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Zoologia. — The influence o f recent experiences on the conquest 
of territory in Padogobius martensi (Teleostei, Gobiidae) n . Nota 
di G ilberto G andolfi e G iuseppe N otarbartolo, presentata ^  
dal Socio S. R anzi.

RIASSUNTO. — Nelle competizioni per la conquista di un territorio individuale tra due 
Padogobius martensi (Teleostei, Gobiidae), di dimensioni simili ed uguale sesso, il pesce che 
ha avuto una recente esperienza di vittoria su un conspecifico di taglia minore ha una pro
babilità significativamente più elevata di prevalere nei confronti di quello che ha avuto una 
recente esperienza di sconfitta da parte di un conspecifico di taglia maggiore. Nelle compe
tizioni tra individui di sesso diverso, studiate fuori dal periodo riproduttivo, il risultato è 
influenzato, altre che dalle recenti esperienze dei pesci, anche dalla maggiore aggressività 
dei maschi. Avendo avuto cura che le esperienze subite dai contendenti prima della compe
tizione per il territorio non comportassero danni di tipo fisico, è possibile confermare, anche 
nel caso di questa specie, che condizionamenti di tipo sociale possono influire sul livello di 
aggressività.

Am ong the various factors th a t influence the aggressiveness of an ind i
vidual, the effect of previous subm issive or dom inant experiences p lay  an 
im portant role in the establishm ent of dom inance hierarchies. S tudies on 
m am m als [1, 2, 3, 4, 5, 6], on birds [7], on teleostean fish [8, 9] and on 
invertebrates [10, 11, 12] have shown th a t positive or negative experiences 
can respectively increase or dim inuisti the chances an  individual has of 
subsequently being the dom inant m em ber of a pair or a group. In  the species 
studied in the above-m entioned experim ents, the social structure can be defined 
as E tk in ’s [13] “ social dorqinance ” (corresponding to S ch jelderup-E bbe’s 
“ peck order ” [14]) or “ partia l dom inance ” . W hereas in social dom inance 
there is an organization based on individual recognition which leads to a 
decrease in conflict w ithin the group, once the social rank  of each m em ber 
has been established, this occurs at a lesser degree in cases of partia l dom inance. 
It is a question of two different levels of organization in anim als th a t live in 
groups.

R egarding teleostean fish there is substantial agreem ent between the 
results [8] on the green sunfish, Lepomis cyanellus, and those [9] on the ana- 
bantoids Tfichogaster trichogaster and Macropodus opercularis. In  both cases, 
reversal of dom inance in pairs of fish of the same size took place after one 
or both of the fish had undergone appropriate experiences w ith conspecific 
individuals. On the contrary, in pairs of young m ale Xiphophorus hybrids 
(X . helleri X X . maculatus), there was no reversal of dom inance even after (*) (**)

(*) From Istituto di Zoologia, Università, 43100 Parma (Italy). Research supported 
by a grant from the Consiglio Nazionale delle Ricerche (C.N.R.).

(**) Nella seduta del 13 novembre 1971.
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the dom inant m em ber had undergone submissive experience w ith a larger 
p artner [15]. A  further exam ple of aggressive behaviour being modified by 
previous social experiences is given by  the anabantoid Betta splendens [16]. 
T he m ale th a t has undergone submissive experiences gives an operant response 
reinforced by  its own im age in  a m irror with significantly less frequency than 
the m ale with dom inant experiences.

T he aim  of the present study  is to control the effect of positive and nega
tive experiences in a species in which aggressive behaviour is not related to 
the establishm ent of hierarchies but to individual acquisition of a territory , 
the conquest and defence of which is a m eans of subdividing the available 
resources am ong the individuals living in a given area.

In  our experim ents we used Padogobius martensi V), a small teleostean 
fish which is very frequent in some rivers of the Po basin. W e chose this 
species for its great adaptab ility  to small aquaria, and its m arked territoriality  
and aggressiveness. Some of our specimens were caught in stream s near 
M ilano and the others in the T aro  river. T he fish were kept in an irregularly 
shaped fiberglass holding tan k  (bottom  area 2.2 m2). In  order to im itate its 
natu ra l hab itat, the w ater was 10-15 cm deep and the bottom  was covered 
w ith sand and large pebbles. A  filter driven by a centrifugal pum p (480 litres 
per hour) purified the w ater and created a slight surface current. T he fish 
were fed daily  w ith live Tubifex and dried food. A lternate 12-hours periods 
of light and dark  were regulated autom atically. T he w ater tem perature was 
kept between 12 and I5°C .

T he experim ent began w ith the daily rem oval of about 20 fish of sim ilar 
size from  the holding tank. U nder anesthesia (Sandoz MS 222 at a concen
tration  of I : 15,000), the sex was determ ined from the shape of the genital 
papilla, which is conical in the male, and ra ther blunt in the female, as in other 
species of the sam e fam ily [18, 19, 20]. T he length of the fish was m easured, 
and six pairs of fish were chosen, allowing a difference in size between m em bers 
of a pair not exceeding 1 mm. T he caudal fins were clipped in different places 
for the purpose of identification, and subsequently each fish was isolated in 
a small container till the effect of the anesthetic had worn off.

