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Fighting off the intruder: context-dependent territory
defence in the damselfish Stegastes fuscus
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Abstract Dusky damselfish (Stegastes fuscus) behav-
iour was investigated under natural and controlled con-
ditions to evaluate how territory and familiarity affect
aggressive behaviour. In the natural environment, fish
occupies territories of 2.74+ 1.3 m? and the most fre-
quent behaviours exhibited were monitoring swimming,
feeding, shelter occupation and agonistic interactions.
Larger-territory individuals spend more time in moni-
toring swimming than smaller-territory ones, which re-
sults in a reduction of food intake. Agonistic interactions
were more frequent with heterospecifics than conspe-
cifics. Whenever agonistic interaction occurred, con-
frontations were not frequent. Territorial behaviour in
the lab was evaluated considering two variables: prior
residence and familiarity between conspecific oppo-
nents. Resident fish invested more against intruders
irrespective of the intruder’s identity (familiar or unfa-
miliar). When no previous territory was established,
S. fuscus showed lower aggressive behaviour, and it
was even lower when a familiar fish was the opponent.
Data from the field and the lab suggest that S. fuscus
territoriality and aggression are related to the size of the
defended area and the competitor’s identity. Thus, re-
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duced reef areas may result in increased interindividual
aggression, while the intruders’ recognition may be a
key trait controlling agonistic behaviour in the reef
community where S. fuscus is inserted.

Keywords Territory - Social behaviour - Recognition -
Aggression - Dusky damselfish

Introduction

Territorial behaviour is characterized by the establish-
ment and defence of a specific area against possible
intruders and competitors, a significant determinant of
social organization in several fish groups (Noble 1939;
Maher and Lott 1995; Grant 1997; Myrberg and
Thresher 1974; Alwany et al. 2005). The adaptive value
of territoriality derives from the exclusive use of avail-
able food resources and land areas, including refuge and
breeding sites (Grant 1997). Whatever the main reason
for territorial defence, resource availability adds value to
the defended area (Robertson 1996). The owner of the
territory spends a lot of time and energy patrolling the
area (Eurich et al. 2018; Robles et al. 2018). When
encounters with invading individuals occur, animals
use many strategies, which vary according to the
defended site and competitor’s potential assessment
(Steger and Caldwell 1983; Marden and Waage 1990;
Eshel and Sansone 1995).

Damselfish are a diverse group that a great major
occurs in tropical shores, especially in reef environ-
ments (Frederich and Parmentier 2016, Pratchett et al.
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2016). Many damselfish species establish territories
around rock or coral shelters where they maintain fila-
mentous algal turfs (Hixon and Brostoff 1983; Hata and
Ceccarelli 2016). Their farming behaviour affects other
herbivorous-fish diet patterns (Jones 1992), and the
structure of the benthic (Gibson et al. 2001; Hata and
Kato 2006; Ceccarelli 2007) and coralline communities
(Wellington 1982). These areas (algae and small inver-
tebrates associated) are their primary food source but are
also used to attract mates and hold eggs. The size of the
territory seems to vary between owners, usually follow-
ing a compromise between time and energy invested in
maintaining and defending the area and benefits obtain-
ed from it (hiding spots, dictary needs, and spawning
sites) (Jan et al. 2003; Silva et al. 2009). Due to the high
investment in farming the territories, damselfish
actively defend it from intruders, mainly from
herbivorous fish and invertebrates (Hattori and
Shibuno 2013; Irving 2019).

The intruder identity is a crucial feature driving ago-
nistic behaviour, as those that present similarities in diet
and territorial requirements represent more significant
threat (Eurich et al. 2018; Robles et al. 2018). Low-cost
strategies are used when intruders pose little threat, but
signs and agonistic displays escalate as the threat in-
creases (Smith and Parker 1976; Enquist et al. 1990).
However, in subsequent encounters, identifying the in-
dividuals whom one has interacted before may lessen
the intensity of aggression (Hsu et al. 2006). For in-
stance, territorial species have been shown to react more
aggressively toward unfamiliar conspecific than neigh-
bours, (Stoddard et al. 1991; Fox and Baird 1992; Bee
and Gerhardt 2001; Frostman and Sherman 2004;
Briefer et al. 2008; Saeki et al. 2018). One explanation
relies on the invaders’ recognition, which leads to a dear
enemy effect (Temeles 1994; Itzkowitz and Leiser 1999;
Leiser 2003; Briefer et al. 2008; Carazo et al. 2008). In
this case, territorial fish can recognize neighbours and
reduce aggression toward them when territory borders
are established, but it is still aggressive to strangers
(Sogawa and Kohda 2018). However, territory owners
may assume an opposite strategy and behave aggres-
sively towards familiar neighbours to reduce chances of
territory invasion and resource taking, a phenomenon
called nasty neighbour effect and the opposite of the
dear enemy effect (Christensen and Radford 2018).
Although there is evidence that damselfish discriminate
against the level of the threat imposed by invaders of its
territory (Irving 2019), the hypothesis that territory size
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and intruder’s recognition affect aggressive outcomes
was not tested.

Here we used a species of damselfish, the dusky
damselfish S. fuscus, to approach how familiarity influ-
ences territory defence. S. fuscus (Cuvier, 1830) is an
endemic Brazilian species found in shallow, coral, or
rocky bottoms and near the shore in most reef ecosys-
tems (Ferreira et al. 2004; Pugh 2005). Individuals
exhibit marked territoriality and highly aggressive be-
haviour to protect food sources and shelters (Robertson
1996; Ferreira et al. 1998; Menegatti et al. 2003). Adult
S. fuscus are monomorphic solitary individuals, males
and females display territorial behaviour and domi-
nance, spending time to protect its territory from other
fish (Menegatti et al. 2003; Pugh 2005). When young,
S. fuscus show bright blue spots on a grey body, while
adults are dark brown and may show purple dots on the
head during the breeding season (Souza et al. 2007).
Males guard and aerate the eggs adhered to the substrate
after breeding (Breder and Rosen 1966). Although they
are ubiquitous to the Brazilian coast, there are only a few
studies regarding territoriality (Osorio et al. 2006; Aued
2012) and agonistic interrelationships in S. fuscus
(Menegatti et al. 2003). Given its importance to the reef
community, and the lack of information on the factors
that modulate this animal’s behavioural responses, here
we investigate the aggressive response of S. fusscus re-
lated to territory size and intruders identity (conspecifics
vs. heterospecifics) in its natural environment, and test-
ed the effects of territoriality and familiarity on aggres-
sive behaviour in the laboratory. Due to vast areas
occupied by these animals in the reefs, it is common to
observe them monitoring the territories and displaying
aggressive behaviour. Thus, we hypothesized that the
bigger the territory the higher the aggressive behaviour
against unknown individuals, and expected this re-
sponse is decreased by the fish’s ability to recognize
individuals whom it has previously met.

Materials and methods

Natural environment sampling

Studied area

The study was performed at Buzios beach (Fig. 1),

located on the southern coast of Rio Grande do Norte
State, at Nisia Floresta, Brazil. The beach is formed by
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Fig.1 a Map of the study location (Latitude: 6°0'10.17”S; Longitude: 35°6°20.81”W), South America, Brazil, Rio Grande do Norte, b Rio
Grande do Norte, Buzios Beach, ¢ Satellite image of the observation sampling area (georeferenced image)

sandstone reefs, composed mainly of quartz sand, or-
ganic fragments, and iron oxide (Manso 2003). The
reefs are found in parallel to the coast and mostly
covered by macroalgae, zoanthid (Palythoa sp. and
Zoanthus sp.), and stony coral species Siderastrea
stallata (Canan 2007).

