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The patterns of agonistic behaviour and substratum preferences were investigated in captive
aroups of juveniles of Lipophrys pholis (Blenniidac), Coryphoblennius galerita (Blenniidac) and
Gobius cobitis (Gobiidac). In monospecilic groups, size was an excellent predictor of the rank
altained by cach individual. In heterospecilic groups, both . galerita and L. pholis were
dominant over G. cobitiy of similar size, and C. galerita dominated L. pholis. Although .
cobitis showed higher rates of activity and of altacks per munute, and a higher ratio of attacks
over threats, all these measures were depressed in the presence of either blenniid. In both
blenuics, in monospecific groups, the dominance rank ol cich fish was a good predictor of the
ume spent inside shelters. G cobitis occupicd prelerentially the sandy substratum both in
mone- and heterospecific groups. Both blennics, when in monospecific groups, occupicd
preferentially the rocky substratum, with C galerita showing the highest level of sclectivity. In
natuie, C galerita also showed a marked preference for rocky substrata, while G. cobiris was
cspecially abundant in mixed bottoms. L. pholis occupicd an mtermediate position. In the
bicnniids studicd, competition for access to shelter may be one major functional consequence of

agonistic behaviour in non-reproductive contexts. w1998 The Fisheries Society of the British lales

Key words: Blenniidac; Gobiidac; intertidal fishes; substratum sclection; agonistic behaviour;
shelter usc.

INTRODUCTION

There have been several attempts to usc laboratory cxperiments, in which
animals of differcnt species arc induced to behave agonistically to cach other, in
order to examine the role of interspecific aggiession in determining the relative
abundance of specics in a community (Bergamo ¢r al., 1988; Pickett & Maxson,
1988; Rahel, 1989; Itzkowitz, 1990; Sano, 1990; Walls, 1990; Mesa, 1991; Clarke,
1992; Hazlett et al., 1992; Horl ¢t «l., 1993; Nukano & Tanaka, 1994). These
studics have yiclded mixed results. Although i some casces the outcomes of
interspecific agonistic encounters are in agreement with that expected {rom the
relative abundance and niche partitioning between two species, in other cases the
results of these tests arc poor predictors ol the relative competitive abilitics of
the species in nature. One ol the potential problems with this type of study is that
standard lest situations, in which pairs of animals arc induced to interact, have
little i common with the environments to which the organisms are adapted.

In rocky intertidal fishes, agonistic behaviour has been documented in many
species (Guitel, 1893; Soljan, 1932; Qasim, 1956; Gibson, 1968, 1969, 1971;
*Author to whom correspondence should be addressed. Tel: 351 1 8863184; Fax: +351 1 8860954,
1263

0022-1112/98/121263++ 11 $30.00/0 © 1998 The Fisheries Society of the British Isles



1264 C. FARIA ET AL.

Koppel, 1988; Santos ¢t «l, 1989; Almada et al., 1992). The best documented
cases relate agonistic behaviour with inter-male competition and parental care,
but in scveral specics it has been demonstrated that agonistic behaviour is
present in both sexes and ¢ven in juvenile fishes (Gibson, 1969, 1982).

In these non-reproductive contexts the presence of agonistic behaviour docs
not imply that the fishes are territorial, and Gibson (1968) suggested the concept
of diffuse territoriality as a morc appropriatec way to describe social interactions
in groups of juveniles of Lipophrys pholis. Instcad of defending well-defined
arcas, cach fish may visit and defend several hiding places and the more
dominant fishes tend to have priority ol access to these places, forcing the
subordinates to leave them. It is likely that the priority of access to shelter sites
may be once important [unction of non-reproductive agonistic behaviour in
itertidal fishes.

Onc of the few studics on interspecilic aggression in intertidal {ishes, reports
the results of tests using pairs of fishes of two specics from New Zcaland (Mayr
& Berger, 1992). Although the authors found that onc of the species in the
laboratory tends to dominate the other, they suggest that differences in
microhabitat preferences may reduce the likelihood of interspecilic aggression in
the wild.

