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SUMHMARY

The frequency of electric crgan discharges {EOD) of a gymnotdform §ishof "pulse”
frequency (40-106 Hz) from Ssuth America - Rhamphicthys rosinatus s siudied. The
avimals wene settled in pains in a aguawrium and thus observed: variation {n EOD fre-
quency had at Least two components: one more pasitively cornelated with — temperatune,
anvthen Less positively correlofed due fo sociaf (nteraction.

INTRODRICTTON

In spite of electric fish have been known since the pharachs and romains empire
(Chagas & Paes de Carvalha, 1961; Wu, in press), the knowledge of its physiology and
socia) behaviour is relatively recent. Only with the advent of sensitive electronic
equipment, that African mormyriforms and South American gynmotiforms were  discovered
by Lissmann (1958) . He determined that each species produced a species-specific EOD
discharge of a '"wave or pulse' - like pattern, and postulated an electric  sensory
system in these animals.

Generally, gymnotiforms are krown to maintain a high level of EOD and of locamo
tion during at least 3 phase of the day, usually at night. In the group of Rhamphicthy
idae, two genera are described: Rhamphicthys, whose species may grow to maore than a
meter in length and Gymnorhamphicthys, which includes the most characteristic circadi-
an nocturnal electric fishes (Lissmann, 1961; Hopkins, 197h4; Mago-Leecia, 1976, Bullock
et al., 19379) species of both genera lay usually motionless cn the bottom of  waters,
apparently careless of keeping the dorsal side up posture, The cited fishes were found
to swim only rarely, and mostly on the bhottom of lakes, ¢lose to the sediment, where
water temperature was arcund 30 (perscnal communication by the ecologist J. Tundisi ,
INPA, Manaus),

The frequency of EOD in regularly discharging weak  electric fish increases

with increasing water temperatures {Lissmann, 1958; Enger & Szabo, 1968: Boudinor |
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19705 Feng, 197%; Toerring & Serrier, 1978). Extensive studles of temperature prefe-
rence have been done for hundreds of fishes as reviewed recentely (Talmage & Coutant,
1578). However, only one preference study for a electric fish was carried on (Gymnotus
sp (Pimentel-Souza et al., 1976). On the other hand, social interaction of EQD in
gymnotiformus has been Tntensively studied, Since 1963, Watanabe and Takeda have noted
that the wave-type electric fish, Eigenmannia, will smocthly shift its electric organ
discharge (FOD) frequency when exposed ta an electric stimulus with a frequency npear
that of its own. This smooth shift increases the difference between the two frequencies,
tna further series of behavioura) experiments with Eigenmannia, Bullock et al .,
(1972) investigated the dynamics features. He and his colleagues demonstrated that a
stimulus frequency which differed from the fish's own EOD by 4 to 6 Hz was most effecti
ve in stimulating the fish to shift its EOD freqguency.

The very passive physical posture of Rhamphicthys rostratus ledus toask whether
ECDS are an  active or passive mode in its behaviour. In this work, we present
a8 study of the variation of frequency of EODR in function of temperature variation
correlating with social interaction. A pre]ihinary note hastbeen published elsewhere

(Pimentel-Scuza et al, 1977).

MATERIALS AND METHODS

Sixteen Rhamphicthys restratus, %nown as ''trompet nose'', about 35w long, cap-
tured in February, 1977, in Solimges river close 1o Manaus, Brazil duringzscientific
missian, were settled in pairs successively inta 4 glass tanks, each one of about
80 x 40 x LD cm. The aquaria were placed under the bord of the roof of the Department
of lchthyology, INPA, Manaus, Brazil. The floors of the aguaria were lined a layer
of about 2cm of sand. The water Tevel was kept at about 30cm high, filtered through

an activated charceal and bubbled centinuously. A native aquatic plant, known locally

as '"'cabomba'', was attached to the substratum of the aguarium and floated on the surface.

In two tanks the temperature was maintained at 300C to mimic the kbenthic conditions in
Amazonian lakes, The aquaria were filled with rain water, with a resistivity of about
85 K-Chm-cm at 25°C, pH 7.1, with addition of calcium and antibiotic salts.