Behavioural recordings

Adult S. fuscus (n=17) were observed by free diving
(snorkelling) in areas up to 170 cm depth. Fish activities

were recorded using an underwater video camera
(GoPro Hero3 Silver Digital). The observations/ video
recordings were made from 07:00 to 12:00 only at low
tide amplitude (between 0.0 m and 0.3 m). The subjects
were randomly selected and after habituation to the
observer (usually 5 min, 1.5 m from the animal shelter),
each fish’s behaviour was video recorded for 30 min.
The camera was mounted on a PVC tripod, with the
observer positioned behind the camera. S. fuscus were
not classified according to sex because they are mono-
morphic even in the breeding season (Souza et al. 2007).
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The study area was divided into sectors sampled daily in
order to avoid resampling individuals. The video record-
ings were observed to identify behavioural repertoire
and the most frequent behaviours exhibited (Table 1).

Territory size estimation

The distance travelled by fish was used to evaluate
territory size. The four most distant points of the area
used by each animal were marked with a coloured iron
weight and the distances formed by every 2 distal points
were measured with a measuring tape (modified from
Aued 2012). The average value was used to calculate
the circular area (area = 7t.r°, according to Crosby and

Controlled condition sampling
General procedures

One hundred and fifty-two S. fuscus were collected with
a cast net (3 m diameter; 10 mm mesh size) from tide
pools at Buzios beach (6°03'25”S and 35°05'53”W),
Nisia Floresta, Rio Grande do Norte State, Brazil, as
authorised by the Brazilian Institute of Environment and
Natural Resources (IBAMA Licence Number 41869/
2013; SISBIO number 5462480). The fish were imme-
diately stored in 30-L tanks containing seawater and air
stones to maintain a high oxygen level.

The fish were transferred to holding tanks (100 x
30%30 cm; 90 L) at the Fish Laboratory, Department

Reese 1996).

of Physiology and Behavior, Federal University of Rio

Table 1 Behavioural inventory of damselfish (Stegastes fusscus) observed in its natural environment (n = 17)

Behaviour Description
Feeding/food intake Food intake (bite and swallow), excluding the search for food.
Threaten Next to the intruder, the fish bristles the dorsal fin and expands the pelvic anal fins. During this display, the

Bilateral attack

Side attack

Medial attack
Brief frontal confrontation

Long frontal confrontation
Side by side confrontation

Shelter occupation
Front display

Lateral display

Monitoring swimming
Keeping guard over the intruder

Tail bite

Wave
Threatening wave
Resting

Chasing

Territory theft

“Tourbillion”

colour of the body may also change.

The fish bites the lateral part of the intruder’s body and passes above or below them, attacking again on the
other side of the body. The movement is fast and can occur several times in succession.

The fish opens its mouth and bites the intruder’s body, closing it upon contact. These attacks are focused on
the medial side of the body, the belly, back, fins or the head of the intruder. The attacker positions its
mouth perpendicular to the intruder ‘s body, pushing it.

The fish bites the mediolateral part of the intruder’s body, describing a semi-circular path along the
horizontal axis of its body.

Two fish juxtapose their jaws and one of them pushes the other, or both mutually push in quick
movements, one towards the other.

Similar to the brief frontal confrontation, but the interaction is maintained for more than 3 s.

Two fish orient side by side with their heads in the same direction or, more often, in opposite directions,
curling the body vigorously. While one moves its body, the other can attack the distal portion of the
opponent’s anal or dorsal fin.

The fish remains in the shelter.

Two fish position their mouths frontally, maintaining it open or closed, without contact. Then they undulate
their bodies. This usually precedes the frontal confrontation.

The fish approaches an intruder laterally and opens its mouth without touching them. This behaviour may
result in an attack.

The fish randomly swims through the territory without any specific focus.

The fish closely observes another animal that is swimming and feeding in its territory. There are no signs of
threatening or agonistic interactions between them. Usually observed between different tropic classes.

The fish bites the intruder’s tail, usually approaching from behind.

The fish curls its body in the anterior to posterior direction while positioned next to the intruder.

The intruder exhibits rapid and intense body curling that leads to the aggressor being repelled.

The fish stays in one place while maintaining some fin movement.

The fish follows the intruder as it swims away. This behaviour may culminate in attacks on the intruder.

After a series of agonistic interactions, the original owner of the territory is expelled and another fish takes
possession of the shelter and foraging area.

A rapid circular movement(s) around the intruder in order to generate an intense disturbance around the
fish, without touching it. The intruder (at the centre of the disturbance) loses its position in the water
column and becomes disoriented.
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Grande do Norte (UFRN). Each tank was divided into
10 small compartments and received 10 fish, each in a
closed space. Glass walls between individuals prevented
aggressive behaviour and deaths, however, the tanks
system allowed visual, acoustic, and olfactory contact
between them. Every four tanks formed a closed
recirculating water system, in which water was kept
aerated and filtered (mechanical, chemical, biological,
and UV light filters), maintained at 28 + 1 °C. Saltwater
was previously prepared (Red Sea Salt, Red Sea, Hous-
ton, USA) and salinity was maintained at 36 ppt. The
room light cycle was set at 12/12-light/dark, with lights
on at 07:00. Fish were kept under the above-described
conditions for 1 month before behavioural tests.

Fish were fed twice a day ad libitum with frozen
Artemia salina, shrimp paste and dried food pellets
(algae-based tetra marine salt granules). All animal pro-
cedures complied with the Ethics Committee for Animal
Use of the Federal University of Rio Grande do Norte
(CEUA 056/2014).

Five days before testing, individual weight and
length were measured. The experimental tanks (40 x
30 x 25 c¢cm) were filled with water under the same
conditions as the stocking system and maintained with
constant aeration via air stone. These tanks were
wrapped with white paper to prevent fish visual contact
with external stimuli from the laboratory, keeping only
the front wall uncovered for behavioural recording. A
camera was attached to a tripod placed 1.5 m away and
in front of the tank. Fish were allowed to acclimate to the
experimental tanks, and behaviour was then recorded.
After the experimental tests, all animals were returned to
the natural environment (Btizios beach) from where they
were collected.

Experimental design

To evaluate the effects of established territory and con-
specific recognition on agonistic interactions in
S. fuscus, four experimental conditions were designed,
and all experimental phases were recorded for subse-
quent behavioural analysis. Briefly, some fish were
allowed to be residents in the experimental tank to
establish territory, and then resident and non-resident
fish were paired to a conspecific for the first interaction.
Fish were separated and re-paired after 24 h with the
same fish they faced (known conspecific) or with a
different fish (unknown conspecific). Each experimental
group is described below:

(a) Territoriality and familiarity (T-F; n= 14 pairs) In
order to allow fish to establish residence, 14 animals
were isolated in the experimental tanks for 48 h. During
this period, fish were able to explore the tank and use a
clay tile placed in one of the tank’s corners as a refuge.
Animals were fed as per the stock system. After this
period, the experimental tank was divided into two
compartments by an opaque glass partition and the
resident animal was restricted to the refuge side. A
conspecific intruder was then introduced into the other
half of the tank (similar size and weight: Length Coef-
ficient of Variation (LCV) =0.03 &+ 0.02 cm and Weight
Coefficient of Variation (WCV)=0.12+0.12 g). Nei-
ther the resident nor the intruder had previously
confronted each other. The animals were separated for
two minutes, and then the partition was gently removed
to allow contact between them. Their behaviour was
recorded for 10 min and the intruder fish was moved
to its compartment in the stock system. On the following
day (after 24 h), the same procedure was repeated and
the conflict occurred again between the same pair of fish
(known animals), which was recorded for 10 min.

