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Abstract The escape swimming performance of the Antarctic scallop, Adamussium colbecki, 

was measured in animals acclimated for 6 weeks to –1oC, 0oC or 2oC and tested at –1.5oC to 

+1.5oC.  Clap duration and swimming velocity were significantly related to temperature, but 

were not affected by acclimation, demonstrating no phenotypic plasticity.  Comparisons of 

the mean swimming velocity of A. colbecki with published data for temperate and tropical 

species showed little evidence for evolutionary compensation for temperature, with all data 

fitting to a single exponential relationship with a Q10 of 2.08 (0-20oC).  The contraction 

kinetics of the isolated fast adductor muscle of A. colbecki were determined and the times to 

50% peak tension and 50% relaxation had Q10s (0-4 oC) of 3.6 and 4.7 respectively.  The Q10 

of the overall relationship for pooled time to peak twitch data for 4 scallop species was 2.05 

(0-20oC).  Field studies revealed low mobility and poor escape performance in wild A. 

colbecki.  A combination of thermodynamic constraints, reduced food supply, and lower 

selective pressure probably explains the low levels of swimming performance seen in 

Adamussium colbecki. 
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Introduction 

 

Burst locomotor capacity typically defines one limit to an animal’s performance envelope, 

being characterised by high velocities and accelerations of short duration (Beamish 1978).  

The intuitive links between burst performance and success in predator-prey interactions 

provide the potential for making ecologically relevant measurements of animal performance. 

Escape performance has been demonstrated to be crucial to survival (Watkins 1995), and to 

evolve rapidly in response to changing predation pressures (O'Steen et al. 2002).  However, 

polar fish exhibit lower burst swimming speeds (Wakeling and Johnston 1998) and in vitro 

muscle performances (Johnston and Altringham 1985) than warmer-water species, but have 

similar abilities to recover from exercise (Hardewig et al. 1998).  While temperature is known 

to have powerful effects on physiological processes, the effects of temperature-related 

changes in muscle performance on the survival and behaviour of fauna are not clear.  Are the 

observed trends a result of a fundamental controlling influence of temperature on muscle 

performance, or does the selective advantage of high activity change at lower temperatures 

and/or higher latitudes? 

 

Although polar fishes have been extensively studied, few experiments have been carried out 

on the burst performances of other cold-water animals (Ansell et al. 1998).  Comparisons of 

findings in a distantly-related taxon should be useful in determining the factors controlling 

performance in polar animals.  Like fish, scallops have a differentiated mass of fast-twitch 

muscle that is used mainly for burst swimming, and the importance of swimming 

performance to survival in scallops has been clearly demonstrated (Barbeau and Scheibling 

1994a; b; c). 
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Adamussium colbecki (Smith 1902) is the only species of scallop extant in Antarctica, and has 

a circum-polar distribution with high local abundances (Berkman 1988).  This species has 

been extensively studied and has a relatively high growth rate for an Antarctic mollusc 

(Berkman 1990; Brey and Clarke 1993), combined with a low basal metabolism (Heilmayer 

and Brey 2003).  As for some polar fishes, A. colbecki demonstrates some temperature 

compensation for recovery from anaerobic exercise at its normal habitat temperature (Bailey 

et al. 2003), but rapidly loses the ability to swim as temperature increases (Peck et al. 2004).  

These scallops have been observed to swim readily in the wild (Ansell et al. 1998), but the 

effects of temperature on swimming performance in A. colbecki are unknown and no detailed 

comparisons exist between the swimming performances of this species and warmer-water 

scallops. 

 

The main aim of the present study was to utilise quantitative measures of swimming and 

muscle performance, at a range of temperatures, in order to determine the effects of 

temperature on burst swimming over a range of timescales.  Field experiments on the 

swimming of scallops, and on natural predator pressure, allowed the relative importance of 

physiological and ecological variables on swimming in scallops to be investigated. 