L/popluys pholis (L.), Coryphoblennius galerita (L.) and Gobius cobitis (Pallas),
arc major components of the rocky intertidal fish fauna on western European
shores, and are [requently found together in the same tide-pools (Gibson, 1972,
Milton. 1983). Gobius paganellus (L.) and Lipophrys trigloides (Valencicnnes) arc
also present in these communities, but at least in our study arca, they are present
only in very low numbers in pools (Arruda, 1990).

The agonistic behaviour of L. pholis and C. galerita has been described by
Gibson (1968), and Almada et al. (1983, 1992) respectively. That ol G. cobitis
has been studied by the authors and will be described clsewhere (Faria et al.,
1998).

Duspilc the phylogenctic diflerences between gobiids and blenniids, the three
specics share similar paticrns of aggression, namely threatening, advancing,
charging, chasing, biting, retreating and {lecing (Gibson, 1968; Almada et al.,

1983, 1992 [or definitions).

In this paper we present data on agonistic interactions obscrved in captive
groups of L. pholis, C. galerita and G. cobitis. The obscrvations were aimed to
test the lollowing hypothescs.

(1) tn heterospecific groups, there are interspecific differences in the ability of

the fishes Lo achieve dominance.

(2) The rank attained by cach individual, in a monospcecilic group, allects

positively its access to shelter.

(3) The threc specics difler in their patterns of usc of different substratum

types, which may allect their likelihood of interacting with members of
other specics.

MATERIALS AND METHODS

OBSERVATIONS IN CAPTIVITY
From Oclober 1993 to September 1994, 18 groups of L. pholis, C. galerita and G.
cobitis were observed in tanks of 118 x 28 x 27 cmi. The tanks were subjected to natural
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illumination and temperature (range 10-25° C), and were cquipped with biological filters.
Fishes were ed with picces of common cockle. The bottom of cach tank was divided into
six similar-sized patches of three different types of substratum (sand, rock and gravel). In
;ach patch there were some stones covered with algae that could be used as shelters. The
relative position of the patches of the different substrata was assigned randomly cach time
a new group was started. These patches were divided further into two halves, onc in the
front and one in the rear of the tank, by an imaginary grid to facilitate the study of
activity patterns. Thus, 6 x 2 cells were formed, four of which were occupicd by cach
substratum type.

A total of 428 h of focal observations (Martin & Bateson, 1990) was made in nine
monospecific groups (threc for cach species) and ninc heterospecific groups (combi-
nations of the three specics, two at a time). The obscrvations were based on groups of six
juveniles (3-7 cm L), to avoid the possible cllect of reproductive behaviour. Each group
stayed in captivity for periods of 17 days, but no obscrvations were made in the first
7 days (habituation period). On subsequent days, daily observations were made (2-4 h
per day=24 h per group). The habituation period ol a week was chosen since in previous
studies (Almada er al., 1983; Faria e al., 1993), it was found that after 7 days the fishes
moved actively, interacted {requently with cach other, and responded immediately to
the presence of food. We assume that these findings were indicators of habituation to the
conditions of captivity.

The fishes were recognized individually by their refative size and the peculiarities of
their colour patterns. For practical reasons the time unit used was 30 s, since it was found
that units of shorter duration made observation and recording very diflicult. For cach
fish, its location at the beginning of cach 30-s period was noted. For this purpose, it was
considered that the fish could be cither in one of the 12 cells of open substratum, or in one
of the six shelters available in the tank. If the fish changed tocation during the same 30-s
unit, only the first position was considered [or location purposcs, although the total
number of Jocation changes occurring during cach observation period was used as a
measure ol activity.