(b) Non-territoriality and familiarity (NT-F; n= 14
pairs) In this experimental group, the animals were
not allowed to establish residence in the experimental
tank. On the first day, one fish was placed in each half of
the tank (previously separated by an opaque partition)
and acclimated for 2 min. Next, the partition was re-
moved and the interaction between the animals was
recorded for 10 min. The encounter was observed by
the experimenter who made notes regarding which fish
was displaying aggressive behaviour and assuming a
more dominant position, and which fish was avoiding
the fight and assuming a more submissive posture. It
was also observed fish body colour (winners become
darker while losers become paler) and the position of the
fish in the tank (winners occupy the bottom area while
losers stay close to the water surface) at the end of the
encounter. After that, a blind experimenter observed the
videos searching for the same characteristics and deter-
mined the winner and loser again. In all cases, the blind
observations matched the first observations. Animals
were then transferred from the tank to their compart-
ments in the stock system to prevent territory establish-
ment. On the following day, the same procedure was
repeated, and the conflict occurred with the same indi-
viduals (known animal). The fish exhibited similar size
and weight (LCV =0.01£0.02 cm and WCV =0.18 +
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0.14 g). The interactions were recorded for 10 min.
There was no refuge in the tank.

(c) Territoriality and unfamiliarity (T-UF; n= 16
pairs) This group’s experimental procedure was similar
to the one above (7-F), differing only on the second day.
Twenty-four hours after the first confrontation, a second
match occurred between the resident animal and an
unknown conspecific (two different intruders, one for
the first confrontation and another for the second). The
fish were of similar size and weight (1st confrontation:
LCV=0.03+0.02 cm and WCV =0.11+0.10 g; 2nd
confrontation: LCV =0.02+£0.02 cm and WCV =0.12
+0.11 g). Once again, the behaviour was recorded for
10 min each day.

(d) Non-territoriality and unfamiliarity (NT-UF; n= 16
pairs) The experimental protocol for this group
was similar to that of the NT-F group, however,
at the end of the first encounter, fish were trans-
ferred to their compartments in the stock system
and the behavioural recordings were analysed to
determine the winner based on the number and
type of agonistic displays, position in the tank
and body colour. Behaviours were checked two
times to determine the winner and loser, as de-
scribed above. After 24 h of the first confronta-
tion, a second encounter took place, in which the
winner of the previous encounter faced an un-
known conspecific (an animal not previously
paired with any other). The fish used for each
confrontation were similar in size and weight (1st
confrontation: LCV=0.02+£0.02 cm and WCV =
0.14+£0.12 g; 2nd confrontation: LCV =0.02 +
0.0l cm and WCV=0.10+0.09 g). Interactions
were recorded for 10 min each day. There was
no refuge in the tank.

Behavioural analysis

Video files were transferred and analysed using
ZebTrack video tracking software (Pinheiro-da-Silva
et al. 2016). The following parameters were quantified:
frequency of agonistic displays, type and the total num-
ber of agonistic displays. Based on these data, the win-
ner and loser of each encounter were determined. The
most frequent agonistic displays were then individually
evaluated for each animal in each group and the sum of
all aggressive behaviours were considered for statistical
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analysis. The position of each fish was tracked to eval-
uate tank areas occupation; the tank was divided into
four areas: upper-left quarter, lower-left quarter, upper-
right quarter and lower-right quarter. For the territorial-
ity groups, the refuge was located in the lower-left
quarter.

Statistical analysis

For the field data, the behavioural frequencies showed
normal distribution and were analysed by Simple Linear
Regression (Pearson’s correlation). The most common
behaviours (dependent variable: monitoring swimming,
food intake, agonistic interaction with heterospecifics)
were correlated with territory size (independent vari-
able). The regression between territory size and shelter
occupation or number of confrontations with conspe-
cifics was analysed using Spearman’s correlation coef-
ficient due to the non-normal data distribution. To eval-
uate the differences between agonistic interactions with
conspecifics and heterospecifics slopes, we used
ANCOVA considering as factor the fish identity (con-
specific or heterospecific) and as covariate the agonistic
interactions observed.

For the laboratory data, the coefficient of variation of
weight and the standard length of the fish in each group
were compared using the unpaired Student’s t test. The
behavioural data collected were compared between the
individuals of each group using Two-Way RM
ANOVA, considering as factors the encounter (1st or
2nd) and the individual identity (resident/winner or in-
truder/loser). Different types of agonistic interactions
were compared between the two fish for every encoun-
ter by Student’s t test. We also compared the winners’
agonistic behaviour on the two encounters when fish
had territory established versus without territory. For
this comparison, we used Two-Way RM ANOVA con-
sidering territory and encounter as factors. The compar-
ison between two fish in an encounter, focusing on
single types of agonistic behaviour is shown in Table 2,
and the statistical test used was unpaired Student’s t test.
Two-Way RM ANOVA compared occupation of the
four areas of the experimental tank, considering individ-
ual identity and encounter as factors. When ANOVA
results were significant, the post hoc comparison test of
Tukey was performed.

We used SigmaStat 4.0 to run the analysis. In all
cases, the statistical significance was set at « <0.05.
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Table 2 Total number of the most common agonistic displays observed during Stegastes fuscus encounters

Aggressive behaviour

Fish identity Treats Chases Side attacks Tail bites
T-F Day 1 Resident 1.79 £142 p<0.001 1250948 p=0.001 1293 +942 p=0.001 3.57+293 p=0.001
Intruder 0.07 +£0.27 1.79 +£2.78 1.07 £ 1.33 0.29 +0.83
Day 2 Resident 1.79£249 p=0.25 154+ 113 p=0.01 13.8+ 1231 p=0.01 4.64+6.08 p=0.02
Intruder 0.64 £2.13 421 +8.58 321 +8.82 0.57 = 1.40
T-UF  Day 1l Resident 413+340 p=032 12.06+838 p=0.001 11.7+8.15 p=0.001 3.75+397 p=0.001
Intruder 1 125+ 1.34 331 +3.63 1.44 +£239 0.63 + 1.09
Day 2 Resident 6.25+355 p=0.7 1406+840 p=0.007 13.7+941 p=0.014 431 +257 p=0.02
Intruder2  0.38 £ 0.89 1.94 + 4.63 1.19 £3.53 0.19 £ 0.54
NT-F Day!l Winner 1.73 £1.53 p<0.001 16.1+9.61 p<0.001 9.13+11.09 p=0.004 2.80 +2.68 p<0.001
Loser 0.00 + 0.00 0.40 + 091 0.20 £ 0.77 0.00 £ 0.00
Day 2 Winner 1.87+141 p=0.003 11.6+7.00 p<0.001 453+449 p<0.001 1.60+2.10 p=0.01
Loser 0.40 + 1.06 0.27 +1.03 0.13 £ 0.35 0.00 + 0.00
NT -NF Day 1 Winner 138+ 1.15 p=085 450+£327 p<0.001 4.06+323 p<0.001 2.13+236 p=0.004
Loser 1 0.63 +0.81 0.13 +0.34 0.75+1.24 0.19 £ 0.75
Day 2 Winner 1.94£272 p=0901 944+10.70 p=045 8.06+10.78 p=0.63 231+275 p=0.55
Loser 2 1.79 + 1.42 12.5 +£9.48 12.9 +9.42 3.57 +£2.93

Groups of fishes observed: T-F: one fish had established territoriality and the same pair of fish was matched on both contests (familiarity on
the second contest); T-UF: one fish had established territoriality and it faced a different conspecific in each contest (unfamiliarity); NT-F:
none of the fish owned the territory and the same pair of fish was matched on both contests (familiarity on the second contest); and NT-UF:
none of the fish owned the territory and the winner of the first contest was faced with a different conspecific on the second contest. Values are
the number of the agonistic display presented by the fish = SD. Beside each fish pair agonistic behaviour value there is the statistical
significance (Student t test; p value) between fish behaviour (resident vs. intruder or winner vs. loser) within the encounter (same day)