 

Materials and methods 

 

Study population 

 

The scallops Adamussium colbecki were located in an area approximately 30 m across at 20-

28 m depth and a smaller group at 12 m depth on an artificial boulder slope in North Cove, 

Rothera Point, Adelaide Island (67o34’ S, 68o08’ W).  Most individuals were attached by 

byssal threads to rocks.  All sites in the area were ice-impacted, and soft bottom areas around 

the boulder slope were dominated by the infaunal bivalve Laternula elliptica.  Predators such 
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as the nemertean Parborlasia corrugatus, starfish Odontaster validus and the gastropod 

Neobuccinum eatoni were present. 

 

Swimming activity in wild animals. 

 

In situ, attached scallops were stimulated to attempt escape swimming in order to determine 

whether the attached animals could break free of the bottom.  Homogenised seastar 

(Odontaster validus) or cold fresh water was squirted over scallops in situ (n = 7), and the 

resulting behaviours were recorded.  These stimuli reliably produced escape responses in A. 

colbecki in the laboratory and are, respectively, a known predator of A. colbecki and a 

simulation of hyposaline lens encroachment, an observed trigger for swimming in wild 

populations (Berkman 1988).   

 

Fifteen scallops were collected from the general population, marked with numbered foil 

patches, and placed on a level, rock surface (50cm x 120cm) at 8.5 m depth.  The site was 

chosen to give a degree of protection from the North (main direction of iceberg approach) but 

was otherwise open.  This site was visited 24 h after placement of the animals and then 

weekly for 2 months.  The presence of byssus attachments and the distance moved by each 

animal was recorded. 

 

Laboratory experiments 

 

Scallops were collected using SCUBA and divided into three acclimation groups (n = 9) of 

the same mean shell height (67.2 ± 1.5 mm, mean ± 1 s.e.).  The groups were maintained at –

1 (±0.2), 0 (±0.5oC), and 2oC (±0.3) (mean ± range) in the controlled temperature room of the 

Bonner Laboratory, Rothera for 6 weeks prior to experimentation.  This temperature range is 

similar to the seasonal variation at the study site (Peck et al. 2004).  Attempts to acclimate A. 

colbecki to 5oC failed, as did a following attempt at 4oC, due to the rapid loss of 
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responsiveness and subsequent mortality in the groups before the end of acclimation (50% 

mortality in 14 and 19 days respectively).  Animals were maintained in 30 l temperature 

controlled recirculating seawater aquaria (Grants, Cambridge) with water aeration by 

independent electric pumps.  A constant low-light regime was maintained in order to mimic 

the Antarctic summer conditions.  Limitations on space and equipment prevented the use of 

replicate tanks.   

 

A further 20 animals were collected immediately prior to the end of the field season 

(04/03/99) for muscle performance experiments in the UK.  These animals were maintained at 

in 0.40 m3 aerated recirculating seawater tanks while being transported by ship and 

subsequently in the aquarium in St. Andrews, UK.  Constant very low light conditions were 

maintained in order to mimic, as far as practicable, Antarctic marine winter conditions at 25-

30 m depth. 

 

Filming 

 

The first clap cycles of A. colbecki escape responses were recorded on video at 25 frames · s-1  

(Panasonic WVP-F10E camera with WV-LZ14/8AFE 8x Auto Focus Power Zoom Lens).  

The camera was mounted on a tripod, and faced the long side of a glass swim tank (0.8 x 0.4 

x 0.4 m), at a range of three metres.  Twin 100W Spotlights were mounted on a second tripod 

1 m from the tank providing illumination at approximately 45o to the line of sight of the 

camera.  Full details have been provided previously (Bailey 2001). 

 

Animals were moved into the swim tank in groups of 4-5 animals from the same acclimation 

group.  Animals were allowed to rest for a minimum of 6 h before the first escape response 

was stimulated.  This rest period was the maximum time to 90% recovery recorded in this 

species following exhaustive exercise (Bailey et al. 2003).  All acclimated animals were 

filmed. 
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Escape responses were stimulated using freshwater at (or as close as possible to) tank 

temperature.  Water was introduced to the rear of the animal, directly beneath the hinge, using 

a tube attached to a 20 ml syringe.  Typically 10 ml was injected at approximately 2 ml · s-1.  

There was minimal disturbance of the water around the animal and no force was exerted on 

the body of the scallop itself.  The area of reduced salinity visible around the animal typically 

dispersed before adduction.  Animals were used in rotation with a minimum of 2 h between 

stimulations. 

