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ABSTRACT. The behavioural patterns and their circadian rhythms may be adaptive
to the peculiar environmental conditions of subtropical brackish waters where Ba
thygobius soporator Valenciennes, 1837 live. Adult fish were caught at the southern
Brazilian coast from mangrove rivers and rocky shores in a bay, where temperature
and water salinity vary during the day and through the year. Observation on the
behaviour of the animals was undertaken in salinity 8.5ppt, 17.0ppt, 25.5ppt and
34.0ppt, each one in temperatures of 18°C and 28°C. Temperature and salinity affect
the frequency and intensity ofsome ofthe behavioural events, more than its pattern or
rhythm. Swimming is rare, decreasing along the day and with temperature increase,
being even lower at low salinity; aggressiveness is the highest in the morning being
not affected by temperature, but by salinity, being higher the higher it is; territory
defence decreases along the day and is lower at high temperature and extreme
salinities; fish hide more at high temperature and with the decrease ofsalinity, but this
is not rhythmical; a higher proportion offish rest in vertical position when salinity and
temperature are high, increasing slightly at the beginning ofthe afternoon; respiratory
frequency increases with temperature, salinity and in the afternoon; the colour of the
fish is mainly light with spots in all hours of the day and in all temperatures and
different levels ofsalinity, but with a tendency ofthe presence ofsome dark fish during
the morning and some light ones in the afternoon, showing a higher valiability of
colours at low temperature and extreme salinities. Besides temperature, salinity and
light, feeding seems to be one of the determinant factors for the performance of the
typical behaviour of B. soporator.
KEY WORDS. Bathygobius soporator, fish, behaviour, circadian rhythm, salinity,
temperature

Fish that live in mangrove regions, rocky shores or tide pools often undergo

sudden and frequent changes in environmental temperature and salinity, depending

on climatic conditions (BULGER 1984; BULGER & TREMAINE 1985; FANTA-FEOFI

LOFF et at. 1986). In subtropical and temperate regions rainy or dry summers or

winters may signify water salinity ranging from O.5ppt to 34ppt, and temperatures

from 5°C up to 35°C, in all possible combinations. Not only the seasons of the year

promote weather changes but, depending on local geography, sudden modified

environmental conditions are observed in one and the same day. Thus, selective

forces allowed some species with structural and physiological adaptations to live in
such regions.

1) Departamento de Biologia Celular, Universidade Federal do Parana. Caixa Postal 19031,
81531-970 Curitiba, Parana, Brasil.
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Bathygobius soporator Valenciennes, 1837 is a very common Teleostean
fish ofthe family Gobiidae, with a wide distribution from Venezuela to the southern
Brazilian coast (MENEZES & FIGUEIREDO 1976), occurring mainly in regions with
environmental characteristics as described above, often in shallow brackish water.
It is a small species, mostly camivorous, with the typical behaviour of benthonic
fishes. One of its popular names is "Maria-da-toca" meaning Mary-in-the-hole and
referring to its commonness and to the fact that these fish often remain hidden in
holes and under stones. From times to times, local fishermen report their apparent
disappearance and in other times they are frequently observed and even easily caught
by hand.

These folklore considerations lead us to the supposition that, besides mor
pho-physiological specific characteristics acquired along the evolution, the behavi
our of this species might have adapted to each one of the environmental situations
that they face along the day or the year, as occurs with other fish in the same region
(FANTA-FEOFILOFF et a!. 1986). The group Gobioidei is in middle ofan evolutionary
process, and the 600 known species occupy many different environments, except
for the pelagic and abyssal, showing many different feeding habits, and varied
morphological and physiological adaptations: they are eurythermic, euryhaline,
resistant to desiccation and to asphyxia (LAGLER et a!. 1962; NORMAN & GREENWO
OD 1974).

In order to understand better the behavioural dynamics, fish tests with
different combinations ofsalinity and temperature became necessary, a method used
before (FANTA-FEOFILOFF et a!. 1986; FANTA 1995; FANTA et al. 1995).

As was often observed, the behaviour is related to the environmental quality
(CRAWSHAW 1977; FANTA-FEOFILOFF 1983; FANTA-FEOFILOFF et a!. 1983,1986;
FANTA eta!' 1989a,b, 1990, 1994; FRY 1947,1964,1971; THORPE 1978). Thus, the
objectives were to (I) determine which behavioural items change significantly and
consistently under the influence of salinity and temperature, (II) if salinity and
temperature affect the circadian rhythm of some behavioural features and (III) if
behaviour is useful for predictions about the consequences of global climatic
alterations.

The results ofour analysis, in a sublethal physiological range of temperature
and salinity, may reduce the subjectiveness in the interpretation of the reasons for
distribution and occurrence of this species in certain coastal regions. Scientific
support is also given to conservation programs or rearing purposes, bringing to
attention the important relation between environmental conditions and the behavi
our offish.