Results
Natural environment sampling

The accumulated behaviour of 17 adult S. fuscus was
recorded for 510 min. The most widely observed be-
haviours (Table 1) were monitoring for intruders, food
intake, shelter occupation and agonistic interactions.
The average territory size was 27,400 = 13,300 cm’.
Territory size and monitoring were statistically sig-
nificant, showing positive relationship, as demonstrated
by the angular coefficient (y =66.9 +0.032x) and
Pearson’s correlation coefficient (r=0.54, p=0.03;
Fig. 2a). Territory size and food intake were also statis-
tically significant, but showed negative relationship ac-
cording to the angular coefficient (y =27.64-0.05x) and
Pearson’s correlation coefficient (r=-0.68, p=0.003;
Fig. 2b). There was no significant correlation between
territory size and shelter occupation (Spearman r=
—0.23, p=0.39). Although territory size exhibited no
correlation with aggressive behaviours against the total
number of intruders (Pearson r = 0.34, p = 0.15; Fig. 2¢),
it was negatively correlated to conspecifics intruders

(Spearman r =—0.33, p =0.016; Fig. 2d), and positively
correlated to heterospecifics intruders (Pearson r=0.47,
p=0.04; Fig. 2d). The ANCOVA results indicate the
differences between the two slopes (aggression against
conspecifics and aggression against heterospecifics).
There is a significant interaction effect between the
factor identity (conspecific or heterospecific) and the
covariate agonistic interactions (F=12.07, p=0.002).
Thus, the comparison of the slopes is considered statis-
tically significant, and the slopes coefficients are
different.

Controlled condition sampling

Data analysis identified thirteen different agonistic dis-
plays during the encounters, differing in presence and
frequency between the groups analysed. The most rep-
resentative agonistic displays present in all four groups
were threats, chases, side attacks and tail bites. The
comparison between fish aggressive behaviours in each
group is shown in Table 2.

The total number of agonistic behaviours is presented
in Fig. 3. For the T-F group, Two-Way RM ANOVA
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Fig. 2 Correlations between territory size, and a monitor swim-
ming time (Pearson, p <0.05), b feeding time (Pearson, p < 0.05).
Correlation between territory size and the number of agonistic
interactions by damselfish (Stegastes fuscus) in their natural envi-
ronment based on 30 min in situ observation periods. a Total

found the main effect of individual identity (resident/
intruder) (F(1,26)=18.82, p<0.01) to be significant,
but the main effect of encounter (1st/2nd) (F(1,26) =
1.23, p=0.27) was non-significant. The interaction
terms identity x encounter (F(2,26)=0.08, p=0.77)
was also found non-significant. Tukey test showed there
were significantly higher agonistic displays exhibited by
the resident during both the first and second encounters
(p<0.05; Fig. 3a).

For the NT-F group, in which no prior territory was
established and the second match occurred between famil-
iar individuals, Two-Way RM ANOVA revealed a signif-
icant effect of identity (F(1,26) =36.22, p <0.01) and en-
counter (F(1,26)=7.72, p=0.01). ANOVA also revealed
a significant interaction term identity X encounter
(F(1,26)=6.01, p=0.021). Tukey test showed a signifi-
cantly higher number of agonistic displays by the winners
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in both the first and the second encounter and that the
winner showed a significantly lower number of agonistic
displays on the second encounter compared to the first
encounter (p < 0.05; Fig. 3b).

For the T-UF group, Two-Way RM ANOVA showed a
significant effect of identity (F(1,30)=52.17, p<0.01),
but found the main effect of encounter non-significant
(F(1,30)=0.43, p=0.51). ANOVA also revealed non-
significant interaction term identity x encounter
(F(2,30)=2.60, p=0.11). Tukey test showed no signifi-
cant differences in the number of displays exhibited by the
residents between day 1 and day 2, but resident fish
showed a significantly higher number of agonistic displays
than the intruder (p < 0.05; Fig. 3c).

For the NT-UF group, in which there was no resident
animal and no familiarity during encounters, Two-Way
RM ANOVA showed a significant main effect of the
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Fig. 3 Total agonistic displays during the first and second con-
tests between pairs of damselfish Stegastes fuscus. a T-F: one fish
had established territoriality and the same pair of fish was matched
on both contests (familiarity on the second contest); b NT-F: none
of the fish owned the territory and the same pair of fish was
matched on both contests (familiarity on the second contest); ¢
T-UF: one fish had established territoriality and it faced a different

encounter (F(1,30)=9.31, p=0.005), but found other
main effects non-significant (F(1,30)=1.94, p=0.17).
It also detected non-significant interaction terms identity
x encounter interaction (F(2,30)=1.24, p=0.27).
Tukey test confirmed that winner fish showed signifi-
cant higher number of agonistic displays on day 1
(p <0.05) but number of agonistic displays was non-
significant between winner and loser on the second day
(p>0.05; Fig. 3d).

Comparison between the number of agonistic dis-
plays by the resident fish in the two conditions involving
prior territory (T-F and T-UF), and the winning fish in
the two conditions without territory (NT-F and NT-UF)
showed a significant main effect of the territoriality
(F(1,59)=12.33, p<0.001), but found a non-
significant effect of encounter (F(1,59)=0.61, p=
0.43). Two-Way RM ANOVA detected non-
significant interaction terms territoriality X encounter
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conspecific in each contest (unfamiliarity); and d NT-UF: none of
the fish owned the territory and the winner of the first contest was
faced with a different conspecific on the second contest. The
asterisk indicates significance value on the comparison between
resident vs. intruder or winner vs. loser or between day 1 and day 2
for the same fish (Two-Way ANOVA; p<0.05)

interaction (F(1,59)=1.19, p=0.27). Tukey test indi-
cates that residents (territorial) exhibited a significantly
higher number of agonistic displays than the winners
(non-territorial) during both the first and second encoun-
ters (p < 0.05; Fig. 4).

Concerning the animal occupation of the tank areas
during encounters (appendix Fig. 5), it was found that
area 1 was mostly occupied by the intruder than by the
resident for the T-F group in the second encounter
(Two-Way RM ANOVA: identity F=4.08, p=0.04;
encounter F=0.01, P=0.91; identity x encounter F =
1.78, p=0.19), while the occupation of area 4 and the
lower area containing the refuge was higher for residents
(Two-Way RM ANOVA: identity F =17.68, p <0.001;
encounter F =0.02, P=0.86; identity x encounter F =
1.35, p=0.25)). In the NT-F group, the losing animal
remained significantly longer in areas 1 (Two-Way RM
ANOVA: identity F=5.96, p=0.02; encounter F =
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ANOVA; p<0.05)

0.55, P=0.46; identity x encounter F=0.67, p=0.41))
and 2 (Two-Way RM ANOVA: identity F=15.89, p<

0.001; encounter F=0.01, P=0.93; identity x encoun-
ter F=0.01, p=0.97)), which were the upper zones of
the tank, compared to the winners of the two encounters.
The winners used area 3 only on the first day of con-
frontation (Two-Way RM ANOVA: identity F =32.65,
p<0.001; encounter F=0.19, P=0.66; identity x en-
counter F=0.01, p=0.89). For the T-UF group, the
resident occupied mainly area 4 in the first encounter
(Two-Way RM ANOVA: identity F=7.12, p=0.01;
encounter F=0.14, P=0.70; identity x encounter F =

0.05, p=0.81) and in the second encounter it remained
longer in area 2 of the tank (Two-Way RM ANOVA:
identity F=30.66, p=0.01; encounter F=4.59, P=

0.05; identity x encounter F =4.08, p=0.06). The NT-
UF group showed no difference in occupation during
the encounters (Two-Way RM ANOVA, p > 0.05).