One carbon dipole electrade, with a grounded centre, was put in the water to
record the EODs, The signal of the E0Ds entered into a shaping unit, passing then
through an "universal' counter to measure the freguency of EGDs. The direct recording
was also connected in parallel to a dual beam oscilloscope (Tektronic D12) to visuailze
the fregquency variations of EODS. The E0Ds of the two fishes were distinguished by
amplitude and the electrodes were moved to make the EOD larger for the particular indi-
vidual to be counted. The level of the shaping unit was adjustable in order to select
the correct signal, whose output was displayed on the channel of the osci]loscopé to
compare it directly with the analog signal.

A short term mean frequency of EQDs, 4 seconds, f, was measured Iy hourly
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samples of each of the two fishes, directly in the counter. Each pair of fishes was
followed up for 2-20 days, in a total of 2h experimental series, for a 65-day-period.
Observations were conducted with the fishes together (13 times) or isclated (Btimes)
Measurements were made for eleven consecutive hours in a day. In fewcases, observations
were performed for a 24-hour-pericd, Usually, they started at 9 A.M. Six out of
alght pairs were formed by individuals whose frequencies did not differ for more than 3

pulses/second at the same temperature (Table 1},

RESULTS

The average of the ''h-sec mean frequencies of EODs' (¥), cver the whole range of
each 24 experimental series using 8 pairs of fishes, was positively corretated with the
mean temperature of the water of the respective aguarium, whether in pairs (P<0.081}or
isolated (P<C.005}. It was correlated with a smaller dispersion than the normal popula
tion (P<0.001, Student’s test) (Fig. 1.).

The characteristics of this relation were also shown at shorter terms., Variati-
on of temperature, in part af the daycycle, was reflected also in a corresponding vari
ation of T, During most experiments water temperature varied in accordance with the
surrounding between 25 and 3],10C, except when indicated. |In pair 51, for instance ,
an the |0th day, when the temperature was nearly stable around 25°C, the corresponded
frequency F stood also nearly stable around 40 i/s. Here, on the 3rd day of experi -
ment, there was a temperature increase from around 25 to around 270C accompanied also
with an absolute displacement of F from 30-50 to 50-70 (Fig. 2}. This dependence wWas
also demonstrated by artificial manipulation. For instance, with pair 62, it was even
possible to increase artificiaily the difference between freguencies of fishes by
submitting the aquarium with the fish of the higher freguency to higher temperature. In
another case, with pair 74, very different initial frequencies were maintained stable
encugh for 4 days, while they were kept at similar temperature. Then, when isclating
the fishes, it was observed that frequencies converge, after decreasing the temperatu-
re of the fish with the larger frequency. For anather palr (81), the same stable fre-
quencies were recorded for both fishes, when they were physically isolated and while
there was stable temperature.

On the other hand, at least, R. rostratus seemed able te superinpose changes to
displace actively and immediately its frequency in different patterns of frequencies,
notwithstanding a temperature dependence. In certain cases, there was evenconvergence,
divergance, cross-over and isplacent of EQOD frequencies withoué any apparent correla-
tion with temperature. These cases ssemed more frequent over 27 C or over 50 i/s, when
a richer pattern of EOD frequencies appeared (fig. 3). As in nature R. rostratus must
remain very sedentary close to the bottom and since its body temperature must be
essentially that of the water, i.e., over 107 mostly, there must be a correspondence’

between more active state and richer pattern of discharges. The percentage of freguency
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cy of EOD of each fish that crossed over the freguency of the other paired fish decrea«
sed under rainy conditions and when isolating them (Table 1), The cross-over in fre -

quency of E£0D under not rainy conditions reached a quarter of cases. %o, this fact

must be related with social interaction. In conclusion, in hourly samples, the depen-
dence of frequency as a function of temperature can not be generalized rigidly. In
summary, in our case, the frequency seemed to follow temperature in 11 out of 16 fishes
in tht following experiments: a) for both fishes in 4 pairs:number 51, 62,72 and B1
b} for just one fish in 3 pairs: numbers 61,71 and 74; c) in onepair for fishes number
73, the frequencies seemed not to follow temperature.