MATERIAL AND METHODS

Adult Bathygobills soporator were obtained from a mangrove river at Pontal
do Sui, Pontal do Parana, Parana, southern Brazil, where a high variability in the
physic-chemical composition of the environment is observed (Fig. 1). In order to
detect possible effects of temperature and salinity along the hours of the day on the
fish behavior, tests in the laboratory were done. 128 individuals of both sexes, with
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Fig. 1. Schematic summarised view of the variable environmental conditions in the nature,
where Bathygobius soporatorwere caught, leading to different integration between the hour
of the day, the salinity and the temperature, all of them affecting the fish behaviour.
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mean standard length of9.4cm (±2.0cm), were obtained in early june and selected
for acclimation during three weeks to the laboratory. After this period, preliminary
studies were done for detection ofbehavioural variables for healthy adults, through
direct observation. After confirmation of within observer and between observer
reliability and the defmition of suitable recording methods, a check sheet with all
action patterns and an ethogram of the species typical behaviour were constructed.
Decision was made for focal sampling, what means observing each individual and
the group for a specific amount of time, recording all instances of its behaviour: 10
minutes of observation was the minimum time that allowed a consistent result for
this species.

The treatment was designed for two variables in each test -- salinity and
temperature -, whilst holding all other conditions constant. The experimental
aquariums were prepared with sea water diluted with filtered and dechlorinated tap
water in the proportion of 0%,25%,50% and 75%, resulting in salinity 34.0 ppt
(parts per thousand) (S I), 25.5ppt (S2), 17.0ppt (S3) and 8.5ppt (S4), respectively.
The salinity was measured by an electrode connected to a salinometer and calibrated
with Kopenhagen water. The temperature of 18°C (±1°C) (Tl) was the room
temperature and 28°C (±OSC) (T2) was obtained through heaters controlled by a
thermostat. For such fish tests, no control aquariums can be organised, as far as there
is no control situation, even in the nature.

The design ofthe experiments and the testing procedure was modified from
FANTA-FEOFLLOFF et aZ. (1986) (Fig. 2), being adapted to the characteristics ofB.
soporator. Series of eight 80 litres aquariums, with four individuals in each, were
prepared. The bottom was covered with coarse sand and a brick with four holes
providing a possible separate shelter for each individual fish. A constant photoperiod
of 10 hours light/14 hours dark was offered, as well as a lighter (160 lux) and a
darker (10 lux) region close to the bottom iOn each aquarium. The lateral walls ofthe
aquariums were covered with green sheets (FANTA 1995) to provide a neutral
background and to avoid lateral visual contact between fish of different aquariums.
The front wall was divided in 10cm squares, allowing a numerical evaluation of
movements and definition of the relative position of each experimental fish. A
shield, internally covered with a green sheet, provided with a small slit, allowed
observation without interfering with the behaviour of the animals (Fig. 2). The fish
are carnivorous (IHERING 1968). As determined by previous studies, the fish were
fed with little sardine fillet fragments every two days, two hours after the beginning
of the period of light, as this was the preferential feeding time. It was observed that
these fish are more active during the day. Thus, direct observations of all four
individuals ofeach group, in each one ofthe eight aquariums, were made every hour
during the light period, and the results grouped in two hour periods (H I, H2, H3,
H4, H5). All data that were registered in the check sheets and transferred to the
ethogram, being the validity and significance of numerical results statistically
evaluated with the aid of Statistica for Windows 4.2. The sample size or number of
individuals studied in each experimental situation (e.g. TlS I; TlS2; TlS3 ... T2S4)
is n = 16, and the repeated measurements for each individual in each of the 40
variables (e.g. TlSlHI, TISIH2, TISIH3 ... T2S4H5) are k = 50.
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Fig. 2. The experimental arrangement in which some of the environmental factors as photo
period (10 lighU14 dark), summer and winter water temperature and four salinities were tested
under contrail. In (A) the lateral view of one aquarium showing (w) the water surface, (b) the
position of the brick for shelter, (x) the internal filter, (f) the light region, (a) the shadow region.
In (B) the frontal view of one of the aquariums, showing the 1Ox1 Ocm squares dividing the frant
wall in regions 1 to 5 and A to C, (w) the water surface, (x) the filter and (b) the brick with four
holes for shelter. In (c) the arrangement of 8 aquariums (aq), for each one of the tests, with
salinities 34ppm (81), 25.5ppm (82), 17ppm (83) and 8.5ppm (S4), and temperatures of 18°C
(T1) and 28°C (T2), upper light (Ii) providing a photoperiod of 10 hours light and 14 hours dark,
each two aquariums being protected by a shield (p), provided with an observation slit (s) in
front of each aquarium. In (0) the lateral view of the relative position of the aquarium (aq), the
light beam (Ii), the protection shield (p) and the observation slit (s). B.s. shows the size of the
mean Bathygobius soparator, in the same scale as (A) and (8).