 

Animals were swum initially at their acclimation temperature or the local water temperature 

at the time of the experiment, as appropriate.  The swim tank temperature was then varied 

over a –1.5OC to 1.5OC range to compare acute responses.  Temperature changes were made 

in 0.5oC increments at a maximum rate of change of 1oC · day-1 and no individual animal was 

exposed to a temperature of greater than 2oC above or below its maintenance temperature. 

 

Video sequences of the first clap of escape swimming were re-recorded onto Umatic video 

tapes (50 fields · s-1) and played back field by field using a PC (Gateway 2000 G6-266) with a 

video capture board (Hauppauge Win/TV).  In each field the x and y co-ordinates of the 

scallop hinge were recorded using a program in Visual Basic 4.0 (Microsoft, USA).  

Swimming speed in the x and y directions were calculated from the displacement of the 

hinge, with total swimming velocity being the resultant.  Mean cyclic swimming speed was 

calculated for the first clap cycle of escape responses. 

 

In vitro muscle twitch characteristics 

 

Experiments on isolated muscle fibres were carried out at the Gatty Marine Laboratory, St. 

Andrews in June 1999, approximately 1 month after the arrival of the scallops in the UK. 
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The ventral portion of the shell was cut back using a diamond edged circular saw blade on a 

variable speed electric drill (RS electronics, UK) exposing the adductor still attached to both 

valves.  The majority of the adductor and other soft tissues were then dissected away to leave 

a small (<5 mm diameter) bundle of fast muscle fibres attached to the valves.  The muscle 

preparation was then removed from the valves with pieces of shell (~ 25 mm2) still attached to 

the ends.  Foil hooks were attached to the ends of the muscle preparation for connection to the 

force and length transducers.  The preparation was then further dissected in oxygenated ice-

cold scallop Ringer (Olson and Marsh 1993) and attached to the transducers in the muscle 

chamber.  Once placed within the apparatus each preparation was allowed to rest for 1 hour in 

oxygenated, re-circulating Ringer before experimentation.  Temperature control was provided 

(±0.2oC) by a pair of thermocirculators (Grants, Cambridge), cooling the oxygenated ringer 

and the jacket surrounding the system. 

 

Stimuli were delivered by a pair of platinum wire electrodes and the force developed was 

detected by a silicon beam force transducer (AME 801, Senso-Nor, Norway).  A LabView 

(National Instruments) program on a desktop PC (Elonex PC-433) with a LabPC Plus data 

input/output board (National Instruments) controlled the stimulator and captured the resulting 

force data. 

 

Muscle preparation length was adjusted and single stimuli delivered in order to find the 

optimum length (Lopt) for twitch force production.  Stimulus amplitude and pulse width were 

then optimised in turn.  Following optimisation twitch experiments were conducted (40 V, 2 

ms stimuli) and the temperature of the ringer was adjusted over the range 0-5oC.  Chamber 

temperature was returned to zero and the initial twitch repeated hourly in order to check for 

deterioration of the muscle preparation.  No changes in twitch properties (time to max twitch 

or force production) at Lopt were observed, even after several hours.  The cross-sectional area 

of the preparation was calculated from its mass, length and an estimated density of 1060 Kg · 

m-3 (James et al. 1998). 
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Results 

 

Field studies of activity 

 

When stimulated by homogenised seastar or freshwater, all 7 animals attempted to swim 

(several rapid adductions) but were unable to break the byssal threads attaching them to the 

rocks.  The 15 marked scallops placed in the field remained attached to the rock in the 

original place 24 h later.  During the 2 months of observation a boulder disturbed by ice 

impact landed on the site and killed 3 animals.  No movement or mortality was observed 

amongst the remaining 12 animals. 

 

The effects of temperature on swimming performance 

Swimming responses in Adamussium colbecki consisted of a rapid closing phase (adduction), 

a glide phase, followed by reopening, as described previously in this species (Ansell et al. 

