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I+ INTRODUCTION-

When diving in the Adriatic Sea I observed, at first
occasionally and then later systematically, the behaviour
of the "Schriftbarsch"(literally from Germant seript-perch) ™
{Serramus scrimCuv.)<-a fish encountered often in the litioral
zone of the Adriatic coast. I was struck with the fact that ~
the animals remeined stationary and separately in spaces among
..the rocks, near rubble islands, or boulders. From this fact
it 1s possible to deduce that,whérever possible,the fish has’
a. solitary, territorial: way-of life. As a supplement to field
observations of the cichlids which I had Just completed, I
was interested to learn more about this specles of perch, its
menner of life and behaviour. My wish was fulfilled when, =~
with the support of the Zoological Institute at the University
of Vienna and the Marine Biological Institute in Rovinj, '
Jugoslavia, I was able to prolong my leave for two more months,
and to arrange the field observations at suitable locations
along the coast, as well as in the salt-water aquarium of the
Institute. To both Institutes I express here my most sincere:
thanks., S - o

, It was obvious from the literature I could obtain on

the subject that very little is known a¥out the manner of

1ife and behaviour of this speciles under natural conditions.
Therefore I put great wvalme on the field observations because -
they give a glimpse intouthe life of a specles and allow one
to trace the relations hetween a specles and 1ts bilotop. 1In
general, investigations into territories especlally can be
carried out best in the natural -habltat of the animal.

II, METHODS AND TECHNIQUES

Thié'study is-basedwon two parallel series of obser-
vations, ome of which was carried out in the field and the
other in-themsaltuwatgr;aquarium of the Institute.

‘whereas observations-on the habitat and the territorial
structure ‘could be studied first of all in the field, the -
comparative observations in the aquarium alloweéd for detalled
. study of the behaviour of the fish when catching-thelr prey,

. fighting and defending territories; further they allowed one
to observe the distribution of new habitats and the fishes'
behaviour in ‘a small space, This supplement of the field - -
observations with observations on the animsls ‘in captivity |
seems .to me ‘a favourable syhthesis of the working methods for |
a comparative ethological analysis. Such synthesis reveals

and thus eliminates.many sources of errors, vhich would"™

_remain hidden when each method is applied separately.

~ PFor theffiéid Qbservétibns T used a diving mask and
snorkel with which I'was able to lie quietly on the water
surface and observe:the fish for a long time. Two polished -
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brass.plates,; hanging on a string around my neck, allowed me
to make notes under water; glich notes being necessary for an
observer of behaviour., The equipment was completed with a tin
filled with sea-water=proof; 0oil paint and a brush (for marking
purposes) and a 10 meter long measuring tape.

This somewhat umsual method of making scientific obser- -
vations of behaviour;naturally:presupposes'certain ablilities.
of. swimming -and:-diving for -the observer; however these were .
not the :real difficulties. . However elementary they may seem, .
they must be: mentioned, for the successof the ‘study deépends
on the mastering of them. In my case -these difficulties were
of very discrepant nature: . a) to get the fishes accustomed -
to the observer,:b) the chilling of the observer when in the
water,- a)-On account-of the fact that'I went directly into
the natural habitat of the fish and wanted to observe them-
therey, I had to train them to get used to my presence,. This -
is.no%1diffidu1t9,butrit;takes time. - Therefore this training -
time should be accounted for in the planning of the observations,
for it could happen that either the time for.the -observations
proper will be too short, -or the observations carried out among
disturbed animals will be :biased. 1In order to be.able to = .
observe during longer periods.of time it would be of great -
advantage to supplement the equipment with a rubber suit. -
With an ordinary bathing suit the observer must come to the
surface approximately each hour at the beginning of the
observation period, then each half hour, then each quarter
houry, for the body chills faster and faster with time. "I had
to work without a rubber suit and helped myself to keep warm.
by covering the body with fatj however the observations on - .
cloudy days and during the last week were not comfortable.

However,. if such difficulties are mastered then this ,
method of underwater observation 1s one of the most pleasant
types of work which an animal psychologist ecan desire.

For comparative purposes I selected three observation. .
areas; where the stations of the fishes were marked with @il
paint. A comparison of these ecologilcally different coastal
zones and of their colonization density allows one to deterw
mine the optimum biotop. Besides that T surveyed an area of
400 m2; made.-a sketch map of it and plotted the stations and:
the territories of the fishes occupying these areas (Fig.2,3). -
The area measured. and marked in this way was also the main area -
of observations, - s e BT

I covered the bottom of the aquarium with rubble and it~
in some pieces .of rocks.covered with algae -to provide. the fish
with cover., Fresh sea=water circulated thrdigh the aquarium
for long periods of time@,nHerealykeptyand.observed~&”adu1t;¢ .
Serrams.seriba.. ... .. .. - L A

III. DISTRIBUTION, CHARACTERISTICS OF THE SPECTES

Serranus séribavis,a;répréséﬁtative'oﬁfth§ ﬁZacken—“
barsch™ (1iterally translated--spiked  perch) and has:been”
a well knowqjiphabitantmofmthemMQditepnggeag"sincé'angipgt
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times, ~However; it occurs-also in the Atlantic along the.. ' .
coast: of ‘South France,aﬁd,?crtugal~and near the Canary Islands
. {Rissoy 18263 Guichenot, 1850j Canestrini, 1872; Boulehger,: .
189573 Zo0lezzi,:1939). According to. Ninni (1931) this fish- . .
has not' been encountered near Gibraltar. Glinther (1859) . .
mentioned its occurrence in the Black Sea and this was .con- . _
firmed&byilndriashew,(19#%)¢5.»w o T e

:.; Serramus scriba reaches a length of approximately 20 to .. .
30 cit and a weight of 500 gr (Brehm 191%). Its protruding: ...
lower Jaw, the toothed front gill cover and the main gill
- coveriiprovided with three spikes make the fish conspicuous.
and familiar to everybody; as well as.the blue script-like,
patfiern on the head, to which the fish owes its.name (in @ . .. .
 German "Schrift<barsch" means "seripteperch"), and the dark ..