Discussion

S. fuscus establishes territories measuring 2.74 + 1.3 m?
on average. The bigger the territory, the higher the
monitoring and fighting frequency and lower the feed-
ing frequency in the natural environment. The identity
of the intruder seems to influence agonistic behaviour.
In nature, S. fuscus with vast territories present more
aggressive behaviour against heterospecifics than con-
specifics. At the same time, laboratory observations
indicate territoriality is a significant factor that confers
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fighting advantages (i.e., to win encounters irrespective
of the opponent identity) and that familiarity with the
opponent is essential when there is no territory
established.

Optimum territory size varies following the fish’s
body size (Jan et al. 2003), availability and abundance
of food, and presence of potential competitors in the
same area (Thresher 1976; Grant 1997). In a previous
study conducted in the natural environment, S. fuscus
was shown to occupy territories covering 1.37 m?* (Aued
2012), an area smaller than that recorded in the present
study. This difference may have derived from variations
in resource exploitation among the individuals assessed,
or from the 30-min observation trial period adopted
here, which was significantly longer than the 5 min
recorded by other researchers (Menegatti et al. 2003;
Aued 2012). Larger territory size was negatively corre-
lated with food intake and positively correlated with
monitoring (Fig. 2).

Defending a large territory means more time spent
monitoring for and expelling intruders, which may
shorten the time devoted to other activities, such as
feeding. Territory maintenance costs were also reported
in other studies (Puckett and Dill 1985; Grant 1997;
Cleveland 1999; Hsu et al. 2006; Silva et al. 2009;
Eurich et al. 2018). However, benefits associated with
the availability of food resources, the attractiveness of
potential mates/substrate for laying eggs, and better
shelter(s) seem to outweigh these costs (Grant 1997;
Cowlishaw 2014). In this respect, the economic defen-
sibility theory proposed by Brown (1964) reinforces the
importance of territorial defence in S. fuscus, that is,
despite being a costly behaviour, defending a territory
guarantees certain benefits for individual success.

The territorial species tent to present intense aggres-
siveness (McCormick and Meekan 2007). Individuals
aggressively defend their territories from species with
similar trophic requirements (Cowlishaw 2014). Thus,
conspecifics are usually their main competitors (Osorio
et al. 2006). In the natural environment, we observed
that S. fuscus aggressive displays were more frequent
towards heterospecifics than conspecifics (Fig. 2d). As
other authors have noticed, it indicates a preference for
signalling territoriality in order to avoid embattles with
potentially high-energy costs (Cleveland 1999;
Menegatti et al. 2003), leading to the idea that
S. fuscus recognize their conspecific neighbours and
reduce aggression towards it while continues to defend
the area from unknown intruders. This idea is supported



Environ Biol Fish

by the dear enemy theory and was then tested in the
laboratory under more controlled conditions.

Territorial and aggressive behaviour were observed
in tanks, where animals that had previously established
territory won encounters irrespective of familiarity with
the intruders (T-F and T-UF groups; Fig. 3). Whereas
S. fuscus is considered highly territorial, the previous
residence increased the likelihood of victory in a terri-
torial dispute. Similar results were obtained by Poulos
and McCormick (2014) for other damselfish species.
These data corroborate studies by Chellappa et al.
(1999) and Switzer (2004), who suggest that previously
established residence is an essential factor for a success-
ful confrontation, what may be related to the resource
value effect of each animal (pay-off), since the resident
is usually more motivated to fight for its territory (Grant
1997; O'Connor et al. 2015). S. fuscus showed many
high-energy expenditure behaviours, such as direct ag-
onistic confrontations, as well as low to moderate ener-
gy expenditure behaviours involving chases (Table 2).

The contrasting results regarding aggressive displays
between the natural environment and laboratory could
be attributed to two reasons. First, territory size in the
laboratory was greatly reduced, and it may have in-
creased its importance to the owner. The resource value
and the costs of losing the territory may have reinforced
the resident-fish’s agonistic investment, which corrobo-
rates findings from Svensson et al. (2012). The resident
used a few threatening signals but a large number of
high-energy strategies (side attacks and backbites),
which are more effective in guaranteeing dominance.
Hsu et al. (2006) proposed that a set of components may
influence the choice of confrontation strategy; one of
them is territory size. In this respect, it is worth noting
that S. fuscus establish large territorial areas in nature
(~2.74 m?), and the occupation of less than 3% in the
experimental tank (0.08 m?) may have been a relevant
factor for the most persistent territorial defence and
increased aggressive behaviour. The second reason for
the differences observed in the laboratory may rely on
handling stress. The territorial fish (T-F and T-UF
groups) were more aggressive than non-territorial ones,
while NT-UF group showed highly reduced aggressive
behaviour (Fig. 3). Handling fish between its home tank
and the experimental tank may have affected the ani-
mal’s response in the confrontation. Catching, netting
and handling fish were shown to induce stress (Young
et al. 2019), increase cortisol release (Barcellos et al.
2011) and decrease locomotion (Sopinka et al. 2016). A

recent study from Bolognesi et al. (2019) showed that
tactile stimulation reduced aggression in territorial fish,
leading to fewer attacks in a confrontation. Thus, in the
present study, handling S. fuscus may have affected the
behavioural response observed during the agonistic en-
counter, causing a reduction of the intruder’s motivation
to attack (while resident did not suffer handling) and
decreasing interactions when both fish (NT groups)
were tested.

Although we cannot exclude handling stress eftects,
it was imposed for all treatments and variations in ag-
gressive displays between familiar and unfamiliar
groups may have derived from some level of opponent
recognition. Agonistic levels were significantly lower
when the encounter occurred between familiar compet-
itors without previously established territory. The results
obtained for NT-F and NT-UF groups show that win-
ners exhibited less aggressive behaviour against a famil-
iar fish (second confrontation), but winners paired with
an unknown individual did not show significant differ-
ences in aggressiveness. This result corroborates the
findings of Keeley and Grant (1993) and Earley et al.
(2003), who showed low levels of aggression in con-
frontations between familiar animals, therefore suggest-
ing animals recognize their partners.

Several studies have indicated that interindividual
recognition may reduce combat costs (Miklosi et al.
1995, 1997; Pagel and Dawkins 1997; Saeki et al.
2018; Sogawa and Kohda 2018). Fish seem to form
memories of the confrontation and its participants
(Doutrelant et al. 2001; Hsu et al. 2006). It was shown
that losers exhibit avoidance responses and physiologi-
cal changes (increased ventilation rate and cortisol
levels) when paired with dominant individuals (Miklési
et al. 1995; Morris et al. 1995; Johnsson 1997; Miklosi
et al. 1997; O'Connor et al. 2000; Utne-Palm and Hart
2000).

For the NT-UF group, similar levels of aggressive-
ness were expected in the first and second encounters
compared to the other groups. However, there was low
agonistic investment by the winner during the first con-
frontation, and it did not change the pattern on the
second confrontation even with the second intruder
being more aggressive than the first one. It is known
that naive animals (not exposed to previous agonistic
interaction) may face a better match than animals in-
volved in recent combats (Hsu and Wolf 1999; Hsu
et al. 2006). Moreover, previous experiences determine
future behavioural decisions and, therefore, it seems that
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the winner of a low-intensity confrontation may act
similarly in later confrontations, expecting to obtain
the same benefits. However, in order to confirm this
hypothesis, more studies that observe combatants sig-
nals/interactions, such as body and eye colouring, and
chemical signs are needed, in addition to physiological
measures that may help understand the status of each
animal (cortisol, glucose, and testosterone levels).

In conclusion, the present study shows that territori-
ality is a determining factor in confrontation outcomes
in S. fuscus, and that high-cost agonistic investment
guarantees territorial conquest and maintenance. How-
ever, interindividual familiarity also influences the na-
ture and results of agonistic interactions. This study
contributes to a better understanding of the community’s
ecological and structural dynamics to which S. fuscus
belongs. Nevertheless, additional studies addressing sig-
nalling processes, the effects of territory size and the
investment needed to win a confrontation, among
others, are also required for a thorough understanding
of the social aspects of reef fish behaviour, which may
ultimately lead to improved conservation policies for
this and other reef fish species.

