Burton, 1995). From their stud ies of si lver carp 

(Hypophrhalmichrhys molill'ix) Radenko and A limov (1992) suggested that the preferred light 

intensity of larval carp corresponded well with the optimum light intensity for growth. Our 

observations, however, ind icate the contrary as fish at the prefelTed (lowest) light intensity 

showed the poorest performance. In acldition. there was a significantly higher mortality under low 

light conditions. 

The detrimental effect of low light intensity on fish is most often thought to be caused by a 

reduction in feecling efficiency, especially amongst species which are visual predators. For 

example, the reduced growth rate of rninoow trollt O. II/ykiss at 0.2 lux was attributed to the fish 

being unable to see clearly (Kwain, 1975). Brett ancl Groot (1963) presented evidence that 

feeding activity of coho salmon (0. kis/./Ich) would be significant ly reduced at intensities lower 

than 0.1 lux. The response of juvenile spotted grunter to low intensity is consistent with the 

conclusions ofKwain (1975) and Brett and Groot (1963) as food intake was significantly reduced 

under dim conditions. On the other hand, oxygen consumption studies of larger spotted grunter 

(50 - 2390g) indicate that this species is most active uncler low light intensities (du Preez el al., 

1986). In addition, large grll ntci' are most frequently caught by anglers at night. This suggests 

an ontogenic response to light with scotopic visual acuity developing progressively during the 

juvenile stage. This has been observed in Sparlls (Rhahdosarglls) sarha, where early juveni les 

(TL: 12-15mm) were unable to feed in the clark, whereas largel' juveniles (TL: 30-40 mm) 

actively fed during this period (Hli tI ai., 1991), However, the response of juvenile Sparus 

(Rhahdosorglls) sorha is similar to that observed in marine IIsh larvae, Feeding and spontaneous 

swimming activity in marine larvae is governed by a threshold light intensity below which neither , ' 

of the activities occur (Blaxter , 1968; 1973; Tandler & Mason, 1983) . Since juvenile grunter 

were able to feed, although not effecti vely , at the lowest light intensity it is unlikely that the 

reduced feed intake was the result of poor visual acuity. This suggests that some other factor, 

possibly altel·~ltion in behaviour. was the cause of the reduced growth and higher mortality of 

juvenile spotted grunter at the low light intensity. 
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In addition to high mortality rate ancl poor growth performance, fish kept under dim conditions 

were in poor condition and many of them exhibited fin erosion and sca le damage. Since all fish 

were not affected similarly and fi sh at intermediate and high light intensity showed none of these 

symptoms, it is possible that the poor external condition of these fish was caused by an increase 

in agonistic behaviour. This, however, could not be confi rmed under the current experimental 

conditions. Inappropriate light intensity has been found to increase aggression and metabolic 

stress in Atlantic salmon, although for this species it is caused by high light intensity (Mitchell, 

1986 in Stefansson el al. , 1993). For juvenile grunter , high light intensity had no significant 

effect on growth. food conversion. or mOl'lality , but, condition factor was as low as that of fish 

kept under dim conditions. This can also be attributed to a change in behaviour. Fish in the 

highest light intensity exhibited increased swimmi ng activity and generally remained in close 

proximity to each other which is unusual for this species. Their distribution in the tank was also 

not random, as they tended to concentrate in the boltom corners of the aquaria. Although these 

regions had a light intensity which was around 8% lower than the middle of the tank, it is 

uncertain whether they actively selected this area or if it was a consequence of the tank design . 

Nonetheless, this behaviour is assumed to be an escape response in an attempt to seek shelter 

from the high light intensity as it was not observed at the intermediate light intensity. It appears 

then that the reduced growth of juvenile grunter at both high and low light intensities is caused 

by changes in behaviour, resulting in increased metabolic stress. From this it can be concluded 

that the effect of light intensity on growth performance is primar ily due to its abil ity to modify 

behaviour, as opposed to affecting physiolog ical processes. 

Overall, jU.yenile grunter exhibited optimum survival, growth, food conversion and condition at 

the intermediate I ight intens ity (I . 95x I O-.lIlE. sec" . cm'). Significantly lowe,- su,'vival, growth and 

condition was observed in IIsh kept under the lowest light intensity (2.32xI0·'IlE.sec·'.cm') . The 

slight depression in growth rate ancl low conclition of fish at a photoperiod of 8L: 16D may have, 

therefore, been clue to prolongecl exposure to low light conclit ions rather than an effect of 

photoperiod. Fish kept uncleI' a protracted photoperiod would have been exposed to a light 
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intensity of >2.32xlO-4/iE.scc·' .cm2 for 16hrs a clay . This c10es not, however , affect the 

conclusion that no advantage is gainecl in growing juveni le uncler modified photoperiods. Purely 

by chance, the light intensity usecl cluring the 'clay' phase in the photoperiod experiment was at 

the optimu m intensity of 1.95xIO·J/iE.sec·'.cm2 Therefore, if there was no photoperiod effect 

the fi sh exposed to longer pcriocls (16 hrs) of the optimum light intensity should have exhibited 

increased growth. This was not observed. Furthermore, fish kept under an extended photoperiod 

showed a lower cond ition . This provides further support fo r a photoperi od effect. 

From thi s invcst ig:1t ion it can be concluded that the optimu m light condi tions required for 

success fu lly rearing of juveni le spotted grunter inc lucle a natural photoperi od with intermediate 

light intensities (+ 1.95x lO·3/iE.sec· ' .cm2
) cluring the day. There is also an indication that the 

ef fect of light intensity on growth and behaviour shou ld be interpreted in conjunction with the 

wave length spectru m of the light source. The results of the light intensity growth tria l revealed 

th at l ight intensity preference is not a reliablc mcthod of cleterm in ing the light intensity 

requirements for all species. 
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Chapter 5 

The effect of reduced salinity on growth, food conversion and 

protein efficiency ratio 

Introduction 

The effect of sal in ity is classified as a masking factor as it modifies metabolism (Brett, 1979). 

Internal ion regulation requires constant energy expenditu re and the energy expended depends on 

the difference between the external and internal environment (Brett, 1979). Almost all bony 

fishes are osmoregulatm-s as they maintain their body flu ids at a constant osmot ic concentration 

of approximately 12 %0 in spite of external concentrat ion changes (Blaber, 1974; Mehl, 1974; 

Martin 1990). In fl'eshwater, fish plasma has a higher ionic concentration than the surrounding 

water. Therefore, there is constant osmot ic water inflow into the body and loss of ions to the 

environment (Blaber , 1974; Mehl, 1974; Mart in 1990). Fi sh compensate for this effect by 

producing large volumes of dilute urine and by actively abso l'b ing ions from the surrounding 

water. However , if the sa linity of the surround ing water exceeds the osmotic concentration of 

the body fluids the situation is reversed as water is lost from the body and ions accumulate. 

Marine fish counte ract this effecr by drinking watcI- which resto res the water content. They also 

possess ce ll s in the gill epithelium which act ively eliminate excess salts. 

A total of 72 mar ine fi sh species are currently being cu ltu l'ed or cons idered high priority 

candidate species. A review of the literature on the biology of these species has revealed that 

over 70 % -b f these spec ies, including spotted grunter, are euryhaline and are either estuarine 

dependent or ut il ise estuaries du l'ing a parti cu lar stage of their l i fe-history (Appendix 1). Given 

the fact that the bu lk of marine aquaculture species are euryhaline, the paucity of published 

in formation on the effect of sali nity on marine fish growth is surpr ising. Salinity has proven to 

have a significant effect on the growth or anadrol11olls species , in particular salmonids (Otto, 
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1971; McKay & Gjerde , 1985; Morgan & Iwama, 1991) and an understanding of the effect of 

salinity on euryhaline mat"ine fi sh may be fundamen tal for deve loping the rearing protocols for 

these species. 

Marine fish utilise estuar ies for a number of reasons. They are highly productive, she ltered 

systems with abundant food resources and thus provide ideal nursery areas for juvenile fish. Due 

to the high energy nature of the surf zone along the east coast of southern Africa , estuaries are 

the primary nursery areas for many marine fish (Blaber, 1981) . For example, Mugi/ cephalus 

which is estuarine dependent in sou thern Africa (Whitfield, 1990), use the inshore marine zone 

as nursery areas in western Australia (Potter ('( al., 1990) . Although estuar ies are in many senses 

ideal nursery areas for juvenile fish. they are generally of lower salinity than seawater. Since 

seawater has a relatively constant concentration of 35%0, lowered salinity constitues a potential 

stressor for marine fish. However , the improved growth of some mar ine fish at intermediate 

salinities, for example European flounder (P/alicillhys flesus) at 5 and 10%0 (Gutt,1985) and 

atlantic cod (Gadus II/orliua) at 7 and 14 %0 (Lambert e/ aI., 1994) , indicates the contrary. The 

utilization of estuaries may. therefore. also convey a metabolic advantage as a consequence of 

reduced salinity. 

Salinity is thought to act on two inclepenclent aspects of physiology. It has been hypothesised that 

osmoregulatory costs are lowest in an isosmotic environment and the consequent energy sav ings 

permit for increased growth (Potts, 1954; Febry & Lutz, 1987; Watanabe el al., 1989; Morgan 

& Iwama, 1991). The valiclity of this hypothesis Ilas not been established as the metabolic 

responses of teleost fish exposed to changes in envi ronmental salinity clo not show any consistent 

patterns (Morgan & Iwama, 1991). The optimal sal inity fOI' growth appears to be species specific 

and differs between life-history stage and season (Gutl. 1985; Morgan & lwama, 199/; Lambert 

el af., 1994). A second hypothesis, directly re lated to osmoregulatory processes, concerns the 

effect of salinity on digestion. It has been shown that digestibility, particular ly of prote in, and 

food conversion efficiency decreases with increas ing sali nity in marine fish (DeSilva & Perera, 
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1976; MacLoed, 1977; Ferraris el a/" 1986), It has been suggested that the osmoregulatory 

process of drinking water by marine fish is responsible for increased food motility in the gut 

(Ferraris el ai" 1986), Consequently, the residence time for digestion and adsorption of nutrients 

is reduced (DeSilva & Perera , 1976; MacLoed , 1977: Ferraris 1'1 af., 1986), Furthermore, the 

drinking of water in marine fish may alter stomach pH (DeS ilva & Perera , 1976), This study 

was designed to test the two hypotheses and to define the optimum salinity for rearing juvenile 

spotted grunter. 

Materials and Methods 

The trial to invest igate the effect of sali nity on growth was conducted in fo ur experimental units, 

Each unit consisted of three equal sized 40L glass aquar ia attached to a 70L biological filter 

containing shredded [llastic and a crushed shell buffer (Fig 5, I), Seawater diluted with distilled 

water to 5, 12 (isosmoti c: Bussiahn 1992) and 25%0 , respectively , was used to fi ll three of the 

units , The remai ning unit was fi lled with undi lu ted seawater (35%0), The aquaria were each 

randomly stocked with 8 individua ll y marked fish which had been acclimated to the respective 

salinities for 14 days, Fish were marked according to the protocol descl"ibed in Chapter 2. Initial 

length and we ight of the fish were 50.5 ± 5.6 mm and 3.10 ± 1.14 g, Fish were fed to 

satiation on the stand ard semi -moist pelleted diet at each meal. Satiation was defi ned as the stage 

when the fish no longer accepted single pellets dropped into the tank, Water quality parameters 

remained optimal throughout the experimenta l period with ni trite levels remaining below 0, 1 mg/L 

and unionised ammonia rema ini ng below 0,02 mg/L. Water temperature was maintained at 

optimum t\mperaturc for growth of 24,5 ± 0,5 °C fo r the spec ies (Deacon & Hecht, 1996), 

Photoperi od was co ntl'O lled to 14L: 100 cycle (Deacon & Hecht, 1996), The experiment was run 

for eight weeks, Standard length (mm) and weight (g) of the fish wCI'e measured once weekly, 
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Figure 5.1: The experimental unit used to determine the effect of salinity on the growth of 

juvenile spotted grunter. 
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Table 5.1: Summary of one-way ANOVA tests of the effect of salinity on the growth -

performance of juvenile spotted grunter, Pomadasys cOl1unersonnii. 

FACTOR F-RATIO D.F. SIG. LEVEL 

Salinity: 5, 12,25 and 35%0 

Condition factor 2.396 3 0.0670 

Food conversion ratio 8.420 3 0.0003 

Mortality 7.000 3 0.0126 

Protein efficiency ratio 2.411 3 0.0851 

Specific growth rate 3.348 3 0.0187 
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Figure 5.2: Means plot of the effect of salinity on specific growth rate (SGR) of juvenile sponed 

grunter, P. commersonnii. Vertical bars represent 95% confidence intervals. 
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Figure 5.3: Means plot of the effect of salinity on food conversion of juvenile spotted grunter, 

P. commersonnii. Vertical bars represent 95 % confidence intervals. 
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Figure 5.4: Means plot of the effect of salinity on protein efficiency ratio (PER) of juvenile 

spotted grunter, P. commersonnii. Vertical bars represent 95% confidence intervals . 
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Figure 5.5: Means plot of the effect of salinity on condition factor of juvenile spotted grunter, 

P. commersonnii. Vertical bars represent 95 % confidence intervals. 
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Table 5.2: Tukey's Multiple Range Analyses' of the effect of salinity on the condition factor, 

food conversion, growth and protein efficiency ratio of juvenile spotted grunter, Pomadasys 

collunersollilii. Superscripts (a, b &. c) indicate homogeous groupings of means. Salinity 

treatments which share a common superscript arc not sign ificantly different from one another at 

P<0.05. 

Growth parameter' Salinity (%0) Tukey HSD 

Average 

Condition factor 5 0.73257" 

12 0.77113' 

25 0.79024" 

35 0.79754" 

Food conversion 5 3.40824' 

ratio (FCR) 12 1.52474" 

25 2.01012" 

35 2.00043' 

Mortality 5 29 .1667' 

12 4.16667' 

25 8.33333b 

35 8.33333" 

Protein efficiency 5 0.87022" 

ratio (PER) 12 1.95830" 

25 2.04880" 

35 1.80974" 

Specific growth 5 1.25486' 

rate (SGR) 12 2.06789"" 

1S 1. 98651 ," 

35 2.43592" 
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Results 

Salinity had a significant effect (one-way ANOVA, P< 0,02) on survival and growth of juvenile 

spotted grunter (Table 5. 1) . Mortality was 29.2% in 5%0 compared to 4.2% in isosmotic and 

8.3% in 25 and 35%0. The specific growth rate of fish at the lowest salinity (5%0) was 

significantly lower than that obtaincd at the isosmotic sa linity (12%0) or the higher salinit ies (25 

and 35%0) (Fig 5.2 & Table 5.2). Growth:ll the higher sa linities (25 and 35%0) was not 

significantly diffcrent to that obtained <It the isosmotic concentration (12%0). Variation in salinity 

significant ly influenced fooel conversion ratio (P<0.05)(Table 5. I) . The food convers ion ratio 

(FeR) of inteimediatc (12%0) and high salinit ies (25 to 35%0) was significantly better than at 

5%0 (Fig 5.3 , Table 5.2). Food convcrsion r<ltio (FeR) anel protein effic iency ration (PER) of 

fish kept at isosmoti c sa linity (12%0) and above (25 and 35%0) were not significantly different 

(Table 5.4). Protein efficiency r<ltios of fish at isosmotic (12%0), 25 and 35%0 were also all 

similar (Fig 5.5). The PER of fish at 5%0 was significantly lower than the rest of the salin ities, 

however, it was not significantl y different (Table 5.1). Although not significant, a trend of 

increased condition factor corresponding to increased salinity was also observed (Fig 5.6) . The 

greatest improvement in condition occurred between 5 and 12 %0 . 

