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Introduction

The floor of the deep-sea (>200 m) is the largest habitat on Earth, and is home to a diverse assemblage of fish and other mobile megafauna.  These animals rapidly consume carrion falling from the waters above, and utilise a wide range of behavioural strategies and sensory mechanisms to scavenge and hunt.  Due to the practical and economic difficulties involved in working with deep-sea animals, our understanding of the physiological characteristics of deep-sea fish is poor.

Three main options exist for studying deep-sea fish physiology: 1) to work from measurements or samples of dead animals (e.g in vitro assays), 2) to bring animals to the surface and either work on them under pressure or depressurise them, 3) work in situ using submersibles, remotely-operated or autonomous vehicles.  In addition certain deductions can be made from modelling the performances (e.g. swimming speeds) necessary to support observed activities.

There are clear advantages and disadvantages to each approach, in terms of the cost, numbers of animals that can be studied, and ease of interpretation.  For the purposes of this abstract the use of autonomous vehicles, samples of captured animals and mathematical models will be described.

Materials and Methods

Experiments using autonomous landers were used to video and capture fish for studies of locomotion and metabolic rate.  Current and temperature measurements were taken by the landers.  Figure 1A shows the “Sprint” lander used to collect video recordings of burst and routine swimming performance.  Full details of the landers used are provided by Bailey et al. (2002; 2003).  Fish captured at nearby sites were used to determine the enzyme activities and sensory orientations of conspecifics.  Mathematical models were also used to estimate the effect of swimming speed and foraging strategy on success in finding carrion (Bailey and Priede 2002).

Results

Analysis of video recordings of the deep-water fish Antimora rostrata (2500 m) showed that its burst swimming performances were low, but not significantly lower than expected for a large, cold-water fish (Bailey et al. 2003).  More recent studies have provided similar data on the eel Synaphobranchus kaupi.  Peak burst swimming speeds for these species are presented in figure 1B.  Experiment using a respirometer lander revealed metabolic rates in the grenadier Coryphaenoides armatus (4000 m) one tenth of those expected of a similar sized cod at the same temperature (Bailey et al. 2002), while the eel Synaphobranchus kaupi (1500 m) exhibited oxygen consumptions similar to, or higher than, shallow-water eels (Figure 2).

Figure legends.  Figure 1A – Sprint lander system.  Parts indicated by letters are A - acoustic release, B - video camera, C – controller, D – battery, E – current meter, F – shock unit, G – lamp, H – ballast clamp and I – electrode.  Figure 1B.  Peak burst swimming velocities for deep-sea fish (hollow points), A. rostrata at 2oC and S. kaupi at 8oC compared to published values for shallow-water fish (Wakeling and Johnston 1998).  Figure 2.  Metabolic rates of C. armatus and S. kaupi (hollow points) obtained by the respirometer lander.  Compared to published vales for shallow water species (Johnston et al. 1991).
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Discussion

Autonomous vehicles can successfully undertake simple experimental tasks such as fast-start and respirometry experiments that would be extremely expensive to achieve using submersibles or ROVs.  Results collected to date indicate high variability in metabolic rate between species, and that burst swimming speeds are similar to those of shallow-water species.

The ability of landers to take measurements of water temperature and current velocity at the experimental station is extremely useful in understanding the environment of the fish at the moment at which it is observed or captured.  Models using data on routine swimming velocity and currents collected by the landers have provided useful information on the importance of fish swimming performance and foraging strategy on foraging success.  The observed differences in routine swimming speeds between species is correlated with the light level, current regime, and energy supply to different deep-sea environments.

Although landers use ship-time extremely efficiently (the ship need not be present during the experiments and can do other work) these methods can only examine a small number of animals and/or experimental conditions.  Using trawl-caught conspecifics for stomach content analyses, anatomical measurements and in vitro assays provides essential information on the ecological and physiological mechanisms underpinning the observed performances and behaviours.  These studies have shown scaling relationships, inter-specific and seasonal changes in muscle metabolism.  Inter-specific differences and ontogenetic changes in sensory anatomy have also been established.  An example of these interactions is the finding that changes in habitat use and dietary shifts in predatory fish can be linked to changes in muscle energy supply.

Integrated approaches using in situ observations and respirometry in fish, environmental measurement, behavioural models, in vitro assays and anatomical measurements are essential to understanding the biology of deep-sea fish.
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