One m em ber of each pair was designated at random  as TA, and the 
o ther as TB. E ach T B -fish  was placed for 24 hours in a little aquarium  inha
bited by  a large (70-75 mm) m ale P. martensi (A-fish), whereas each TA -fish 
was placed for the same period w ith a small (30-35 mm) P. martensi (B-fish) 
tàken  from the holding tank . The twelve identical acquaria (20 X 35 X 20 cm) 
used for this purpose were m ade of glass with steel supports, w ith a sand 
bottom  and a filter. In  order to avoid the possibility of physical dam age

(1) Padogobius martensi (Günther) ( =  Gobius fluvia tilis  Bonelli). A careful examination
of the1 morphological, meristic, and morphometric characteristics of this fish let us maintain 
the old specific nomenclature despite the controversial fact that Berg [17] considered all 
fresh-water species of Gobiidae of the Rodano—Padano district to be synonymous with Pado
gobius fianizzai (Verga).
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from repeated attacks, a plate of opaque plexiglass, propped against one of 
the shorter sides of the aquarium  and immersed several centim eters in the 
water, provided a hiding place for the fish th a t would be expelled from the 
bottom. In  any case, the difference in size between the T B -fish  and A -fish 
on one hand, and the TA—fish and B—fish on the other, was so great that, 
not only did the larger fish dom inate as expected, but in most cases it did so 
w ithout fighting. A t the aggressive displays of the larger fish, the sm aller one 
recognized its inferior status im m ediately or at least after a single attack. 
Since the territo ry  was limited to the bottom, the fish th a t took possession 
of it usually did not attack the other when hiding behind the plexiglass plate 
or staying against the walls of the aquarium .

A fter 24 hours, tha  T A - and T B -m em bers of each pair were sim ulta
neously transfered into plexiglass aquaria of the same size as the preceding 
ones. Anyw ay, differences in detail (i.e. they lacked the steel supports and 
the siphon of the filter and had a lighter sand on the bottom) were enough 
to differentiate the new territo ry  w ith the one in which the fish had ju st expe
rienced victory or defeat.

T a b l e  I.
Comparison of size ( mean length) of fish with positive (TA) and negative (TB) 

experience in the fo u r  experimental series.

MM Series 
TA(c?) TB(<J)

FF Series 
TA($) TB($)

MF Series 
TA(cJ) TB(?)

FM Series 
TA($) TB(<J)

Mean length (mm) . . 49.8I 49-66 50.66 50.47 46.22 46..3I 46.62 46.44

Standard deviation . . ± 8 .1 3  ± 8 .2 0 ± 9 .0 5  ± 8 .9 2 ± 7.86 ± 7 .7 1 . ± 7-38 ± 7-30

t ....................................... 0 .049 (*} O.O43 <*) O.O56 <*) 0.031 (*>

d.f................. .... 30 SO SO 30

(*) P  >  0 .05.

A ltogether 64 pairs of P. martensi were tested, consisting of 4 series of 
16 pairs: M M  series (male TA and m ale TB), F F  series (female TA and female 
TB), M F  series (male TA and female TB), FM  series (female TA and m ale 
TB). T he experim ents took place at least four m onths before the m ating 
season of P. martensi, in order to exclude the complication of courting during 
the tests.

T he outcome of the encounters between the T A - and T B -fish  was easily 
established. ( A fter a period of ritualized fight with aggressive displays and 
reciprocal attacks, the m ore aggressive fish drove the weaker one from the 
bottom. T he latter was forced to rem ain attached to one of the walls of the 
aquarium  by  m eans of its pelvic fins. In  only few cases was there an unclear
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outcome or no im m ediate aggressive behaviour, and this occurred only in 
F F  series. In  such cases, Tubifex were given to stim ulate aggression, and an 
increase in combativeness ensued im mediately.

There was not any significant difference in size between the T A - and 
T B -fish  of the same pair (Table I) or between the fish th a t eventually con
quered the territo ry  and the excluded ones (Table II). Supposing th a t the 
previous experiences of T A - and T B -fish  had no effect on the outcome of 
their subsequent encounter, as the paired fish were almost identical in size, 
the probability  of either fish conquering the territo ry  should be the same. 
The am ount of the 64 experim ental encounters perm it us to reject this hypo
thesis and to conclude in favour of a significant effect of the preceeding expe
riences. In  fact, out of 64 winners, 45 had just undergone positive experiences 
and 19 negative (p =  0.009).

T a b l e  II.
Comparison of size [mean length:) of fish that conquered the territory (W) 

and those that were defeated (D) in the fo u r  experimental series.