The sequences of agonistic behaviour in which the -focal fish participated were
recorded. A fish was classified as the loser of an encounter if at the end ol the interaction
it withdrew or {led from the opponent, or was threatened or attacked without retaliation.
When both fishes withdrew without an apparent asymmetry, the outcome was classificd
as inconclusive. To make data from diflerent groups comparable, the size (total length)
of cach fish was cxpressed as relative size in relation to the other members of the group.
To calculate the dominance rank of cach fish in its group we followed the procedure
described in Appleby (1983).

OBSERVATIONS IN THE FIELD

In order to study the distribution of the fishes by difierent substrata in the ficld,
non-destructive samples were tuken monthly from 27 tide-pools (ninc pools with sandy
bottom. 14 with rocky bottom and four with mixed gravel and rocky bottom), at Parcde
and Sao Pedro do Bstoril (38°41° N, 9°22° W), near the mouth of the Tagus river (Lisbon),
from January to December 1994, During cach inspection, all the fishes that could be
collected with a 20-cm hand-net were taken from the tide-pool. For cach fish, specics
and total length (L) were recorded. After inspection, all fishes were returned to their
original pool.

To calculate the arca of cach pool, a grid divided in squarc cclls ol 10 x [0 cm, was
placed over the pool and the number of cells that fell over the surface of the pool was
counted. The arcas of the pools of a given substratum type were added and the number
of fishes of cach species present on that substratum were also summed, to compute the
densities of fishes per square meter of cach type ol substratum.

Data analysis was performed using the computer program Statistica lor Windows
(version 4.5) (Copyright 1983, Statsoft Inc.). 7% goodness-of-fit tests were performed
using Adersim (Almada & Oliveira, 1997).
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Tase; 1. Corrclation between length of cach lish and its rank in the hicrarchics obscrved
in monospecific groups (1=06)

1 2 3
Group:
r r Iy r ry r
G. cobitis 0-94 <0-01 1-00 <0-001 1-00 <0-001
L. pholis 094 <0-01 1-:00 <0-001 1-00 <0-001
C. gulerita (-94 <0-01 0-94 <0-01 1:00 <0-001
RESULTS

AGONISTIC BEHAVIOUR PATTERNS

In the two blenniids, the most {requent threat behaviour involves raising the
head and the anterior part of the body, and crecting the median fins, a displa
that in C. galerita is emphasized frequently by small lateral turnings of the head
to onc or both sides. In (. cohitis the threat display also involves crection of ul
median fins and is emphasized further by clements that increasc the apparcent siz:
of the head. The branchiostegal membranc is extended (ully while the opercul:
arc opened. The anterior part of the fish may be ruised by the sucker, or the head
may be pointing ahcad and slightly downwards. In all three specics, a defeatc
individual may press the head and body against the substratum with folded fins
In addition, the two blenniids may perform a submissive posture in which th
defcated fish rolls over onto a flank, and slowly withdraws from the opponcn
(Gibson, 1963).

DOMINANCIL, SIZIE AND SPECIES IDENTITY

Since size is known o be a strong predictor of dominance in some ol thes
species  (Gibson, 1968: Almada e¢r «al, 1983), the asscssment of possibl
interspecilic differences in the ability to achicve dominance must take into acour
the cffect of size.

In all monospecific groups, relative size was an excellent predictor of th
dominance rank attained by cach individual (Table I). In all heterospecifi
groups with G. cobitiy however, the dominance rank was related mainly to th
specics (Table 1), and fishes of a given species defeated heterospecilic opponcen
of slightly larger size. This pattern was consistent among groups, with C. galerit
clearly dominating G. cobitis, and also L. pholis, that in turn, dominated (
cobitis. This is cvident also if Tables I and 1l arc comparcd, since all th
correlation cocllicients between rank and size, ol heterospecilic groups includin
G. cobitis, were substantially smaller than those from monospecilic groups. Tht
hypothesis one is confirmed.