Discussion 

In a study of the osmoregulatory capacity of spotted grunte r, l3ussiahn (1992) determined the 

isosmot ic concentration to be 12 %0 . The study also illustrated the well developed euryhaline 

character of this species as blood osmolarity varied by less than 5% over a test range of 5-35%0 . 

Limits of salinity tolerance arc defined by the concentrations where a constant blood plasma 

osmolarity are no longer maintaineci (Martin, 1990). Disturbance of plasma osmolarity is 

indicative of disruption of the Na+ and K+ homeostatic balance which precedes metabolic 

disfunction and ultimately resu lts in mortality (Woo & Fung, 198 1). Euryhaline fish , by 

definition, are able to maintain blood plasma concent rations at a constant level in ambient 

59 



salinities above and below the osmotic concentration of blood plasma (BJaber, 1974; Mehl. 1974; 

Martin 1990). Nordlie (1978). however. noted that extremely euryha line fish such as MugU 

cep/latus and Oncorhynchus nzykiss allow their internal concentr'ations to vary considerably 

depending on the amb ient sal inity concentration. 

Despite the high osmoregulatory capability of juvenile spottecl grunter, the results of the growth 

trial indicate that salinity has a significant effect on the survival and growth performance of this 

species. At a salin ity of 5%0, which was hypo-osmotic to blood plasma. growth. food convers ion 

and protein efficiency ratio were significantly impaired. Fish below the isosmoti c sa linity were 

also generally in poorer condition and exhibited a higher mortality rate than those at higher 

salinities. As there was no signifi cant cllange in blood plasma osmo larity between 5 and 12%0 

(Bussiahn , 1992). these effects were not caused by rhysiolog ical disfunct ion i.e. disruption of the 

homeostatic balance. This indicates that the stress of hypo-osmotic sa linity must be due to some 

other factor. 

The effect of salinity on growth of fish has often been attributed to the metabolic cost of osmotic 

and ionic regulation. The usual hypothesis proposed is that the energetic cost of ion regulation 

is lowest in an isosmot ic environment, where the ionic gradients between water and blood are 

minimal, and that this energy saving is subst;lntial enough to increase growth (Morgan & Iwama, 

1991). Our data cloes not surport thi s hypothesi s. In an isosmot ic concentration the growth of 

juvenile spotted gntnte r was not significantly different to that at higher sali ni ties (25 and 35%0). 

This finding is consistent with ma ny other stud ies which have failed to show that growth is 

optimi sed i,n an isosmotic environment (Morgan & Iwama, 1991). Lower growth of juvenile 

spotted grun ter at 5 %0 may have been caused by an increase in the energetic cost of 

osmoregulation . However , metabolic data wou ld be requi red to confirm this. 
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Table 5.3: Optimllm salinity for gfOwth of fresh water and marine fish. 

Species Life Optimum Reference 
I1istory" Growth 

Sal inity 

Freshwater 

OreociJronlis mossoilihicus Eur > 12%. Canagaratnam 
(Mozambiqlle tilapia) (1959) 

Oncorhyn chus kislflch Anad-Elir 5-10%. Otto (1971) 
(coho salmon) 

Myslus VillGIUS Sten 0-2%. Arunachalam & 
(freshwater catfi sh) Reddy (1979) 

O enoplwrYllgodoll idclill Sten 0%. Kilambi (1980) 
(grass carp) 

Clarias gariepillus Sten 0-5%. Britz & Hecht 
(sharptooth catfish) (1989) 

Marone saxalilis Anacl-Eur 7%. Brown er at. (1992) 
(striped bass) 

Oncorhynchus mykiss Anad-Elir 0%. Morgan & [wama 
(steelhead tfOut) (1991 ) 

Oncorhynchl ls Isl7ll\v)'lscho Anacl-Eur 0%. Morgan & [wama 
(chi nook salmon) (1991 ) 

Marine 

Mugil cepiJllilfs Eli r 20%. DeSilva & Perera 
(grey mullet) (1976) 

Epinephelus !III/villa Eli r 25%. Akatsu er al. (1983) 
(bfOwn spotted grourer) 

Dicenlrarc/7lfs iahmx Em 25%. Dendrinos & Thorpe 
(European seabass) ( 1985) 

Plalicitlilys ./Ieslls Eur 5-15 %. Gutt (1985) 
(European flounder) 

Gadus moritua Eli r 7-14 %. Lambert et at. 
(Atlantic cod) (1994) 

Pomadasys commersol1llii Em 12-35%. thi s study 
(spotted gnllltel·) 

DAnad, anadroillous; Eur , eu ryhali ne; Ste n, stenohaline. 
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Fish that spawn in fresh water, i. e. bOlh stenohalinc freshwater and euryhal ine (anadromous) 

species, have bettcr growth rates be low isosmotic level (Table 5.3), and as sali nity increases 

growth declines (Ono, 1971, Arunchacha lu m & Reddy, 1979, Ki lambi , 1980, Britz & Hecht, 

1989, Morgan & Iwama, 1991, Brown er aI., 1992). For marine fish (i.e. those that spawn at 

sea) the oppos ite is true . Growth generally increases above the isosmotic concentration (Table 

5.3) to a maximum in higher sal in ity (DeSilva & Perera. 1976, Akatsu 1'101. , 1983, Dendrinos 

& Thorpe , 1985). Furthermore, the 'optimum ' salin it ies for growth of freshwater and marine 

species usual ly fa ll within the ranges 0-12 %0 and 12-35%0, respective ly (Table 5.3). Morgan 

& Iwama (199 I) suggested that 'optimum' sal inities, which are species specific, possib ly reflect 

adaptation to tlie environment in which the fish is commo nly fou nd (Morgan & Iwama, 1991). 

In juvenile spotted grun ter there is no clearly ciefined optimu m salinity as they grow equal ly well 

in salini ties ranging from 12-35%0. The absence of an optimum salin ity value in spotted grunter 

implies that thc res ponse or a species to salinity is not necessar ily related to its natural 

environmcnt. Howcver, the estuaries which act as the sole nursery areas for juvenile grunter are 

subject to highly unpredictable sal in ity changes (Whitfield, 1990). Therefore, the lack of a clear 

optimum sal inity for juvenile spotted grunter could indicate adaptation to an unstable natural 

environment. 

Although the salinity response of ma ny species appea rs to be a fu nction of adaptation to their 

natural environment , there are a few except ions which are contrary to the no rmal pattern . For 

example , the euryhaline cich lid Oreoci1mll1is lI1ossamiJicus , and many of its hybrids, are either 

not affected (Jauncy, 1982) or exhibit better growth above isosmotic concentration 

(Canagarat.~am . 1972). Sinc.e this species mostly inhabits fresh waters (Skelton, 1993), one 

would expect the optim um sali nity for growth to be below the isosmotic level of 12%0. 

However, O. 1110SS{lilliJicIIs is unusual as it is capable of reproducing in salinities ranging from 

0-49 %0 (Potts 1'1 of., 1967) . The life-histo ry of this species , therefore, appears to be largely 

independent of sali ni ty as it can successfully comrlete its life cycle above and below isosmotic 

concentration . Nonethe less . the rcrforl11anc.e of the offspring is influenced by the ambient sal inity 
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at the time of spawning. Watanabe er al. (1989) found that offspr ing of florida red tilapia 

spawned in seawater exhibited bctter growth and survival than those spawned in brackish water 

when cul tured under marine conditions. Thi s indicates that even in this species complex there 

adaptation to a sa line environment. Also contrary to expectations are two marine species, 

Atlantic cod (Gadus morhua) and European flounder (Pllirichrhysf!esus), as they exhibit highest 

growth at salinities below isosmotic concentration (Gutt, 1985; Lambert ef al., 1994). However, 

in both species the optimum sa lin ity range, 5-15%0 for P. flesHs (Gutt, 1985) and 7-1 4%0 for G. 

morhua (Lambert er aI., 1994), encompasses a range which extends above and below the 

isosmotic conccntration. This is unusual as the physiological demands of ion osmoregulation in 

a medium that is hypo-osmolic to blood concentration arc quite different from those in a hyper­

osmotic environment (Evans, 1984). The significance of this observation is, however, not fully 

understood. 

Since the mechanisms of osmotic regulation arc essentially simi lar amongst te leost fish (Evans, 

1984), the di sc repancies between the sa linity responses of different species, habits and life history 

stages are not full y exp la ined by differenccs in ion-osmoregulation capability (Morgan & Iwama, 

1991). Feb ry and Lutz (1987) suggest that these responses are influenced by phys iological 

processes in addition to the energy rcquired for ion-osmoregulation. In Atlantic salmon (Salmo 

safar) the changes in the metabolic capacity of isol:lted gill and kidney tissues exposed to different 

salinities did not account for the magnitude of change seen in overall metabolism (McCormick 

er at., 1989). Furthcrmol·c. osmorcgulation may also have secondar'y effects which are not 

directly related to ion cxchange between blood and water. For example, accli mation to different 

salinity ma:r cause chClngcs in blood hacmoglobin content (Guernsey & Poluhowhich, 1975; Woo 

& Fung, 1981) and chClnges in hormone Icvels (Avella er (/1., 1990). It has also been 

hypothes ised that modified drinking I'atcs resu lting from changes in salinity (Conte, 1969) affect 

stomach evacuation ratc, rate of food movement through the intestine, pH of the gastr ic fl uid, 

food breakdown and consequently adsorption efficiency (DeSi lva & Perera, 1976; MacLoed , 

1977; Ferraris er III.. 1986). The pattern of food conversion and protein efficiency ratio observed 
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in juvenile spotted grunter did not support thi s hypothesis as both factors were negatively affected 

at lower salini ty leve ls (5%0) , but we re similar at the isosmotic concentration (12%0) and above 

(25 and 35%0). Since other marine fish , such as Dic('nlrll l'chll.\' !ahrax, also have best food 

conversion efficiencies between isosmotic and 35 %0 (Dendrinos & Thorpe, 1985), it appears that 

absorption and digestion is not compromised by the drinking rate as salinity increases . 

The di ffere nces in food conversion efficiencies at different sal in ities follow a pattern that is 

similar to the growth res ponse of juvenile spotted grunter to sal ini ty. Th is pattern is consistent 

with that observed for Atlantic cod (Gar/lis mnl'/lIw), European flounder (P!alich lhys jlesllS) , 

European bass (Dicl'lIIra/'(,/lIIs !ahmx). freshwater catfish (Myslus I'irrarus) , coho sa lmon 

(Oncorhyncilus kislllch) and rainbow trout (0. mykiss)(Otto, 1971, MacLoed, 1977; Arunachalam 

& Reddy, 1979; Dendrinos & Thol'pe, 1985 ; Gutt , \985; Lambert e/ aI., 1994). In all these 

species, food convers ion efficiency is maximised at a species specific optimum salinity wh ich is 

dependent on life hi story. The optimum salinity for food conversion corresponds strongly with 

that of growth. Therefore, there is further evidence in support of the hypothesis that species 

adapt to a particu lar env ironmental salinity according to their respective life-h istory (Morgan & 

lwama, 1991). 

In su mmary, growth performance and surv iva l of juvenile spotted grunter was opt imum In a 

sal ini ty range of 12-35%0 even though there was little variation in blood osmolarity between 5 

and 35%0. Growth was not cnhanced in an isosmotic. salinity even though this concentration 

theoretically has the lowest energetic dcmands for ion osmoregulat ion. Food and prote in 

conversion were also not comprom ised at higher sali nities although it has been hypothesised that 

digestion efficiency would be affected by increased drinking rates at higher salinities. Therefore, 

from an aquaculture perspective, spotted grun ter would be most successfully reared in salinities 

ranging frolll 12%0 to full st rength seawater (35%0) . 
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Chapter 6 

The effect of feeding frequency on gut evacuation and its implications 

for food intake and growth 

Introduction 

Food is the most important biotic factor controlling the growth of fish (Brett, 1979; Job[ing, 1983). 

Under intensive culture conditions it is also the one factor over which the aquacu[tura[ist has absolute 

control. As food requires the highest ~conomic investment in the intensive rearing of fish, its 

efficient uti lisation directly affects economic yields. Efficient use of food is dependent on the 

provision of a nutritional ly balanced diet under the correct feeding regime. 

Under artificial rearing conditions. marine fish are gradually weaned from ad libilum feeding on live 

prey to periodic provision of a dry or semi-moist diet. To take full advantage of the rapid growth 

rate of juvenile fi sh under culture conditions it is essential to ensure that the ration is adequate to 

support maximal growth and that the frequency of feeding facilitates the most efficient use of that 

ration, without comprising survival and economic viability . Increased feeding frequency has been 

reported to enhance growth ofjuveni[e fishes (Ish iwata, [969 a,b; Andrews & Page, 1975; Chua & 

Teng, 1978). However, at higher than optimal frequencies the increase in growth performance is 

negligible . High feeding frequcncy call also lead to exccss lipid accumulation (Chua & Teng, 1978; 

Kayano 1'1 al., 1993) . 

Optimal feeding frequency is normally estimated on a trial and error basis by observing growth under 

different feeding strategies (Andrews & Page, [975; Grayton & Beamish, 1977; Chua & Teng, 1978, 

Kayano 1'1 (/1., 1993). The op timal feeding fl'equency is the one which supports highest growth and 

65 



best food conversion ratio (Chua & Teng, 1978, Kayano er al., 1993). On the other hand, sub­

optimum feed ing frequencies arc defined by good food conversion ratios but lower growth rates 

(Chua & Teng, 1978). Although this method is practical, an estimate of optimum feeding frequency 

may also be obtained by examining gut evacuation rate. Optimal feeding frequency should ideally 

combine efficient digestion of the food and maximum food intake w ith a minimum deprivation time. 