- bands across the trunk, It has in the dorsal fin 10, in the
anal fin. twe,spiny rays., With respect to the morphological-
details one’ should consult the works- by -Brunnich (1768), . .. .
Cuvier ét*Valenciennes'(1828),;Bloch-(l79Q),,Gunther,(1é§9), o
Moreau (1881), Dbderlein. (1889), Boulenger (1895), Ninni (1931),
- . Zolezzi: (1939), -and Soljan (19h§). S R I S

" Only the colouring will be discussed here in detail because
it is closely related to the different patterns of behaviour.

- The above mentioned authors are not always in agreement
concerning the colaur:pattern-and-Ninni-(1931)‘described.it
-as variable, Cuvier et Valenciermes (1828) have established
that:iti does not stay long after the death.of the animal and
varies: with age and the seasons of the year. Déderlein (1889)
agree's’with this and adds that the colouring depends also.on .
the surroundings. Zolezzi (1939) reports that animals caught -
on sandy\gro&nd*are'less'intgnsivéiy coloured than others,:

- In general the followjng colour patterns are seens the ;
basic olour of the body is yellow to reddishj  the head on.the
lower side is brown, on the upper side it 1s covered: with . -
azur= .and silver-blue lines; which resemble a script pattern.,
These colours. are the most permanent., Five to nine dark
lateral cross bands, which are sometimes ramified, are on -
the body. The unpaired fins, especilally in the soft parts,
are yellowish with red spots§ the pelvic.fins are grey blue
‘with red dots; the pectoral fins are yellowish with faded

blue cross bands.

. -'I'observed the colouring of the adult animals during, ..
the summer.‘and could add- the following that has not been. -
_mentioned or mentioned only briefly in the: above-cited
- papers. RO O L

: ';A>darknbréwng“conspicuou§~stripe~is‘normally\presqntg“'
over the eye, and runs from-the-upper Jaw over .the éye to .
the. back and endsslightIy. béfore: the first dark.cross band . .
. on.the trunk..  This stripe is not always intensély:.coloured, . .
. In'the literature this. head. patiern ls mentioned only by:. .. .=

Boulenger (1895). -« .. o TR )4

>b Amoﬁé5£he;dark.érdéS“bdhdSV£hé Iirst:band,éfdéseé?ﬁhéf'ﬁ’!
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Cgilly cover en’tirely° ‘The second is ramifiedo‘ Its first ,
branch runs- partially over the gill cover and then encircles ..
the base .of the pectoral: (shown by Cuvier, Moreau and Dbderlein).
When the' fish. spreads the. 'gill cover during a display this *
part of: the 'eross band. (where three spines are located) is
similar to an eye-pattern; The second branch runs slanting -
downwards, The third and the fourth bands can: also be rami-
fied, They end in the centre of the side, while the three or
four-last ‘bands: contirue. to: the analo All eross, bands continue
into the dorsal fin° C e . : _ B

Below: the third to fifth cross bands is 1ocated 8 luminous;4
blue spot, which. was always . present guring my observations, e
This, spot is’ mentioned -only by Brunnich (1768).. Zolezzi (1939)'
describes only faint blue bands on the bellyo<ﬁ_ t B

When exeitedthe fish ¢an’ ehange chei: celeni from dark
brown. to: nearly black, - This colour change. beging from the
head and the back and can spread over the whole pody.. It .
appears very fast and can disappear equa]iy fast: This
change reminds one of the sudden changes of colour: in’ cichlids,'
which have been described by Baerends (1950) '

o ‘ IVo ECOLOGICAL
10 Information up- to the present time

The littoral zZone: of the rocky coast is given by different
authors: a¢ the habitat of this fish, Risso (1826) and Cuvier
et Valenciennés (1828) reported that it could be encountered .
throughout- the entire’ yeary: and that 1t preferg rocks. covered.
with vegetation. 'Also:Canestrini (1872) indicates that the
animal can be found among the rocks mext to the beach in = .. -
sparsely populated areas, :According to Brehm (1914%)..the
stony coastline which has plenty of small fish and ecrayfish . ..
and‘has’cevities”and'depreséions‘for hiding is the favourite -
habitat of this fish, Zolezzl (1939) established that the.
fish can be: found often’ on sandy bottom.also, and gives
’details on its foodou.,~ - y _ A

b f}:h ,u* 2 Observation areas

My main observation district was the Kap.Montauro,raw.,:
land spit approximately 3 km south from Rovin], a location
avoified by~ bathers on account of. the roughness. and.; ‘brokenness
of the beach.’ :One comparison district was in Valdibora, an
inlet one and a quarter km: north of Rovinj, and the second . . . .
comparison district was near Punta corrente, Y km south of . _ .
Rovin} (Figo 1) ‘ :

Q¢ Kap HOntauro the cliff coast divided into many )
projections, -descends 1.5 t0o-2 m into the sea and there at a
depth “of ‘9.5 m forms a terrace, which in ‘its turn slopes and,
going over irito the rocky projections, forms a second. terrace, -
located deeper in the sea, This terrace sinks to:the sea '~ ~
bgttomi here 4 to 6 m deep (Fig. 3). The whole terraced coastal
slope. ‘18’

