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INTRODUCTION

Partitioning of space and other critical resources
theoretically facilitates the coexistence of ecologi-
cally similar species in natural communities (Mac -
Arthur 1958, Schoener 1974, Connell 1978). Inter -
actions among ecologically similar species, often
congenerics, can directly influence their local distri-
bution and can result in ecological separation among

habitats or along environment gradients (Connell
1983, Schoener 1983, Hixon & Johnson 2009). How-
ever, differences in species distributions along eco-
logical gradients may also arise as each species inde-
pendently becomes adapted to different local biotic
and abiotic conditions, even without the influence of
interspecific competition (Connell 1978, Ross 1986,
Gaston 1996, Lomolino et al. 2010). Some of the most
conspicuous patterns of apparent ecological parti-
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tioning occur along steep physical gradients such
as altitude, latitude, and depth (Hawkins 1999, Jan -
kowski et al. 2015). Similar species may use different
resources along these gradients to minimize compe-
tition, and dominant species may exclude others from
preferred zones (Connell 1983, Schoener 1983).
However, differences in distributions may also reflect
species-specific differences in habitat preferences
and degrees of habitat specialization. Studies that
combine patterns of habitat selectivity and interspe-
cific interactions can together help define the mech-
anistic drivers underlying the (often distinct) bound-
aries between species along important ecological
gradients.

Ecological partitioning is recognized to be a core
mechanism structuring coral reef fish assemblages,
but its role is controversial (Bonin et al. 2015). Early
studies stressed intense interspecific competition for
living space as the main driver behind niche parti-
tioning (Smith & Tyler 1972, 1973, Smith 1978). How-
ever, the apparent instability of reef communities
sparked an early and founding debate on species co-
existence. Sale (1976, 1977, 1978) stressed that a high
degree of overlap in ecological niches and  stochastic
recruitment events sustains species co-existence.
This ‘lottery hypothesis’ argued that space is the lim-
iting resource and that species with similar niche re-
quirements and competitive abilities could coexist
through chance colonization of vacant space after a
random gain or loss occurs. Other studies suggested
that predation maintains populations below carrying
capacity and limits the need for immense competition
(Talbot et al. 1978). The ‘neutral model’ furthered the
debate by accepting that a lottery for space at recruit-
ment exists but proposed that biodiversity is main-
tained by chance variations in demographic and evo-
lutionary rates (Bell 2000, Hubbell 2001). This theory
was subsequently classified into competition models
based on stabilizing mechanisms (‘niche theory’) and
fitness equivalence (‘neutral theory’) to explain the
coexistence of competing species (Adler et al. 2007,
Bode et al. 2012). Studies suggest that aspects of both
niche and neutral processes  can change through on-
togeny within a species and may operate in many
communities simultaneously (Schmitt & Holbrook
1999, Munday et al. 2001, Gravel et al. 2006, Pereira
et al. 2015). However, the ongoing debate on the
mechanisms of coexistence has been largely pursued
in the absence of detailed information on the extent of
habitat partitioning or knowledge of species-level in-
teractions (Gravel et al. 2011, Connolly et al. 2014).

There is now a large body of empirical evidence
that the distributions of coral reef fishes are con-