The behaviour was described and the following behavioural features were
registered and numerically evaluated: (I) respiratory frequency: number ofopercular
movements per minute, always in resting animals, when out ofthe holes; (II) colour:
percentage of individuals considered dark when deep brown, dark with spots when
deep brown with black stripes and spots, medium when brown, medium with spots
when brown with dark brown or black stripes and spots, light when ochre, light with
spots when yellowish with light brown pattern, pale when light yellowish; (III)
Motility: comprised the percent ofanimals in swimming activity or when fish were
only changing their resting place moving at least a distance equal to the body length;
(IV) preferential region: percentage of individuals in lighter or darker regions when
resting; (V) hiding: percentage of animals that were hidden in holes or in another
shelter as e.g. behind the filter; (VI) resting (including sleeping): percentage of time
that fish remained motionless, alert or not to the environment; (VII) aggression
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(including persecutions): percentage of animals that performed any aggressive
action; (VIII) territory defence: percentage of animals defending an area in or out
of a shelter; (IX) vertical position: percentage of animals resting with the head
upwards, leaning against a substrate.

RESULTS

General observations on species specific behaviour of B. soporator
Preliminary studies on the behaviour ofBathygobius soporator allowed the

detection of those aspects of the behaviour that are typical for the species and that
might be affected by salinity and temperature or vary along the day. Some behavi
oural features displayed by B. soporator are species specific and not dependent on
the environmental salinity and temperature conditions, at least in the physiological
range herein tested. Thus, what was different from one tested situation to the other
was mostly the intensity and/or the frequency of some behavioural feature in
different temperature and/or salinity, but not the type of performance itself.

Bathygobius soporator is a typical sedentary benthic species. It reposes for
long periods and 30% of this time in shelters. Enough holes were offered for hiding
and so it was observed that these fish preferred to remain alone in the shelter, rarely
with another individual. The same behaviour was observed when the fish were
unprotected, as they usually rested alone, rarely grouped. They remained always in
contact with a horizontal substrate. Only 4.77% of the fish rested in a vertical
position, the head upwards, leaning on a vertical support, with the aid of the pelvic
fins. When resting out ofa shelter, 61.5% ofthe individuals preferred lighter regions
and not the shadow.

Resting was interrupted by short periods of swimming. The swimming
movements were always fast, lasting in average for 1.2%, rarely 3%, of the total
time. Activity can be apparently spontaneous, but was often related to search for
food. Spontaneous activity generally started when one fish left a shelter. Usually its
first action was the persecution ofanother individual that, as a consequence, became
pale and fled. This action was the starter for other persecutions in the whole group,
even for the fleeing fish that sometimes persecuted some other individual for short
periods of time.

Sometimes a kind of social hierarchy could be seen: considering four
individuals, there was usually one dominant fish that persecuted all other fish and
two other that persecuted only one in the group, always the same individual that
was the weakest in the social hierarchy. The persecutor always became dark and the
persecuted fish pale. Often one fish suddenly left a shelter, persecuted an individual
and returned to the original place again. Very rarely it changed the hole or resting
place. But in all cases, aggressiveness was very low indeed.

Another kind of activity of B. soporator was related to search for food. It
happened mostly during the light period, mainly at the first hours after the beginning
ofthe day. It was observed that, when one individual accidentally or through direct
action found food and started feeding, it induced the same activity in the whole
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group. The releaser seemed to be the typical feeding movement of the first fish.
During periods of feeding activity, they became restless, the percent of time in
swimming increased slightly and most of them remained dark. Tremor of the whole
body was frequent and the respiration became faster only during the actual catch of
food. Feeding was strongly related to swimming and aggressions, persecutions and
territory defence. At the end of feeding activity, as soon as all individuals took
enough food, all aggression stoped, territories were no more defended and all
animals rested, far from each other, for longer periods, most of them returning to
their former positions.

The typical colour of this species was light with spots (58.8% of the
individuals), being lighter (12.1 %) or darker (13.8%) individuals mainly those
involved in aggressive actions like persecutions and fleeing, and dominance of
territory. The aggressor or dominant became dark and the opponent light.

Bathygobius soporator remained alert for long periods of time, showing
erected fins and searching eye movements while remaining in repose. Aggressions
started even in the holes, when more than one fish shared the same shelter. Suddenly,
without apparent reason, one individual started to make some sinuous body move
ments, leading the other or others to leave the hole. Those who left were not allowed
to return to it. Often the fleeing fish had even to remain at least at a distance of three
times the body length from the holes, as the fish in the shelter defended a territory,
not allowing it to approximate. When general aggression level was high in the group,
two fish often displayed frontally to each other, opening the mouth slowly, and
keeping it open for a certain period. This attitude resulted in lightening and fleeing
of one of the opponents.