10.to' 18 m wide and reaches the rubble sand of the




~sea ground Between ‘the:. single rock: cliffs and .the . projections
run. channels filled with rubble. Bésides that there .are many
kettleslike! depressions ofi:various size, in the céentre of. which‘
1ié7boéulderss in the ‘walls of ‘the brokenh rock are many- small

”.cavities° .iThe -abundance of algal: vegetation, among:iwhich-.

e exhibits ----- ‘rather . extreme .féatutes. --Here -and near: ‘Punta .

tf present all- ‘around here. In contrast, Valdibora is: nearly

;ﬂsthe water is flat and -extends:far: into. the. inlet. . “The: sea, .
~ bottom is ‘less subdiviged, -the.-mumerous: rock - projections,

f ﬁsztosira occurs .most frequently, is quite conspicuous (Fig. 2).‘-

I was able to establish that Serranus: scriba inhabits
these ‘pHytal ‘bands nearly exclusively. The natural caves.
- and:éracks form its. stations. . :0ften it shares them with:

- representatives of the Labridae and Gobidae. .Also I found
crabs and anemones as co=inhabitants of -.thé caves. On the
whole the-littoral zone ‘at this location was: especially rich
in: fishand I'c¢ould regularly encounmter 'swarms. of .Sar
yulgaris Geoffriy Sy anmularis Geoffr., and:.S. rondeie i Cuv..
Occasionally I..observed. ‘Box..salpa and Chr%sophris aurata CuVey
Belohé acus Risso and Charax puntazzo C. V.; also I always. K -
‘cbserved the solitary 1iving Gobidae, Labridae and Plenidae, :
which werer impossible thidentify to species. . From time to i
" time swarms:of Heleastes and “Seebgrben“ passed through the

region°¢-w»ﬁ , S :

oy e

In comparison with theecther coast lines the Kap

correnté: Telatively strong ‘géa. currents prevail. On. account
of its.. exposed" position ‘bad 'weather:1s felt more: strongly
here than-elsewhere. During ‘a .gtorm the surf. splashes far -
over the shore and floods it. Days after the storm, ‘when
the water has:ibecone! calm9 ‘aistrong wave~motion is:still:

always quiet, as its location protects it from. the frequent
southern windsoiyw_ o , . :

3 During ‘calm days at Kap montauro the water was clear o
>.and transparent and it was possible to make good observations.,;

» The conditions of the terrain at Punta corrente were
'slightly different from’ those 'at Kap. montauros- the. phytal .

zone hereé descends &nd’ projects ‘into only one flat: terrace, R
over 20 m- wide9‘which slopes:.to the sea bottom. ThiS?t&"?
terrace is cut-in-allidirections with narrow, -deep grooves . . ...
gilled ‘with« rubbleox There. are fewer kettle~like depressionS-r;_
and cavities," ' ‘Phe..algal® vegetation is ‘dense. -Zystosira- B
is encountered ve *fre”uently. The water is excepfionally;ga;
clear. ' : : ,n : . ST »__“_a.r~

ibor: “phyta 1ozone is 15 m- wide and is TR
‘*Jlra‘is ‘almost: completely ‘absent.. The coastnf W
TT ¢ially: piled.up boulders.:. :The. slope intos,ux

‘grooves: filled with rubbleg,caves and rock fragments- typical

r: 3 other . A1 4.8 a1 bsént. here.. . Instead thére are ' .
 large stonesp,ateausﬂand e nmuswboulders«withou fissures.~a35
. The water: -moften_turbid° e SO R
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aép méntéuro T counted 2# fishes in a coastal strip

long ‘dbsérvation area1: found 8, and in the 200 m 1ong area

of. Valait‘ora, 3'fishess

‘comparisons of these data shows that Kap ﬁbntauro

and Panta coérrente are:populated more .dénsely than. Valdibora, . -
The districts: ean be ranked ass. Kap montauro, Punta corrente,;,

Valdiborao.li’

Naturally these scanty numerical data ean. not express ,
anything final, ‘however; they show quite .obvious. differences
in-the colonization density .of single ‘observation areas,.

This:-facty: associated with the ecological differences, givg, o

food for thought

The district at Kap montauro (the most subdivided and
differentiated. district) shows ‘the densest colonization. -
The rumerous rock projections, grooves filled with rubble, .
boulders and cavities, :and the vegetation subdivide the ;ﬁ o
district quite naturally and. provide the fish with good bover.
The dense algal.meadows. provide additional cover,. as well as
fertile hunting grouhds:; :Both features, the rnumerous b~
divisions of the district and ‘the dense algal vegetation are

absent” in Valdibora as are the current and the .¢clear water. N

On the other hand there 13 a. rich algal vegetation at _
Punta corrente, also there.is:clear water and current but s
the district s not 8o well. subdividedog e S

Comparing these observations with- the earlier ones one

might think that among the: numerous factors: determing coloni-

zation density the most -important are those of space. sub- ..
division (or variety of the-landscape) and of ‘the. intensity

of the wvegetation.. Breder (1936) with: the.black perch, and

- Wander (1930) ‘as well as: Ter: Pelkwiik -and" Tinbergen- (1937)

with ‘the stickleback,: observed:that .more animals.could be .
keépt .and-made: torbreed in-an- aqurium.if it had’ ‘plenty . of
vegetation or wasi:subdivided so as to. provide cover. As”

far as: I could estabiish -in the."Oasis" pocls at Gafcas- thoffj,'

_size. of the mating-territory of the: male ¢ichlid. {Haj 10-.

chromis~desfontatn€sii) ‘depended  on: the structure .o

Pottom smong other factors.. The territories on a uniformlyt

flat bottom were larger than those at boindaries. with' water:
plants, or neidr shore; or those. Ancluding stones. and tufts
of  plants: (Kirchshofer9 -1953).;. For.. ‘many. territorial fish
the cover between neighbours: plays ‘significant role in
colonization density and:in the. si%e of territories, two
factors which are closely associated T

The territory of Serranus scriba is a hunting or feeding
territory’ (here  the term 18 used 1in contrast to the exclu-
sively breeding and mating territories). This means. that
its gize is a function of the amount of food, available,
According ‘to Brehm (lQ@H) and.. Zolezzi (1939) ‘and my own

“gnd-up-to 20 m wide, At Punta corrente in the 50 mv7:
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o observatiena Serraﬁhs,scriba feeds on. small animala (preferably

;w“crustaceans, T1=h and molluscs) that feed.on algae., Thus, .