A relationship between gastric evacuat ion and appetite is now well establ ished (Brett, 1971; Grove 

et aI., 1978) . Intake of food is proportional to the fullness of the stomach and maximum consumption 

is achieved when the stomach is empty . Fullness of the stomach is in turn re lated to the rate of 

digestion (Brett , 197 1; Grove fI al., 1978). Since appetite dictates frequency of feeding, it follows 

that data on gut passage time may be used to p,'edict optimum feeding frequency. This relationship 

has yet to be examined, although potentially it prov ides an accurate and rapid technique of 

establishing opt imum feedi ng frequency for fi sh species. 

The aim of the present study was to establ ish the optimal feeding frequency for growth and effi cient 

food utili sat ion in juvenile spotted grunter and to test the hypothesis of a relationship between gut 

evacuation time and opt imal feeding frequcncy. 

Materials and methods 

The efreer affeeding freqllency on grmvrh 

The investigation into the effect of feedi ng frcquency on growth was conducted in 40 L glass aquaria 

linked to the experimental recirculating system (Ch:lpter 2) . Feeding frequencies of 1, 2, 3, 4 and 

5 times dai.1y were alloca ted randomly amongst aquaria, with each frequency represented in tr ipli cate. 

The aquaria WC I'C each randomly stocked with 8 individually marked fish. Fish were marked 

according the protocol descr ibed in Chapter 2. Initial length and weight of the fish was 54 ± 4.5mm 

and 3.98 ± 1.23g. Fish were fed to satiation on the standard semi-moist pe lleted diet at each meal. 
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Satiation was defined as the stage when the fish no lo nger accepted single pellets dropped into the 

tank. Water quality parameters remai ned optimal throughou t the experimental period with nitrite 

levels remaining below O. Img/L and unionised ammonia remain ing below 0.02 mg/L. Water 

temperature was maintained at optimum temperature for growth of 24.5 ± O.soC for the species 

(Deacon & Hecht, 1996). Photoperiod was controlled to 14L: IOD cycle. Salinity was kept constant 

at 35%0 , with the addition of distilled water when necessary. The experiment was run for eight 

weeks . Standard length (mm) and weight (g) of the fish were measured once weekly . 

Toral gur passage rill7e 

Fish were divided into groups of ten and randomly allocated to 40 L aquaria then acclimated to 

feeding frequencies of 1, 3 and 5 ti mes dai ly for a period of two weeks. Food marked with an inert 

dye (1 % Chromic oxide) was substituted for the normal diet at one of the feed ing intervals . The 

marked food was of the same pmximrtte compos ition as the standard semi -moist pe lleted diet, except 

for the chromic ox ide marke r. At ho urly intervals faeca l malleI' was removed from the recta of five 

fish from each of the three replicates in each treatment. Before the removal of faecal material, the 

fish were anaesthetized in a so lution of 0.2 ml phenoxyethanol/L for approximately 1 minute. The 

fish were then removed from the anaesthetic solution, blotted dry on the underside and stripped of 

faeces by ap plying gentle pressure to the abdomen between the anal fin and the anus. On the first 

appearance of the green dye in the faeces, a further 10 fish from each replicate were examined. Total 

evacuation time was measured as the rime taken for 75 % of fish sampled to evacuate dyed faeces. 

Unexamined fish continued to be fed at their respect ive feed ing frequencies throughout the 

experimental period. Water temperature was maintained at the same leve l (24.8 ± 0.3°C) used in 

the growth trial. Water qual ity paramcte rs were mcasured daily and remained optimal throughout 

the experimental reriod with nitrite levels remaining below 0.1 mglL and unionised ammonia 

remaining below 0.02 mg/ L. Photope riod was controlled to 14L: 100 cycle . Salinity was kept 

constant at 35 %0, with the addition of disti ll ed water when necessary. 
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Gut evacuation 

Fish were divided into groups of ten and randomly allocated to 40 L aquaria then acclimated to a 

feeding fl-equency of 3 times daily for a period of two weeks. Marked food (described above) was 

substituted for the normal diet at one of the feeding intervals. At hourly intervals faecal matter was 

removed from the recta of 10 fish. The procedure for the collection of faecal matter was the same 

as that used in the gut passage time experiment. The faecal matter was collected in sterile glass vials 

and dried in a convection oven at 70°C. The fish were not fed once collection of faeces had started. 

Faeces were collected hourly fOI· a ten hour period. Water quality and temperature were maintained 

at the same levels described for the gut passage time. 

The dried faecal samples and a sal11p le of the l11arked fooci were digested according to the standard 

micro-Kjeldhal digestion technique (ll·ish, 1997). Chrol11ic oxide concentration was determined using 

a GBC Atomic Absorption spectrophotol11eter at an absorbance level 357. 9"m using nitrous oxide 

acetylene (I ri sh, I 997). The chromic oxide concentration was determined from a standard curve 

constructed frol11 the dilution of a standard chromium solution. Gut passage time was calculated 

from a modified version of the Maynard and Loosli (1956) equation for the calculation of apparent 

digestib ility (AD): 

Total evacuation (%) = % marker in diet - % l11arker in faeces 

% marker in diet 

Results 

E;/Ject affeeding freqllency Oil growth 

An increase in feeding frequency was found to have a significant effect on the food consumption, 

growth, condition and FCR of juvenile spotted grunter (Table 6.1). A feeding regime of three times 
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daily was found to be the minimum frequency to provide the consumption of a maximum daily ration 

of 14.29% wet body weight rcr clay (Fig 6.1) . More frequent feeding, 4 and 5 times daily, resulted 

in no significant increase in the amount of foocl consumed (Fig 6.1). Feeding twice daily resulted 

in lower food consumption which reduced growth (Table 6.2). Food consumption at a once daily 

feeding regime was significantly lower than the maximum daily ration (Table 6.1). The effect of 

feeding frequency on food consumption was reflected in the growth perfo rmance of juven ile spotted 

grunter. Specific growth rate (SGR) was significantly improved with an increase in feeding frequency 

from once daily to three times claily (Fig 6.2). Feeding more often than three times daily did not 

resu lt in a further improvement in growth. Food conversion ratios of fish fed once daily were 

significantly better than those at higher feeding frequencies (Table 6.1 & 6.2). The cond ition factor 

of fish at frequencies of 3-5 times daily were all simila r and, although higher than those fed twice 

daily, were not significantly different. Fish fed once daily showed significantly lower condition 

factors than those at higher feeding frequencies Crable 6.2). 

Table 6.1: Summary of one-way ANOYA tests of the effect of feeding frequency on the growth 

performance of juvenile spotted grunter , Pomado.l'Y.I' commersonllii . 

FACTOR F-RATIO D.F. SIG. LEVEL 

Feeding Frequencies: 1.2.3 , 4& 5x daily 

Condition factor 11. 238 4 0.0000 

Food consumption 4.606 4 0.0021 

Food convers ion ratio 20.389 4 0.0000 

Specific growth rate 6.076 4 0.0001 
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Table 6.2: Tukey's Multiple Range Analyses' of the effect of feeding frequency on the condition 

facto r, food consumption, food conversion, survival. growth ancl protei n efficiency ratio of juvenile 

spotted gru nter, P011711d(ls),.I' COflllll('l'.I'ollnii. Surerscr ipts (a,b & c) ind icate homogenous groupings 

of means. Feeding frequency treatments which share a common superscript are not significantly 

different from one anothe r at P<0.05 . 

Growth paramctcr Fceding Tukcy HSD 
Frequcncy Average 

Condition factor 0.84465" 

2 0.85678'" 

3 0.86474" 

4 0.87304" 

5 0.87319" 

Food consum pt ion 8.22791' 

2 10.52782'" 

3 14.2918" 

4 14.7941" 

5 14.8634" 

Food conversion 2.25749' 

ratio (FeR) '2 2.95462" 

3 3.78831' 

4 3.85462' 

5 3.98437' 

Specific growth 1.60418' 

rate (SGR) 2 1. 95 132'" 

3 2.51528'" 

4 2.51516'" 

5 2.51894'" 
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Figure 6.1: Daily food consumption of juvenile P. commersonnii fed at frequencies of 1,2,3,4 
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Figure 6.2: . The effect of feeding frequency on the weight gain of juvenile spotted grunter, 
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Figure 6.4: Gut evacuation rate of juvenile spotted grunter. 
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Gut passage rime 

The gut passage time of juvenile spotted grunter was found to decrease significantly with increasing 

feeding frequ ency. The gut passage time for at least 75 % of fish fed five times daily was 4 hours. 

For fish fed 3 times and once daily thc gut passage time was significantly longer at 6 hours (Fig 

6.3). 

Gut evacuarion 

Figure 6.4 illustrates the relationship between gut evacuat ion and time. The presence of the marker 

was only measurable 4 hours after feeding. At this time rate of evacuation was 20% of maximum. 

Five hours after feeding, rate of evacuation had increased to 50 % of maximum. Maximum gut 

evacuation of 90% was observed after 6 hours. At 7 hours after feeding, gut evacuation decreased 

to 5% of maximum. This level remained constant through up to 10 hours after feeding. 

Discussion 

The daily rat ion consumed by juvenile P. colI/mnsollllii was increased by increas ing the feeding 

frequency from one to three mea ls daily . At higher feeding frequencies no difference in the total 

daily intake was observed. This is consistent with results of feeding frequency studies on other 

species of marine fish (Ish iwata, 1969 a,b; Chua & Tcng, 1978), Maximum daily intake of juvenile 

spotted grunter is therefore est imated to be ap[1I'OXim:llely 14% of wet body weight/day, Tyler and 

Dunn (1976), however, found that food intake by winter flounder (Pseudopleuronecles americanus) 

was linnear and increased directly with meal f,'equcncy. [1resumably total food intake of flounder 

would exhibit an asy mptotic pattern, observed in the present and similar studies, with higher feeding 

frequencies . 
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An increase in feeding frequency only had a significant effect on the growth performance of juvenile 

spotted grunter when increaseci from once to three times daily. Lower feeding frequencies of once 

and twice daily showed decreased growth, lower condition facto rs and better food conversion. 

Feeding frequencies in excess of 3 times daily did not significantly improve growth performance. 

This is consistent with Grayton and Beamish's (1977) observation that until maximum food intake 

is facilitated, the effect of feeding frequency is a function of the total food consumed. The lowest 

frequency at which maximum intake is achieved corresponds to the optimum feeding (requency. For 

juvenile grunter th is was achieved by feeding three times daily. This feeding regime supported the 

highest gmwth and best food conversion ratio thus also meets the criteria commonly used to define 

optimum feeding frequency (Chua & Teng. 1978; [(ayano er al. , 1993). 

Brett (1971 ), following his observations of appetite in sockeye salmon (Oncorhynchus nerka) , found 

that food intake or appetite increased depending on the rate of digestion of a previous meal. 

Maximum food intake was attained only when 90% of the previous meal was evacuated from the 

stomach. As digestion proceeded at an exponential rate, gastric evacuation rate for 90% digestion 

was half of that for total digestion. On this basis he proposed that feeding at intervals equivalent to 

90% digest ion wou ld o[ltimise daily food intake and therefore growth of fish, especially if fed a 

restricted ratio n. Gmwth trials confirming this hypothesis were not performed. However, if this 

hypothesis is a[1plied to food conversion and gastric evacuation in the estuary grouper (Chua & Teng, 

1978), there is considerable loss in food conversion efficiency . The time for 90% evacuation of the 

stomach in this species is 27 hours and complete evacuation occurs 35 + I hours after feeding. 

Amongst other feeding frequencies, Chua and Teng (1978) tested frequencies of once every 24 hours 

and once every 48 hours. In terms of stomach evacuation , these feeding frequencies were equivalent 

to feed ing at 86% of gastric evacuation and 12 hours after complete evacuation of the stomach, 

respectively. The foocl conversion of fish feci once every two days was significantly higher than 

those fed once a day, in addition a higher growth rate (g/mo nth) was observed in the lower feeding 
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frequency. This finding emphasises the importance orallowing digestion to progress to its full extent 

before feeding again. However, it prov ides no insight into the effect of deprivation time. Although 

the effects of extreme deprivation have been documented, they have little relevance to normal 

hatchery feeding practices. 

In this study feeding frequencies or 5,4 ,3, 2 and Ix daily corresponded to the provision of a meal 

once every 3, 4, 6, 12 and 24 hours, respectively , As the passage of food through the gut was not 

altered whether the fish were fed once or three times daily when fed the standard semi-moist pelleted 

diet, it is concluded that the gut passage time at 24.8 ± 0.3°C was 6 hours with this diet. Feeding 

frequencies 0(5, 3 and once daily therefore coincided with a meal at every 66.7, 100 and 200% of 

gut passage time, respectively. As a threc times d:lily feeding regime proved optimal for both 

growth and food convers ion, it is clear that digestion must progress to its full extent to maximise 

growth performance. Feeding five times daily resulted in a 33% mo re rapid evacuation time and a 

slightly increased food co llVel's ion ratio. This supports previous observat ions that poor food 

conversion ratios at high feeding frequencies may be artributed to incomplete digestion due to 

decreased gut passage time (Dawes. 1930: Hickling. I %2 ; Chua & Teng, 1978). On the other hand, 

increasing deprivation to 200% of evacuation time (one mea l daily) resulted in a significantly reduced 

growth rate. Howcvel', as feeding once daily also resulted in a concomitant reduction in total daily 

food intake, the observed decline in growth cannot be attributed to deprivation time per se. It appears 

then, that to test the effect of deprivation it is necessary to feed a restricted ration at different feeding 

frequenc ies . 

The correlation between the optimum feeding frequency of three times daily and total gut evacuation '. 
time in juvenile P. commersol1f1ii suggests tilat examination of food passage time may be used to 

predict optimum feed ing frequency. However, further examination of the relationship between these 

variables in other species is required before the predictive potential of this method can be assessed. 
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Introduction 

Chapter 7 

The relationship between growth, ration and 

feeding frequency 

The relationship between metabolism and ration is the fundamenta l basis of fish growth (Brett, 

1979) . Food intake acts as a potential li miting factor on fish metabolism (Fry, 1971; Brett, 

1979). As with other limiting environmental factors, the effect of ration size involves 

independent ancl dependent states which become operational at a particular level. Growth rate 

increases with increasing ration from a minimum negative value at zero ration to a maximum at 

the point of maximum ration (Elliot, 1975a. Brett, 1979). Above maximum ration, growth rate 

reaches a plateau where. theoret ically, it is independent of any increase in ration size. Maximum 

growth is , therefo re, dependent on the consumption of the max im um ration. 

In the development of the theoretical protocol for the sequentia l determination of the optimum 

environmental requirements of a species (Chapter 1), limiting factors were eliminated from the 

protocol on the assumption that their effects are negligible if maintained at appropriate levels. 