strained across broad habitat zones, with characteris-
tic distributions along the reef flat and reef crest habi-
tats and down the reef slopes. Distinctive patterns of
zonal distribution are a feature of many reef fish fami-
lies (Bouchon-Navaro 1980, 1981, Russ 1984, Fowler
1990, Williams 1991). Within these families of fishes,
some members are widely distributed and act as gen-
eralists, whereas others have restricted distributions
and are more specialized (Fishelson 1980, Williams
1991). This range of niches and specialization has re-
sulted in increased habitat partitioning and the need
for further ecological separation due to limited re-
source availability (Connell 1978, Ross 1986, Lomolino
et al. 2010). Few coral reef studies provide evidence
of habitat specialization as a means to facilitate distri-
butional patterns among ecologically similar species
(but see Meekan et al. 1995, Bay et al. 2001, Dirn-
wöber & Herler 2007). However, habitat partitioning
has been widely de scribed for a variety of reef fishes
across multiple tropical re gions (Doherty 1983, Robert-
son & Gaines 1986, Wainwright 1988, Shpigel & Fishel-
son 1989, reviewed by Williams 1991). Thus, ecologi-
cally similar species should facilitate coexistence
through the partitioning of habitat and space when
constrained by physical zones. When resources and
space are limited, competitive interactions further in-
fluence spatial distributions (Robertson & Gaines
1986, Srinivasan et al. 1999, Pratchett et al. 2008,
Kane et al. 2009, Mc Cormick & Weaver 2012). How-
ever, the majority of evidence for mobile reef fish spe-
cies has involved measuring pairwise interactions
and not competitive networks within a community
(reviewed by Bonin et al. 2015). Studies that docu-
ment microhabitat use and partitioning among com-
peting species have largely focused on coral gobies
and blennies as study organisms (Munday et al. 2001,
Hobbs & Munday 2004, Munday 2004, Dirnwöber &
Herler 2007, Me deiros et al. 2014, Pereira et al. 2015).
Few studies have documented the distribution within
reef zones and fine-scale microhabitat use of compet-
ing territorial damselfish and the extent to which ag-
gressive interactions play a role in influencing these
abundance patterns.

Territorial damselfish provide an ideal model for
such studies. For most damselfishes, ecological para -
meters can be effectively obtained due to their highly
site-attached habits and territorial behaviour. Fur-
thermore, patterns of distribution among reef zones
(Williams 1991, Meekan et al. 1995, Robertson 1995,
1996, Ceccarelli et al. 2001, Bay et al. 2001, Cecca-
relli 2007, Chaves et al. 2012) and microhabitat parti-
tioning (Robertson & Lassig 1980, Waldner & Robert-
son 1980, Robertson 1984, 1996, Medeiros et al. 2010,
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2016, Leal et al. 2015) have been well documented
within the guild. Aggression and interspecific com-
petition has also been found to structure these pat-
terns and limit subordinate abundances (Robertson &
Lassig 1980, Ebersole 1985, Robertson 1995, 1996).
Very few studies couple experimental evidence of
aggressive interactions and habitat partitioning within
the guild of coral reef territorial damselfish (but see
Bay et al. 2001, Medeiros et al. 2010).

In this article we document the extent to which
habitats are partitioned in a guild of territorial dam-
selfish. We then examine the importance of microhabi-
tat selectivity and agonistic interactions as potential
determinants of spatial segregation between neigh-
bouring species. We focused on 7 species of territorial
damselfish that are commonly found in Kimbe Bay,
West New Britain, Papua New Guinea (PNG) along a
gradient that extends from the reef flat to the reef
crest and down the reef slope. We explored the fol-
lowing 3 predictions: (1) Species should partition space
along this ecological gradient. (2) Species found in the
same reef zones would show elevated levels of micro-
habitat partitioning. (3) There would be elevated lev-
els of aggression be tween adjacent species on a habi-
tat gradient that may explain the high degree of space
and microhabitat partitioning within the guild.

MATERIALS AND METHODS

Study site and species

This study was conducted in Kimbe
Bay on the northern coast of West New
Britain in PNG (Fig. 1; 5° 30’ S, 150°
05’ E). Kimbe Bay lies within the Coral
Triangle of the Indo-Pacific, the region
recognized for the highest coral reef
biodiversity (Roberts et al. 2002). Over
800 species of reef fishes and some 300
species of corals are re corded in this
region (Spalding et al. 2001, Mani-
wavie et al. 2000). The study sites had
a particularly high density and diver-
sity of small, shallow-water territorial
damselfish that form the focus of this
study. All research was conducted on
inshore platform reefs (<2 km from
shore), which extend down to depths
of  >100 m, rendering them geograph-
ically isolated for the species of inter-
est in this study. The reefs can be
clearly divided into typical coral reef

zones, comprising reef flat (which breaks the surface
at low tide), reef crest, and reef slope habitats
(Table 1; Berkström et al. 2012). Community struc-
ture, species distribution, microhabitat preference,
and data on ag gressive interactions were collected
from 3 reef sites (Garbuna, Hanging Gardens, and
Luba Luba) from 2014 to 2015.