Acknowledgements The authors are thankful to J. Eider and J.
Silveira for the fishing help and to the Lab members for technical
support. We are also very much thankful to F. Freire for statistical
support and R. Galvao for writing assistance. We are specially
thankfull to anonymous reviewers’ comments and suggestions that
improved final version of the manuscript.

Compliance with ethical standards

Ethical compliance All animal procedures complied with the
Ethics Committee for Animal Use of the Federal University of Rio
Grande do Norte (CEUA 056/2014).

References

Alwany M, Thaler E, Stachowitsch M (2005) Territorial behaviour
of Acanthurus sohal and Plectroglyphidodon leucozona on
the fringing Egyptian Red Sea reefs. Environ Biol Fish 72:
321-334. https://doi.org/10.1007/s10641-004-2587-0

Aued AW (2012) Comportamento territorial ¢ alimentar do Peixe-
donzela comum, Stegastes fuscus (Pisces: Pomacentridae) ao
longo da costa Brasileira. Universidade Federal de Santa
Catarina, MSc dissertation Accessed from: https:/repositorio.
ufsc.br/handle/123456789/100442

Barcellos LJG, Volpato GL, Barreto RE, Coldebella I, Ferreira D
(2011) Chemical communication of handling stress in fish.

@ Springer

Physiol Behav 103:372-375. https://doi.org/10.1016/j.
physbeh.2011.03.009

Bee MA, Gerhardt HC (2001) Neighbour—stranger discrimination
by territorial male bullfrogs (Rana catesbeiana): 1. acoustic
basis. Anim Behav 62(6):1129-1140. https://doi.
org/10.1006/anbe.2001.1851

Bolognesi MC, dos Santos Gauy AC, Gongalves-de-Freitas E
(2019) Tactile stimulation reduces aggressiveness but does
not lower stress in a territorial fish. Sci Rep 9:40. https://doi.
org/10.1038/s41598-018-36876-1

Breder CM, Rosen DE (1966) Modes of reproduction in fishes.
TFH Publications, Neptune City, New Jersey, 941 p

Briefer E, Rybak F, Aubin T (2008) When to be a dear enemy:
flexible acoustic relationships of neighbouring skylarks,
Alauda arvensis. Anim Behav 76(4):1319-1325. https://doi.
org/10.1016/j.anbehav.2008.06.017

Brown JL (1964) The evolution of diversity in avian territorial
systems. The Wilson Bulletin 76:160—169

Canan B (2007) Dinamica populacional e alimentar de Stegastes
fuscus (Osteichthyes: pomacentridac) em arrecifes da praia
de Buzius, no Rio Grande do Norte. PhD Thesis,
Universidade Federal do Rio Grande do Norte

Carazo P, Font E, Desfilis E (2008) Beyond ‘nasty neighbours’
and ‘dear enemies’? Individual recognition by scent marks in
a lizard (Podarcis hispanica). Anim Behav 76(6):1953—
1963. https://doi.org/10.1016/j.anbehav.2008.08.018

Ceccarelli DM (2007) Modification of benthic communities by terri-
torial damselfish: a multi-species comparison. Coral Reefs 26:
853-866. https://doi.org/10.1007/s00338-007-0275-1

Chellappa S, Yamanoto ME, Cacho MSRF, Huntingford FA
(1999) Prior residence, body size and the dynamics of terri-
torial disputes between male freshwater angelfish. J Fish Biol
55:1163-1170. https://doi.org/10.1111/.1095-8649.1999.
tb02067.x

Christensen C, Radford AN (2018) Dear enemies or nasty neigh-
bors? Causes and consequences of variation in the responses
of group-living species to territorial intrusions. Behav Ecol
29(5):1004-1013. https://doi.org/10.1093/beheco/ary010

Cleveland A (1999) Energetic costs of agonistic behavior in two
herbivorous damselfishes (Stegastes). Copeia 1999:857-867

Cowlishaw M (2014) Determinantes of home range and territory
size in coral reef fishes. PhD thesis, James Cook University.
Access from: http://researchonline.jcu.edu.au/40802/

Crosby MP, Reese E (1996) A manual for monitoring coral reefs
with indicator species: butterflyfishes as indicators of change
on Indo-Pacific reefs Silver Spring 45pp

Doutrelant C, McGregor PK, Oliveira RF (2001) The effect of an
audience on intrasexual communication in male Siamese
fighting fish, Betta splendens. Behav Ecol 12:283-286.
https://doi.org/10.1093/beheco/12.3.283

Earley RL, Tinsley M, Dugatkin LA (2003) To see or not to see:
does previewing a future opponent affect the contest behavior
of green swordtail males (Xiphophorus helleri)?
Naturwissenschaften 90:226-230. https://doi.org/10.1007
/s00114-003-0415-6

Enquist M, Leimar O, Ljungberg T, Mallner Y, Segerdahl N
(1990) A test of the sequential assessment game: fighting in
the cichlid fish Nannacara anomala. Anim Behav 40:1-14.
https://doi.org/10.1016/S0003-3472(05)80660-8


https://doi.org/10.1007/s10641-004-2587-0
https://repositorio.ufsc.br/handle/123456789/100442
https://repositorio.ufsc.br/handle/123456789/100442
https://doi.org/10.1016/j.physbeh.2011.03.009
https://doi.org/10.1016/j.physbeh.2011.03.009
https://doi.org/10.1006/anbe.2001.1851
https://doi.org/10.1006/anbe.2001.1851
https://doi.org/10.1038/s41598-018-36876-1
https://doi.org/10.1038/s41598-018-36876-1
https://doi.org/10.1016/j.anbehav.2008.06.017
https://doi.org/10.1016/j.anbehav.2008.06.017
https://doi.org/10.1016/j.anbehav.2008.08.018
https://doi.org/10.1007/s00338-007-0275-1
https://doi.org/10.1111/j.1095-8649.1999.tb02067.x
https://doi.org/10.1111/j.1095-8649.1999.tb02067.x
https://doi.org/10.1093/beheco/ary010
http://researchonline.jcu.edu.au/40802/
https://doi.org/10.1093/beheco/12.3.283
https://doi.org/10.1007/s00114-003-0415-6
https://doi.org/10.1007/s00114-003-0415-6
https://doi.org/10.1016/S0003-3472(05)80660-8

Environ Biol Fish

Eshel I, Sansone E (1995) Owner-intruder Confict: Grafen effect
and self-assessment. The Bourgeois Principle Re-Examined J
Theor Biol 177:341-356

Eurich JG, McCormick MI, Jones GP (2018) Habitat selection and
aggression as determinants of fine-scale partitioning of coral
reef zones in a guild of territorial damselfishes. Mar Ecol
Prog Ser 587:201-215

Ferreira CEL, Gongalves JEA, Coutinho R, Peret AC (1998)
Herbivory by the dusky damselfish Stegastes fuscus
(Cuvier, 1830) in a tropical rocky shore: effects on the
benthic community. J Exp Mar Biol Ecol 229:241-264.
https://doi.org/10.1016/S0022-0981(98)00056-2

Ferreira CEL, Floeter SR, Gasparini JL, Ferreira BP, Joyeux JC
(2004) Trophic structure patterns of Brazilian reef fishes: a
latitudinal comparison. J Biogeogr 31:1093-1106.
https://doi.org/10.1111/j.1365-2699.2004.01044

Fox SF, Baird TA (1992) The dear enemy phenomenon in the
collared lizard, Crotaphytus collaris, with a cautionary note
on experimental methodology. Anim Behav 44(4):780-782.
https://doi.org/10.1016/S0003-3472(05)80306-9