Territory defence was very low and not always clear. Sometimes the more
aggressive individuals in the group established an area corresponding to a diameter
of three times the body length, that was defended temporarily. In repose, they
observed all fish and persecuted all individuals that came near to the border of this
area. This behaviour was rare but often connected to feeding activity. In other
periods, mainly in the afternoon, when well fed, the same fish was seen lying side
by side with other fish.

The respiration could only be observed in resting animals and when they
were out of the holes. The opercular movements were always flat and regular.

Influence of salinity and temperature on the behaviour of B. soporator
The highest proportion of the time this species rested, motionless. The

percentage of fish resting in light regions increased with the temperature (Fig. 3)
and the salinity (Fig. 4) increase. For all combinations of water salinity and
temperature, there was a certain individual variability.

The mean amount of fish resting in vertical position was three times higher
(6.7%) at 28°e (Fig. 3) and the higher the salinity, the higher is the proportion of
animals in this position (6.9%) (Fig. 4).

When resting out of a shelter most part of the fish prefer not to rest grouped.
Although, there is a tendency of grouping more when salinity (Fig. 4) and tempe
rature (Fig. 3) are low.
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Fig. 3. Influence of temperature on some of the behavioural features of Bathygobius soporator
like respiration (frequency in mean opercular movements/minute), grouped fish (%), hidden
fish (%), fish defending territory (%), aggressive fish (%) and swimming (%). The temperatures
T1 and T2 are, respectively 18°C and 28°C.

Swimming was performed during a very small proportion of time and the
difference in levels ofthe time spent in swimming activity, in different combinations
of water salinity and temperature, are minor. In any case, it is more influenced by
temperature than by salinity, Even being low in general, the swimming activity
decreases with the increase of temperature, from 0.78% to 0.49% (Fig. 3). In all
salinities it is very low, being the highest at 25.5ppt and the lower ones at extreme
salinities (Fig. 4). The lowest value lies at 28°C and 17ppt and the highest at 18°C
and 25.5ppt. The last one shows a variance of 1.41, standard deviation 1.19 and
standard error 0.53. The smallest variance occurs at the temperature of 28°C and
salinity 8.5ppt.
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Fig. 4. Influence of salinity on some of the behavioural features of Bathygobius soporator like
respiration (frequency in mean opercular movements/minute), grouped fish (%), hidden fish
(%), fish defending territory (%), aggressive fish (%) and swimming (%). 81, 82, 83 and S4
are respectively the salinities 34ppt, 25.5ppt, 17ppt and 8.5ppt.

Aggressiveness was very low and not influenced by the temperature (Fig.
3), but decreased with water salinity decrease from 10.19% at 34ppt to 1.63% at
8.5ppt (Fig. 4). At high salinity variance was high (58.36), the standard deviation
being 7.83 and the standard error 2.41.

Territory defence, on the other hand, is temperature dependant, being higher
at low temperature, paralleling swimming activity (Fig. 3). The highest values are
observed at 25.5ppt and 18°C (2.37%). Extreme salinities caused lower levels for
territory defence and the highest was obtained at 25.5ppt (Fig. 4) as occurred for
swimming.
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Fig. 5. Effect of temperature and salinity on the percentage of body color in Bathygobius
soporator: light (I), light with spots and stripes (Is), medium (m), medium with stripes and spots
(ms), dark (d) and dark with spots and stripes (ds).

A slightly higher proportion offish (31.11 %) rested in a shelter at 28°C than
at 18°C (28.32%) (Fig. 3) increasing when water salinity decreased, from 17.2% to
39.85% (Fig. 4). The lowest value was found at 28°C and 34ppt, and at 18°C and
25.5ppt, and the highest at 28°C and 25.5ppt.

Respiration was less influenced by water salinity showing a positive corre
lation with temperature, being the mean respiratory frequency at 18°C 39.25/min
and at 28°C 62.97/min. But at higher temperatures the variance is higher (98.9) when
compared to that at low temperatures (44.5) (Fig. 3). Salinity, on the other hand,
induced only slight changes, in a very narrow range. There was a general tendency
for a lower respiratory frequency in higher salinities, but the lowest value was
obtained at 25.5ppt and the highest at l7ppt (Fig. 4). Considering both temperatures
and all salinities, theQ 10 was between 1.4 and 1.7, indicating a temperature induced
phenomenon.

The colour offish was light with spots, in a high proportion at the temperature
of 28°C (72.09%) and less high at 18°C (45.53%). In extreme salinities the colours
were more variable, with a tendency of the occurrence of some dark fish when
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salinity is 25.5ppt and 8.5ppt in high temperature and some light ones at 34ppt and
l7ppt when the temperature was low (Fig. 5).

Circadian rhythm under the influence of salinity and temperature
Not all activities were rhythmical along the day. Motility and resting,

aggressiveness and territory defence as well as the respiratory frequency were the
most significant ones.