MM Series 
W D

FF Series 
W D

MF Series 
W D

FM Series 
W D

Mean length (mm) . . 49-75 49 72 50.62 50.50 46.25 46.28 46.47 46.59

Standard deviation . . ± 8 .1 3  ± 8 .2 1 ± 9 .0 2  ± 8 .9 5 ± 7-83 ± 7-74 ± 7-33 ± 7-34

t . . .  -...................... 0.029 <*> 0.021 (*> O.O34 <*> O 002 (*)

d.f. . ............................... 30 30 3O 3°

(*) P >  ° - ° 5-

Considering the four experim ental series separately, further inform ation 
can be gleaned. W hereas the effect of recent social experiences on subsequent 
encounters between two m ales (MM series) or two females (F F  series) is 
clearLcut, encounters between fish of different sexes are influenced by the 
difference in aggressiveness between males and females. In  the MM series, 
the territo ry  was won by 12 TA -fish and 4 T B -fish  (p =  0.038); in the F F  
sferies, by 13 TA -fish and 3 TB -fish (^ =  0.011); in the M F series, by 13 

TA -fish and 3 T B -fish  (p =  0.011); and in the FM  series, by 7 TA -fish and 
9 T B -fish  (p =  0.773). T able II I  gives the length of the opponents and the 
results of their aggressive encounters.

A comparison of series M F  and FM  shows a significant difference in the 
results (p — 0.033, Fisher exact probability test), from which it can be seen 
th a t males w ith a previous positive experience dom inate females with a nega
tive experience m ore often than  females with a positive experience dom inate 
males with a negative experience.
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T a b l e  II I.
Total length (mm) of fish with positive (TA) and negative (TB) experience, 
and fish that took possession of the territory in each pair of the fo u r

experimental series.

Pair
no.

MM Series 
TA(<?) TB(J)

FF Series 
TA($) TB($)

MF Series 
TA(<J) TB(?)

FM

TA($)
Series

TB(,J)

I 52.5 <*> 53-0 47 ■ 5 <*> 47-0 43-5 43 • 5 44,0  <*) 44.O

2 58.0 <*> 58.O 49.0  (*) 49.0 50.0 <*> 50.5 54.0 54 .O <*)

3 41.5 41.5 (*) 52.0 <*> 51.0 45.0  <*> 44.0 56.0 55-5 <*>

4 62.5 62.0  <*> 50.0 (*> 49-5 54.0 <*) 54-5 48.0  (*) 47.0

5 67 .0  <*) 67.0 51.0 50.0 <*> 42.0  <*> 42.0 52.0 (*) 53-0
6 61.5 <*) 61.5 57.0 <*> 57.0 46.0  (*) 46.0 56 0 55 -5
7 44.0  (*) 44-5 48.0  <*> 48.5 40.0 40.5 (*) 43.0  W 42-5
8 40 .0  (*) 39-5 44 .0  (*> 45 -° 41.5 <*) 41.5 38.0 37 ■ S <*>

9 46 .0  (*) 45-5 41.0  c*) 40.5 36.0 <*> 36.0 40.0 4O . O '<*)

10 45.0  (*) 45.0 38.0  <*> 37-5 59.0 (*) 58.5 .3 8 .5  (*> 39-0
11 47 • 0 <*> 46.0 40.5 40.5 <*>. 34-5 <*> 35-0 36.0 36.0  <*>

12 43-5 42.5 (*) 70.0 <*) 69.0 65 . O (*) 64.5 61.0  (*) 60.5

13 49.0  (*) 48.5 58.5 <*> 58.5 46.O 46.0 44.0 44.0  (*>

14 48.0  <*> 48.0 60.5 <*> 60.5 47 • 5 <#) 48.0 48.0 47 • 5 <#)

15 47.0 47 • 5<*> 62.5 (*) 62.5 44.5 <*> 45-0 42.0  (*) 42.0

16 44  ■ ,5 <*> 4 4-5 4 1 . 0 4 1 . 5 <*> 45.0  <*> 45-5 45 , 5 4 5 . 0  <*>

The conclusion th a t can be draw n about P. martensi, i.e. a significant 
influence of recent experiences on the conquest of territory, closely resembles 
those [9] regarding anabantoids. It is more difficult to compare our data  
with observations on Xiphophorus hybrids [15], or on Lepomis cyanellus [8] 
since the! la tter two studies deal m ore w ith modifications o f pre-established 
hierarchies than  with the conquest of a given social rank  after recent experien
ces of the individual fish. It is known th a t hierarchies are very stable, always 
requiring individual recognition. T he results of Thines and H euts [15] pro
bably  hinge pn this fact. On the other hand, it is also understandable that, 
in certain circumstances, the rank  order can be changed, as in the experim ents 
of M cDonald, H eim stra and D am kot [8], who conclude th a t the most im portant 
factor involved in the change of the hierarchy was the negative experience 
to which the previously dom inant fish was subjected.
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T he experim ents, not involving physical injuries to the fish during the 
pre-test experiences, showed th a t in P. martensi, as in other species, social 
conditioning can influence the degree of aggressiveness of an individual. As 
we already pointed out, P. martensi differs from the other species used in 
experim ents, in th a t there are not dom inance-subordinance relationships 
but ra ther individual possession of territory, from which all other m em bers 
of the same species are excluded. The territoriality  is not exhibited only by 
males, the females also competing in our experim ental conditions.
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