In monospecilic groups G. cobitis showed higher rates ol agonistic interaction
displacement, and attacks over threats, than did both blenniids (Table 111
Indeed, although o significant fraction ol the variance was cxplained b
intergroup differences, significant differences between species were detected als
(Table 1V). When the several possible pairs of specics were compared, significus
dilTerences were found between G cobitis and any of the blennies (Tukey HSI
tests agomstic interactions and displacement: G. cobitisIC. galerita P<0-00
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TasLi 11, Correlation between specics and length of cach fish and its rank in the
hicrarchics obscrved in heterospecific groups (11:=6)

! 2 3

Group: Variable

G. cobitisIC. galeritu Specics 0-77 NS 0-83 <005 078 NS
Length 0-57 NS 0-60 NS 0-49 NS

L. plolisiC. galerita Species 0-25 NS 0-02 NS 0-41 NS
Length 0-77 NS 0-83 <005 0383 <005

L. PholistG. cobitis Specics 083 <005 0383 <005 077 NS
Length 0-60 NS 0-53 NS 0-51 NS

Tanti: 1. Rates ol agonistic interactions, displacement and attacks over threats per
specics, observed in monospecific groups (n=18)

G. cobitis L. pholis C. galerita
Mcan S.D. Mcan S.D. Mecan S.D.
Agonistic interactions 7561 20-89 10-78 5-31 17-22 10-73
Displacement 0-78 0-31 0-47 0-33 0-39 0-31
Attacks/threats 5-02 6-06 1-53 1-67 191 2:64

TasLt: 1V. Results of nested ANOVA, testing the clfect of group

and species on rates of agonistic interactions, displacement and

attacks over threats, observed in monospecific groups (acos dala
transformation)

Source d.f. r P
Agonistic interactions Group 45 13:67 <0-001
Species 45 115-82 <0-001
Displacement Group 45 3-30 <0-01
Specics 45 1832 <0-001
Attacks/threats Group 45 1-54 NS
Species 45 497 <005

G. cobitis! L. pholis P<0-001; attacks over threats: G. cobitis/ C. galerita P<0-05;
G. cobitis/L. pholis P<0-05). In heterospecific groups however, G. cobitis
was involved in a significantly lower rate ol agonistic intcractions than
in monospecific groups (Table V). This diflerence between  mono- and
heterospecific groups is still significant, cven if the value of the probability is
raised to compensate for the repeated use of some of the data (Martin &
Bateson, 1990). Thus, the species that was more aggressive and active when in
monospecific groups was at a disadvantage when in heterospecfic groups,
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TaBLE V. Results of nested ANOVA, testing the cllect of type of
group on rate of agonistic intcractions of G. cobitis (acos data
transformation)

Source d.f. I r
Group 26 8:39 <0-001
Mono/hcterospecific 26 77-72 <0-001

TasLe VI. Corrclation between time spent in shelters of cach fish and its rank in
hicrarchies obscrved in monospecific groups (11=0)

] 2 3
Group:
r r r r r P
G. cobitis 0-66 NS 0-94 <0-01 0-31 NS
L. pholis 0-89 <0-05 0-99 <0-001 094 <0
C. galerita 0-83 <0-05 0-83 <(-05 0-84 <0

DOMINANCE AND CONTROL OVER SHELTERS

In both blennics, the dominant fishes spent more time than the subordin
in shelters (Table VI). In G. cobitis, the correlations between dominance |
and time spent in shelters were not significant, but approached signific;
(Table VI). This finding suggests that for juvenile blennics agonistic behav
can be related lunclionally to the control over shelters, while for G. cobitis
relution does not hold or is much less important. Thus, hypothesis tw
confirmed also, a lcast for both blennics.