_....vegetatiof: playsi-two. impertant roles- that Qf cover. and that o
cof provid ng:-food° e R L L

7 gummarizings The i moTe" varded the habitat and the denser S
the " vegétation the higher the colonization density. The -size -

- 6f the térritory  increases wlth uniformity of the. bottom and
-the spangity.of vegetation,. The example of ‘Punta corrente.
shows :that . districts well:. covered  with. vegetation but less =
subdivided .aré more .sparsely. populated than.those where both
these: prerequisites are fulfilled. Thus, as an optimum -
biotop. for Serranus scriba, i..e., the biotop,which allows
-~ dense eolonizationt in the - smallest possible area and offers
‘high development possibilities, :should be defined as a rocky,_.
. .well-subdivided- part of - the ‘1ittoral zone where there is.
dense plant growth C

'"foy_.v;'THE STRUCTURE OF A TERRITORY P

1°“The restriction to one area

The question of the fidelity of - the fish to their E e
~ stations can besstudied by observing - -marked fishes. This = .
was 1mpossible in my case, .. However, my method (marking. of
the stations;” proleonged observation of small. .areas) also . .
~allowed me to: ‘draw reliable. conclusions. -Again and again,. o
- day after dayjone encounters the animals at.the. same places, .

which they do not:leave even when being observed contimously

for ‘long periods-of:time. .In:time I became so. famillar with
the daily routine of- individual -animals that if I did not.
see one near its cave I knew where I could find it. S

Each animal actually has a permanent stationb in a. cave
. or under: stones;  often with two or more exits.. This. station
- is the céntre of. 1ts territory which is inhabitied 6nly by

this particular:individual. I.would 1ike to designate such;{,,”
a station after:Hediger . (1946) ‘as ;a home of the first order .

{H+1.0.).. From:this place the. fish carries ot all its
activities, 4to-this place it flees when in danger. and here-f
it sgays fOr:heurs {during the night, bad weather or for
rest ST e :

< AS.tefr Qeries of Serranus scriba, with respect to all ‘
: their features,“could be. compared very well: with thosé of
mammals; I iwlsh:to. give:them the Very. generalidefinition,
given by:Hedigery according to’ which a territory 1is an

area defended. by an individual or. by an organized group of ff_,

individuals. R T o

: At Kap montanro. the areas” are 50—60 m2 They do not”
. have. sharply: definedmboundaries a8, €s Loy the mating areas
...of cichlids’ d@y\but overlap;each. oth

c strips, Vhere. neighbouringg
sent. neutral zones,. ... They..

zonesy. or.the’ Weross. country roads" (Hediger, . A949) of + . -
‘mammal,tenriterieso _Here_neighbours tolerate each other or

shes hunt in tari

er, -These oyerlapping ﬂl;p
- ; 130 repre~ .- . -
can'be: compared.with;the. neutral . -
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}1Hit their conflicts to only a?weak,threaténing;attitude,f-«

so that ‘they do not pursue the fish which swims away. Besides

this; 'the ‘intehsity’ ofi defencey and.of the fight decreases as .
. the distance from the centre of the “territory-increases; a
fact well kriown for other territorial anlmals. 'The "ready to
fight]&tﬁitﬁde@ﬁiﬁ;réplapedbe.a'"readeto-fleeyattitudeﬁa

Figure 3 shows the territories of 6 fishes inhabiting
the district at Kap montauro, This sketch illustrates the
seleq ionwqf:stationsg*the%Sizesgfand{thé:overlapping of

the ‘separate territories.

“Théﬁanimais5é1mdsfﬂhever'leévé théir;tefritpfiés and if:;'

they ‘46 'so they ‘never''go far encugh:to cross neighbouring

acquired, -

territoﬁiéqéé‘Théyja?e;ﬁigd;fi?mlyto’a‘place-ongegit;;S‘,;‘ﬁ_; 

Tn this respect it would. be interesting't6~éfﬁdy £ﬁe .
question of incorporation of a new generation. - However,
for such a study a lengmpériod4qf:time;wou1d'be necessary.

. As one can see from thé‘ébove$Senranﬁs-ac§1ba“is_a -
solitary-Living fish, where this expression should be under-
stood as Wliving isingly" and mnot :as "isolated from others,

or lonely", TFor-on its territory boundaries the fish comes - .

into contact with-its neighbours and responds to them. This
kind of}“501itarygliving“”Iifegzwhen one territory adjoins.

another so“that practically the:entire biotop of the species;-f
is subdivided into-sich territories, I should like to describe . -

as'éfﬁﬁerﬁitdrial=SQCiétyﬁo,:Baerends¢(1950):defines‘Such S

an assoclation as'a community where all members are of equal .

rank and where all possess territories. where they. tolerate
only their partners, 'Only in®the'case of Serramusg scriba

it seems that such a community exits over the whole year,
while gccording” to’'the majority of earlier cbservations
(mostly ‘carried out on fish and birds) and on which Baerends
based his conclusions, such communities were forgied only

duriﬁgﬁﬁhefréprdduqt;ve*peridd~and_occnpied{onlyvaﬁpart;of:* .
the whole biotops' while usually ‘the animals lived in schools.