The swimming activity was rhythmical along the day, often in connection
with the search for food. One has to take into consideration that, in all cases, values
were so low that its differences are minor. But in general, higher values were seen
in the morning and there was a peak at HI and H2, having been the lowest value
observed in the afternoon, mainly at H4 with a slight tendency to increase at the end
ofthe light period (Fig. 6). Mainly in the morning the shape ofthe curves was simi lar,
but the mean levels for each time period varied with salinity and temperature.

0/0 SWIMMING

Fig. 6. Graphical representation of the interactive effect of temperature, salinity and the hour
of the day on the swimming performance (% of animals) of Bathygobius soporator. The times
(H1 to H5) start at the beginning of the light period, each one covering a two hours period
consecutively. The temperatures T1 and T2 are, respectively 18°C and 28°C. 81, 82, 83 and
84 are respectively the salinities 34ppt, 25.5ppt, 17ppt and 8.5ppt.

Resting in holes showed a slight tendency to decrease from the morning to
the afternoon, but not significantly (Fig. 7). Resting out of holes with a preference
for shadow or light showed no variation or rhythm along the day. Repose in vertical
position was slightly higher at noon and the beginning of the afternoon and the
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lowest values were obtained at the end of the day, but all values were very low. This
rhythm was certainly influenced by temperature and salinity. Resting grouped was
very rare and seemed to be random except for the situation of low temperature and
salinity when fish were induced to remain grouped in the afternoon (Fig. 7).
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Fig. 7. Graphical representation of the interaction of temperature and salinity, at different hours
of the day, inducing the level of each of the following behavioural features of Bathygobius
soporator. hidden fish (%), grouped fish (%), aggressive fish (%) and fish defending territory
(%). The times (H1 to H5) start at the beginning of the light period, each one covering a two
hours period consecutively. The temperatures T1 and T2 are, respectively 18°C and 28°C. 81,
82, 83 and 84 are respectively the salinities 34ppt, 25.5ppt, 17ppt and 8.5ppt.
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Aggressiveness was always higher in the morning, the highest values having
been obtained at H2 and the lowest in the afternoon at H4 with a slight tendency to
increase at the end of the day. The shape of the curves was similar for all
combinations of salinity and temperature, but differences between highest and
lowest values varied in different salinities. Territory defence was the highest early
in the morning, but only at low temperature, decreasing along the day, seeming to
be related to search for food. In salinity 25.5ppt the highest values were obtained
for both temperatures (Fig. 7).

Respiration is rhythmical along the day. During the morning the levels of
respiratory frequency are lower, even considering that the animals are more active
during this period. During the afternoon the levels are higher, being the highest
observed at H4, falling slowly at the end of the day. Temperature strongly affected
the level of respiratory frequency, but the shape of the curve remained the same
along the day. Slight variation was seen in different salinities, but consistently higher
values were obtained in the afternoon (Fig. 8).

RESPIRATORY FREQUENCY

Fig. 8. Graphical representation of the interactive effect of temperature, salinity and the hour
of the day on the respiratory frequency (number of opercular movements/minute) of Bathygo
bius soporator. The times (H1 to H5) start at the beginning of the light period, each one covering
a two hours period consecutively. The temperatures T1 and T2 are, respectively 18°C and
28°C. 51, 52, 53 and 54 are respectively the salinities 34ppt. 25.5ppt, 17ppt and 8.5ppt.

The colour was predominantly light with spots along the whole day and in
all environmental conditions (Fig. 9), but there was a slight tendency ofhaving some
darker fish at high temperature in the morning at H I and H2 and lighter ones at low
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temperature in the afternoon at H4 and H5. This seemed to be in direct relation with
the increased activity during the morning. For each salinity with each temperature
differences may be seen in the frequency of each color along the day (Figs 10-11).

BODY COLOR (% OF ANIMALS)

MEAN TEMPERATURE AND SALINITY

Fig. 9. Graphical representation of the body colour of Bathygobius soporator (% of animals) in
different combinations of temperature and salinity. The temperatures T1 and T2 are, respec
tively 18°C and 28°C. 51, 52, 53 and 54 are respectively the salinities 34ppt, 25.5ppt, 17ppt
and 8.5ppt.

DISCUSSION

It is well known that the sub-order Gobioidei is now in evolution and that
the existing species occupy almost all possible biotopes, except for the pelagic and
abyssal regions. They are known for eurythermie, euryhalynity, resistance to
desiccation and hypoxia. A great variability of food is taken by the group as well.
As a consequence of its adaptive complexity, the interpretation of experimental
results obtained for the Gobioidei are more difficult.