The standard error of the average of T over the whole range of 24 different se -
ries for the smaller fishes was generally greater than that for the larger fishes { 18
out of 24 cases). In other woerds, the smaller fishes of each pair tended to have more
varied frequency, although the larger fishes or =mach pair maintained a higher frequen-

cy (16 out of 2b cases).
DISCUSSION
In spite of the significant long term influence of temperature on frequency of

EODs in electric fish, its short term importance is overridden by '"woluntary™ shifts .

It is generally accepted that E0Ds and electroreceptors are constituents of an  impor-

tant system used for electrolocation, social communication and agonistic behaviour in
South American electric fishes. So, EOD variations can mediate 3 serjes of behaviors,
as for instance sex attraction in Sternopyqus, territory dominance in Eigenmannia,
hierarchy or aggression in Gymnotus carapo or Eletrophorus electricus, respectively
(Bullock, 1969, 1982; Black-Cheworth, 1979; Hopkins, 1974; Scheich & Bullock, 1974
Westby, 1981). Acceleration and deceleration of the rhythm of FODs are natural codes
used to carry information. In spite of Gymnorhamphicthys hypostomus and Hypopomus arte
di being similar in pulse freguency during the day, they differ at night. Apparentiy
G. Hypostomus can never share habitat with R. rostratus during the night pecause
their freguencies are coincident. Overlap of the freguency of Staetogens elegans may
occur in relation to that of Sternopygus macrurus during the day, when fishes are in-
active, but the Ffrequency of the latter increases during the night, when the rhythm in
both species is apparently different (Hopkins,1979).

At Z?OC, the water temperature could be considered unsuitable for R. rostratus,
and the frequencies of EQDs without the superimposed endogenous shift follow better
the temperature (Fig. 3. The same can be seen in correspondence with a more passive
mode of activities in fishes withaut social interaction, while isojated. Their lines of
regression for frequencies against temperature follow extremely well a parallel mode
(L2 and S2, Fig.l). But increasing temperature from 25 to about 27-30°C, the pattern
of E0D tends to escape many times from temperature control, showing that R, rostratus

now initialtes more '"voluntary' shifts, This isdemonstrated in a less wel) paralletism
Y p
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regression lines with temperature when fishes were in pairs (5ee L1 x S1, Fig. I
- the other hand, under temperature influence, EOD seemed to occur alsc in groups of
fmodal distribution for fregquencies, and under social Interaction it appeared in
itimoda! distriburion (Fig. 3J.

It seemed that the greater fish was dominant in the pair (Pimentel-Scuza & Fer-
nandes in press), for it was found a almost always to have a greater and less varied
Frequency. This dominance could translate in a kind of securivy, which needs less

information as for instance less frequency variation.
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RESUMO

A freqitine{a de deseatgas do Cngac eletrico |DOE) de um pedxe gymrntifoune de
feagiigneda "om pulsn” (40-100 Hz) da Amarica do Suf - Rhamphicthys hostratus - fud
catudada, 04 andiais foram cofocaded aos pares em aquarnios e depods observados: varia.
cae da 4regiienc{a  de BOE tinha sido mencs duas componentes: wna madls poddfdvaneido oo
spfac{onada com temperaturn, oubna menos posdltivamente correlaclonade devido a {ntera-

eap soodal.
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Table 1- Characteristics of cross-over cccurrences in the frequencies of electric organ discharges of fishes in pairs,

DtFFERENCE CROSS- OVER
GROUP PAIR N % (N9s RECORDS/DAYS) (
’ FREQUENCIES TOGETHER | SOLATED
(CYCLES) NOT  RAINMY | RAINY IR RAINY
61 1.0 - 25.0 - - -
a 71 17.9 - 8.3 20.0 X X
73 0.6 - 7.1 B - - -
mean = SE(N)| 6.5 N 5.7 (3) - 13,5 ¥ 5,8(3) - T - -
51 “1.5 31410 14.3 17.17 .t 30.0]
62 1.4 i.3'0 12.0 3.7 9.1 0!
b 72 -1.0 Kt 50.0 5.0 - .
7h -2k.9 5.55 o | 300 15.0 -
2] 0.4 32.8 28.6 1 - 10.5 -
| Imean * SE(0] 5.0 % WL (5) ) 2 4+ 6. 8(5)%(22 &+ 8.3(s)% | 12.9 7 8.6 (3)] 11.4 % 1.3 (&) |15.0 T 15.0 (2)