Frederich B, Parmentier E (2016) Biology of damselfishes. CRC
Press, Boca Raton

Frostman P, Sherman PT (2004) Behavioral response to familiar
and unfamiliar neighbors in a territorial cichlid,
Neolamprologus pulcher. Ichthyol Res 51(3):283-285.
https://doi.org/10.1007/s10228-004-0223-9

Gibson RN, Barnes M, Atkinson RJA (2001) Territorial
damselfishes as determinants of the structure of benthic com-
munities on coral reefs. Oceanogr Mar Biol 39:355-389

Grant JWA (1997) Territoriality. In: Godin J-GJ (ed) Behavioural
ecology of teleost fishes. Oxford University Press, New
York, NY, pp 81-103

Hata H, Ceccarelli DM (2016) Farming behaviour of territorial
damselfishes. In: Frederich B, Parmentier E (eds) Biology of
damselfishes. CRC Press, Boca Raton, pp 122—-152

Hata H, Kato M (2006) A novel obligate cultivation mutualism
between damselfish and Polysiphonia algae. Biol Lett 2:593—
596. https://doi.org/10.1098/rsbl.2006.0528

Hattori A, Shibuno T (2013) Habitat use and coexistence of three
territorial herbivorous damselfish on different-size patch
reefs. J Mar Biol Ass UK 93:2265-2272

Hixon MA, Brostoff WN (1983) Damselfish as keystone species
in reverse: intermediate disturbance and diversity of reef
algae. Science 220:511-513. https://doi.org/10.1126
/science.220.4596.511

Hsu Y, Wolf LL (1999) The winner and loser effect: integrating
multiple experiences. Anim Behav 57:903-910. https:/doi.
org/10.1006/anbe.1998.1049

Hsu Y, Earley RL, Wolf LL (2006) Modulating aggression
through experience. In: Brown C, Laland K, Krause J (eds)
Fish cognition and behaviour. Blackwell, Oxford, pp 96-118

Irving AD (2019, Environ Biol Fish) Intruder identity alters the
response of territorial damselfish protecting algal farms. 102:
1281-1289. https://doi.org/10.1007/s10641-019-00906-2

Itzkowitz M, Leiser J (1999) The benefits of dear enemy recogni-
tion in three-contender convict cichlid (Cichlasoma
nigrofasciatum) contests. Behaviour 136(8):983—1003.
https://doi.org/10.1163/156853999501685

Jan RQ, Ho CT, Shiah FK (2003) Determinants of territory size of
the dusky Gregory. J Fish Biol 63:1589-1597. https:/doi.
org/10.1111/1.1095-8649.2003.00270.x

Johnsson JI (1997) Individual recognition affects aggression and
dominance relations in rainbow trout, Oncorhynchus mykiss.
Ethology 103:267-282. https://doi.org/10.1111/j.1439-
0310.1997.tb00017.x

Jones GP (1992) Interactions between herbivorous fishes and
macro-algae on a temperate rocky reef. J Exp Mar Biol
Ecol 159:217-235. https://doi.org/10.1016/0022-0981(92
)90038-C

Keeley ER, Grant JWA (1993) Visual information, resource value,
and sequential assessment in convict cichlid (Cichlasoma
nigrofasciatum) contests. Behav Ecol 4:345-349.
https://doi.org/10.1093/beheco/4.4.345

Leiser JK (2003) When are neighbours ‘dear enemies’ and when
are they not? The responses of territorial male variegated
pupfish, Cyprinodon variegatus, to neighbours, strangers
and heterospecifics. Anim Behav 65(3):453-462.
https://doi.org/10.1006/anbe.2003.2087

Maher CR, Lott DF (1995) Definitions of territoriality used in the
study of variation in vertebrate spacing systems. Anim Behav
49:1581-1597. https://doi.org/10.1016/0003-3472(95)90080-2

Manso VAV (2003) Definigao dos pontos de contorno da linha de
preamar maxima atual do litoral do municipio de Ipojuca—
PE. 34p. Relatorio final, MMA/PNMA 1I-SECTMA 249p

Marden JH, Waage JK (1990) Escalated damselfly territorial
contests are energetic wars of attrition. Anim Behav 39:
954-959. https://doi.org/10.1016/S0003-3472(05)80960-1

McCormick MI, Meekan MG (2007) Social facilitation of selec-
tive mortality. Ecology 88(6):1562—1570. https://doi.
org/10.1890/06-0830

Menegatti JV, Vescovi DL, Floeter SR (2003) Interagdes
agonisticas e forrageamento do peixe-donzela, Stegastes
fuscus (Perciformes: Pomacentridae). Natureza on line 2:
45-50

Miklési A, Haller J, Csanyi V (1995) The influence of opponent-
related and outcome-related memory on repeated aggressive
encounters in the paradise fish (Macropodus Opercularis).
Biol Bull 188:83-88. https://doi.org/10.2307/1542070

Miklosi A, Haller J, Csanyi V (1997) Learning about the opponent
during aggressive encounters in paradise fish (Macropodus
opercularis L.): when it takes place? Behav Process 40:97—
105. https://doi.org/10.1016/S0376-6357(96)00755-3

Morris MR, Gass L, Ryan MJ (1995) Assessment and individual
recognition of opponents in the pygmy swordtails
Xiphophorus nigrensis and X. multilineatus. Behav Ecol
Sociobiol 37:303-310. https://doi.org/10.1007/BF00174134

Myrberg AA Jr, Thresher RE (1974) Interspecific aggression and
its relevance to the concept of territoriality in reef fishes. Am
Zool 14:81-96. https://doi.org/10.1093/icb/14.1.81

Noble GK (1939) The role of dominance in the social life of birds.
Auk 56:263-273. https://doi.org/10.2307/4079047

O'Connor KI, Metcalfe BN, Taylor AC (2000) Familiarity influ-
ences body darkening in territorial disputes between juvenile
salmon. Anim Behav 59:1095-1101. https://doi.org/10.1006
/anbe.2000.1401

O'Connor CM, Reddon AR, Ligocki IY, Hellmann JK, Garvy KA,
Marsh-Rollo SE, Hamilton IM, Balshine S (2015)
Motivation but not body size influences territorial contest
dynamics in a wild cichlid fish. Anim Behav 107:19-29

Osorio R, Rosa IL, Cabral HN (2006) Territorial defence by the
brasilian damselfish Stefates fuscus (Teleostei:
Pomacentridae). J Fish Biol 69:223-242

@ Springer


https://doi.org/10.1016/S0022-0981(98)00056-2
https://doi.org/10.1111/j.1365-2699.2004.01044
https://doi.org/10.1016/S0003-3472(05)80306-9
https://doi.org/10.1007/s10228-004-0223-9
https://doi.org/10.1098/rsbl.2006.0528
https://doi.org/10.1126/science.220.4596.511
https://doi.org/10.1126/science.220.4596.511
https://doi.org/10.1006/anbe.1998.1049
https://doi.org/10.1006/anbe.1998.1049
https://doi.org/10.1007/s10641-019-00906-2
https://doi.org/10.1163/156853999501685
https://doi.org/10.1111/j.1095-8649.2003.00270.x
https://doi.org/10.1111/j.1095-8649.2003.00270.x
https://doi.org/10.1111/j.1439-0310.1997.tb00017.x
https://doi.org/10.1111/j.1439-0310.1997.tb00017.x
https://doi.org/10.1016/0022-0981(92)90038-C
https://doi.org/10.1016/0022-0981(92)90038-C
https://doi.org/10.1093/beheco/4.4.345
https://doi.org/10.1006/anbe.2003.2087
https://doi.org/10.1016/0003-3472(95)90080-2
https://doi.org/10.1016/S0003-3472(05)80960-1
https://doi.org/10.1890/06-0830
https://doi.org/10.1890/06-0830
https://doi.org/10.2307/1542070
https://doi.org/10.1016/S0376-6357(96)00755-3
https://doi.org/10.1007/BF00174134
https://doi.org/10.1093/icb/14.1.81
https://doi.org/10.2307/4079047
https://doi.org/10.1006/anbe.2000.1401
https://doi.org/10.1006/anbe.2000.1401