1998).  Both clap period and mean cyclic swimming speed were significantly related to 

temperature (Fig. 1 and 2).  Differences between acclimation groups were investigated by 

ANOVA (with temperature as a covariate) and comparison of estimated marginal means and 

their 95% confidence intervals (SPSS ver. 12, SPSS Inc.).  The overlap between the 95 % CIs 

indicated a lack of difference at the p<0.05 level.  There were no differences in either of the 

above performance measures between acclimation groups when temperature was taken into 

account or for peak acceleration or peak velocity.  The subsequent analyses were performed 

on pooled data for the groups combined. 

 

Mean cyclic swimming velocities were compared between A. colbecki (this study), 

Aequipecten opercularis and Zygochlamys patagonica (Bailey 2001), Placopecten 

magellanicus, (Manuel and Dadswell 1990; Cheng and Demont 1996) Argopecten irradians 

(Marsh et al. 1992) and Amusium pleuronectes (Morton 1980), all swimming at natural 
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temperatures (see legend for animal sizes). A single exponential function described the effects 

of temperature on mean swimming velocity in all species reviewed here (Fig. 2), over a wide 

thermal range (-1.5 to 20oC).  The Q10 for the overall relationship was 2.08. 

 

Muscle twitch characteristics 

 

Time to peak muscle force development and time to 50% relaxation were recorded for 5 

animals over the temperature range 0-5oC.  Contraction and relaxation durations decreased 

significantly with increasing temperature (time to peak twitch (ms) = 235.3 – temperature 

(oC) · 25.9, r2 = 0.52, p <0.001, df = 29; time to 50% relaxation (ms) = 567.9 – temperature 

(oC) · 73.8, r2 = 0.64, p <0.001, df = 29). The corresponding Q10s (0-5oC) were 3.6 and 4.7.  

Muscle tension was estimated from two muscle preparations.  The peak value obtained was 

103 kN · m-2.  The slopes of the regression lines relating temperature to time to peak twitch 

tension differed significantly between A. colbecki and the Southern temperate species 

Zygochlamys patagonica (Fig. 3).  The data required to compare Argopecten irradians 

statistically (Olson and Marsh 1993) were not available, but the points for this species were 

all above the relationship for the other species and fell outside their 95% Confidence 

Intervals.  While these data indicate differences in the intrinsic muscle properties between 

species more work in a much larger range of species will be required in order to evaluate this 

further.  The overall Q10 (0-20oC) of the relationship between temperature and time to peak 

twitch across all 4 species was 2.05 (y = 209.12e-0.0598x). 

 

Discussion 

Swimming performances and muscle twitch characteristics in Adamussium colbecki, were 

highly sensitive to temperature changes across their normal in vivo temperature range, but 

showed no evidence for temperature compensation when compared to other species, or any 

ability to acclimate to temperature changes.  Over timescales of hours, weeks or millions of 

years, temperature would appear to directly control muscle twitch characteristics with 
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resultant effects on swimming performance (Figures 2 and 3).  As similar results have been 

shown in Antarctic fishes (Johnston and Altringham 1985; Wakeling and Johnston 1998; 

Hardewig et al. 1999; Wilson et al. 2001), this finding poses general questions about the role 

and relative importance of swimming and constraints on muscle performance in cold-water 

animals. 

 

As noted above, the mechanism for the observed trends in whole animal performance appears 

to be a direct relationship between temperature and the twitch kinetics of the adductor muscle.  

Little is known about evolution of scallop muscle under different temperature regimes, and 

whether scallops utilise mechanisms such as altered enzyme isoforms (Johnston et al. 1975) 

and mitochondrial densities (Johnston et al. 1998) in order to attempt to compensate for 

thermodynamic and diffusion rate restrictions (as observed in fishes).  What is clear is that, 

whatever mechanisms are used, little evidence for compensation exists in scallops.  Antarctic 

scallops also lacked the ability to acclimate to temperature change within their natural range, 

and were extremely susceptible to rises above this range.  As Peck et al (2004) demonstrated, 

the ability to swim was soon lost as temperature rose.  As in Antarctic fishes, the ability to 

survive at the stable and low temperatures of Antarctica, was associated with low muscle 

performance (Wakeling and Johnston 1998), and extreme stenothermy (Wilson et al. 2001). 

