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Research has shown that most fish species are sensible to low variations of environmental factors such as water

temperature. These almost always affect behavioral responses of the animals. Thanks to computing power offered
by digital imaging techniques, laboratory studies on fish have now the capacity to detect and to quantify behavioral
parameters that usually cannot be measured by direct observation. After testing our innovative EthoVision Color-Pro
setup adapted to fish video tracking, we conducted experiments in Chromis chromis (Mediterranean marine fish)
and the goldfish Carassius auratus.

MATERIALS AND METHODS

The aquatic environment does not facilitate the operation of image processing because of phenomena of reflection
and refraction of light. In addition, the immobile camera placed either above (top view) or beside the aquarium
(frontal or lateral view) gives a 2-D input image to measure animals swimming in a 3-D environment. However, with
technical adaptations, we could observe several individually identified fishes swimming freely in the adapted
aquarium. We set up four experimental aquariums of LiooxWsoxD60o cm, in which we defined one arena each
(L68xW30xD48 cm) with blue plastic plates on three sides and black gravel on the bottom to obtain a homogenous
background. We gave special attention to the arena backside, consisting of two plates: the first, near the glass side,
in blue plastic and the second in transparent Plexiglas. This double wall was placed to avoid fish shadows, which
could accidently be tracked instead of the actual fish. The test arenas were lit up through the top of the aquarium to
ensure uniform illumination. A biologic filtration system was placed outside of the arena to avoid disturbance with
video tracking. The 4 arenas could be observed simultaneously by four color CCD video cameras. These were
connected to a 4-channel mixer, which compressed the four analog video signals. The signals were then processed
by the frame grabber and used as input for EthoVision Color-Pro (figure 2).

Figure 2. The four color CCD video cameras are connected to a 4-channel mixer, which compresses the 4 analog video signals
before fish color detection (here 4 red goldfish).

This setup could simultaneously track up to three fishes per aquarium (up to 12 fishes in the same session). To track
several fishes in the same tank, we used either colored plastic pearls attached under the dorsal fin [1] or natural color
patterns (red or white in goldfish). The tested variables were:

= Water temperature (increased every 2 days)

=  Fish density

= Day periods in C. guratusy



Three different temperatures (16°C, 21°C, 26°C) were tested in groups of C. chromis (1 hour/fish/t°C on day 2). Three
other temperatures (14°C, 20°C, 26°C) were tested on a single or pair of C. auratus during day 2. We measured the
distance moved (DM in meters), the velocity (V), the social interactions (DO, reflected by the mean distance between
fish) and the time spent in defined zones (1Z) (sandy bottom, left sides, etc.) for each identified fish..
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Figure 3. Total Distance Moved in the arena during 8 hours in Carassius auratus. ** P<o.oo1 indicates a significant difference from
20°Cand 26°C in single fish condition.

RESULTS

The thermal stress in C. chromis did not affect the DM, V, IZ. However an interesting result concerned the DO that
was inversely proportional to the increase of temperature and strongly correlated with this factor (n=12, r=-0.984).
This measure could reflect the increase of social interactions observed in the field during the reproductive season
when water temperatures increase [1]. In contrast, the number of C. auratus in the arena did not influence the DM
scores (p>0.05). But the analysis of the tracks showed significant effect of temperature (p<0.001) on DM (single fish
condition) (figure 3). Moreover, our results concerning the “single fish tracking” indicated that DM changed

significantly according to temperature and time of the day [2].

CONCLUSIONS

These results illustrate the possibilities and advantages of automated video tracking systems like EthoVision in the
understanding the relations between fish and their biotic or abiotic environment. Furthermore it strengthens the
potential interest in aquatic sciences such as aquatic ecotoxicology [3].
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