Seven species of territorial damselfish are com-
monly found in Kimbe Bay along a gradient that
extends from the reef flat to the reef crest and down
the reef slope in the respective order (maximum size
from Allen et al. 2003, Randall 2005); Pomacentrus
tripunctatus (10 cm), Chrysiptera unimaculata (8 cm),
Pomacentrus bankanensis (10 cm), Pomacentrus
adelus (8.5 cm), Plectroglyphidodon lacrymatus
(10 cm), Neoglyphidodon nigroris (11 cm), and Poma-
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Fig. 1. Location of Kimbe Bay, West New Britain, Papua New Guinea, and the 
3 reef sites (Gabuna, Hanging Gardens and Luba Luba)

Zone (depth)                 Dominant substrate

Reef flat (0.5−1.5 m)     Macroalgae, some live, dead hard
coral, and soft coral, some rubble,
little sand

Reef crest (1−2 m)        Live, dead hard coral, and soft
coral, little rubble

Reef slope (2−8 m)       Live, dead hard coral, and soft
coral, rubble, some sand

Table 1. Definition and categorization of reef zones. Differ-
ences in depth represent tidal flux and changes in aspect
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centrus burroughi (8 cm). All 7 species are known to
inhabit discrete territories (mean 1−1.5 m2 territory
sizes per individual), which they defend from con-
specifics, congenerics, and other grazers, and which
account for a substantial proportion of the substratum
(Ceccarelli 2007). They are highly aggressive and are
commonly seen defending, charging, and engaging
in territorial displays with associated species. Other
pomacentrid species (planktivorous damselfish) oc -
curred within the study area but were not associated
with the microhabitats used by the territorial species.
Additionally, no direct interactions were observed in
preliminary observations. Thus, other damselfish were
omitted from analysis.

Damselfish distribution

The horizontal and vertical distribution of the 7
damselfish species across the reef flat, reef crest and
reef slope were recorded from systematic searches in
which the positions of all individuals were recorded.
The observer slowly searched a 40 m wide strip of reef
from 20 m down the reef slope (starting deep and
moving to shallow) up the reef crest and back to the
reef flat ending at the sand sloping back reef. Prior to
the census, a diver laid out a 40 m transect tape paral-
lel to the reef crest. From each end point, perpendicu-
lar transects were laid: (1) down the reef slope, and (2)
from the reef crest back to the reef flat until the sand
sloping back reef was reached. The perpendicular
transect tapes were marked every 2 m using flagging
tape for reference. This enabled vertical positions to
be recorded down to a scale of 1 m. This search zone
covered the entire reef profile and all zones (reef flat;
reef crest; reef slope) occupied by territorial dam-
selfish. The profile was further categorized into 3 sub-
zones (back/upper; mid; front/ lower) within each of
the 3 habitat zones based on the aspect, depth, and dis-
tance relative to the reef crest (Table 1). During the
search, the observer (J. G. Eurich) swam at a constant
depth parallel to the reef crest zig-zagging shallower
in 2 m vertical increments within the survey area.
Species identity, size, life stage, reef zone, subzone,
and depth were recorded within each contiguous 2 m
transects. Searches were repeated at 3 different loca-
tions per reef for each replicate reef (n = 9).

Microhabitat use, availability, and selectivity

Microhabitat use was recorded for each fish ob -
served as the substrate directly beneath an individ-

ual when it was first noticed. For analysis, substratum
was classified as one of 8 microhabitat categories: (1)
hard corals; recorded by growth form but pooled
as live coral for the purpose of this study, (2) non-
 biological substrate (e.g. sand, boulder), (3) sediment
or detritus, (4) rubble (incl. fragments of dead coral),
(5) turf algae, (6) Turbinaria sp., (7) Padina sp., or (8)
other (e.g. dead standing coral, other macroalgae,
crustose-coralline algae, Fungia spp., sponges, and
bi valves). For the purpose of this study, we used the
definition of turf algae from Hay (1981) as masses of
tightly packed upright branches that were dominated
by filamentous species. If any points had multiple
categories within the area, the majority was chosen.
All surveys were conducted on SCUBA at mid or
high tide by one observer (J. G. Eurich).