The role of physical factors and chemical nature of the environment is
important in the life offish (FANTA 1994). The water temperature is an environmen
tal controlling factor (FRY 1971; LOVE 1970, 1980) determining the rate of meta
bolic processes (BULGER 1984; FANTA-FEOFlLOFF 1983; HOCHACHKA & SOMERO
1984; LUCCHIARI et al. 1988; N1KOLSKl 1963) and the behaviour offish (FANTA
FEOFlLOFF 1983; FANTA-FEOFlLOFF et al. 1983; FANTA et af. 1989a,b; HEss 1952;
OLLA & STUDHOLME 1975; OLLA et al. 1978; PATERSON & ANDERSON 1969) at a
significant extent. The light is another direct as well as secondary determinant factor
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Fig. 10. Graphical representation of the body colour of Bathygobius soporator (% of animals)
for each of the combinations of the temperature T1 (18°C) and the salinities 51, 52, 53 and
54, respectively 34ppt, 25.5ppt, 17ppt and 8.5 ppt. The times (H1 to H5) start the beginning
of the light period, each one covering a two hours period consecutively.

(DAVIS & BARDACH 1965; FANTA et at. 1990,1994; SWIFT 1965), often integrated
to some other variables (MCCLANAHAN et at. 1986; PICKERING 1981). Other
properties of water, such as salinity, are also of great importance, influencing the
distribution, the physiology and the behaviour of many fish species (FITZGERALD
1985; FANTA-FEOFILOFF etal. 1986; FANTAet al. 1995; MCCLANAHAN et al. 1986).

Estuarine habitats are often harsh because besides seasonally defined clima
tic conditions there are also daily thermal and saline fluctuations, in part due to
abrupt weather change and the effect of high and low tide. These are the charac
teristics of the regions where Bathygobius soporator occur normally (Fig. 1). In
such regions like subtropical and temperate mangrove and coastal shallow estuaries,
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this species must be totally adapted to the frequent environmental impacts caused
by water temperature and salinity. This happens also in marsh areas as described by
BULGER (1984).

,
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Fig. 11. Graphical representation of the body colour of Bathygobius soporator (% of animals)
for each of the combinations of the temperature T2(28°C) and the salinity 81, 82, 53 and 84,
respectively 34ppt, 25.5ppt, 17ppt and 8.5ppt. The times (H1 to H5) start at the beginning of
the light period, each one covering a two hours period consecutively.

When fish perceive some environmental perturbation, the initial response is
mainly a behavioural one, often including escape. If the effect persists, and avoi
dance is not within the normal strategy ofthe animal, biochemical and physiological
changes must occur to guarantee the homeostasis, reflecting the organisms genetic
adaptation (PICKERING 1981). Such effects may, again, be expressed externally in
the behaviour of the organism (OLLA et af. 1978; FANTA et af. 1995).
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Being eurythermal and euryhaline, B. soporator has developed along its
evolution physiological strategies to survive in variable environments. Therefore,
this species is a good tool for the establishment of relations between behavioural
adaptations and water quality. Only in the laboratory the evaluation ofthe influence
of each one of the chosen factors is possible, as environmental conditions can be
simulated and kept under control. It is also possible to observe the behaviour ofthe
fish at will. Afterwards, the results on the behavioural adaptations to each situation
may be interpreted in the light of the corresponding environmental situation in the
nature. Appropriate methods and evaluation of behaviour have to be chosen (MAR
TIN & BATESON 1993). Besides being useful in testing the effects of different
chemical and physical parameters, what includes some pollutants (FANTA 1991,
1994; SILVA et al. 1993; SPIESER 1978), fish tests often allow a better knowledge
ofthe biology of some species as for example the Antarctic potothenids Notothenia
neglecta, N. rossi-marmorata, Trematomus bernacchii (FANTA et at. 1989b), Go
bionotothen gibberifrons and Trematomus newnesi (FANTA et al. 1995) making
possible some predictions about the consequences of global climatic changes. It
allows also some practical advise for fish rearing or repopulating purposes as for
the catfish Genidens genidens (FANTA-FEOFILOFF et al. 1983), Pimelodus macula
tus, Rhamdia hilarii and Nannorhamdia guttata (FANTA-FEOFILOFF 1983), or the
mullet Mugil curema (FANTA-FEOFILOFF et at. 1986).

Clearly, adaptation to thermal and saline extremes and the capacity to react
to relatively rapid temperature and salinity changes is important for the survival of
the species. These factors induce the level of the behavioural performance of the
fish. The capacity of B. soporator to show many strategies or adaptations to the
changes they face frequently avoids that they have to change place every time when
the environmental conditions are altered. This happens also with other species
adapted to changeable environment as Tautoga onitis that depends upon finding
suitable shelter and food resources in their normal homerange for survival (OLLA
et at. 1978).