This implies that the maximum ration must be consumed by the fish under the experimental 

co nd itions in order for food intake to have no limiting effect. However, research on the effect 

of feeding frequency on growth indicates that feeding regime is a factor which potenti ally restricts 

food intake (Grayton & Beamish, 1977: Chua & Teng, 1978, Jobling , 1983). In the investigation 

of the effe'et of feeding frequency on growth of juvenile spotted grunter it was revealed that 

feeding to satiation at frequencies lower than three times daily resulted in significantly lower food 

intake (Chapte r 6). Consumption of maximum ration in juven ile spotted grunter is only possible 

if the fish are fed to satiation 3 or more times daily. Since a satiation feeding regime of 3 times 

daily was usecl in the experimental determination of the effects of temperature, photoperiod , light 
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factor in the experimental procedure. However, it has been suggested that ad libitum access to 

food is virtual ly a prerequisite for eliminating potential biases ar ising from the feeding regime 

when testing the effects of non-food related parameters (Jobl ing, 1983). Although there are 

means of achieving th is, such as demand feeding, providing fish with ad libirum access to food 

is not always practical or possible. Juvenile spottcd grunter fall into this category as they will 

on ly accept a sem i-moist diet, which makes cold storage a necessity. In such cases, as in this 

study , it is necessa ry to compromise and adopt a feeding regime whereby the fi sh are fed to 

satiation at a set frequency. However, this methodology has been questioned as it is unknown 

whether the gro,,~h rates achieved on a set satiation feeding regime are always comparable to 

those with ad iihilllll1 access to food (Jobling, 1983). 

Numerous feeding freq uency experiments have shown that the effect of feed ing freq uency is a 

fu nction of ration size, at least until max imum da ily intake is ach ieved (Grayton & Beamish, 

1977; Chua & Teng, 1978; Chapter 6). The optimum feeding frequency normall y corresponds 

to the lowest frequency at which maximum daily intake is attained. Increas ing feed ing frequency 

above the optimum does not affect growth although food conversion declines as a result of 

incomplete digestion (Dawes, 1930; Hicking, 1962; Chua & Teng, 1982) . Since max imum daily 

intake appears to have a finite effect on growth (Elliot, 1975a; Wurtsbaugh & Davis, 1977; Chua 

& Teng, 1982), any difference between growth of fish on ad lihirum feeding and those fed to 

satiation would most likely be caused by the time of deprivation. 

The relationship between gmwth and ration is determined by analys ing either growth rate in 

relation to ,:at ion size or food conversion efficiency in relation to ration size. The data is derived 

from growth trials in which fish are fed a number of prescribed rations, expressed as percent of 

wet body weight, at the optimum feeding frequency. Weight of food fed is adjusted to mai ntain 

the prescribed ration aftcr each weighing and measuring of the fish. The maximum ration size 

is determ ined as the point where growth no longer increases in relation to an increase in ration. 

Feeding at the optimum feeding frequency is a prerequisite to the accurate determination of 
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maximum ration size as maximum food intake must be possible in the first place. Since optimum 

feeding frequency is essentially the lowest frequency at which maximum food consumption is 

attained, an estimate of the maximum is ensured (Grayton & Beamish, 1977; Jobling, 1983) . 

Analyses of the relationships between growth and ration can also be used to determine the 

optimum ration. The optimum ration is important from an economic point of view as it is the 

ration which provides for the highest growth rate for the least intake of food (Brett ef al., 1969; 

Elliot, 1975a). From an economic perspective, a correct food ration must fulfil a number of 

criteria. It must promote assimilation of dietary prote in to muscle rather than lipid storage, 

support a high survival rate and maintain a high food convers ion efficiency, without limiting 

growth. While maximum growth OCCUI'S at the limit of voluntary food intake (satiation), 

maximum food convel'sio n effic iency occurs at some level below satiation (Andrews & Stickney, 

1972; Brett, 1979; Chua & Teng, 1982). The optimum ration size is determined geometrically 

by drawing a tangent to the growth-ration curve from the or igin, on a plot of weight increase 

(g/fish per day) aga inst ration size (% wet weight of fish)(Brett er al., 1969; Elliot, 1975; Chua 

& Teng, 1982) . Alternatively , determinat ion of the optimum ration can be achieved by analysing 

the relationship between food conversion ratio and ration size (Chua & Teng, 1982), Size of 

food ration affects food conversion ratio in fish (Pandian , 1967; Chua & Teng, 1982). In most 

studies gross food conversion efficiency, the inverse of food conversion ratio, is found to increase 

with an increase in ration size, from near maintcn:1I1cc levels to a maximum at an intermediate 

level, whereafter it remains largely unchanged or decrcases if the I'ation is further increased 

(Elliot, 1975b: Wurtsbaugh & Davis. 1977 <l,b; Chua & Teng, 1982), 

This investigation was aimed at determining the relationship between growth and ration size, and 

investigated the effect of short term food deprivation on the growth of juvenile spotted grunter, 
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Matcrials and mcthods 

Ration Size 

The investigation into the effect of ration size on growth was conducted in 40 L glass aquaria 

linked to the experimental reci rculating system (Chapter 2). Fifteen 40 L aquaria were each 

randomly stocked with 8 individually marked fish. The fish were marked according the protocol 

described in Chapter 2. Initial length and weight of tile fish were 50.2 ± 2.9mm and 4.23 ± 

0.75g. The aquaria were divided into five triplicate groups and the fish were fed three times 

daily with the standard semi-moist pelleted diet at five different ration levels. Calculation of the 

experimental ration was based on maximum daily food intake estimated from the feeding 

frequency experiment (Chapter 6) and corresponded to 3, 5, 7, 10.5 and 15% wet body 

weight/day. Ration size was calculated according to fish biomass and were adjusted weekly when 

the standard length (mm) and weight (g) of the fish were measured. Water quality parameters 

were monitored daily and these remained optimal throughout the experiment with nitrite levels 

remaining below 0.1 mg/L and un ionised ammonia remaining be low 0.02 mg/L. Water 

temperature was maintained at optimum temperature for growth of24.5 ± 0.5°C for the species 

(Deacon & Hecht. 1996). Photoperiod was controlled to 14L: 10D cycle. Salinity was kept 

constant at 35%0, with the addition of distilled water when necessary. The experiment was run 

for eight weeks. 

Feeding frequency lVi/III/ res/ric/ed I'II/ioll 

Twelve 40 L aquaria were each randomly stocked with 8 individually marked fish. Initial 

standard length (SL) and weight of the ti sh were 55 ± 4.2ml11 and 3.71 ± O.92g, respectively. 

Feeding frequencies of2. 3, 4 and 5 times daily were allocated randomly amongst the tanks with 

each frequency represented in triplicate. The fish were fed the standard semi-moist pelleted diet 

at maximul11 daily intake of 10.5% wet body weight/day at the different feeding frequencies. 

These were equiv:1lcnt to dcprivation timcs of 12. 6.4 & 3 hours , I·espectively. The rat ion size 

for each tank were calculated according to fish biomass and were ·adjusted weekly when the 
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standard length (mm) and weight (g) of the fish were measured. Water quality parameters were 

maintained at optimum tevels thl'Oughout the experiment as described above. The experiment was 

conducted over a period of 8 weeks. 

Results 

Ration size 

Juvenite spotted grunter exh ibited a typical growth response to increasing ration size. Rapid and 

significant increases in growth rate were observed with increased daily intake up to 7% wet body 

weight/day (Fig 7.1, Table 7.1). Further increases in ration size from 7-15 % wet body 

weight/day resulted in only mal'ginal improvements in growth which were not significantly 

(P < 0.05) different (Tab le 7.1). As the relationsh ip between speei fic growth rate and ration size 

is curvilinear (Fig 7.2), it was possible to determine the maintenance, optimu m and maximum 

ration from the growth/ration curve. Maintenance ration was determined as the ration which 

maintains fish with no change in weight. while maximum ration is the lowest ration which results 

in maximum gl'Owth rate. The optimum ration was dete rmined by drawing a tangent to the 

gl'Owth curve, as described by Brett et (/1. (1969), and Chua and Teng (1982). Therefore the 

theoretical maintenance, optimum and maximum food rations of juvenile spotted grunter are 0.51, 

3.6 and 10.7%, respective ly. 

Food conversion ratio decreased with decreasing ration size fl'Om 15-5 % wet body weight/day, 

indicating more effective use of food as daily intake decreased. Further reduction of the ration 

size below 5 % wet body we ight/day did not significant ly alter the food conversion ratio (Table 

7.2, Fig 7.3), although a slight increase was observed from 5 to 3% wet body weight/day. The 

ration pl'Ov iding the optimum food conversion, therefore, lies between 3 and 5 % wet body 

weight/day. This correlates well with the optimum ration determined from the growth-ration 

relationsh ip (Fig 7.]). 
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Condition factor of the fish increased with increasing daily intake. However, the only significant 

improvement was observed when the ration was increased from 3 to 5 % wet body weight/day 

(Table 7.2). No further il1lrrovcl11cnt in condition factor was observed above 7% wet body 

weight/day . Daily food intake had no significant effcct on survival rate of fish at any of the 

rations tested. 

Table 7 . 1: Summary of one-way ANaYA tests of the effect of ration size and feeding freq uency 

with a restricted ration on the growth performance of juvenile spotted grunter, Pomadasys 

commersolll1ii . 

FACTOR F-Ri\TIO D.F. SIC. LEVEL 

Ration size: 3,5,7 ,1 0.5 & 15 % wet body we ight/day 

Cond ition factor 3.479 4 0.0078 

Food convers ion ratio 5.786 4 0.0003 

Speci fie growth rate II. 288 4 0.0000 

Feeding Frcqucncy/Restricted Ration: 2, 3,4 & 5x daily 

Condition facto r 0.749 3 0.4126 

Food conversion ratio 0.335 3 0.8004 

Speci fic growth rate 0.808 3 0.4895 
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Figul'e7.2: The relationship betwecn growth and ralion relationship forjuvenile spotted grunter, 

Pomadasys coJnll1l'1'sol1l1ii. X" = maintenance ration, XI = optimum ration and X, = maximum 

ration, Vel'lical bars represent standard deviations. 
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Figure 7.3: Effect of ration size on food conversion ratio of juvenile spotted grunter, Pomadasys 
conunerso/lllii. Vertical bars rep resent standard deviations. 

Feeding frequency wilil 1/ reslricle(/ I"IIliol/ 

The growth rate of juvenile P. COllIII1e1'SOllllii feci a restricted ration of 10.5 % wet body weight/day 

was found to be independent of feeding frequency. Growth expressed as weight gain over time 

and specific gmwth rate were found to be not significantly different whether fish were fed 2, 3, 

4 or 5 times daily (Table 7.1). Con(lition factor also clid not cliffer significantly between the 

respective treatments (Table 7. I). Food conversion ratio was also found to be not significantly 

different whether the fish were fed 2, 3. 4 or 5x daily (Table 7.1). However, the food 

conversion·.of fish fed 3 times daily was approximately 1 % lower than that of any of the other 

treatments. 
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Table 7.2: Tukey's Multiple Range Analyses' of the effect of food ration on the condit ion factor, 

food conversion and growth of juvenile spotleci grunter, POll1odos),s commersonnii. Superscripts 

(a & b) indicatc a homogenous grouping of mcans. Rations that share a common superscript are 

not signi ticantly di fferen t from one another at P < 0.05. 

Growth parameter Ration Tukey HSD 

% wet W Ielay Average 

Condition factor 3 0.7691()" 

5 0.79067' 

7 0.82609b 

10.5 0.83538b 

15 0.83593b 

Food conversion j 2. 2726r:t 

ratio (FCR) 5 2.26644' 

7 4. 16550,b 

10.5 6.32944b 

15 9.24716b 

Speci tic growth j 1.11206' 

rate (SGR) 5 1.56598,b 

7 2.00030,b 

10.5 2.34746b 

15 2.36451b 
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Discussion 

Before an experiment could be conducted to examine the effect of deprivation it was necessary 

to first obtain an accurate estimate of the max imu m ration. The most reliable method of 

accomplishing this was to establish the relationship between growth and ration for this species 

(Elliot & Persson, 1978). Juvenile grunter exhibited a curvilinear growth/ration relationship 

similar that observed in salmonids (Brett , 1979; Elliot, 1982) and serranids, such as 

Dicenlrarchus labrax (Hidalgo 1'1 al., 1987) and Epillepi7elu.I' salmoides (Chua & Teng, 1982). 

Linear functions ha ve been found to apply 10 some species. such as flippogiosslis hippoglossus 

(Tuene & Nortvedl, 1995) and 11. sleJlolepis (Paul 1'1 a/. 1994). Maintenance, optimum and 

maximum rations were determined geometrically from the growth /ration curve (Brett el al. 1969; 

Elliot, 1975a; Chua & Teng, 1982), and were estimated at 0.51, 3.6 and 10.7 % wet body weight 

per day, respectively. Increasing the ration from 10.5 to 15% wet body weight/day did not 

improve growth or condition of juvenile grunter. however food convel'sion ratio was increased 

by ± 30%. Since optimum food ralion is defined as that ration which provides the best growth 

for the least intake of food (Brett er 01., 1969; Elliot, 1975a), a correspondingly low food 

conversion ratio in the 3-5% wet weight/day provides confi rmation of the optimum ration. 

Although there was a slight decrease in food conversion between 3 and 5% wet body weight/day, 

the lowest FCR was not well defineci. The relationship between food conversion ratio and ration 

often describes a parabolic curve with the peak defining the optimum (Chua & Teng, 1982; 

Hidalgo el al., 1987: Tsevis ('/ (fl., 1992). This was not possible with our data as the lowest 

ration was not low enough to give a parabolic relationship. 

Juvenile grunter which were fed a ration controlled at maxillluill daily intake, showed almost no 

variation in growth whether they we re fed J. 4 or 5 times dai ly. However, a slight, although not 

significant. clecline in growth was observed when th ey wel'c feci twice claily (12 hours 

deprivation). In the study of the effect of feeding frequency on the growth of juvenile spotted 

grunter (Chapter 6). it was found that fish of this size were unable to achieve maximum daily 
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intake when fed only twice daily. Therefore, the decl ine in growth of fish fed twice daily 

observed in this study is probably due to the same facto r rather than the result of deprivation. 