The availability of the different microhabitats at
each site (n = 9) was quantified by a series of 10 m
transects parallel to the crest at 2 m vertical intervals
within the damselfish survey area. A total of 12 tran-
sects per site were used with 4 on the slope, 4 on the
crest, and 4 on the reef flat. Benthos was recorded for
each reef subzone using the random intercept point
method (n = 80 points zone–1 site–1; Jones et al. 2004).
Substratum was classified into the same 8 categories
as used in the microhabitat use surveys.

Microhabitat selectivity was estimated by calculat-
ing Manly’s resource selection ratios (Manly et al.
2002) based on the estimates of habitat use and avail-
ability from independent animals with equal access
to resource units. Manly’s resource selection ratio
was chosen due to the ability to quantify microhabi-
tat use at the population level from individual-spe-
cific data. The resource selection ratios (ŵi = oi / πi)
were used to determine whether a species used a
microhabitat type more or less frequently than ex -
pected based on their availability, where oi is the pro-
portion of fishes on category i, and πi is the propor-
tion of microhabitat i available (for full equations and
explanations see Manly et al. 2002). Microhabitat
availability data were merged across replicate ben-
thic transects to estimate overall percent cover by zone,
and the mean of the 3 reefs was used in calculations,
as there was no site difference (by ANOVA, χ2 (df 2)
= 2.427, p = 0.297; Table S1 in the Supplement at
www. int-res. com/ articles/ suppl/ m587 p201_ supp. pdf).
To quantify species-level microhabitat selectivity,
only microhabitat types (grouped into the above cat-
egories) that were occupied by the fish species were
used and unused categories were omitted from the
analysis. To allow multiple comparisons between
micro habitat types, a Bonferroni-corrected 95% con-
fidence interval was calculated for each selection

http://www.int-res.com/articles/suppl/m587p201_supp.pdf


Eurich et al.: Fine-scale partitioning of territorial damselfish

ratio (Manly et al. 2002). A confidence interval con-
taining the value of 1 indicates that a microhabitat is
used in proportion to its availability (i.e. 1:1 or non-
significant). A confidence interval which spans greater
or less than 1, but does not include 1, indicates that a
microhabitat is se lected or avoided, respectively,
than expected by its availability in the study area
(Manly et al. 2002).

Agonistic interactions

A field experiment was used to quantify levels of
aggression within and among species as a potential
determinant of spatial segregation between neigh-
bouring species. The levels of aggression toward the
intruding stimulus-individuals were assessed using a
‘bottle’ experiment (Myrberg & Thresher 1974), fol-
lowing Draud & Itzkowitz (1995), Sale et al. (1980),
Harrington (1993), and Osório et al. (2006). However,
similar to Bay et al. (2001), a plastic bag was used
instead of a glass bottle to allow the intruding indi-
vidual more volume, thereby decreasing stress, and
to minimize visual distortion of the fish within the
bag. In the present study, ‘stimulus’ fish were placed
in bags inside the territories of a ‘response’ fish, and
the intensity of response by the resident towards the
stimulus was quantified (Fig. S1 in the Supplement).
Using this methodology, Osório et al. (2006) demon-
strated similar results in the aquarium and field. In
the present study, a field experiment was chosen
over a laboratory study to limit the stress and manip-
ulation of the fishes and to maintain natural variables
that may influence fish behaviour. In the field a resi-
dent species can engage in shelter and habitat main-
tenance, defecation, foraging, and other activities in
addition to territorial defence. While the relative re -
sponse towards intruding species is unlikely to be
influenced by the experimental design (Osório et al.
2006), the magnitude of response and rates of agonis-
tic interactions are more representative of natural
conditions when executed in the field.

The stimulus fishes were captured using hand nets
and clove oil (50 ml in 100 ml 95% ethanol with
350 ml seawater) as an anaesthetic and kept in a
holding tank for 15−30 min prior to use to regain nor-
mal behaviour and colour. If the fish did not return to
a natural state post-anaesthesia it was released and
not used. Fish were held for a maximum duration of
4 h. For each trial, a single adult of each stimulus spe-
cies was then placed into a sealed 9 l seawater-filled
transparent plastic bag. A pilot study indicated that
the presence of a diver observing the trial affected