 

It is important to consider the ecological context when considering performance measures, 

and relating performance to features of the habitat to which an animal is adapted.  The 

declines in burst performance with decreasing temperature shown here are from a selection of 

species that crosses a significant latitudinal range, and therefore might reflect other variables 

rather than, or in conjunction with, temperature.  Several ecological factors probably affect 

the amount of investment that scallops should optimally devote to muscle performance.  The 

optimum strategy will maximise the average lifetime fecundity of the animals using that 

strategy, a function of both longevity and annual reproductive investment.  Total annual 

energy supply for herbivores is reduced at high latitudes, and studies in A. colbecki indicate 
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that, despite it’s low metabolic rate, this decrease results in a reduction in the energy available 

for gonadal and somatic development (Heilmayer and Brey 2003).  Developing and 

maintaining a given level of muscle mass and metabolic performance at high latitudes might 

therefore require a larger proportion of the available energy supply. 

 

This high relative investment will only be adaptive if there is strong selective pressure for 

high swimming performance in Antarctic scallops.  Two potential uses of high performance 

swimming are to allow the animal to break free of and out-accelerate predators, and to 

generate sufficient downwards thrust and lift to support the mass of the animal.  Our field 

studies showed that the Rothera A. colbecki population suffered minimal predation, and 

would probably be unable to escape immediately if attacked, as the animals were attached to 

rocks by byssal threads.  The absence of crabs in the high Antarctic (Thatje and Arntz 2004) 

means that the type of predation on A. colbecki is altered, shifting the balance towards slow-

moving molluscs and seastars.  The observed predator-pressure on A. colbecki is much lower 

than has been demonstrated in some temperate environments (Bologna and Heck 1999), 

where crabs often exerted a high proportion of this pressure (Hatcher et al. 1996; Barbeau et 

al. 1998).  The absence of crabs is due to the inability of decapods to maintain activity at such 

low temperatures (Frederich et al. 2001), and is therefore probably an indirect (ecologically 

mediated) effect of temperature on scallop swimming. Loss of crushing predators such as 

crabs may have a further effect on scallop swimming, by reducing the selective pressure for 

shell thickness and density.  Our data showed that A. colbecki was able to swim at velocities 

that would not be sufficient to support the mass of more heavily shelled species such as 

Aequipecten opercularis (Thorburn and Gruffydd 1979).  Reduced shell mass in the Antarctic 

scallop may allow swimming without high muscle performances, and may also explain why 

muscle tension in A. colbecki was only half that recorded in Argopecten irradians (Olson and 

Marsh 1993) as the weak shell of the Antarctic species might not be capable of withstanding 

higher forces.  Whether any systematic trends in predator pressure on scallops occur with 

changes in temperature and latitude remains uncertain, though this has been suggested in 
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Argopecten irradians (Wilbur and Gaffney 1997).  At one end of the temperature spectrum 

ecological factors certainly appear to interact with physiological effects to define the 

performance envelope. 

 

Conclusions 

 

The swimming and muscle performances of A. colbecki showed no evidence of 

compensation, or ability to acclimate to temperature change.  As A. colbecki is a very 

common species throughout Antarctic waters, this level of investment in its locomotory 

system must be a successful strategy.  A combination of thermodynamic constraints, low 

overall energy availability, and reduced selective pressure for swimming ability and shell 

strength, probably explain the low levels of swimming performance seen in Adamussium 

colbecki. 

 

Acknowledgements 

The excellent support by the personnel at Rothera and in the Fish Muscle Research Group in 

St. Andrews is gratefully acknowledged.  DMB was supported by a NERC Cooperative 

Awards in Sciences of the Environment studentship supervised by LSP and IAJ. 

 

References 

Ansell AD, Cattaneo-Vietti R, Chiantore M (1998) Swimming in the Antarctic scallop 

Adamussium colbecki: analysis of in situ video recordings. Antarct Sci 10: 369-375 

Bailey DM, 2001. The thermal dependence of swimming and muscle physiology in temperate 

and Antarctic scallops, PhD Thesis. University of St. Andrews, St. Andrews, pp. 138 

Bailey DM, Peck LS, Bock C, Pörtner HO (2003) High-energy phosphate metabolism during 

exercise and recovery in temperate and Antarctic scallops - an in vivo 31P-NMR 

study. Physiol Biochem Zool 76: 622-633 



 13

Barbeau MA, Scheibling RE (1994a) Procedural effects of prey tethering experiments - 

predation of juvenile scallops by crabs and seastars. Mar Ecol Prog Ser 111: 305-310 