SUBSTRATUM PREFERENCES

The three species diflered also in their substratum  preferences.
monospecilic groups, C. galerita and L. pholis uscd predominantly r
substrata, while G. cobitis stayed morc Irequently in open sand (Fig. 1)
control lor the possibility of cllects caused by specilicitics of the group:
analysis of variance was performed, in which the pereentage ol time sper
rock (100 times the number of time units in which cach fish was found ol
rock, over all the units recorded), by the fishes of cach species was anal
using species identity and group identity as independent variables (Table
Only the interspecific dilTerences were significant, while the variability d
intergroup dillerences was clearly unimportant. Posterior pairwisc compar
revealed a signilicant diflerence between G. cobitis and C. galerita, while L.
occupicd an intermediate position (Tukey HSD test: G cobitis/C. gu
P<0-01).

To comparc the number of fishes of cach specics obscrved in all the
(Table VII1) of cach type, with the number that would be expected il the
were indifferent to the nature of the substratum, cxpected numbers
compuled, assuming that the number of fishes of cach species, occurring
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0.8

o Sand Gravel Rock
Substratum type

4G, 1. Distribution of cuch species in the dilferent substratum types studied in monospecific groups
(relative number of intervals of 30s): Y, G. cobitis; B, L. pholis; O, C. galerita.

TasLe VIL Results of nested ANOVA, testing
the effect of group and specics on pereentage
ol time on rock substratum (log data transfor-

mation)
Source d.f. F r
Group 6 0-88 NS
Specics 2 517 <0-01

TasLE VIII Number of fishes of cach species
per m2, obscrved in the 27 tide-pools followed
from January to December 1994

‘. P Mixed
Sand Rock substrata
G. cobitis 17 9 13
L. pholis 27 32 116
C. galerita 6 58 6

given substratum type, was a simple function of the proportion ol the total arca
of pools occupicd by that substratum. Thus the expected values were caleulated
as the total number of fishes of cach specics, collected in all pools, multiplied by
the area of the pools of a given substratum type, divided by the total arca of all
the pools. A y* goodness-of-fit test was then performed using Adersim (L. pholis:
$2=469-29, d.[.=2, P<0-001; C. galerita: y*=145-05, d.[.=2, P<0-001; G. cobitis:
¥*=1536, d.f.=2, P<0-001). C. galerita was. significantly morc abundant than
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TasLi: 1X. Results of the x* gooduness-ol-lit test

(Adersim) applicd to the number of fishes of

cach specics obscrved in pools with different

substrata: (a) cases in which the simulated

values did not exceed the observed vialues; (b)

cascs in which the observed values did not
exceed the simulated values

Mixed
Sand Rock substrata
G. cobitis
(a) 7* 604 1000
(b) 997 551 2%
L. pholis
(@) 0* 114 1000
(b) 1000 920 0*
C. galerita
(a) 0* 1000 196
(b) 1000 0* 893

* <003, once tailed.

expected on rocky substrata, while L. pholis and G. cobitis were more cor
than expected on mixed substrata.  All three species were significant!;
common than cxpected on sandy bottoms (Table 1X).

The habitat preferences of L. pholis and C. galerita were related more ¢
to cach other than to G. cobitis. Indeed, while the numbers of the two bl
specics per pool were correlated positively [Spearman rank correlation (x
r =0-88, P<0-001], that was not truc for the co-occurrence of G cobiti,
cither blenny [Spearman rank corrclation (n=27): G. cobitis/ L. pholis: r?
NS: G. cobitis! C. galerita: r;=0:02, NS]. Thus, the available evidence suj
hypothests three.

DISCUSSION

The lirst hypothesis considered in this study was supported, with th
blennics clearly dominating G. cobitis. This result raises the question: why
blenniids, especially . galerita, tend o win encounters with gobiids of s
size? For the same length, the goby has a more massive and compict body
obs.). G. cobitiy, when studicd in monospecilic groups, also showed a high
of attacks over threats and a higher rate of attacks per minute, th
blenniids. Thus, the factors that give superiority to C. galerita require |
experimental investigation.

