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SU M M A RY

T he rh y th m  o f a c tiv ity  is ac tog raph ica lly  reco rded  in  H aplochrom is burtoni, 
Sim ochrom is diagramma, S . babaulti, T ropheus m oorii m oorii, T . brichardi an d  T . duboisi 
(P isces, C ichlidae). T he s tu d ied  species th a t  occur to g e th e r in  th e  lake  (L ake T anganyika), 
h av e  d ifferen t periods w ith  h ighest a c tiv ity . T he rh y th m  of a c tiv ity  can  be considered 
as a n  im p o rta n t fea tu re  fo r th e  ecological niche.

1 . IN T R O D U C T IO N

Simochromis and Tropheus (Pisces, Cichlidae) are two closely related  genera 
from Lake Tanganyika. Their ethology (colour patterns, aggressive behavior, spaw­
ning, sound production ...) has already been studied (Nelissen, 1975 a and  b, 1976, 
1977 a, b, c, and d). The species of these genera live in the  same h ab ita t : th ey  occur 
together between rocks a t  a few m eter depth . As far as we know, th e  only ecological 
difference can be found between T. duboisi and  the  o ther Tropheus and the Sim o­
chromis species : the former lives in deeper w ater (about 10 m) th an  the  la tter 
(about 3 m) (see Poll, 1956 and  Marlier, 1959).

As the  ecological niche is species-specific, some difference m ust be found in the 
ecological features of Simochromis and Tropheus. Such a difference occurs in their 
rhy thm s of activity . Indeed, it  was noticed th a t  Tropheus and Simochromis do not 
perform  certain behavior pa tte rn s  a t  the  same tim e of the  day, e.g. the  former 
spawns more in the early morning, while the  la tte r spawns during the  whole light 
period.

Therefore, the  rhy thm  of ac tiv ity  was recorded for these two genera. As 
Haplochromis burtoni can be considered to be a representative of the  ancestral 
form from  which Simochromis and Tropheus evolved (Fryer and lies, 1972), this 
species was studied too. II. burtoni does no t live among the  above mentioned 
species : i t  is found in the  reed.

I f  one wants to  record an anim al’s rhy thm  of activ ity , two principals m ust be 
kep t in m ind :

I . only a param eter of ac tiv ity  can be measured, as activ ity  itself is no quan ti­
fiable concept; so i t  is necessary to  choose a  param eter being really representative 
for activ ity .

(*) A angeste ld  N avorser bij lie t B elgisch N ationaa l F o n d s  voor W etenschappelijk  
O nderzoek.
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2. th e  m ethod used to  m easure th is param eter m ust no t influence the  anim al’s 
rhy thm  of ac tiv ity  nor the  param eter itself.

To study  the  rhythm  of ac tiv ity  autom atically, an  actograph in which these 
conditions are fulfilled was constructed :

1. the  num ber of locomotions was chosen as a param eter of activ ity ; the more 
a  fish is active, the  more it  will swim around.

2. the  num ber of displacem ents was counted by an actograph, consisting of 
a series of photoelectric control system s th a t  could no t influence the  fishes.

2 .  M A T E R IA L  A N D  M ETH O D S

T he stu d ied  fishes w ere k e p t in  an  aq u a riu m  ta n k  m easuring  0.80 X 0.30 x  0.40 m. 
I t  w as dev ided  in  tw o equal p a r ts  b y  a n  opaque  glass. E ach  p a r t  con ta ined  one fish. 
T h ey  could n o t see each o th e r. T h e  b o tto m  was covered  b y  gravel w ith o u t aqua tic  
v eg e ta tion . Two shelters w ere p ro v id ed  per an im al.

A t one long side of th e  ta n k  e ig h t lig h t sources (em itting  m ostly  in fra red  an d  a  
l i tt le  red  ligh t, to  w hich th e  fishes d id  n o t respond) were p laced  in tw o row s : four in an 
u p p er one an d  fou r in a  low er one, so, tw o tim es two lig h t sources a t  each  side o f th e  
g lass p a rtitio n . T he lower ligh t beam s passed  th ro u g h  th e  glass and  w ater a t  a  height 
o f  5 cm above th e  gravel, th e  u p p e r ligh t beam s a t  10 cm  (see fig. 1). A t th e  o ther long- 
side o f th e  ta n k  eigh t pho toe lec tric  am plifiers w ere p laced  ju s t  opposite  to  th e  ligh t 
sources to  c ap tu re  th e  ligh t beam s. T h e  am plifiers w ere connected  to  an  E v e re tt 
E dgecum be recorder. A n am plifier opera tes each tim e th e  ligh t beam  is crossed by a fish.