5 Among “other things Baerends, and many authors before .- .
him, discussed the function. of territories. Similar thoughts
occurred to me during my field obserwations of the cichlids'
and also during these observations on Serranus scriba. 1In -
the case of c¢ichlids and also-of :the thoroughly -investigated

Centrarchidae (Bredery 1936) the formation of a territory is -

exclusively the ‘concern.of ‘the male, It is closely:timed -

undistﬁrbéa;” o

with the peprodictive period so that breeding cem proceed -

. With Serranus scriba the territoriality extends ﬁo;aii‘
individuals, a fact.wiich. might be ascribed to. the herma- .

phroditism of : the species, - uAs-supplementaryradvantageSrthe.:f

territoriality of Serranus-scriba provides them with-food -
reserves:and regulates the population; two points which

3

terr}ﬁoyy;f L

P T T

Meﬁ%a‘(i?B@)fhés;alreédyfcbnsidered~1njh13 definition of - a. = °
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24 The subdivision of a territory by an: individual

o ide of: the territorial community each animal occupies
its territory ‘and. meets. others of: the 'species only at its -
_boundaries;. They' are-not. much interested in each: other,:
their: interest ‘i's mostly of a hostile nature., The same was:
‘cbserved: in the agquarium, where the fish, after ‘being put in,
immediately sought ‘the’ darkest ‘corners. There they remained
er 1gnoring 'each other. “As soon as: they had -
-a Tittle 'they began to threaten each other to
neg feeding and finally to defend small areas, which -
: peak, only the " centres" or the "homes of the =

4 .iSh; s best oriented in its own territory.. Wherewer
it is within its: territory it finds immediately 1ts bearings
and the :ghortest way to the centre.: Observations have shown -
that when winming to the home of the first order the same
routes were used; e, goy" ‘around. a ‘certain rock- projection
~ and so ofi, 'Besldes the “eentre" the fish has in its territory
- other. places which it visits for-a'rest or for cover. Such
places répresent homes of the second and third order (Hediger,
1946).  Bimilarly the - ‘hupting: grounds, the algal ‘meadows in
the. territory, dre -of different importance to the ownerj some
places are espécially preferred, while others are visited .
only seldom or briefly. -In this way the fish subdivides - . "
its territory into places for cover ‘and places -for huntings; -~ -
" these plates are connectéd by fixed routes and ‘each of them:

has a different value for ‘the fish. Here we find much similerity‘

with the territory subdivision of many. mammals, which Hediger
(1946 /H49) ‘describes. in ‘detail. - Serrarus: scriba lives in'a -

- "fixed area" system,  To what: extent %his s connected: with

a "fixed. in time" system not. mich can be said at present.~

~In order to investigate ‘this" question,more thorough obser- . -~
Vations are necessarys. the' ‘observer must stgy under water_ S
for many hours, It seems- striking ‘to me that the animals .
frequeng their hunting places more often in the evening than L
in the: a ‘: ., E ‘ r ; . ST

‘ I would 1ike to illustrate these general results with
some concrete examples~,f‘ _

Fieh 1 (eee Fig 3) occupies a relatively 1arge cave
in its territory, which 'goes apprbximately 40-50 cm deep
into ‘the rock, This gave 1s the home of the: first order,- ,
y'the’ £1sh can hide- itself completely, Mostly the -~ =
~fish resty. with its head" partially out of. the cave, looking '
E ‘ uietly moving ‘its fins. ‘When someone . approaches,;
rims backwards into its. cave, disappears ‘suddenly
"and comp stely. - 'If the: fish was not in its cave, or‘'on its
' ounds, then I saw 1t often in a small groove in the
bottom of a pit Just under the cave, Thisgroove
'aluable refuge place,. ‘providing good‘cover, but’
- . nof ow.the fish to survey the whole territory as
does the:'home' of ‘the first order (H.1l.0.)s This: groove 1is
' ‘area (or home) of the second order. (H 2.0.) The
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unting’. grounds are- on. the first and the. second terraee.r One

cari. sée the fish most frequently in the centre of the deeper
terrace9 1yipg in wait and hunting. . Frequently it stays for
a quarter of an hour among the tufts of plants, where it 1s -
difficult. to-see. (its colouring making an excellent camou=-

flage). In order to get to the second terrace the fish may =
use three routes. -If it travels from the H. 1, 0, and wants._ﬂ

to be7in.the .central favourite part of the second terrace,. .
then it 'swims directly from the centre of. the, area over ‘the

lower barriers to the. lower hunting ground.  From the H,2. O.If

t6 .thei same. place it. swims around: the barriers. The third
route runs.along the rock projection in which the H,1..0.

is located and leads in the overlapping zone to: fish. 2. Thg_’*“7

second hunting ground is visited less frequently than the

first; the algae stock is much thinner here, and what might B

be. aleo of . importance,the. lonetion is much .shallower.. The
pit itself is not used very much for hunting.‘ . e

The area inhabited by fish 3 1is similarly’ subdivided.,\,_(

This fishis Hy I O is located approximately 12 m.from the.
shore'in a pit filled with rubble under a boulder. covered:
with vegetation.. This fish hunts most frequently in the‘
Zystosira meadows above. the pit. The second favourite :

minting ground is located in the first terrace next.to, the C

shore, 'in &, crevice partly covered. with, dense: vegetation. ,
There the ‘fish.has a cave umder a, 1arge boulder.. It visits’
this placey: which also represents, 4 -He 1o Ooy very often,
Thus this fish has two centres, : The route from the first.