Cross-over in frequency of electric organ discharges are in percentage of the occurrences in the total number of samples .
The difference in frequencies between fishes, before setting together, was recorded at the same temperature., Statistics of
distribution: (*) normal, (#%) nearly normal at the level of P = 0,05, Student's test. SE = standard error, N = number of

cases. Unless atherwise indicated in superscrit data correpond to two days of experiment,




i)
~
N~
[a]
w
L]
L
x
w
>
L

[22]
o

40

1

1 2 1 i 1 1 1 1

25 30
TEMPERATURE (%)

FIG. 1 - Variation of the averaged '"4-sec mean frequencies" (f) of the electric

organ discharges in relation to “mean temperature, during the whole
range of 24 experimental series using 8 pairs of fishes." Linear re-
gressions were found significant for the frequencies of the smaller
fishes (X polnts and their least sguare line are shown in to cases;

a) when fishes stayed in pairs, it was labelled S, and P < 0.001;

b) when fishes were isolated, it was labelled S, "and P about 0,005} or
for the frequencies of larger fishes {0 points “and their least square
lines in two cases: labelled identically Ly and L2z , with respective
confidence limits a little better than previcus cne). The distribution
of all population has a dispersion inferior to the noxmal populaticn

(P < 0.001, Student's t test). Parallelism of regression lines was
checked by the t—Student test of the differences of angular coefficient
lines (Neter & Wasserman, 1974). Nul hypotesis was verified for t of
5.54.107° for Ly X 52 and 1.0.1072 for Ly X Sy.
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FIG. 2 - Variation of ‘''4-sec mean frequencies' of EOD and TEMPERATURE (A and hroken
line) for the smaller fish (X and solid line) and for the bigger fish (0
and solid line) of the pair 51, regpectively during part of the 3th (a)
and 10th (B) days of experiment,
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FIG. 3 - Variarion of the "i-sec mean frequency' of electric organ discharpes in
function of "temperature' for the larger fish of the pair 51 (A) for the
first 14 days of the experiment, and for the larger fish of the pair 72 (B)
for the 7 days of the experiment. The two slope hroken Jines in A and B

repregsents a tentative least mean square Jines of a group of experimental’
points, which were classified each omv within one unimodal distribution for
frequencies of KODs or for temperature.

Temperature influence and ... 43




70
L
o
et 60
<I
7
1]
g?
=
i
&
P
u .
=z
ul
C:Z! 5C
a
e
11;

40

i

7
X% S
X, /,g
X //
- S x ..
X ’ )
*x x X / /
/ 2 ,"}"
s </ x 7
r rF x
. Vo ¥ /
x/
x#/ x o/ X xe
- X x///; X ’ X
X ’ X
% A " X "'/ xxx
/o
A
§ % X
£x X
L f z i 1 1 1 i
25 26 27 28 29 30 3 32
TEMPERATURE (%)
FIG. 3 B

Souza & Souza



Heidelberg., p. 201-256,
Talmage, S.5. & Coutant, C.C. - 1978, Thermal effects. Joutnal WPCF, 50:1514-1553,
Toerring, ¥.J. & Serrier, J. - 1978. Influence of water témperatura on the electrie
organ disnharge of weakly electric fish Marcusenius cyprinpides. J. Exp. Biol., 7

133-150.

Watanabe, A. & Takeda, K. - 1963. The change cf discharge frequency by A.C. stimulus i
a week electric fish. J. Experimental Biolegy., 4U;57-66.

Westby, G.W.M. - 1981. Communication and jamming avoidance in electric fish. TINS,
4(8):205-210.

Wu, %. - (In press). Electric fish in the history of electrophysiology American Scien-

rist.

{Aceito para publicacdo em 05/02/85).

46 Souza & Souz