The increase in FCR of fish fed twice daily supports this exp lanation. Nonetheless, the similarity 

in growth rate of fish fed 3 times daily or more. indicates that short term deprivation of 3 - 12 

hours has no negative effects on growth of fish provided they can ach ieve a maximum daily 

intake . This suggests that feed ing to satiation at the opti mum feeding frequency shou ld be as 

effective as ad li/;illim access to food when attempting to eliminate any biases stemming from 

feed ing regime. Comparison between growth ra te of juvenile summer flounder (Paralichlhys 

denralus) fed maximum dai ly intake and those fed lid /i!JilLlm showed no differences between the 

two feeding regimes (Malloy & Targett. 1994) . Furthermore, the slight decrease in FCR of 

juveni le grunter fed 3 times daily suggests that more reliable estimates of food utilisation would 

be obtained i f fish were feel to satiation atthc optimum feeding frequency in contrast to ad libitum 

feeding. In the rrevious chapter (Chapter 6) it was founel that feeding more often 3 times daily 

results in a significant reduction in fooel conversion efficiency due to an increase in the gut 

passage time. At this feedi ng frequcncy. food is more than 90% digested. Since fish rapidly 

regain their appetite after 75 % digestion (Brett , 1971; Gwythel' & Grove, 198 1; Grove et ai, 

\985), feeding on an uri /i/;illlll1 basis coulel result in inflated estimates of food conversion thus 

reducing the reliab ility of this parameter for compari son between experi mental variables . 

This research has shown that short term food deprivation has no effect on the growth of fish 

provided that maximum daily intake can be attained. Therefo l"e it is concluded th at feeding to 

sati at ion at the opt imum feeeling frequency eliminates the potential biases resulting from the 

feeding regime in exper iments testi ng the effec t of non-food I"elated factors (Chapters 3-5). 

Consequently, the elimination of limiting factors from the theoretical protocol developed for the 

determination of opt imum environmental requirements of a species (Chapter 1) is ju stified. 

In Chapter 6 it was fou nd that the optimum feeding frequency for j uvenile spotted grunter 

corresponded to feeding at an interl'althat was equivalent to one meal per total gut passage time. 
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From this it was hYrothesised that ortimum feeding frequency may be directly related to the rate 

of digestion and that it should correspond to feeding at an interva l that combines maximum 

digestion with minimum deprivation time. Furthermore it was found that the optimum leeding 

interval corresponded to >90% digestion of the previous meal, which implied that digestion must 

progress to its fullest extent before the next meal. However , the results on the effect of 

deprivation on growth of juvenile grunter do not support this hypothesis as the decrease in food 

conversion at the optimum feeding frequency was not significantly different from higher feeding 

frequencies. Therefore it can be conclucied that the effect of feeciing frequency on fish growth 

is purely a function of the food i11lake. 
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Introduction 

Chapter 8 

The comparative effects of environmental factors 

on growth performance 

The sequential determination of the effect of cnvironmental factors on growth of juvenile spotted 

grunter was conducted according to a theoretica l ranking of Fry's (1971) functional categories 

(Chapter 1). The key environmental factors considered to influence the growth of juvenile 

spotted grunter were designated as controlling, masking , directive and limiting factors according 

to their respective effect on metabolism (Fry, 1971 , Brett, 1979). These factors were identified 

from natural hi story stud ics on spotted gru!ltcr as well as ecological studies of southern African 

east coast estuaries (Wallace , 1975b; Whitlleld i'I (/1. , 1981; Wooldridge & Bailey, 1982; 

Beckley, 1984; Cyrus, 1988; Whitfield, 1990; Tel' Mo rsh uizen er al., in press). In this chapter 

the individ ual models of each of the respective environmental factor s are pooled together into a 

multip le regression analyses fOl' comparison of the ir relative effects on growth. The statistical 

ranking provides a basis upon which a protocol can be developed from the experimental data, 

In Chapter 1 it was hypothesised that the effects of controlling factors should be investigated 

before all others as these control the molecular activation of metabolites and enzyme systems and, 

therefore, the rate of biochemical reactions. The upper limit of metabolic processes are 

ultimately dcfined by the point whc l'e the biochem ical reactions are optimized (Brett, 1971; 

Crawshaw;' 1979; Jobling, 1981). Temperature was dctermined to be the major controll ing factor 

influencing the growth ofjuvenilc spotted grunter under natural conditions (Wooldridge & Bailey, 

1982; Ter Morshuizen er al. , in press) and was, therefore, investigated first in the experimental 

sequence. 
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Metabolism is a combination of physiological and biochemical processes. Therefore, the energy 

available for catabo li sm is a function of the difference between the external environment and the 

internal requirements (Woo & Fung , 1981; Morgan & Iwama, 1991). Since masking factors 

compensate for the differences between the internal and external environments, they modify the 

level of optimum metabolism. It was concluded that before research could be conducted into the 

effects of directive factors, the external envi ronmental conditions should provide for the 

attainment of optimum metabolism. As juvenile spotted grunter al·e exposed to fluctuations in 

salinity in their natural environment (Whitfield e/ !II., 1981; Ter Morshuizen, el al., in press), 

salin ity was identified as a potential masking factor. 

Directive factors synchronize physiological and metabolic processes (Schwassmann, 1971) and 

therefore complement the effect of controlling factors in the attainment of optimum metabolism. 

In addition, directive factors also control activity, such as food intake, through cue ing of 

behaviour (Reynolds & Caster lin , 1976) . Consequently, it was hypothesised that research on the 

effect of masking factors should be followed by thc efrect of directive factors on growth 

performance. Light intensity and photoperiod were hypothesisecl to be the principal directive 

factors influencing the growth of juvenile spotted grunter. Under natmal conditions this species 

is exposed to varying levels of turbidity (Cyrus, 1988; Ter Morshuizen el al., in press) which 

results in changes in light intensity (Alabaster & Lloyd, 1980). There is also considerable 

variation between the summel· and winter photoperiods in the southerly distribution of juvenile 

spotted grunter (Beck ley. 1984). 

Investigati~ns into the effects of limiting factors were last in the experimental sequence. These 

were included to confirm the assumption that optimum growth was not restricted under the 

experimental conditions used for the determinat ion of the effects of envi ronmental factol·s. As 

a consequence of the fundamcntal relationship between food intake and metabolism (Fry, 1971; 

Brett, 1979), food consumpt ion was consiclerccl to be a potential l imi ting facto r on the growth of 

juvenile spotted grunter under expcrimcntal conditions. Since food intake is a function of the 
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feeding regime (Gt'ayton & Beamish, 1977; Chua & Teng, 1978) and ration size (Brett el aI., 

1969; Elliot, 1975a; Chua & Teng, 1982), separate experiments were conducted to determine the 

independent effects of the respective factors on the growth performance of juvenile spotted 

grunter and to establ ish the relationsh ip between them. 

The sequence of experimentation used in the present study, namely: 

temperature 
(controlling factor) 

-+ photoperiod/light intensity -> ration size -+ salinity 
(directive r:u.:tOi'S) (limiting factor) (masking factor) 

may seem contrary to the theoretical protocol. However, the above experimental sequence 

ignores the previous studies on temperature preference (Deacon & Hecht, 1995), and the effect 

of salinity on the growth of juveni le grunter (Bussiahn. 1992). If these studies are included in 

the sequence of experimental determi nation of the environmental requirements of juvenile spotted 

grunter, the protocol translates to the following experimental sequence: 

temperature -+ salinity -+ photoperiod -> light intensity -, fceding frequency -+ ration size. 

This exper imental sequence is in accordance with the theoretical protoco l. 

Generally, research on the environmental requirements of fish has been conducted on a strictly 

goal orientated basis with independent studies of tile effects of one or two environmental factors 

which are considered important for the culture of a species. Investigations into further 

environmental requirements of the species are often conducted by different researchers under 

different experimental condi tions at a Imer stage. Consequently, our knowledge of the influence 

of environmental factors on the growth of fish is a synthesis of the information on their 

independent effects on a multitude of spccies of different agcs and uncleI' a vat'iety of experimental 

conditions (Fry, 1971; Brett , 1979). Although a general pattern in the responses of fish to 

certain environmental factors, such as fooe! intake ane! temperature, emerges from interpretation 
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of this information, it st ill provides no clue as to the relative effect of environmental factors on 

the growth of a fi sh. The development of a protocol fo r the sequentia l determination of the 

optimum environmental requirements is, therefore, based mainly on assumptions. Many of these 

are unproven. 

In this study, the evaluation of the effects of indiv idual environmental factors on the growth of 

spotted grunter wel'e conducted under similar experimental conditions. Although exper iments 

were not undertaken simultaneously, the experimental procedures used to determine the effects 

of the individual facto rs were similar. Experiments were designed so that only one factor was 

varied during each experimental period. Otherwise , all factors remaineci at a constant level or at 

the pre-determined optimum. For example , after the effect of temperature on growth was 

determined in the first experiment all subsequent experimen ts were conducted at the optimum 

temperature for growth at 24.5°C. A salinity of 35%0 was used in the temperature experiment . 

In the following experiment on the effect of photoperiod, temperature was maintained at 24,5°C 

and salinity was kept constant at 35 %0. Coincidently , the salinity , light intensity and photoperiod 

levels chosen for the initial experiment on temperature were discovered, in subsequent 

experiments, to be the optima for juvenile spol1cd grunter. Generally the exper iments were 

conducted in the same experimental recirculating system and 40 L experimental aquaria (Chapter 

2), In experiments where common recirculated water could not be used for all treatments, such 

as the salin ity experiment (Chapter 5), the experimental conditions closely approximated that of 

the standard system. Water quality criteria such as pH , ammonia , nitrite and dissolved oxygen 

were kept constant at optimum levels during all experiments. 

Statistical method s requIre simultaneous investigation of experimental variables for any 

mu ltifactorial analyses . However, to conduct experiments of this nature when determining the 

environmental requirements is logi stica lly al1110st impossible. An experiment of this scale is not 

feasible under labo l'ato ry conditions cons idering the nllmbers of expel'imental aquaria and test 
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animals required for replicate treatments of each experimental variable for all the environmental 

factors which could influence growth. This study of the environmental requirements of juvenile 

spotted grunter was unique in that eva luation of the effects of individual environmental factors 

on the growth of juvenile spotted grunter were essentially conducted under the same experimental 

conditions. Therefore, although not strictly correct, this study nevertheless provides an 

opportunity to statistica lly compare and model the independent effects of environmental factors 

on the growth of fi sh on an equal basis. 

The aim of this investigation was to rank the independent environmental factors according to their 

respective effects on juvenile spotted grunter. Then, using this information, to develop a protocol 

for the sequential determination of the optimum environmental requirements based on the 

experimental data. 

Methods 

Experimenlai claro 

In the growth trials to determine the effects of the indiv idu al environmental factors , length and 

weight data of growth were recorded weekly for each fish in each treatment. For the statistical 

analysis of the effects of the respective treatments witllin experiments all growth data were 

expressed as Specific Growth Rates (SGR). Specific Growth Rates were compared using a one­

way ANOYA and differences among means wel·e tested by applying Tukey's Multiple Range 

Analysis. Growth data wel·e tested fo r differences within the rep licates of experimental variables, 

before the I:espective variables were compared with each other. Furthermore, the data were also 

tested for differences in weekly growth rate to ensure that growth was constant through out the 

experimental period. Equality of variances among individual fish growth rates and replicates in 

experimental vari ab les were confirmed with a I3arlett's Test (Zar, 1984). 
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Comparison oj experilllenw! dmll 

The specific growth rates of individual fish in each experiment were pooled and mean weekly 

growth rates were calculated for each replicate in the respective experimental variables . The 

mean weekly growth rates of all the variables in each of the experiments were then pooled. A 

matrix of dummy var iables was constructed to facilitate the multiple regression analyses where 

Specific Growth Rate was the dependent var iable and time, environmental facto rs and dummy 

variab les were the independent variables. COJ11parison of exreri J11ental data was undertaken with 

a series of multiple regression analyses. The multiple regression analyses of the growth data was 

divided into phases . In the initial multiple regression analyses, the growth data of all the 

variables wh ich did not contribute significantly to growth in the individual experiments were 

compared to each other. For exal11ple, all the rat ion size variables above maxil11um da ily intake 

were compared to the salinity variahles which did not influence growth i.e 12 , 25 and 35%0 

(Table 8. 1). This was followed by a multirle regression analyses of all the variab les which did 

have an effect on growth in the individual experiments. The experiment (e.g. all the ration size 

treatments) which had the highest significance leve l were then removed from the analyses and 

the regression was recalculated. This process of elimination was repeated until the contributions 

of the respective expe"imental variables did not differ significantly. In each regress ion analyses 

only the vari ables of one experiment we,'e removed from calculation at anyone time. In the 

multiple regressions where there was more thon one experiment with variobles with a highly 

sign ificant P-va lue, a separate multiple regression analyses was ca lculated to establish which 

experimental variab les had the dominant effect. The experiment with the most number of 

significant va ri ables in the separate regression was removed from the next analyses. 

Results and DisclIssion 

Before comparlJ1g the effects of the various treatments within experiments, growth data was 

rigorous ly tested to ensure that the growth of fish within the replicates of the same treatments 

were not significant ly different from one another. Homogeneity amongst the replicates was tested 
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to confirm that there were no experimental artifacts influencing the growth of the fish in anyone 

replicate. Weekly growth rates in each replicate were also compm'ed to ensure that growth 

remained constant throughout the experimental period. Performing these tests provided a valid 

basis for pooling replicate treatments for comparison with the other experimental variables within 

the same experiment. 

Rigorous testing of the experimental clata was equally important for this investigation as the mean 

weekly growth of the individual fish in each replicate treatment was used for comparison between 

environmental factors. Mean weekly growth rates were calculated from the pooled individual 

growth rates of all fish within the same replicate. This compromise in statistical I'esolution was 

necessary due to the limitations of the statistical software used to perform the multiple regression 

analyses. 

In the introduction to this study it was I'ecognised that interpretation of the effect of an isolated 

environmental f"ctor may le"cI to over-simpli fication. as interaction between factors is ignored. 

This can leacl to the misinterpretation of results as certain dominant factors mask the effects of 

others (Fry, 1971). In the firstmultiplc regression it IV"S founcl that the re were no significant 

differences in growth between environmental factors provicled that they were at the respective 

optimum levels (Table 8.1). However, if limited (i.c. in the second multiple regression) ration 

size overwhelmed the effects of all other environmental factors. The lower ration sizes of 3 and 

5% wet weight/clay and the lowest feeding frequency treatment of Ix daily had a highly 

significant effect on the growth of juvenile spotted grunter (Table 8.1). Since food intake was 

restrictecl il~ these tl'eatments, it can be concludecl that limiting factors had the greatest impact on 

the grOv.1h of juvenile spotted grunter. 

The dominant influence of these factors resulted in the reduction of the significance level of 

temperature. In the first rcgression. the P-v"luc for temperature was 0.0367 (Table 8. I). 

Removal of the ration size and feeding frequency trcatments (regression analyses I and 2) 
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resulted in a decrease in the P-value to 0.0000 in the third multiple regression (Table 8.1). 

Therefore, although temperature appeared to have little effect on growth in the first regression 

it was found to have a highly significant effect when food intake was not restricted. Therefore, 

controlling factors are ranked after limiting factors in terms of their importance on the growth 

of juvenile spotted gnll1ter. 