. to.the ‘'second: centre is. precisely fixed, It leads over .
terrace. 2 to the second pit located a 11tt1e higher.. There
among :the  boulders: the fish secks cover, in an area which’

represents a H. 2, 0,  From here.a route goes to the crevlcef

near the shore via a third pit, filled with the rubble, and
located An. terrace 1, . This route. provides very good cover

and it is always used° It is interesting to observe how well.'

the fish 4is able to use the surroundings to the best, ‘advan-.

tages. 'A-similar situation has beéen found among all observed = .

animals., Fish 2, for example, also has two centres in its
territory. The home of the first order (H.1.0.) 1s deep in
the bottom . of -a pit filled with rubble;. the pit itself is in
a fissure in a rock projection. The H.2.0. is in a cave of

the same rock projection approximately 2 m higher. This cave

passes nearly, through the whole rock projection and has ‘two
exits, :Here . one: can often find this fish which, when '

frightened,: flees immediately to-H, 1. 0. at the bottom of the

pit., Tt may be that the H. 2.0, offers a better survey over
the territory, but. not the best protection, whereas in the
case.of. fish 1 the H, 1, 0. provides both, and in the case’

of fish 3.no such survey is provided at all, but: both” = -
H: 1.:0's offer good cover and allow to a partial survey of
the area° i Con VR B

particular ecase,

These~£ew examples show that 1n general the organizationf f
of the territories is the same,. .However, the animals under- .
stand .how: to.use the surroundings to the best effect in each B
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' VI, DATLY, ROUTINE ™ THE TERRITORY .
I ﬁcontrol of the territory

: Serranuséscriba has either the entire area. or large
part -T’it under: permanent controly: ‘and everything that
happens there. is watched and notice in the truest sense of
the word is taken of ‘everything. If something foreign or .
unusual appears then, if it is moving, it is observed and
Judgeéd -from a distance of approximately 2-3 m.. The fish
 swimsi towards: ityturns sideways, and twists so that the
‘blue spotifaces: the intruder.: This threatening position :
allows: the: Serranus scriba- to fix its opponent with one. QYG.«g¢
This positidn: reminds: one .very. much of. the way a grey goose. . L

"‘rwatches -an enemy of 'its: flock. - Strange ‘motionless objecte

are also: investigaed from near by in great detail. For .
 example, when T:.was marking the .stations, the: animals would -
immediately approach the red. stones9 swim around them and . = .
push them: with the rnose.. One can attract them at once . simply o
by changing semething in-the territory even if 1t 1is difficulthg
to notice from where: they come. - A fin-shaped ‘bowl dropped :
. into the ‘water as an experiment was first noticed by the.
monkfish :sghool, - Suddenly .a Serranus scriba, who was owner:
of this territory swam near, chased the monk. %ish avay, and
then investigated::the bowl at close quarters. ‘Although -
they are:curious about anything new,: they quickly get used
to 1tj if they are convinced that it 1is harmless. 'In. this.
.connection, one observation I made might be of interest. -
The fishes were already used 'to my presence, and fish 2,
dfter ja few days, did not flee when I swam near, but: con-

- fimed faits ‘activities. unperturbed, except when I moved too
elose,  When one of my:.colleagues. swam with me fish .2 fled. .
immediately into its home of the first. order and remained -
there in a threatening attitude in the entrance of the: ‘cave,
As soon - as I was; alone:again.the fish came out and. lay- 1n
‘wailt in its ‘Zystosira groundo_ The fish was used to one . e
“human being In- ﬁssarea9 but two was something new and thus L
caused anxiety.; P T R S i . _ el

-t They are, repeating the words of Lorenz, animals which
" learn through curiosity.. A biologlecal explanation of this:

- fact: may :lie :inthe milieu of: the 1littoral zone,. which does . .
not allow an‘unobstructed view of the area, It is an: environ—;'

merit which demands that its inhabitants be. constantly ‘on guardqj“

and ready ‘to adjust quickly to all events. Lorenz (1954 and
. earlier) ‘expressed: the .opinion that animals which inhabit ‘a

subdivided habitat; must be better able to.orientate and have. {v“

-faster reactions than animals inhabiting a uniform area, . AS ..
illustration he gives a littoral flish compared with a deep
gea figh. vHe sees in the: higher-ability to orientate in -
space and in faster reactions the first steps in the. develop~
‘ment of @ higher "sensible" intelligence.  Serranus scriba,

a typlcal littoral fish with its good orientation In space . ..
"and fast reactions presents an - excellent test-case for these
ideas of Lorenz° . o
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© 2, The' defence of the territory

It has already been meritioned that:the territory certre
is defended first., However, 1t seldom comes to a fight in
the territory proper, for -the intruder:'is ‘mich’ more ready to
flee than'to fight. 'Mostly as.-soon as the:owner threatens
the intruder flees9 giving to the former only the opportunity
to pursue. e R . , .