In  th is  w ay  i t  was possib le  to  follow ac tiv ity  o f th e  an im als w ith o u t d is tu rb ing  
th em .

T he an im als were sen t d irec tly  from  L ake T an g an y ik a  to  th e  lab o ra to ry , w here 
th e y  w ere s tu d ied  w ith in  one m o n th  a fte r  a rriv a l. T he ind iv iduals th a t  were going to  
be exam ined  actograph ica lly  w ere k e p t a p a r t  from  th e  o ther.

T he fishes w ere fed w ith  liv ing  T u b ifex  and  frozen C rustacea. B y feeding a t  v e ry  
irregu la r m om ents th a t  w ere de te rm in ed  ad  random , feeding tim es could n o t offer tim e- 
g ivers (Zeitgeber, definition see A schoff, 1954 and  1958).

T he aquarium  w as p laced  in  fro n t o f a  w indow  an d  w as n o t li t artificially . B y  
offering d ifferent k inds of stim u li (e.g. sounds , v ib ra tio n s, d isp lacem en ts o f an  object 
in  fro n t of th e  ta n k  ...) and  by  con tinuously  observ ing  th e  an im al’s reac tions to  these, 
i t  w as n o ticed  th a t  th ey  could be d is tu rb ed  only  by v isual stim uli an d  n o t by  sounds or 
o th e r stim uli from  th e  lab o ra to ry . So th e  ta n k  w as iso la ted  w ith  an  opaque cu rta in . 
T h e  tem p e ra tu re  o f th e  w ate r rem ain ed  a t  27° C. In  th is w ay  we m ay  assum e th a t  only  
n a tu ra l day lig h t could be  a  tim eg iver fo r th e  rh y th m  o f a c tiv ity  o f th e  fishes.

3. R E S U L T S

Each day  ( =  24 hours) w ith registration of activity , was divided in twelve 
2-hr periods (0.00 h-2.00 h, 2.00 h-4.00 h and so on). For each period the num ber of 
m inutes in which a t least one locomotion (i.e. one crossing of a light beam) was 
recorded, is counted (so only locomotions through a light beam could be counted). 
This value is considered as th e  m easurem ent of the param eter of activity.

Some days can show a higher level of ac tiv ity  th an  others, w ithout changing the  
rhy thm , so w ithout a change of the  occurence of peaks. B u t, days with a higher level 
of ac tiv ity  carry more weight when the  average rhythm  is calculated, which is 
undesirable if such a day acc id en ta l^  shows an « abnorm al » rhy thm  (e.g. because 
of one or other disturbance). Therefore, for all days the  graphs are normalized to 
th e  same level. This is done by expressing the  values of one day as percentages of
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Fig. 1. —  Schem e o f th e  ac to g rap h , used  for au to m a tic  reg is tra tio n  o f th e  rh y th m  of 
a c tiv ity  o f cichlid fishes, a. Seen from  above, b . Seen in  fron t.

the to ta l sum of values of th a t  day. The average rhy thm  of activ ity  is draw n per 
species as an  actogram  in  fig. 2.

To be sure th a t  the  rhy thm s of activ ity  of different individuals in one species 
did no t differ significantly one from another, the  concordance of these rhythm s is 
determ ined. For every individual, the average rhy thm  was calculated. In  these 
rhythm s, th e  twelve periods of tw o hours were ranked  according to  the  obtained 
values of the  param eter of activ ity . These ranks (one rank per individual) were 
compared one to  another for each species w ith K endall’s coefficient, of concordance 
(Siegel, 1956). This coefficient is given below for all studied species.

The activ ities were found to peak a t one or more tim es during th e  day. This is 
checked w ith the  Friedm an two-way analysis of variance (Siegel, 1956). W ith  this 
test it  can be shown th a t  the  twelve 2-hr periods do not all have the  same values of
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th e  param eter of activ ity , th a t  means th a t  th e re  is a t least one period with a higher 
or lower value th an  the other periods. This proves th e  periodicity of the  activity. 
The '/ j  of th is te s t is given below'.