The dominant effect of temperature over other environmental factors became apparent when all 

temperature treatments were removed in the fourth multiple regress ion analyses . In the fourth 

regression the 5%0 salinity treatment had a P-value of 0.0321, while in the previous regression 

the P-value was 0.0500 (Table 8.1). The increase in significance level of the 5%0 salinity in the 

fourth regression suggests that masking factors are subordinate to the effect of temperature. The 

removal of the salinity treatments from the fifth multiple regression resulted in an increase of the 

significance of the lowest light intensity treatment. The P-value of the lowest light intensity was 

decreased from 0.0632 to 0.0267 by the removal of the sa linity treatments. As photoperiod and 

food deprivation were eliminated in the first multiple regression analyses the effects of light 

intensity were greater than those of photoperiod or food deprivation. The removal of the light 

intensity treatments had little effect on the signifi cance levels of either the photoperiod or food 

deprivation treatments. The respect ive treatments were not significantly different even when the 

light intensity treatments were removed (Table 8.1). Therefore, a ranking of remaining 

experimental treatments could not be undertaken. However , the elimination of the light intensity 

treatments before food derrivat ion suggest that investigation into direct ive factors should precede 

examination of the effects of limiting factors on the growth of fish. 

Through the process of elimination the experimental factors were removed in the following order: 

ralion size -+ r(,l'din~ f'n.'l[ll('nr.y -+ Il'lll[ll'l'tllurt' -+ salinity -+ light inll'tlsily -+ pholo[Jl>riod find food deprivation 
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If the experimental fa cto rs are c lassified into functional catego ries accordi ng to their metabolic 

effect it is possible to develop a sequent ia l protoco l based on the statistical ranking of the 

experimental data . The experimental treatments are classified as follows: 

ration size -+ fceding fl'l,<JlIl·ncy ..... t{' lIIpl~ratlll'c -+ salin ity -+ J i~ht intrll sity -+ photoperiod :1Od food drprivllt.ion 
(limiting) (limitinv.) (colltrolling,) (masking) (din'Ctivr) (directivl". and limiting) 

Therefo re, the statistical ranking of the independent effect of env ironmental factms resul ts in the 

following protocol: 

limiting fadors -.controlling ('ldOl's -+ m'lsl, ing /'ia'iors -+ ci in'Cli",," rill~ l() rs -+ lillljtin~ ffll~t()rS , 
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Table 8. 1: The stat ist ica l ranking or the independcnt variables by the serial multiple regression 
analyses (I - 6). The relative contribution or individual independent variables are tabulated as 
P-values. 

Independent Mu ltiple Regrcssion Analyses 
variables 

I 2 3 4 5 6 

Ration size (3 %) 0.0000 

Ration size (5 %) 0.0000 

Ration size (7%) 0.0049 

Ration size (10.5%) 0.7789 

Ration size (15 %) 0.7896 

Feeding frequency (I x) 0.0197 0.0015 

Feeding f,·eqlicncy (2x) 0.0892 0.0089 

Feeding frequency (3x) 0.6785 

Feeding frequency (4x) 0.7034 

Feeding frequency (5x) 0.6932 

Temperature (20.5°C) 0.0367 0.0049 0.0000 

Temperatlll"e (22.5°C) 0.0497 0.0213 0.0114 

Temperature (24.5°C) 0.0967 0.0745 0.0678 

Temperature (26.5°C) 

Temperature (2S.5°C) 

Salinity (5%0) 0.0919 0.0715 0.0500 0.0321 

Salinity (12%0) 0.2648 

Salinity (25 %0) 0.35894 

Salinity (35 %0) 0.4002 

Light intensity (low) 0.0937 0.0841 0.0716 0.0632 0.0267 

Light intensity (medium) 0.3765 

Light intensity (high) 0.3990 

Photoperiod (SL: 16D) 0 .7539 

Photoperiod (l2L: 12D) 0.7819 

Photoper iod (16L:8D) 0.7899 

Food deprivation 2 0.6960 

Food deprivation 3 0.8245 

Food deprivation 4 0.7931 

Food dep rivation 5 0.7733 
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Chapter 9 

Discussion 

In the introduction to this study individual environmental factors were classified into five 

functional categories according to their respective influences on metabolic processes, namely 

controlling, limiting, masking, directive and lethal factors (Chapter 1). The effects of these 

factors were contextualised and a theoretical sequential protocol for the experimental investigation 

of the optimum environmental conditions of a species was developed (hereon referred to as the 

theoretical protocol). The sequence was as follows: 

controlling factors ~ masking factors ~ directive factors ~ limiting factors. 

This theoretical protocol was used as the basis for investigating the effect of individual 

environmental factors on growth of juvenile spotted grunter. The sequence of experimentation 

used in the present study, namely: 

tem peratu re 
(controlling f'lctor) 

~ photopcriod /light intcnsity ~ ration size ~ 
(directive faclo!'s) (limiting factor) 

salinity 
(mnsldng fnctor) 

may seem contrary to Ihe theoretical protocol. However, this experimental sequence ignores the 

previous studies oftel11perature preference (Deacon & Hecht, 1995), and the effect of salinity on 

the growth of juvenile grunter (Bussiahn, 1992). If these studies are included in the sequence 

of experimental determination of the environmental requirements of juvenile spotted grunter, the 

protocol translates to the following experimental sequence: 

temperature ~ salinity ~ photoperiod -> light int ensi ty ~ fceding frequency .... ration size 

This experimental sequence is in accordance with the theoretical protocol. 
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In Chapter 8, the individual environmental factors (temperature, salinity, etc) were independently 

ranked according to their respective effect on growth performance of juvenile grunter. 

Interpretation of this ranking results in the following protocol for the sequential determination of 

the optimum environmental requirements of a species (hereon referred to as the experimental 

protocol): 

Limiting factors -> controllin~ factors -> masking factors -> directive factors -> Limit ing factors. 

The theoretical and experimental protocols are fundamentally different as effects of the lethal 

factors are either investigated first or last according to which sequence is used. The growth of 

fish in response to limiting factors involves dependent and independent states which become 

operat ional at different levels. Therefore, depending on the sequence used, the estimation of 

maximum growth may 0[' may not be influencecl by the effect of limiting factors. Si nce the 

experimental determination of the optimum environmental requirements of juveni le spotted 

grunter was conducted according to the theoretical protocol (i.e. limiting factors last), it could 

be hypothesised that the who le experimental determination was influenced by the effect of one 

or more limiting facto rs. For example, if food intake was unintentionally restricted by an 

inappropriate feeding regime, there may have been a concomitant decrease in the optimum 

temperature for growth. This has been observed in juvenile sockeye salmon (Oncorhynchus 

nerka) where the optimum temperature fo r growth decreases from 15°C on maximum ration to 

SoC when ration is restricted to \.5% weight/day (I3rett er (I/., 1969). It cou ld, therefore, be 

argued that the growth performance of juvenile grunter was only optimised to the point where 

anyone environmental factor became limiting. 

In the introduction to this study (Chapter I), it was rationalised that the optimization of limiting 

factors was not necessary in a protocol for determining the optimum environmental requirements 

of a species as the appropr iate levels of these factors correspond to the maximum or min imum 

concentration of the respect ive factors. Therefore, in the experimental application of the 
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theoretical protocol to determine the maximum growth of juvenile spotted grunter, it was assumed 

that effects of limiting factors did not affect growth. This assumption was tested in the 

investigations on the effect of food intake on growth performance (Chapter 6 & 7). 

As the relationsh ip between food intake and metabolism is the fundamental basis of fish growth 

(Fry, 1971; E lliot, 1975a; Brett, 1979), it is vital that food availability does not act as a growth 

limiting factor when testing the effect of non-food related parameters (Job li ng, 1983). This 

implies that ad libitum access to food is virtu:llly a prerequisite for eliminating potential biases 

arising from the feeding regime (Jobling, 1983). Therefore, the assumption in the experimental 

determination of the effects of environmental factors on juvenile grunter is that they were able 

maximise food intake. However , the provision of ad libitum access to food duri ng experiments 

to determine the effects of non-food related parameters was not possible for juvenile spotted 

grunter. Consequently, it was necessary to compromise and adopt a satiation feeding regime of 

3 times per day during the experiments. Numerous feeding frequency experiments have shown 

that the effect of feeding frequency is a function of ration size (Grayton & Beamish, 1977; Chua 

& Teng, 1978; Chapter 6). Food intake was, therefore, potentially limiting under the 

experimental conditions used to eletermine the effects of non-fooel related environmental factors . 

In the experimental determination of the effect of feeding frequency on growth it was found that 

juvenile spotted grunter consumed 14% wet boely weight/day when fed 3 times daily (Chapter 

6). The theoretical maximum ration , determineel from the relationship between ration size and 

growth for this species, was estimateci to be 10.7% wet boely weight/day (Chapter 7). Therefore 

it can be concluded that fooel intake was not restricted by the feeding reg ime under the 

experiment~1 conditions. Furthermore, the food consumption of juvenile spotted grunter fed to 

satiation 3 times daily was ± 4% (wet body weight/day) higher than the theoretical maximum 

daily ration. 

Even though the juvenile spoiled grunter were capable of consuming the maximum daily ration 

under the experimental conditions used for the determination of the optimum environmental 
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requirements, this methodology is still questionable (Jobling, 1983). A satiation feeding regime 

still represents a compromise as it is unknown whether the growth rates achieved on a fixed 

satiation feeding reg ime are not always comparable to those with ad libitum access to food 

(Jobling, 1983). In Chapter 7 it was proposed that one of the differences between the two 

regimes is the interval between meals. Therefore, an exper iment was conducted to investigate the 

effect of deprivation time on the growth of juvenile spotted grunter. The results revealed that 

there was no difference in growth performance between fish fed a maximum ration 2, 3, 4 or 5 

times daily. It was concluded that deprivation time had no effect on growth performance 

implying that there is no difference between a satiation feeding regime and ad libitum feeding. 

This conclusion is consistent with the findings on juvenile summer flounder (Paralichrhys 

dentalus), where the growth rate of fi sh fed at maximum daily ration and those fed ad libitum 

were not significantly different (Malloy & Target!, 1994). 

In Chapter 6 it was found that the optimum fecding frequency for juvenile spotted grunter 

corresponded to feeding at an interval that was equivalent to one meal per total gut passage time. 

From this it was hypo thesised that op timum feeding frequcncy may be directly related to the rate 

of digestion and that it should correspond to feeding at an interval that combines maximum 

digestion with minimum deprivation time. The optimum feeding interval corresponded to a level 

at which at least 90% of the previous meal had been digested. This implied that digestion must 

progress to its fullest extent before the ncxt meal. The results of the effect of food deprivation 

on growth of juvenile grunter do not support this 11ypothesis as the decrease in food conversion 

at the optimum feeding frequency was not sign ificantly different from higher feeding frequencies. 

However, the relationship between gut passage time and the minimum feeding frequency for 

maximum food intake provides a method of ensuring maximum food intake during the 

experimental determination of the opt imu 111 environmental requirements. 

The statistical ranking of environmental factors for the development of the experimental protocol 

was based on their individual effects 011 the growth performance of juvenile spotted grunter 
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(Chapter 8). Therefore, the ranking also included expcrimental variab les where food intake was 

restricted to below maximum daily intake. For example, food intake was unintentionally 

restricted to 8.2 % of body weight/day when fish were fed once daily in the feeding frequency 

experiment. In the experiment to determine the relationship between growth and ration, food 

intake was restricted to 3, 5 and 7 % wet body weight/day. Since food was not a limiting factor 

in the experimental determination of the effects of non-food related environmental factors, all 

treatments in which food intake was limited should be eliminated from the ranking. Therefore, 

the ranking of the environmental effects of feeding frequency and ration size should only be based 

on the treatments where food intake was not restricted to below maximum ration. In effect this 

was achieved whcn the exrerimental parameters used for the experiment to determine the effect 

of food deprivation were included in the statistica l analyses. When the experimental factors 

where food intake was lim ited, such as feeding frequency and ration size, were removed from 

the statistical analysis, deprivation variables had the lowest ranking. Therefore, according to the 

new ranking the posi tion of limi ting factors in the experimental protocol was altered from first 

to last. Therefore , the mod ified experimental sequence would be as follows: 

con trolli ng factors ~ masking factors --> directive factors --> limiting fac tors. 

Using food intake as an example, the position of limiting factors was altered from the most to 

least important factor in the experimental protocol sequence, depending on whether it is restricted 

or not. However, the statistical analyses excluded the possible effects of all the li miting factors, 

such as disso lved oxygen and toxic metabolites, which were not exam ined in this study. It is 

conceivable that anyone of these factors could have the same effect as a restricted food intake. 
'. 

Nonetheless, the low rank ing of food intake in the modified exrerimental protocol provides 

evidence in surpor! of the assumption that the effect of limiting factors on growth are negligible 

provided that they are maintained at arpropriate levels. 
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Although the effects of other limiting fac to rs, such as dissolved oxygen and toxic metabolites, 

were not te sted, they were not ignored. In the sequential determination of the optimum 

environmental requirements of juvenile spotted grunter, dissolved oxygen was maintained at 

100% of saturation and al11monia and niu'ite concentrations rcmained below 0.02 mg/L and 0.1 

mg/L, respectively. These concentrations were based on the effect of the respective factors on 

growth of other juvenile fish. In juvenile striped bass (Marone saxalilus) disso lved oxygen levels 

between 53% and 60% restrict growth, however betwcen 60 and 100 % saturation growth is 

maximised (Chiba, 1988). A similar growth response has been observed in Microplerus 

salmoidl's (Stewart ('{ al. , 1967). Oncolhynclws ki.wlch (Herrmann 1'1 of., 1962) and Cyprinus 

carpio (Chiba,-1966), although the lower critical oxygen concent rations range from 50 to 60% 

saturation depending on the species. As disso lved oxygen levels were maintained above the 

levels considered critical for other juvenile fish , it is concluded that this factor did not limit the 

growth of juvenile spotted gru nter under the experimental conditions used in this study. 

The growth of fi sh in response to toxic mctabolites is similar to that of oxygen, although in 

reverse. At low concentrations toxic metabol ites have no effect on growth, but from a critical 

concentration their effect increases as the concent rat ion of the mctabol ite increases . The critical 

ammonia concentration which affects growth varies acco l'd ing to species (Handy & Poxton, 

1993). The chron ic effects of ammonia on marine fish have only been measured in juvenile 

Dover so le (Solea sol('(l) and Turbot (SCOpllflwlll1 l1s maxill1l1s)(A lder son, 1979). Ammonia 

concentrations in excess of O. I mg/L were found to have a negative effect on growth of these 

species (Alderson, (979). Juvenile marine fish are generally more tolerant of high nitrite 

concentrati,?ns (Handy & Paxton , 1993). Acute tox icity in juvenile marine fish varies from 980 

mg/L (24h L.C. 50) in larval Cynosciol/ J/ehlllosllS (Daniels 1'1 aI., 1978) to 154 mg/L in juvenile 

Dicemrarchus la/)rax (Saroglia 1'1 01.,1981). The chronic effect s of nitrite on growth have not 

been investigated (Handy & Poxton, 1993) , however, the minimum concentration for the 

formation of methaemoglobin is 12.9 mg/L in Diceillm/'chils la/)mx (Saroglia 1'1 o/., 1981). 