B. soporator shows the behaviour ofa typically benthonic fish. They repose
the most part ofthe time in all whether conditions keeping always the contact with
a substrate, mostly horizontally, rarely vertical with the head upwards. They may
hide or not aPd show some social interaction, mostly related to feeding activity. In
general, social interactions and group interactions are not independent, are varied
but not well quantified (FENDERSON et at. 1968) being observed either in the
laboratory (ALEE et at. 1948; WELTY 1934) or in the nature (BAIRD 1968; JENKINS
1969). Social interaction is not frequent in B. soporator, and always temporary,
being aggressiveness usually very low. They show typical group feeding, induced
by the action and type of movements of one of the individuals in the group. This
activates the whole group that starts searching for food. This is what NEWMAN
(1956) and ALBRECHT (1966) called an activation ofintragroup agonistic behaviour.
As soon as feeding ends, B. soporator keep in repose and aggressiveness becomes
almost non-existent. This is the opposite as generally observed, as social facilitation
or co-operation during prey location is usually followed by more intense aggression
shortly after feeding in many species, as e.g. Gadus morhua (BRAWN 1961, 1969).
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Activity and behaviour of an animal, as well as its related physiological
processes are often rhythmic. Knowledge on the relation of the external cycle to the
behaviour is essential to understanding the harmony between organisms and envi
ronment (OLLA & STUDHOLME 1971). On the other hand, for B. soporator, besides
the influence of the photo-period on the behaviour, it was seen that sometimes the
action ofthe temperature or the salinity superimposes the drives ofthe internal clock.

The rhythm of certain activities like swimming and aggressiveness seem to
be a direct consequence of the beginning of the light period, as the highest values
were seen along the four initial hours of the day. They may be also related to the
preferential feeding time, indifferently to the presence of food. Before the actual
feeding activity starts and aggressiveness becomes higher, it seems to be a predis
position for feeding which is revealed through the higher values ofterritory defence
at the beginning of the light period. So, light probably induces this first action that
will be than followed by the other actions that culminate with feeding, if there is
food present. In the afternoon, all these behavioural actions become very low. The
higher activity in the morning is a known phenomenon (SCHWASSMANN 1971;
THORPE 1978) and occurs with many different species. But, besides that, tempera
ture is often a regulator to swimming and aggressiveness that usually increase with
temperature (HESS 1952). Aggressiveness ofB. soporator does not vary with winter
or summer temperatures, except for territory defence that is higher in the winter,
but more connected to salinity changes, being the highest always in rainy seasons
and low tide, what means low salinity.

Swimming of B. soporator is often higher during the winter, mainly when
salinities are not extreme. Other fish like Cobius show a variation of their cruising
speed with the temperature (LAGLER et al. 1962) and many species are less active
during the winter being the increased activity often driven by longer summer days
or light periods (PROSSER 1965; SWIFT 1965). In the case of the fish tests with B.
soporator, the light period was kept constant. So, the duration of the light period
was not another variable that could influence the results, making therefore possible
an evaluation of the isolated action of the two variables temperature and salinity. In
any case, even keeping the light regime constant, the periods after the start of the
light has a great importance for the fish and is, in a certain way, a third variable.

In many fish, activity is depressed at higher temperatures (FRY 1947, 1971;
PATERSON & ANDERSON 1969). For Tautoga onitis it was advantageous to make
all necessary adjustments to the environmental conditions and so, be able to remain
within their normal homerange as their survival would depend upon finding suitable
shelter and food resources (OLLA et al. 1978). Activity decreased as a secondary
consequence to hypoxia when low salinities were reached in T. newnesi and C.
gibberifrons (FANTA et al. 1995). Reduction or lowering of activity and closer
association with shelter may be brought about by nightfall or by an environmental
stress such as elevated temperature (OLLA & STUDHOLME 1971). Closer shelter
association evidently protects the fish from predation while responsiveness is
impaired.

Resting in shelters is apparently random along the day, and depending on
environmental salinity and temperature. It is more common in summer with heavy
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rain falls and low tide, when temperature is high and salinity is low and the lowest
when during the summer dryness and high tide make the salinity rise to high values,
or during the winter with high tide. Hiding in a shelter is apparently not connected
to the preparation for feeding even considering that the shelter is a kind of territory.
Although, during the feeding period the fish may suddenly leave the shelter, feed
and quickly return to the place of origin. Summer temperature induces less territory
defence as well as less swimming.

Thus, "Mary-in-the-hole" is an appropriate name only for some definite
periods of the day or climatic conditions. It is also characteristic for only more or
less halfof the time, as far as B. soporator prefer lighter regions out of shelter, some
in vertical position, during the summer with high tide and so, high salinity. During
the winter, on the other hand; the,swimming actiyity il,lcreases a bit, the fish tend to
remain more in the shadow and some~iines grouped in the afternoon, mainly at low
tide and rainy periods. For some species, as the Antarctic Notothenia neglecta, to
rest grouped seems to protect the smaller individuals from predators, as they are
then part ofa darker bigger being, not being distinguished as individuals in the group
(FANTA et al. in press). This may be also conneCted to the offer of food that may
vary and to the transparency of the water providing more or less protection to the
fish. During the winter, when tempe'rature is low, and in extreme salinities, light
individuals might be observed, main1Y during the afternoon, In a general way, when
activity, aggressiveness and territory defence are higher the fish rest isolated, as this
includes the time when they are in (eeding activity, and concurrence for food seems
to exist. \<

There is no apparent advantage 'in resting in a vertical position, besides that
in the nature, depending on the pl,ace where they occur, there is perhaps not enough
shelter or horizontal resting place, mainly in rocky shores. Thus, this may be an
evolutionary advantage, seeming not to have a strong correlation with the water
quality. It is slightly higher at noon, after the cessation offeeding activity higher in
the summer with high tide and high evaporation.