Environ Biol Fish

Pagel M, Dawkins MS (1997) Peck orders and group size in laying
hens: futures contracts' for non-aggression. Behav Process
40:13-25. https://doi.org/10.1016/S0376-6357(96)00761-9

Pinheiro-da-Silva J, Silva PF, Nogueira MB, Luchiari AC (2016)
Sleep deprivation effects on object discrimination task in
zebrafish (Danio rerio). Anim Cogn 20(2):1-11. https:/doi.
org/10.1007/s10071-016-1034-x

Poulos DE, McCormick MI (2014) Who wins in the battle for
space? The importance of priority, behavioural history and
size. Anim Behav 90:305-314. https://doi.org/10.1016/j.
anbehav.2014.02.003

Pratchett MS, Hoey AS, Wilson SK, Hobbs J-PA, Allen GR
(2016) Habitat-use and specialisation among coral reef
damselfishes. In: Frederich B, Parmentier E (eds) Biology
of damselfishes. CRC Press, Boca Raton, pp 84121

Puckett KJ, Dill LM (1985) The energetics of feeding territoriality
in juvenile coho salmon (Oncorhynchus kisutch). Behaviour
92:97-111. https://doi.org/10.1163/156853985X00398

Pugh M (2005) Territorial habits of Stegastes fuscus. Texas A&M
University

Robertson DR (1996) Interspecific competition controls abun-
dance and habitat use of territorial Caribbean damselfishes.
Ecology 77:885-899. https://doi.org/10.2307/2265509

Robles LE, Cabaitan PC, Aurellado MEB (2018) Effects of com-
petition on the territorial behaviour of a farmer damselfish,
Plectroglyphidodon lacrymatus (Perciformes:
Pomacentridae). J Fish Biol 93:1197-1206

Sacki T, Sogawa S, Hotta T, Kohda M (2018) Territorial fish distin-
guish familiar neighbours individually. Behaviour 155(4):279—
293. https:/doi.org/10.1163/1568539X-00003489

Silva SE, Assuncao WRC, Duca C, Penha J (2009) Cost of
territorial maintenance by Parodon nasus (Osteichthyes:
Parodontidae) in a Neotropical stream. Neotrop Ichthyol 7:
677-682. doi.org/10.1590/S1679-62252009000400017

Smith JM, Parker GA (1976) The logic of asymmetric contests.
Anim Behav 24:159-175. https://doi.org/10.1016/S0003-
3472(76)80110-8

Sogawa S, Kohda M (2018) Tit for tat in the dear enemy relation-
ship between territorial females of a cichlid fish. Front Ecol
Evol 6:44. https://doi.org/10.3389/fevo.2018.00044

Sopinka NM, Donaldson MR, O’Connor CM, Suski CD, Cooke
SJ (2016) Stress indicators in fish. Fish Physiol 35:405-462.
https://doi.org/10.1016/B978-0-12-802728-8.00011-4

@ Springer

Souza LLG, Chellappa S, Gurgel HCB (2007) Biologia reprodutiva
do Peixe-donzela, Stegastes fuscus Cuvier, em Arrecifes
rochosos no nordeste do Brasil. Braz J Zool 24:419-425
https://doi.org/10.1590/S0101-81752007000200020

Steger R, Caldwell RL (1983) Intraspecific deception by bluffing:
a defense strategy of newly molted stomatopods
(Arthropoda: Crustacea). Science 221:558-560. https://doi.
org/10.1126/science.221.4610.558

Stoddard PK, Beecher MD, Horning CL, Campbell SE (1991)
Recognition of individual neighbors by song in the song spar-
row, a species with song repertoires. Behav Ecol Sociobiol
29(3):211-215. https://doi.org/10.1007/BF00166403

Svensson PA, Lehtonen TK, Wong BBM (2012) A high aggres-
sion strategy for smaller males. PLoS One 7(8):e43121.
https://doi.org/10.1371/journal.pone.0043121

Switzer PV (2004) Fighting behaviour and prior residency advantage
in the territorial dragonfly, Perithemis tenera. Ethol Ecol Evol
16:71-89. https://doi.org/10.1080/08927014.2004.9522655

Temeles EJ (1994) The role of neighbours in territorial systems:
when are they 'dear enemies'? Anim Behav 47(2):339-350.
https://doi.org/10.1006/anbe.1994.1047

Thresher RE (1976) Field experiments on species recognition by
the threespot damselfish, Eupomacentrus planifrons, (Pisces:
Pomacentridae). Anim Behav 24:562-569. https://doi.
org/10.1016/S0003-3472(76)80069-3

Utne-Palm AC, Hart PJ (2000) The effects of familiarity on
competitive interactions between threespined sticklebacks.
Oikos 91:225-232. https://doi.org/10.1034/j.1600-
0706.2000.910203.x

Wellington GM (1982) Depth zonation of corals in the Gulf of
Panama: control and facilitation by resident reef fishes. Ecol
Monogr 52(3):224-241. https://doi.org/10.2307/2937329

Young T, Walker SP, Alfaro AC, Fletcher LM, Murray JS,
Lulijwa R, Symonds R (2019) Impact of acute handling
stress, anaesthesia, and euthanasia on fish plasma biochem-
istry: implications for veterinary screening and metabolomic
sampling. Fish Physiol Biochem 45:1485—1494. https://doi.
0rg/10.1007/s10695-019-00669-8

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.


https://doi.org/10.1016/S0376-6357(96)00761-9
https://doi.org/10.1007/s10071-016-1034-x
https://doi.org/10.1007/s10071-016-1034-x
https://doi.org/10.1016/j.anbehav.2014.02.003
https://doi.org/10.1016/j.anbehav.2014.02.003
https://doi.org/10.1163/156853985X00398
https://doi.org/10.2307/2265509
https://doi.org/10.1163/1568539X-00003489
http://doi.org/10.1590/S1679-62252009000400017
https://doi.org/10.1016/S0003-3472(76)80110-8
https://doi.org/10.1016/S0003-3472(76)80110-8
https://doi.org/10.3389/fevo.2018.00044
https://doi.org/10.1016/B978-0-12-802728-8.00011-4
https://doi.org/10.1590/S0101-81752007000200020
https://doi.org/10.1126/science.221.4610.558
https://doi.org/10.1126/science.221.4610.558
https://doi.org/10.1007/BF00166403
https://doi.org/10.1371/journal.pone.0043121
https://doi.org/10.1080/08927014.2004.9522655
https://doi.org/10.1006/anbe.1994.1047
https://doi.org/10.1016/S0003-3472(76)80069-3
https://doi.org/10.1016/S0003-3472(76)80069-3
https://doi.org/10.1034/j.1600-0706.2000.910203.x
https://doi.org/10.1034/j.1600-0706.2000.910203.x
https://doi.org/10.2307/2937329
https://doi.org/10.1007/s10695-019-00669-8
https://doi.org/10.1007/s10695-019-00669-8

	Fighting off the intruder: context-dependent territory defence in the damselfish Stegastes fuscus
	Abstract
	Introduction
	Materials and methods
	Natural environment sampling
	Studied area
	Behavioural recordings
	Territory size estimation

	Controlled condition sampling
	General procedures

	Experimental design
	Behavioural analysis
	Statistical analysis

	Results
	Natural environment sampling
	Controlled condition sampling

	Discussion
	References