Nitrite in the blood oxidises the ferrolls (Fe") ion in the haemoglob in to the ferric CFel+) state 
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(Handy & Poxton, 1993). The resulting product, melhaemoglobin, irreversib ly combines with 

oxygen thus impairing oxygen tr'ansrort (Handy & Poxton, 1993). The formation of 

methaemoglobin would, therefore, presumably affect growth (Handy & Paxton, 1993). Since 

ammonia and nitrite concentrations were well below levels cons idered critical for other juvenile 

mar ine fish, it is concluded that the respect ive factors had no limiting effect on the growth of 

juvenile spotted grunter under the experimental conditions used in this study. 

In the theoretical protocol, it was hypothesized that investigation of controlling factors should 

precede all others in the sequential determination of the optimum envi ronmental conditions of a 

species. Since temperature is co nsidered to be the principal factor controlling the rate of 

metabolic processes (Fry, 1971 ; Brett, 1979), it was the fi rst environmental parameter to be 

investigated in this study. Temperature was ranked as having the greatest effect on the growth 

of juvenile spotted grunter in the statistical ranking of the effccts of the individual environmental 

facto rs (Chapter 8). Therefor'e, the hypothesis that controlling factors should be investigated first 

in the sequential investigation of optimum environmental cond itions was accepted . 

In the investigation of the thermal requirements of juvenile spotted grunter it was revealed that 

the optimul11 temperature for growth of 24 .5°C fell within the zone of fina l preference of 24-

25°C for the species (Deacon & Hecht, 1995). This result provides further confirmat ion of the 

correlation between the final thermal preferendum and the optimum temperature for growth 

(Jobling, 1981; Britz & Hecht, 1987). Temperature pre ference studies therefore provide a rapid 

and valid method or dctermin ing the optimum tcmperature for growth (Jobli ng, 1981; Deacon 

& Hecht, 1996). Investigations wcre also conciuctecl to evaluate the CTMax method for 

determining the final preferendlllll (Tsuchicia, 1995). However, it was concluded that the CTMax 

studies could not substitute temrerature preference stuclies in the determination of the final 

preferendum as the CTMax methodology relies on an independent estimate of the final 

preferendum for further data analyses . Substitution of the arpropriate CTMax or temperature 

preference data into TSlichida's (1995) relati onshir between CTMax and fina l preferendum, 

revea led that the relationship could provide confirmation of the final preferencium in several fish 
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species (Chapter 3). Therefore, the CTMax method provides a corollary test of the final 

preferenduJ11 on purely physiological criter ia (Becker & Genoway, 1979). 

The importance of accurate assessment of optimum temperature in the determining the effects of 

environmental factors is well il lustrated by comparing previous studies into the effect of salinity 

on growth of juvenile spotted grunter to those of the present study (Bussiahn, 1992; Chapter 5). 

The first experiment tested the effect of three salini ties, 5, 15 and 35%0, on the growth of 

juvenile spotted grunter at a temperature of Irc (Bussiahn, 1992). From this experiment (op 

Cil) it was concluded that salinity had no effect on growth. However, in the present study it was 

found that salinity had a significant effect on the growth of juvenile spotted gru nter when tested 

at the optimum temperature (Chapter 5) . Growth performance of juvenile spotted grunter was 

found to decrease when the fish were exposed to a reduced sa linity of 5 %0 at a temperature of 

24.5°C. The differences between the two studies can be interpreted in two ways. Firstly, it 

could be argued that in Bussiahn's (1992) study low salinity had a mitigating effect on 

metabolism and, the refore, masked the effect or sub-optimum temperature on growth. 

Alternat ively it cou ld be hypothesised that the effect of salin ity on growth is subordinate to that 

of temperature due to the contrOlling effect of temperature on metabolism . The overriding effect 

of temperature on growth, therefore, masks any effect that sa lini ty might have. 

Masking factors are similar to limiting factors in that they have a moderating effect on 

metabolism which results in a lower measure of maximum growth. Consequently it was 

hypothes ised that the effect of masking factors should be investigated before assessing the effects 

of directive factors. By implication, masking factors are, therefore, in vest igated after controlling 

factors in the theoretical protocol. The above example, however, illustrates the paradox between 

controlling and masking factors. According to the theoretical protocol the effects of masking 

factors on growth shou ld be subord inate to those or controlling factors. This deduction was 

correct. In the statistical ranking of the independent effects of environmental factors on the 

growth of juvenile spotted grunter, temperature was ranked higher than salinity. Observations 
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on the effect of salinity on thermoregulatory behaviour also support this deduction. Deacon and 

Hecht (1995) found that the final thermal prefcrendum of juveni le spotted grunter was not 

influenced by a variation in salinity which indicates that temperature is more important for 

controlling metaboli sm than salinity. Therefore, the optimum salinity of 12-35%0 determined at 

the optimum temperature in the present study is an accu rate reflection of the salinity requ irements 

of juvenile spotted gruntel' (Chapter 5). 

The optimum salinity range of 12-35 %0 of juvenile spotted grunter supports the hypothesis that 

the optimum salinity of a species usually corresponds with the sa linity levels in the environment 

in which the species is commonly found (Morgan & Iwama, 1991). In the natural habitat 

juvenile spotted grunter are exposed to salinity changes that regularly fluctuate between 0-35 %0 

(Ter Morshuizen 1'1 Ill. , in press). Under extreme conditions, for example in closed estuaries, 

spotted grunter survive in salinities of up to 70%0 (Whitfield er 111.,1981). Therefore, the lack 

of a clearly defined opt imu m salinity for growth in juvenile spotted grunter may indicate 

adaptation to an unstable natmal environment. In contrast , stenoha li ne freshwater species such 

as grass carp (Crenop!zwyngodol1 ide/lei) and freshwater catfish (MyslUs viI/alliS) exh ibit a narrow 

range of optimum salinity (0-2%0) for growth (Arunachalam & Reddy, 1979; Kilambi, 1980). 

This suggests that salinity may not be an important factor in the investigation of the 

environmental requirements of stenohalinc marine species. 

Optimum metabolism l'cqulres the synchronization of metabolic and physiological processes 

(Brett, 1979) , Light intensity and photoperiod have been implicated as the key directive 

environme~ta l factors synch ronizing the activity and behaviour of fish (Fry, 1971; Schwassmann, 

1971; Reynolds & easterlin, 1976). In thi s study photoperiod was investigated before light 

intensity, This was based on the assumption that the dominant factor influencing the daily 

activity pattern is the pel'iodicity of light (Schwassmann , 1971), while the locomotor activity 

within th is pattern is determined by the ambient light intensity (Reynolds & Casterlin, 1976). 

Therefore, it was hypothesised that the jlcriod of activity would have to be determined before 
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light intensity could be optimised. Consequently, the aim of the photoperiod experiment was to 

determine whether spotted grunter are diurnal or nocturnal during the ear ly juvenile phase. Some 

marine fish, such as Gi/berria sigailifes, are diurnal during the larval phase but become nocturnal 

as they develop into juveniles (Madivae, 1981). Generally diurnal fish grow better under longer 

periods of light (Gross er aI., 1965; Hu Cf aI., 1976), while nocturnal fish exhibit better growth 

under longer or even continual periods of darkness (Britz & Pienaar, 1992) . Once the 

photoperiod response of the spec ies has been determined, investigation into the appropriate light 

intensity can be undertaken. 

In the ranking of the independent effect of environmental factors on growth, light intensity was 

ranked higher than photoperiod (Chapter 8). This implies that in the experimental sequence light 

intensity should be investigated before photoperiod. This conclus ion is supported if the 

independent effects of light intensity and photoperiod on juvenile spotted grunter are 

contextualised. In the light intensity experiment, the optimum light intensity for growth, food 

conversion, condition factor and surv ival of juvenile spotted grunter under a photoperiod of 

12L: 120 was 1.94x 10.3 I'E.sec·'. cm2 (Chapter 4). By chance, thi s light intensity was used in 

the photoperiod experiment. Theo,·etically, therefore, growth should have been maximised at a 

photoperiod of 16L:SO. However, although maximum growth did occur at 16L:SO, it was not 

significant ly higher than that observed at 12L: 12D (Chaptet· 4). On the other hand, fish under 

the 16L:80 photoperiod ex hibited a lower concli tion factor and food conversion ratio than those 

at 12L: 120. It was concluded that modified photoperiods do not increase growth in juvenile 

spotted grunter. Kiyono & Hirano (1981) observed that even when juvenile blaek porgy (Mylio 

macrocfph\J!us) were fed ad /ihifum, growth did not increase when photoperiod was modified 

from 12L: 120 to ISL:60. A similar lack of response to increased photoperiod has also been 

observed by Fuchs (1978) in juvenile sole (So/eo soir'a) . It can be concluded that the 

investigation of the effect of photoperiod is not as important as previously thought in the 

determination of the optimum environmental requirements of juveni le mar ine fish . 
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The investigation of the effect of light intensity on the growth of juvenile spotted grunter was pre­

empted by a light intensity preference study (Btll·ton, 1995). Radenko and Alimov (1992) found 

that the preferred light intensity of larval carp cOITesponcieci well with the optimum light intensity 

for growth. It was, therefore, hypothes ised that light intensity preference may represent a 

method of determining the light intensi ty requirements of juvenile fish (Burton, 1995). In this 

study (op cit.) juvenile spotted grunter consistently se lected the darkest reg ion of the gradient. 

This behaviour was observed even when the darkest region of the gradient differed by < 1 lux 

(Burton, 1995). However, in the growth trial investigating the effect of light intensity on juvenile 

spotted grunter, the lowest light intensity of 1.94x10·3 JlE.sec·'. em' «5 lux) resulted in poor 

growth, condition factor and survi val (Chapter 6). It was concl uded that behavioural studies are 

unreliable ind icators of jJl'efc rred light imcnsity. 

In Chapter 6 it was observed that th e quality , or wavelength spectrum, of light may be an 

important factor in the invest igation of the effect of light intensity on the growth of a species. 

This is particularly im pol'tant when expe rimcnts al'e conducted under artificial light. The artificial 

light used in the investigation of the env ironmental requirement s o f juvenile spotted grunter 

provided a wavelength spectrum which Iml spectral peaks in the range of 540 and 620nm. This 

spectrum encompasses most of the wavelength range to which fish visual pigments have been 

found to be most sensitive, however the shorter wavelengths were not provided by this light 

source. In fish such as perch (Percafluvi(f/ilis) and the black porgy (Acanlhopagrus sehlege/i), 

which commonly inhabit poor photic conditions additiona l peak spectral absorbencies also occur 

in the 550-980nm ranges (Cameron, 1982; Huang , 1989). Sineejuvenile spotted grunter in the 

size range used in this experiment are found in highly turbid water it was assumed that they also 

possess retinal pigments required for sight under poo r photic conditions. This hypothesis was, 

however, not tested. Most fish retinal pigments have a peak spectral absorbance of 500nm 

(Hobson 1'1 al. , 1981 ; Huang , 1989; Loew ('( 11/.,1993). Larval fish retinae have maximum 
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absorbance at a lower wavelength 400nm (Loew leI II/. , 1993). This suggests that the influence 

of wavelength spectra on fi sh growth should be investigated in the experimental determination 

of optimum environmental requirements. 

Although the sequence of experimental investigation into the effects of photoperiod and light 

intensity were incorrect according to the statistical ranking, the overa ll effect of directive factors 

on growth was less than that of the masking factors. Sequencing of directive factors after 

masking factors is , therefore, a valid assumption. The effects of light intens ity and photoperiod 

on the growth .of juvenile gnlnter were ranked above the effect of food deprivation. Therefore 

limiting factors are ranked last in the cxperimental protocol, provided food intake is not 

restr icted. The implications of this finding have been explai ned in previous discussions. 

The experimental protocol, thcrefore, supports the theoret ical protocol for sequential ly 

determining the env ironmental requirements of juven ile mar ine fi sh . Consequently, it can be 

concluded that the determination of the optimu m environmental requ irements of a candidate 

maricu ltu re species should be conducted according to the follow ing protocol: 

controlling factors -> masking factors -> directive factors -> limiting factors. 

The investigation into the effects of limiting facto rs have been included in the protocol as the 

determinat ion of the optimum levels of controlling, mask ing and directive provide a platform 

upon which research into the effects of limiting factors can be conducted. Food is the most 

important cost factor in finfish culture and under commercial farming conditions food intake is 

intentionally restricted. From an economic pe rspective, a correct food ration must fulfil l a 

number of criteria. It must promote ass imilati on of dietary protein to muscle rather than lipid 

storage, support a high surv iva l rate and maintain a high food conversion efficiency, without 

limiting growth. Maximum growth occurs at the li mit of voluntary food intake (satiation), while 
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maximum food conversion efficiency occurs at some level below satiat ion (Andrews & Stickney, 

1972; Brett el aI., 1969; Chu a & Teng, 1982). The optimum ration size is a compromise 

between these factors and is defined as the ration providing the highest growth rate for the lowest 

intake of food (Brett er al., 1969; Elliot, 1975a). For Epinepheilis rallvina and Seriola 

quillqueradiara the optimum ration is approximately 65% of maximum intake (Chua & Teng, 

1982). In juvenile spotted grunter the optimul11 ration size is much lower, at 33.6% of maximum 

daily intake. The determination of the optimum ration size under optimum environmental 

conditions also provides a basis upon wh ich other factors wh ich limit growth, such as stocking 

density (Brett, 1979), can be investigated. 

In Chapter 1 it was proposed that this study would attempt to determine whether the optimum 

environmental requirements of a candidate species should be determined in a particular sequence, 

and, if so, in what sequence? Based on the results of the independent experiments and 

interpretation of the find ings it is clear that the opti l11um environmental requirements should 

indeed be determined in a particular sequence. If not, then the experimental protocol would not 

have corroborated the theoretical protocol. Therefore, using the protocol as a basis, a 

preliminary experimental sequence for determining optimum environmental requirements of a 

species can be developed. In the development of the experimental, the protocol was interpreted 

in conjunction with the experimental methods used to determine the environmental requirements 

of juvenile spotted gnll1ter. 