When C. galerita were introduced in groups ol Parablennius pilicornis (C
an extremely aggressive blenny, C. galerita were able Lo avoid attach
survived, apparently by their quick manocuvres, that allowed them to ave
altacks of the larger P pilicornis (pers. obs.). In contrast, other less
bicnniids, such as L. pholis or L. trigloides, would have been killed
pilicornis in a few minutes, if they had not been removed quickly from
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(pers. obs.). [t would be interesting to consider the possible ellect of the greater
agility of the blenniids, minimizing the impacts of attacks by G. cabitis, and the
possible role of other features ol the fighting technique of C. galerita and
L. pholis that may contribute to their superiority over G. cobiltis.

The present results also provide cvidence supporting our second hypothesis, at
least regarding the two blennies. Indeed, for L. pholis and C. galerita one major
functional consequence of agonistic behaviour relates to competition for aceess
to shelter sites. This conclusion was supported by the correlation between the
dominance rank and the time spent in shelters in monospecific groups. Both
blenniid species are benthic and cryptically coloured, and arc confined for several
hours a day in tide pools. 1t is likely that ready access to shelter plays a crucial
role in predator avoidance. Almada ef al. (1983) reported that C. galerita when
disturbed in tide pools, rushed quickly to shelters (small holes and crevices) and
that on some occasions, a fish that cntered an alrcady occupicd shelter was
driven away by the occupant, being lorced to scarch for another shelter,
increasing the time that it was exposed. The same authors noted that cach
occupant of a pool scems to be informed about which holes and crevices are
available, restricting its displacenients o a network ol relatively well-defined
paths.

Gibson (1968) studied groups of captive juveniles ol L. pholis, and also
concluded that one consequence of dominance is the delinition ol some sort of
order of priority of access to shelter, with the subordinate fishes retreating
quickly from a shelter site when dominant individuals approach.

Such a relationship between dominance rank and access to shelter was not
conclusively demonstrated in the case of G. cobitis in the present study, and the
possible functions of agonistic behaviour in juveniles of this fish need further
investigation. 1Uis interesting to note that G cobitis lives in pools and channels.

where the substratum is less structured, providing little shelter in the form of

crevices and holes. Indeed they tend to occupy large pools with frequently
croded rock surfaces and with sand and boulders on the bottom (Gibson, 1972;
Arruda, 1990). In such a habitat it is unlikely that defence of aceess to individual

shelters is an cconomically [easible stralegy. Other possible functions of

agonistic behaviour, such as competition for food, specially during high tide,
when the fishes are more active, and move out of pools (Gibson, 1971; Almada
et al., 1983), should be considered in future.

Concerning hypothesis three, the cvidence obtained both in the ficld and in
captivity, indicates that the fishes show clear preferences for different substratum
types. Since these differences in substratum  preferences arc observed in
monospecific groups, it is not clear from the present results to what extent the
differences in fighting capability among species play a role in their ecological
segregation,

It is also interesting to note that C. galerita, which tended to be dommant over
L. pholis in the experiments, is consistently less abundant in nature (Milton,
1983: Gibson, 1972). L. pholis attains a larger size and has a fonger lifespan, thus
being more fecund (Qasim, 1956) than C. galerita.

L. pholis was shown in this study also to be less selective than C. galerita in its
choice of microhabitat, both in naturc and’ in captivity. It is likely that the
relative superiority of C. galerita in aggressive encounters with L. pholis is viewed

r
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best, in ccological terms, as a mecans by which a species with smaller size anc
lilespan is able to coexist with a-more [cecund and abundant specics, by utilizing
a restricted type of microhabitat from which it is able, at least partially, (¢
exclude the compelitor.

Part of this study was supported by Junta Nacional de Investigugdo Cicntifica «
Tecnologica (JNICT) as part of the project PBIC/I313/MAR/2 and Pluriannua
Program (UL&D 331/94). CF was also supported by a grant [rom JNICT (PRAXIS
XXI/BD/S666/95). We thank R. Gibson for his helplul cditorial comments; twe
anonymous relerees, whose criticisms and suggestions helped to improve the quality o
the manuscript; and C. Silva who helped in the ficld work.
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