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Influence of rearing temperature on the distribution of
muscle fibre types in the turbot Scophthalmus maximus at

metamorphosis
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Abstract: Larval turbot Scophthalmus maximus L. which were undergoing metamorphosis were divided into
two groups and reared at either 17 or 22 ° C for 1 month. Fish in the two groups had a similar standard length

and body mass at the end of the experimental period. Three muscle fibre types were distinguished in pos-
terior myotomes using histochemical techniques. Tonic fibres which stained weakly for myofibrillar ATPase
activity (MATPase) and succinic dehydrogenase activity (SDHase) formed a scattered superficial layer on
the dorsal and ventJ;al surfaces. The number of tonic muscle fibres/myotome was '43% higher in fish reared
at 17 °C (63) than at 22 °C (44) (P<0.01). Superficial red fibres, which stained heavily for SDHase, con-
stituted 10.7% of the myotomal muscle cross-sectional area in 17 °C-acclimated turbot compared with only
7.8% in 22 °C-acclimated fish (p<0.01). Red fibres showed an intermediate staining for myofibril1ar ATPase
at pH 9.4 relative to tonic and white fibres, and were the most stable fibre type following alkaline preincu-
bation (pH 10.4). In this respect the red fibres of juvenile turbot resemble the fast red or intermediate muscle
fibre types of adult teleosts. Red and white fibres stained much more heavily for glycogen in turbot reared
at 17 than 22 ° C. It is concluded that relatively small differences in rearing temperature are sufficient to affect

the distribution of muscle fibre types and energy storage levels in larval and juvenile fish.
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JNTROrnJCTTON

The maximum sustained speed (UCrit) of fish usually shows a distinct thermal op-
timum, and declines at lower temperatures with a QlO of 2-3 (Beamish, 1978). In some
species improvements in swimming performance are observed after several weeks
acclimation to temperatures below the thermal optimum (Fry & Hart, 1948; Lemons
& Crawshaw, 1985; Heap & Goldspink, 1986). The mechanisms underlying temper-
ature compensation of locomotory performance are complex and involve adaptations
in the properties of the nervous system (Rome et al., 1985; Harper et al., 1990) and
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swimming muscles (Johnston & Dunn, 1987; Johnston et al., 1990; Guderley, 1990).
Sustained swimming speeds are powered by the recruitment of red fibres in the pec-
toral fin and myotomal muscles (Bone, 1978; Johnston, 1981a). In fish that remain
active at low temperatures, such as goldfish Carassius auratus L. (Johnston & Lucking,
1978; Sidell, 1980) and striped bass Morone saxatilis L. (Jones & Sidell, 1982), the
relative proportion of red muscle fibres in the myotomes increases following cold-
acclimation. The red muscle fibres from cold-acclimated individuals also contain higher
volume densities of mitochondria (Johnston & Maitland, 1980; Egginton & Sidell,
1989) and have an enhanced capacity to utilise fatty acids relative to warm-acclimated
fish (Jones & Sidell, 1982). In addition, among cyprinid fish temperature acclimation
produces adaptations in the contractile properties of muscle fibre types (J ohnston et al.,
1975a, 1985, 1990), involving altered expression of myosin heavy and light chains
(Crockford & Johnston, 1990; Hwang et al., 1990; Gerlach et al., 1990; Langfeld et al.,

1991).
Guderley (1990) has suggested that for most cold active species a temperature range

up to 15 °C can be covered by a single metabolic profile. The goldfish is a warm
temperate species, and maximum cruising speed shows an optimum at ~ 30 ° C in

25 °C-acclimated fish (Fry & Hart, 1948). Johnston & Lucking (1978) found that the
number of slow red muscle fibres/myotome was similar in goldfish acclimated to 18 and
31 ° C, but was ~ 20% higher in fish acclimated to 3 ° C. Thus for adult fish phenotypic

adaptations in the metabolic and contractile properties of muscle fibres require accli-
mation to temperatures substantially below their thermal optimum.

Studies on the influence of temperature acclimation on muscle properties have con-
centrated on adult stages (Johnston & Dunn, 1987; Guderley, 1990). There is evidence,
however, that the rapidly growing larval and juvenile stages are more sensitive to
temperature than the adults (Blaxter, 1992). In the present study we have investigated
the influence of rearing temperature on the muscle fibre composition of turbot
Scophthalmus maximus L. at metamorphosis.

MATERIALS AND METHODS

FISH

Larval turbot were obtained 28 days after hatching from a commercial fish farm
(Golden Sea Produce, Hunterston, UK) where they had been reared at 15-18 ° C. They

had settled but were still undergoing metamorphosis corresponding to stages 5b-5c,
as described by Al-Maghazachi & Gibson (1984). The larvae were divided into two
groups of similar total length (17°C,24.91 1.6mm; and 22°C, 24.512.5mm; both
x 1 SD) and maintained in partially recirculated aerated seawater under constant illu-
mination. The two groups were gradually adjusted to either 17 or 22 ° C ( 1 0.25 ° C)

over a period of 1 wk and then maintained at those temperatures for a further month.
Turbot were fed ad libitum on 1-6-day-old brine shrimp nauplii (Artemia sp.). At the



TURBOT MUSCLE FIBRES 47

end of the experiment fish were anaesthetised with an overdose of MS222 (Sandoz,
Basle, Switzerland) and their body mass, totallenJ!,th and standard lenJ!,th recorded.

HISTOCHEMISTRY

The fish were sectioned at the level of the 49th dorsal fin ray and the caudal fin
removed {Fig. la). The posterior section was mounted face-down on a cryostat chuck,
coated in embedding medium (CryoEmbed), and frozen in isopentane cooled to near
its freezing point ( -158 °C) in liquid nitrogen. Blocks were equilibrated in a refriger-
ated cabinet at -25 °C and 10-J1m transverse sections cut in a cryostat (Brights In-
struments, Cambridge, UK). The first 100 sections were discarded and subsequent
sections mounted on glass coverslips stored in numbered trays so that equivalent
sections could be compared after staining for either succinic dehydrogenase activity
(SDHase) (Nachlas et al., 1957), myofibrillar ATPase activity at pH 9.4 (Johnston
et al., 1974) or glycogen using the Periodic Acid Schiff (PAS) technique (Pearse, 1960).
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Fig. 1. Muscle fibre types in juvenile turbot: (a) myotomes sampled; (b) camera lucida drawing showing
distribution of muscle fibre types; vertebral column; and (c) transverse section stained for myofibrillar
ATPase activity at pH 9.4 without alkaline preincubation; fast muscle fibres; R, red muscle fibres; T, tonic

muscle fibres: s. skin. \
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Some sections stained for myofibrillar A TPase were preincubated at a series of alka.
line pHs (10.1-10.4) in a solution of 18 mM CaC12, 100 mM 2-amino-2-methyl-l.
propanol buffer for 0.5 to-10 min (Johnston et al., 1974).

QUANTITATIVE MEASUREMENTS