- In general only fellow—members of the species are fought.p

No attention is paid to the ‘other 1ittoral fishes which may
co-irhabit the area or ‘pass-again and again through - the
territory:of a Serranus,scriba. They are. suffered even in

the Home'of the first order, .so that the latter -can be, ror

example, ar territory centre for:a Sérramuis scriba.and .at the aame.f‘

time & territory centre for & "Meergrundel" :or a "Lippfisch"
(1iterally~alip~fish), and in such way several: territories

may overlapa‘ Only three times. during my observations was
notice taken of individuals of .another species: once the
above=-mentioned chasing away of the school of monkfish, once-

the driving &way of ‘a 1lip=fish with a ramming ‘blow -and also -

of another Iip~fish by a lateral threat, ' It 1s evident that '
the threat is “understood" unamhiguously by the other species.;:
. This species has ‘a rich repertoire of behaviour patterns
which 1t uses’ during ‘a fight. The degree of aggressiveness . . -
is expressed by different colouration and motions..- S

The lateraluthneat islshgan by-.*-”

. "1y Spreading of the dorsal fins’ the attacker spreads .-
the whole dorsal fin or - only its :spiny part; the- attacked
-spreads only the posterior soft part of its dorsal fin.

“ 25 Spreading ‘of the dorsal fin and simultaneously
1ying on its side, so that the belly faces the opponent
and freezing in this position. A higher degree is.:shown
by dark colouration (see colour pattern), and delivering ‘
blows with its tail to the opponent k

3, Spreading of the non—paired fins, the bellies are N
brought closer together, -the flanks with blue spots are very .
closey heads and-talls are turned away from each other, the
fish is stationary on the spot° Lo . - e

; ho Spreading of the non-paired fins, dark colouration,
the ‘backs : ‘brought: closer together, ‘at the same time sliding
along eaoh other.;-:~ , .

The frontal threat is shown in the following way.:_wx,

Threatening with open mouth and spreading of the gill
covers.nng;ﬁ_.v ke i
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Behaviour during the fight a

All the threats described above can be the 1ntroduction ;;l

' to ‘a serious:fight." . The: type: of threat determines 1n mcst
cases.’ the course of the fight : G

The threat described under No. 1 18 only en 1nd1cation

of aggression, ‘while the-others lead. to real fights, Three,f'"f

forms of: fighting were observed again. and again, although
the fdghts: in single cases did net always ‘take exactly the
same course. L ST T N S -

1 Lateral threat. : _ o . S
- (Spreading of the spiny part ‘
-of the dorsal finywraer------fn-- - Leterel threat .
R R R T PRIV AT (Spreading of. the soft

. o blue spots). -
_Likewise leteral bending, -v;"~

displaying. of. the:blue spets,

approaching ‘the opponent from S
~ the side, encircling the other,

while swimming over the blue - . : ‘ ‘
'spot from above or belew -—-------%>>\Mbre 1ntensive bending,

2 Frontal threat o e S .
{widely opened mouth, unpaired N
fins Spread)~--F?‘-‘-'é-"""fi;>iﬁw'Lﬂteral threat

(lying on the side, the-f

. soft part of the dorsal
.£in sprawled, dark

;rﬁ'_ccleuration, blows with :
- - .-the -tail toward the RN

o - - - eppcnent)
. ﬂAttack witniramming blow (with L
‘widely opened mouth-against the ENEE
meuth or gill covers (of the Au;‘j.
i Aﬂ.;>zﬁy;8preading of ‘the gi11

covérs, opening of ‘the

The eene,_ill be repeated until,the threetening and the
fighting ef one of the partners stcps and 1t flees. S

e 3. ‘a' ne oy

“part of the dorsal fin; -
‘lateral display..of. thegn(

’ encircling ef the oppo- :

":;_smnsingf 4,,,,_;, el

':«,mouth, a remmlng blow. :j’f
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: 3. The “lateral threat:-described under 1iems 1 and 2 can
develop into ¢ircling, with the fish swimming, -in a small .
cireleyeach’ with its head at the tall: of the. other, and also
delivering ‘blows “with the tail to.the head'of the opponent,

ey

‘and trying to ram with open mouth into the ‘tail.  This part . . -

of a fight reminds one very much of the intraterritorilal

fights’ of cichlids (Baerenhds, 1950). ‘ On the whole the elements

of behavionr. of :Serranus ‘gcriba are very smiliar to those of
the cichlids,-However the" combinations" of these elements are: -
different.i:Most important: for:the threat attitude and fight
activns is the -sight of the fellow member of the specles in.

the territory; the degree of intensity depending on the dis-

he home of the first order.,

tance}fr

uarium‘where the animpls were shy -and without:
rri at first, the' fellow member of the specles was
conisidered- sn opponent.only during feeding or at such external
disturbgnees to’ whichithe fish could not respond directly,
e. E.y when ‘the table on’ which-the aquarium stood was vio-
lently shaken., 1In the latter case the fighting had a strong
displacement character and resembled the behaviour of Haplo-: .
chromis desfontainesii during disturbing situations -(KIrchs- .
merg.. l%)d . ) ’ . [ PSR S E N e .

E L

Flight and parsuit - .~ -

- When-theé' “intruder 'turns to flee, it will be immedlately
pursued if it is close’.toi the centrej the defender of the .
territory tries to ram it from the side: The fleeing fish
beats stronmglywith its tail, with which, as is known in the -
case of cichlids’ (Baerends, 1950)y it forces water agalnst .
the heag of the pursuer. o .

. ‘When the fish retreats to the bﬁefiépﬁing-éoﬁékih”rroﬁt
of its neighbour, it swims away with highly conspicuous
swimming motions: it bends its body strongly to the left

and right, so that each time the blue spot flashes bril- .
fleeing or from’normal’ swimming.

ti

o o
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« VT ‘never ‘oécliréd ‘to-me to observe these fish hunting

in the “open water of the“sea, However, I observed them.

catching 1ittle animalsi-in the algal meadows. ‘For ‘this '

purpose they lay in walt among the tufts of water plants.

Thelr colopr - pattern makes’ 1t difficult to sée them. A .

cértain plant will be rigidly fixed, frequently for .several
s, .Then suddenly the fish will rush there and the - ..