In  tab le  1 the  results of the  actographieal recordings and of the  significance 
tests are summarized. The columns give the  following inform ation :

1. (n ) N um ber of individuals th a t w'ere used for the  actographieal recordings.
2. (days) T otal num ber of days in which usefull recordings were made. I f  e.g. on one 

day the  actograph failed to  v'ork, th is d a y  was no t considered. All individuals of 
each species were studied for about the  sam e time.

3. (rec. period) The period(s) in which recordings were performed, throughout the 
study.

4. (W) K endall's coefficient of concordance, calculated for th e  rankings of the 
twelve 2-hr periods of the n individuals in  each species.

5. (y2) The chi-square value th a t  is calculated to  in terpret W.
6. (level W) The level of significance of W (or y2) to  reject the  null hypothesis (that 

the  individuals in one species do not have th e  same rhy thm  of activity). There 
are always 12 —  1 - 11 degrees of freedom (as twelve periods of two hours have 
been ranked).

7. (y‘f) F riedm an’s chi-square to  te s t wether there  is a peak in the  rhy thm , calculated 
per examined individual.

8. (level y!) The level of significance of y j to  reject the null hypothesis (that all 
2-hr periods have the  same value). There are 1 2 — 1 =  11 degrees of freedom.

9. (act. peak) The period w ith maximal registrated activity.

The rhy thm s of activ ity  are schem atized as actogram s on fig. 2.
As there  was only one actograph available in w'hich only tw o fishes a t a time 

could be studied, different species had to be examined successively. So, the  species 
w'ere studied a t  different tim es of the  year (different conditions of sunrise and sunset). 
Moreover, for some species th e  recording period had to be divided in tw o periods on 
different tim es of the  year. However, these different conditions in which the  rhythm  
of activ ity  w'as determ ined, did no t influence the  results. W hen th e  invariability 
of the  rhy thm  of ac tiv ity  a t  different seasons w ithin the species is shown, it  is also 
proved th a t  differences among species are n o t caused by the  different light conditions.

Tropheus moorii moorii was actographieally examined a t  the  m ost dissimilar 
light conditions (February  and July). The rhy thm s of activ ity  in these tw o periods 
are compared one to the  other w ith the  aid of the Spearm an rank correlation 
coefficient rs (Siegel, 1956) : the  2-hr periods are ranked according to  the ir values 
in th e  first and  in  the  second period. The coefficient is rs =  0.68 which corresponds 
with a S tuden t’s ¿-value t =  296. This means th a t  w ith  12 — 2 — 10 degrees of 
freedom, there  is a chance of p  =  0.001 th a t  the rhythm s do differ in February 
and Ju ly . Also th e  other species showed no significant differences a t  different times 
o f the  year.

The actogram s of fig. 2 make i t  clear th a t  the  rhy thm s of ac tiv ity  show diffe­
rences among th e  studied species. This can also be tested statistically . For each 
species, the  tw o hour periods are ranked according to th e  obtained values of the 
param eter of activ ity . The concordance of these ranks can be calculated with 
K endall’s coefficient : W  =  0.09 which means th a t  there hard ly  is a concordance.
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y2 =  5.81, so w ith 11 degrees of freedom, there  is a  chance of only 0.10 th a t  the 
rhy thm s are concordant, which means th a t  the  difference among the species is shown.

4. D ISC U SS IO N

Fig. 3 is a sum m ary of th e  actogram s of fig. 2. The arrows indicate the  periods 
of highest activ ity  of the studied  species. I t  can be seen th a t  these peaks do not
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Fig. 3. — Summary of the actograms. The arrows indicate the periods with highest activity 
for Simochromis diagramma (S.d.), S . babaulti (S.b.), Tropheus moorii moorii (T.m.m.), 

T. brichardi (T.b.) and T. duboisi (T.d.).

overlap w ith th e  studied species th a t  occur together in the  lake. Haplochromis bur­
toni is no t mentioned in this scheme as i t  lives in a very different hab ita t. T . m. moorri 
and  T . duboisi do have about the  same rhy thm  of activity, b u t as mentioned above 
(1. Introduction), these animals do not occur together in the  lake.
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As far as we know, both Simochromis and Tropheus have the  same ecological 
features. For instance, th ey  both  feed them selves w ith  the  «Aufwuchs» (algae ...) 
covering the  rocks. However com petition m ight be reduced by the  different 
rhy thm s of activ ity . In  o ther words, the  rhy thm  of ac tiv ity  seems to  be an  im portant 
elem ent of the  ecological niche in  th e  cichlid fishes of Lake Tanganyika.
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