Figure 9.1 represents a preliminary protocol for determining the environmental requirements of 

juvenile marine fish. Temperature was ranked as the primary controll ing factor affecting the 
" 

growth performance of juvenile spotted grunter and, therefore, has priority over all other factors, 

A combination of temperatlll'e preference and CTMax studies together constitute the most rapid 

and reliable means of determining the optimum temperature for growth. The strong correlation 

between the zone of final pl-eference and oJllimum temperature for growth (Jobling, 1981), was 

further supportcd by the prescnt study, CTMax studies have been included in the protocol as 
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they measure the response to tempcratu re on a purely physiological basis and therefore provide 

an independent method of validating the final prefcrendum (Bekker & Genoway, 1979; Tsuchida, 

1995) (Chapter 3). The non-growth based evaluation of optimum temperature provided by 

CTMax and temperature studies is vital as it is indepcndent of the effect of food. 

PROTOCOL 

Controlling 
Faclors 

- - ~ - -
Food 

Intake 

--t --
Masking 
Factors 

- - -t -- -
Directive 
F a clors 

Limiting 
factors 

EXPERIMENTAL SEQUENCE 
Temperature 

preference 

t 
eTMax 

- -+- -
Cut passage 

lime 

Salinity 

-/ ~r~w_th_ tri~l_~_ 

Ligh t in t ensily __ wavelength spectrum _ < _ Relinal 
grow th trial growth trial absorbance 

-~- - - - - - - / -

Feeding frequency 
growlh lrial 

t 
Ih.lion/lcm pera lure 

growth trial 

Figure 9. 1: T he preliminary protoco l and sequence of experimentation for the determination of 

the optimum environmental requirements of juvcnile marine fish. 
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In this respect, growth, unlike other activities, such as temperature preference, is inseparably 

coupled with food intake. Food inta ke is, therefore, a potential limiting factor (Fry, 1971; Brett, 

1979). The relationship between gut passage time and optimum feeding frequency established 

in the experiment on the effect of feeding frequency on growth (Chapter 6), however , provides 

a possible method of ensuring that food is not limiting. Feeding to satiation at an interval that 

is equivalent to gut passage time ensures that maximum daily intake is achieved (Chapter 6 & 7), 

This feeding regime, for practical and theoretical reasons, is superior to the only alternative of 

feeding ad libitum (Chapter 7), Therefore, the next step in the PI'olOcol would be an investigation 

into gut passage time conducted at the rreferred (optimum) temperature (Fig 9.1). In the 

protocol outlined in Figure 9.1, food intake has not been classified according to a functional 

category in the first instance. This is because the study of gut passage time is not designed to 

optimize food intake, but rather to ensure that it is not restricted . Provided food intake and other 

limiting factors, such as dissolved oxygen and toxic metabolites, are at appropriate levels they 

are assumed to have no effect on growlh in subsequent growth trials, Investigations into limiting 

factors are undertaken last in the protocol. In these experiments they are intentionally restricted. 

Determination of the optimum temperature and feeding regime for maximum daily food intake 

serves as a basis upon which all growth trials can be conducted. The effects of masking factors 

may act as confounding variables resulting in biased estimates of optimum levels of other factors. 

In juvenile spotted grunter, sal inity proved to be the second most important factor regulating 

survival, growth and food conversion (Chapter 8). Since the nl<~ority of potential mariculture 

species are euryhaline, an investigation in to the effects of this factor would be the consecutive 

step in theJ?rotocol (Fig 9.1). However, this may not be relevant to stenohaline marine species . 

Investigation into the effect of masking factors is followed by an examination of directive factors, 

Light has been idcntified as the principal directive factor controlling the endogenous cycles of 

metabolism in fish and othcr organisms (Fry , 1971: Schwassmann, 1971; Reynolds & Casterlin, 

1976), In juvenile spotted grunter, alteration of the photoperiod component of light had no 
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beneficial effects on growth performance even when conducted at the optimum light intensity 

(Chapter 4). From this it was concluded that determining the effect of photoperiod is 

unnecessary. Therefore it has been omitted from the protocol (Fig 8.1). Light intensity and 

wavelength spectrum may have a behavioural effect on activity and, therefore, indirectly growth 

(Chapter 4). Light intensity had a significant effect on growth performance in juvenile grunter, 

however, this did not correspond to the preferred light intensity (Chapter 4). Behavioural studies 

of light intensity do not appear to be reliable indicators of the light requirements of all species 

and as a consequence are excluded from the protocol (Fig 9.1) . Although the quality (i.e 

wavelength spectrum) of light has been found to influence behaviou r its effect on growth in fish 

is not well documented (Loew er aI. , 1993). Absorbance of retinal pigments may provide some 

clue into wavelength spectrum requirements (Chapter 4). Although this aspect was not 

investigated in the present study, the quality of light may represent an important abiotic factor 

affecting the growth of fish . 

Under commercial condit ions every effort is made to optimise utilisation. This implies that food 

intake must be limited (Andrews & Stickney , 1972; Chua & Teng , 1982). However, an accurate 

estimate of maximum ration is inherent to modelling of the relationship between growth and 

ration. This can only be achieved if the feeding regime permits maximum dai ly food intake. 

Since frequency of feeding controls daily food intake (Chapter 6), it must precede any 

investigation of the relationship between growth and ration (Fig 8.1). However, analyses offood 

consumption at the various feeding frequencies indicated that an accurate estimate of maximum 

ration cannot be detem1inccl fmm a feeding frequency expet'iment per se. Maximum ration was 

consistent ly, overestimated by ± 4% at the higher feeding frequencies. In the present study the 

relationship between growth and ration in juvenile spotted grunter was determined at the optimum 

temperature for growth. Normally the relationship would be conducted to determine the optimum 

ration for commercial application (Brett er al. , 1969; Elliot, 1975a; Chua & Teng, 1982). Since 

the optimum ration has been found to vary according to temperature (Elliot, 1975; Brett, 1979), 

the relationship between growth and temperature should be determined over a range of 
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temperatures (Fig 8.1). Maintenance of water temperatures at optimal levels is seldom practical 

or possible under hatchery conditions. 

In the introduction to this study it was stated that the estimation of growth performance under a 

random combination of environmental conditions is a highly biased evaluation of the mariculture 

potential of a species. Maximum growth is the only measure of fish growth where the 

compromising effects of environmental factors on growth performance are negated. Since 

maximum growth only OCCU I'S under optimum environmental conditions, an investigation into the 

environmental requirements of a species is a prerequisite to evaluation of its mariculture potential. 

This study has shown that the sequence in which the effects of environmental factors are 

determined is important to the accurate assessment of the optimum environmental conditions . 

Therefore, the environmental factors influencing growth need to be identified and sequenced 

accordingly. From the interpretation of the independent effects of the environmental factors on 

the grov,1h of juvenile spotted grunter and the sequence of experimentation it was possib le to 

develop a preliminary protocol for the sequential determination of the optimum environmental 

requirements of a species. Th is was as follows: 

controlling factors ~ Food ~ masking fa ctors ~ dircctivc factors ~ limiting factors. 

At this point it must be emphasised that the environmental requirements of fish are species 

specific. Other speci fic environmental factors should, therefore, be considered within the frame-

work of the protocol when investigating different species. For example turbidity may be a very 

important factor to a clear water predator. In this. example, turbidity would restrict food intake '. 
and, therefore, would be classified as a limiting factor. Investigation of the growth limiting effect 

of this environmental factor would be unclertaken at the end of the protocol (Fig 9.1) . However. 

clear water would be assumed to be a critical req uirement in the exam ination of the relevant 

controlling, masking and clirective factors. 
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Table 9.1 is a summa,·y of the optil11ul11 env ironmental conditions for growth of juven ile spotted 

grunter as determined accordi ng to the protocol. Under these cond itions juvenile spotted grunter 

(SL= 50.2 ± 2.9mm, weight = 4.23 ± 0.75g) achieved a maximum spec ific growth rate of 

2.36 ± 0.3 % body weight/day and a minimum food conversion ratio of 2.26 ± 0.4 at the 

optimum ration size of3.6% wet body weight/day. Undoubtedly there are other specific factors, 

such as the nutritional requirements, which may affect the growth of juvenile spotted grunter. 

Optimisation of the key envi ronmental factors provides the fundame ntal basis upon on which 

further research into these aspects can be conducted. 

Table 9.1: The suite of environmental condi tions required for opt imum growth of juvenile 

spotted grunter, Pomados)'s cotnmersolllJii , unde r cultu re cond itions. 

Environmentnl factor 

Temperature 

Salinity 

Photoperiod 

Light intensity 

Feeding frequency 

Ration size 

Optimulll Level 

24 - 28 °C 

12 - 35%0 

natu ral 

1.95x 1O.1J.!E.sec·' 

3x da ily 

3.6% wet body we ight/day 
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Appendix 1: A list of the marine fish species ClllTl'ntly CUl tl1n:.J on a commercial bas is or are under 
consideration for aquClculture. 

Family & Species Euryhaline Estuarine Source 

Chanidae 

Chat/os clUlI/OS y Y Fernuis el a!., 1978 

Gadidae 

Gadus morhu(l y n Lamh~rt el af" 1994 

Allarchichas millor 11 n Tilseth, 1993 

Allarchichas lupl/s 0 n Til seth, 1993 

Serranidae 

Cromileples aliil'cli.l' Liao, 1993 

Dicentrarchlfs lohl'ax y y BlIchet & Hus~enot, 1993 

Epincpheflf.l' oka(lrrt )' y \Noo & WH, 1982 

Epincphelus JIIufuh{/ricII.I' y )' Chua & Teng, 1982 
(Epilll'plielus .wfmoir/('sj 

Epillcphelu."i strifllllS y y Tucker, 1994 

PleClrOpOtlllfs leopordlf.\' 0 0 Tucker, 1994 

Haemulidae 

Pomndmys cO/nIJl('rso/ll/ii y y Deacoo & Hecht, 1995 

Palr/adas)'.\' /wsw y y Liao, 1993 

Latrididae 

Latris linen/a y y Riker, 1995 

Lutjanidae 

LUljalltis argelllilJl(lclffntlls y y Linn, 1993 

0CYl/rlls chyrSlfrtfs y y Riley e' al. , 1995 

Sparidae 

Acalllhapagru,\' hel'da y y Sal11ie.l & Matthews, 1987 

A cC11/lhropag/'lfs ht{flscillfllS )' y S:lmid & Matthews, 1987 

A c(llIlh fOlnig rlf.\' c/fl'iai y )' Sal11id & Matthews, 1987 

ACfllllhropagrus taws )' y Sailliel & Matthews, 1987 

Acalllhropngru.\· schIegl; )' y Liao, 1987 

Archo.mrgu.r p"oh(lIOCelJhallfS y n Tucker, 1987 

Argyrozol/{/ {/lygyrozolln n n Davis, 1996 

Cheimer;us 1I1f!"I' n 11 Garrrat, 1991 
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Family and species 

Sparidae (continued) 

Chrysoblephus Inliceps 

Chlysob/ephus p'.(lIict:us 

ChlysopJuys aurmll.f 

(ChrysophlYS major, Pagrll.Y 
auratus, Pagrtls (///rntlf.'i) 

D amex de1lfc'.X 

Dip/odu", sargus 

Lithogl/(llhus lirhogllalhlls 

Mylia macrocephnlll,\" 

Put/rauo jJUlIftl:l.0 

Sparus {/UrWll 

Sparus sar/:Ja 

Lethrinidae 

LelhrilJuJ russelli 

Dichistidae 

Dichis(illS cnpell.\'i,\' 

Kyphosidae 

Kyphosus fell/hus 

Gerridae 

Gerres fllmneJl!osf/s 

Sciacnidac 

Argyrosolflas h%/C'jlido(us 

CyllosciOI/ lIehl/lo.ms 

M icropogollius filmier; 

Pogal/iffs chrol1l is 

Sciaenops oceilm/fs 

Carangidac 

Pseudocarnllx dell/ex 

Trnch;1I0111,\' carn/inus 

Trachil/o,"s fa/catlls 

Trnch illOl llS J.:oor/ei 

Serio ia dl/mcriti 

Seriain qllillfjucradiat(l 

Euryhaline 

n 

n 

y 

n 

y 

y 

y 

y 

y 

y 

y 

n 
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y 

y 
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y 
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y 
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n 

n 

n 
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Soun:.e 

Davis , 1996 

Garrat, 1991 

\Voo & Fung, 1981 

T ihal di et 01., 1996 

Divanach 01 lit . , 1993 

Harris el 01. , 1991 

Woo & Wu , 1982 

Divanch el aI., 1993 

Tandler 01 (II., 1995 

Woo & Kelly, 1995 

Liao, 1993 

vall tier Ling~n. 1986 

Liao, 1993 

Liao, 1993 

Thorpe, 199 I 

Daniels el III., 1978 

Isaac, 1988 

Jones & Strawn, 1986 

Craig el (ll., 1995 

Arakawa el 01. , 1993 

McMaster, 1988 

McMaster, 1988 

McMaster, 1988 

Crespo 01 01., 1994 

Shimcno el (II., 1985 



Family and Species Euryhillinc Estuarine Source 

Coryphaenidae 

CoryphfleJla hipPl/fllS n n Szyper, 1991 

Mugilidae 

Chelon labrosus y y Cardona & Castello-Orval', 1993 

Mugil carelllll )' y Bennett & Netto, 1991 

Mugil cephalus y y Liao, 1993 

Mugilliza y y Bennet & Netto, 199 1 

Liza (lUl"{//(l y )' Shuslllin, 1990 

Liza parsia y y Paul raj & Kiron, 1988 

Polynemidac 

Po/ydactylus sC'xifl lus y y Szyper et al . . 199 1 

PoiYllemlls pleheius y y linD, 1993 

Siganidac 

Sigallus c(lllalicllfmlls y y EI Sayed el aI., 1995 

Sigal/us gUffnlll,r y y Duray & Kohno, 1988 

SigaJlIIx fandall; y )' Nelson & Wil ki ns, 1994 

Pleuroncctidac 

Hippoglossus hippogfossus n n Tuene & Norvel dl, 1995 

HippogLo,\'sus ,\'rello/epis n n Liu ('I aI. , 1993 

Paraiicilrhys dellfafU,\' y y Beng!'ilon & Nardi, 1995 

Pnralichfhys Inicnlps y y Si lva, 1994 

Parn/ichtl1ys o[iWlceollx y y Takiz<lwa el al., 1996 

P leu rOI}(~Cl e.I' allier; C(7I1IIS n n Lee & Litvak, 1996 

Pleurol/ecIC's "lme-s.WI n n Ti lseth, 1993 

Rhombosolea rnparill(( y )' Hart & Purser, 1995 

Solen senega/cnsh- y y Vazquez el al .. 1994 

Solen so/ea y y Ruchet & Hussenot, 1993 

Bothidac 

Scoplhtl/U/IIS l1I(1xirnu.l" 11 n Per1'ion-Le Ruyet, 1990 

Tctradonti dac 

Fugu rllbr;pes y y Liao, 1993 
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