Respiration shows an unexpected tendency to be low in the morning and
higher in the afternoon, consistently, for all environmental conditions. Perhaps the
need for digesting the food and recovering from the higher activity or confirmation
of social hierarchy requires more energy than the activity itself. On the other hand
one has to consider that the respiration is always measured in resting animals,
therefore eliminating from the calculations the levels that might have been reached
by B. soporator while active, aggressive or feeding. A clear cycle of oxygen
consumption can be often seen (FANTA et ai, 1990; FANTA-FEOFlLOFF 1983). In
Mugil Qurema the lowest oxygen consumption was at 8.5ppt and the highest survival
rate, indicating the lowest stress situation (FANTA-FEOFILOFF et al. 1986). G.
gibberifrons shows the lowest respiratory frequency the higher is the salinity as well
as yawning ~d surfacing (FANTA et ai, /;995), two behavioural attitudes that were
not observed in B. soporator.

When extFcme salinities are obtained, through high tide with sunshine or low
tide with rain, the «olour ofB. soporator is more variable. When active they become
darker, mainly when aggressive behaviour is performed, and lighter when they
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assume a recessive position in the social hierarchy or are non aggressive. So, the
body colour is more related to activity. As activities are often variable according to
changes in the environmental factors, the relation between the environmental quality
and the body colour of these fish is an indirect or a secondary one. But the amount
of darker or lighter fish will depend on the water temperature being more dark fish
seen in the summer and more light ones in the winter. But, during high temperatures,
when the animals are less active, the most part of them shows light spotted colour,
that mimics better the environment. N. G. gibberifrons is lighter in low salinities and
darker in high ones (FANTA et al. 1995). Light colour for darker fish and darker
colour for lighter fish often is an indication for stress (FANTA-FEOFILOFF et al. 1983;
FANTA et al. 1989a,b; PICKERING 1981).

Notorious is the individual variability. This is quite usual when behaviour is
studied and more than that, quantified. Not only all environmental factors interact,
but also no consideration was given to sex, developmental stage and dominance,
because this is the real situation in the nature, ifwe want to understand what happens
with a group ofthis species, as a whole.

One can conclude from this study that the behavioural items ofB. soporator
that change significantly and consistently under the influence of temperature and
salinity are the respiration, swimming and accordingly resting and territory defence
and the body colour. The other behavioural actions are only slightly variable.
Extreme salinities are apparently stressing in a certain level, interfering with the
effects of the light regimen or the temperature. So, temperature affects directly the
respiration, swimming performance, resting and territory defence.

For this species behaviour is not useful for the prediction of consequences
of climatic alterations as a whole as the local climatic changes occur within hours
and this species shows a wide range of behavioural adaptations.

Summarising what seems to happen in the nature as a consequence of a
variable environment (Fig. 12) one can imagine that, during the summer, when the
mean temperature is high during high tide and sunshine, the animals like to be in
the holes, but when out of the shelter they repose in lighter regions, showing low
swimming activity, often keeping vertical position and being dark in colour,
therefore, some being easily caught. This situation changes when heavy rains
diminish the salinity, and probably also the transparency of the water and the
presence of food, causing even higher hiding. This is a typical situation when
"Mary-in-the-hole" disappears, according to the fishermen. At low tide, when
salinity decreases by the income of river fresh water ad the cloudy weather
diminishes the evaporation, swimming, territory defence and aggressiveness are the
lowest. Low tide and rain causes more dark fish and greater colour variability. This
behaviour guarantees not only protection but also a very low energy consume and
may also be connected to the availability of food in the nature. It might be also a
defence against predators, because water is low and predation even by birds may be
higher.

During the winter, temperatures can fall even below the tested one, the days
are sometimes darker, swimming activity and territory defence are higher and those
fish that are not spotted tend to be light. Rains with high tide cause the highest
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swimming values and the lowest hiding, perhaps because usually the income offood
is higher. Rains with low tide cause some fish to become dark, some remain in
shelters and the highest amount of grouped individuals, with less variable colour.

Thus, very simple changes in the behaviour enhance feeding possibilities,
diminish predation and avoid energy loss and stronger impacts of the environment.

w N T E R SUM M E R
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Fig. 12. Summary of the effects of the environmental conditions on the behaviour of Bathygo
bius soporator from the beginning of the light period. The temperatures are 18°C (T18) and
28°C (T28); the salinities are 34ppt (S34), 25.5ppt (S25.5), 17ppt (817) and 8.5ppt (88.5). The
darker the shadow, the more intense is the behaviour performed.
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