Barbeau MA, Scheibling RE (1994b) Temperature effects on predation of juvenile sea 

scallops (Placopecten magellanicus (Gmelin)) by sea stars (Asterias vulgaris Verill) 

and crabs (Cancer irroratus Say). J Exp Mar Biol Ecol 182: 27-47 

Barbeau MA, Scheibling RE (1994c) Behavioural mechanisms of prey size selection by sea 

stars (Asterias rubens Verrill) and crabs (Cancer irroratus Say) preying on juvenile 

sea scallops (Placopecten magellanicus (Gmelin)). J Exp Mar Biol Ecol 180: 103-136 

Barbeau MA, Scheibling RE, Hatcher BG (1998) Behavioural responses of predatory crabs 

and sea stars to varying density of juvenile sea scallops. Aquaculture 169: 87-98 

Beamish FWH (1978) Swimming capacity. In: Hoar, W.S., Randall, D.J. (Eds.), Fish 

Physiology. Academic Press, New York, pp. 101-187 

Berkman PA (1988) Ecology of the circumpolar Antarctic Scallop, Adamussium colbecki 

(Smith, 1902). PhD Thesis, University of Rhode Island 

Berkman PA (1990) The population biology of the Antarctic Scallop, Adamussium colbecki 

(Smith 1902) at New Harbor, Ross Sea. In: Kerry, K.R., Hempel, G. (Eds.), Antarctic 

Ecosystems.  Ecological Change and Conservation. Springer-Verlag, Heidelberg, pp. 

281-288 

Bologna PAX, Heck KL (1999) Differential predation and growth rates of bay scallops within 

a seagrass habitat. J Exp Mar Biol Ecol 239: 299-314 

Brey T, Clarke A (1993) Population dynamics of marine benthic invertebrates in antarctic and 

subantarctic environments: are there unique adaptations? Antarct Sci 5: 253-266 

Cheng J-Y, Demont ME (1996) Jet-propelled swimming in scallops: Swimming mechanics 

and ontogenic scaling. Can J Zool 74: 1734-1748 

Cheng J-Y, Davison IG, Demont ME (1996) Dynamics and energetics of scallop locomotion. 

J Exp Biol 199: 1931-1946 

Frederich M, Sartoris FJ, Pörtner HO (2001) Distribution patterns of decapod crustaceans in 

polar areas: a result of magnesium regulation? Polar Biol 24: 719-723 



 14

Hardewig I, Van Dijk PL, Pörtner HO (1998) High-energy turnover at low temperatures: 

recovery from exhaustive exercise in Antarctic and temperate eelpouts. Am J Physiol 

274: R1789-1796 

Hardewig I, van Dijk PL, Moyes CD, Pörtner HO (1999) Temperature-dependent expression 

of cytochrome-c oxidase in Antarctic and temperate fish. Am J Physiol 277: R508-

516 

Hatcher BG, Scheibling RE, Barbeau MA, Hennigar AW, Taylor LH, Windust AJ (1996) 

Dispersion and Mortality of a Population of Sea Scallop (Placopecten magellanicus) 

Seeded in a Tidal Channel. Canadian Journal of Fisheries and Aquatic Sciences 53: 

38-54 

Heilmayer O, Brey T (2003) Saving by freezing?  Metabolic rates of Adamussium colbecki in 

a latitudinal context. Mar Biol 143: 477-484 

James RS, Cole NJ, Davies MLF, Johnston IA (1998) Scaling of intrinsic contractile 

properties and myofibrillar protein composition of fast muscle in the fish 

Myoxocephalus scorpius L. J Exp Biol 201: 901-912 

Johnston I, Calvo J, Guderley YH (1998) Latitudinal variation in the abundance and oxidative 

capacities of muscle mitochondria in perciform fishes. J Exp Biol 201: 1-12 

Johnston IA, Altringham JD (1985) Evolutionary adaptation of muscle power output to 

environmental temperature: force-velocity characteristics of skinned fibres isolated 