‘be dmmediately swallowed. Hunting in the algae -

radicts the assumption that they are fish eaters..

However ;. in ‘the ‘aquarium they took to fish from the very

nd ate them immediately, starting from the head.,

“of £ d.ﬂirfefent*piédes%ofﬁfishftheyﬂpreferredﬁthe;,,;;_

heads,

liantly. This display swimming differs fundamentallly.from . )

vC§t0hihg;of prey

Se ‘A .small- fish ‘moving:on the outside of the aquarium
released in hungry animals all their prey-catching actions
(fixing;:slight spreading of the dorsal fin, lunging).
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Pieces which fell to:the: bottom and were motionless were never
. taken,._.After be ngﬂiﬁ”¢&ptivit?*for-aﬁhhile,the«ground was

sometimestegnchedffbfﬁfbbdé“but‘only;by-veryahungry,anima;gm,

| '}fﬁééé;éﬁééf?ﬁtg§m$gindicgte:thatMSerranus scriba pro-
.bably;éonsiger35fi§hgasﬁitsTpn§y1also; and that 1t 1s accus=

.toméd to hunt 1iving prey." “Farther these observations show . .
that it recognizes fish from their heads and that it learns
to aat.metionlessfﬁeedo o e .

~" " With these conclusions thé- present observations become

a fdrthgrjsmallwagntribution-to'theinutritiongbiology‘of._ .
thisgSﬁebiés{dnd*épnfirm'thé~dohéluSions*by@Zolezzi\(1939)' :
who, on the basis of ‘ahalysils of the stomsch contents .of .. -
150i§ﬁimglg,bémpiledwg-listﬁofﬂthefprey:animals5fandlpreved: Lo
._eXperimgﬁtallyfthatfserranurlscfiba'has*a‘special 1iking for . ..
young anchovies, and’ does'n thpare-even‘itsipwniyOungg_,ﬂ;]:I.
besides;éatiﬁgyﬁiﬁferent“mOIIascsfamd crustaceas . . . ...

;?”‘?$iﬁéé§aﬁbiéﬁﬁf?iﬁe$-thg>herméphroditiéﬁldflthé(spe¢1éS ff;_
ﬁasgﬁgpeatgdly;givenfriSeth‘research.1n'this:directibn,_g1+¢\.

thaugh;bf“caufsegbﬁlyﬂoffmorphological1andlhistologicalx Do
ﬁaturq;g"Infdﬁé,pf*these;Ancona‘(19%9)71ndicates,thathulyiA',__
and Algust is the.breeding period of this species for the. .-

upper Adriatic (Rovinj, Istria).

i ”No%hiﬁé‘iéfkn¢Wn_Qfﬁthe fepredﬁctive.behaﬁieur:aﬁdiit:ff:,

remains?férffufthgﬁﬂrgseafch;tq“discovér the details of this '

e predent work is the firston the behaviour ofa
marine,fish{(ﬁérranus,scriba»Cuvg):darried cut by field
observations under water and in aquarda. = 1o oo

‘i{Ongrwatipns_hre‘~reséhﬁengn-the‘ecglogywof this = .. ..
speciqs;jit;gfs“ﬁﬁﬁablished:that its optimam biotop is ~ .
wellmsubdiviggdvaﬁﬂ'q@nse~phytalcr-Such*afbiotep.allows o
a denseﬁqblonizétIoanith*thé“smallestfpessible,.separate .
terrippriéS?aﬁdwg1VeSche«speci§s~faveurable‘development_x;,
chances.. .Further, .the structure .of the area 1s described: -
Serramus .scriba ‘is ‘a territorial animal. ‘The .entire biotop -
of The species iS?subdividedﬂinto~8inglexterrit0riég.ad;“~f”

' ,iainingfgaﬁhfyﬁher;.;mhuswtherindividualagrgrm.afwterritof;gl5_~-

society A Q:fiﬁofigthé4s12efof;Whiéthependebp;ﬁhQTQQ:;
structure ol 4h§ﬂgrdmﬁdtandﬁon1the;yegetat16n;4repreSemts o
the h@ﬁitaﬁjpf\oﬂéVaﬁimalzglsuChsa territory provides it - -
with“ééﬁer;ahd.foodﬁﬁ“EaCh&teyritoryeis‘subdividedﬂby:;ﬁs‘%,;,
owner lntO'Subareass-pladés*for rest; hunting grounds, etc. .
These subareas.are of different value to the owner. The .
centre of the area is a cave or crevice in the rock. . . .. .
wFixed routes® are used for commnication between this centre
and other subareas. "~ '~ = o o ~ o




The territory 1s defended against other members of ‘the °
same.speciese .and :the. repertoire of fighting behaviour is
complex° vt ) P TR -

. “3erranu scriba'is a rapacious feeder on small animgis,, 
Nothing.is known with respect to its reproductive behaviour.‘
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Fig. 1.

Fig, 2,
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: .:FIGURE‘ LEGENDS

Sketch of Rovinj and surroundings. ;CroSse:-denete
* the. ebservation districts. ' S

The main Gbservation ‘district at Kap montauro.
fnistribution of. rubble and vegetatien.

The. maim observation district at’ th montauro:
saparate territories. with stations,. The segments

. .. of the arcs indicate the range of the tanitories;
 the.radii serve. only.to give.some idea o6f ¢loseness - -

. . of. the territorles, The large fishes indicate the..
s:homes of- the. first order (H.1.0); the small fishes

slibareas. of the.sscond order (H,2.0), Terrace 1 is

- dotted. sparssly; terrace 2 more denaoly, and the
xﬁ,sea-bottom is dotted most densely.A;‘A ,