from antarctic, temperate and tropical marine fish. Eur J Physiol 405: 136-140 

Johnston IA, Walesby NJ, Davison W, Goldspink G (1975) Temperature adaptation in 

myosin of Antarctic fish. Nature 254: 74-75 

Manuel JL, Dadswell MJ (1990) Swimming behaviour of juvenile giant scallop, Placopecten 

magellanicus,in relation to size and temperature. Can J Zool 69: 2250-2254 

Marsh RL, Olson JM, Guzik SK (1992) Mechanical performance of scallop adductor muscle 

during swimming. Nature 357: 411-413 

Morton B (1980) Swimming in Amusium pleuronectes (Bivalvia: Pectinidae). J Zool Lond 

190: 375-404 



 15

Olson JM, Marsh RL (1993) Contractile properties of the striated adductor muscle in the bay 

scallop Argopecten irradians at several temperatures. J Exp Biol 176: 175-193 

O'Steen S, Cullum AJ, Bennett AF (2002) Rapid evolution of escape performance in 

Trinidadian guppies (Poecilia reticulata). Evolution 56: 776-784 

Peck LS, Webb KE, Bailey DM (2004) Extreme sensitivity of biological function to 

temperature in Antarctic marine species. Func Ecol 18: 625-630 

Smith EA, 1902. VII.  Mollusca.  In Report on the collection of natural history made in the 

Antarctic regions during the voyage of the Southern Cross. British Museum (NH), 

London, pp. 201-213 

Thatje S, Arntz WE (2004) Antarctic reptant decapods: more than a myth? Polar Biol 27: 

195-201 

Thorburn IW, Gruffydd LD (1979) Studies of the behaviour of the scallop Chlamys 

opercularis (L.) and its shell in flowing sea water. J Mar Biol Assoc UK 59: 

Wakeling JM, Johnston IA (1998) Muscle power output limits fast-start performance in fish. J 

Exp Biol 201: 1505-1526 

Watkins TB (1995) Predator-mediated selection on burst swimming performance in Tadpoles 

of the Pacific Tree Frog, Pseudacris regilla. Physiol Zool 69: 154-167 

Wilbur AE, Gaffney PM (1997) A genetic basis for geographic variation in shell morphology 

in the bay scallop, Argopecten irradians. Mar Biol 128: 97-105 

Wilson RS, Franklin CE, Davison W, Kraft P (2001) Stenotherms at sub-zero temperatures: 

thermal dependence of swimming performance in Antarctic fish. J Comp Phys - B 

171: 263-269 



 16

Figure Legends 

Fig. 1 Clap duration against temperature during the first clap of escape swimming in the 

Antarctic scallop, Adamussium colbecki.  Pooled data for animals acclimated to –1, 0 or 2oC 

and swimming within 2oC of their acclimation temperature.  Data presented are means ± 1SE.  

Clap duration was significantly negatively related to temperature (r2 = 0.45, p < 0.001, df = 

42, y = -0.048 x +0.578). 

 

Fig. 2 Comparison of the whole-body performance of Adamussium colbecki (solid circles) to 

that of other species.  Mean velocity (± 1 S.E.) is plotted against temperature with data for 

Aequipecten opercularis (Bailey 2001) (open circles), Placopecten magellanicus #1, (Manuel 

and Dadswell 1990) and #2, (Cheng et al. 1996) (solid and open triangles respectively) and 

Amussium pleuronectes (Morton 1980) (solid squares).  Data for all species were fitted to a 

single exponential function (y = 0.1017e0.0727x) giving a Q10 (1-20oC) of 2.08.  All animals 

were of similar shell height (63-67 mm) except for P. magellanicus #1 (4-35 mm). 

 

Fig. 3 Time to peak twitch force during isometric contractions.  Data are presented (means ± 

1 S.E.) for Adamussium colbecki (solid circles), Aequipecten opercularis (open circles), 

Zygochlamys patagonica (solid triangles) (Bailey 2001), and Argopecten irradians (open 

triangles) (Olson and Marsh, 1993).  Time to peak twitch fell with increasing temperature in 

all species.  The slopes of the relationship between temperature and time to peak twitch 

differed between A. colbecki and Z. patagonica (t-test, p = 0.05, df = 16). 
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