interactions and thus all trials were recorded on
video using tripods with the diver not present. Before
initiating the experiments, each resident species was
observed for 4−5 min to establish the boundaries of
the territory, neighbouring species, and to allow the
resident damselfish species to acclimate to the tripod
prior to the experimental trial start time. The diver
then introduced the stimulus individual into the cen-
tre of the territory, secured the bag to the substratum
via rubber band, and immediately vacated the area.
The re sident responses were recorded for 5 min with
a video camera (GoPro). The videos were analysed
and the frequency and intensity of the territory
holder’s behavioural interactions were quantified
and categorized based on the severity of the re -
sponse (Table 2). If at any point during a trial the
stimulus individual exhibited irregular or stressed
behaviour, colour changes, or exerted aggression
back to resident, the trial was abandoned and omit-
ted from the analysis. However, this rarely oc curred,
with most stimulus individuals swimming from side
to side within the bag.

The sampling design included 56 different combi-
nations of stimulus and response treatments. Eight
different stimuli (conspecific, 6 other species, and an
empty bag control) were replicated 10 times each for
the 7 species of interest (n = 560). Each trial was con-
ducted using a different resident species. After each
trial, the stimulus species (i.e. fish in the bag) was given
fresh seawater and a 2−3 min break before being
used in another trial. If the stimulus species did not
resume normal behaviour within 5 min, the stimulus
species was released and a new individual was used.

Statistical analysis

To describe the distribution of the 7 damselfish spe-
cies across reef zones and sites, abundance and loca-
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Category                Behaviour

1. Investigation     Non-aggressive change of behaviour,
movement towards the bag with lim-
ited action and no further attention;
inspection

2. Display               Fin flare, tail flick, body oscillation;
directed colour change

3. Charge               Aggressive quick movement towards
the bag to an abrupt stop before contact

4. Bite                     Contact of mouth with the bag

Table 2. Definitions of behavioural interactions used to
quantify aggression between resident and stimulus species
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tion within the reef profile was compared among
adult individuals only. Due to irregular recruitment
pulses during the survey periods, a lack of territorial-
ity or aggression towards recruits from adults in pre-
liminary observations, and because recruits occupied
the same distribution as their re spective adults, re -
cruits and sub-juveniles (<1.5 cm) were omitted from
the analysis. Because we were unable to determine a
transformation for the data that clearly met parametric
assumptions, we used the nonparametric Kruskal-
Wallis 1-way ANOVA (Zar 1999). A Bonferroni cor-
rection of alpha levels was made to adjust for the
number of comparisons made. For substrate and mi-
crohabitat availability (used for microhabitat use), a
binomial generalized linear mixed model was used to
evaluate the effects of zone and site using the R pack-
age ‘car’ (Crawley 2007, Fox & Weisberg 2011, R De-
velopment Core Team 2013). ‘Replicates’ within reef
site and transects was considered a random factor in
the mixed model using the R package ‘lme4’ (Bates et
al. 2011). For substrate and microhabitat availability,
a full model was fitted with all explanatory variables
(depth and transect) and inter-
actions (reef zone and site).
From this full model, we subse-
quently generated simpler mod-
els and used the Akaike infor-
mation criterion (AIC) to choose
the most parsimonious model
with the lowest AIC (Table S2 in
the Supplement). While all com-
parisons involved re plicate fish
and benthic microhabitat sam-
pled from 3 different reefs, data
were pooled for graphical pres-
entation and final analysis
where there were no differences
among reefs.

Trials for the stimulus-related
ag gression were analyzed sepa-
rately by resident species using
a generalized linear model to
test for differences be tween: (1)
neighbouring and non-neigh-
bouring species, and (2) con-
specifics and heterospecifics.
Despite omitting control trials
for analysis, the distributions of
the variables obtained were sig-
nificantly different from normal-
ity (Kolmogorov− Smirnov test,
p < 0.05) due to high levels of
Category 2 aggression and low

levels of Category 4 aggression for some species.
Therefore, the parameter estimates, coefficients, and
95% likelihood profile confidence intervals for the
model were fitted using a negative binomial family
for overdispersion (using Pearson goodness-of-fit for
dispersion statistic) within the ‘glm.nb’ function in R
(Venables & Ripley 2002, R Development Core Team
2013). Differences in levels of aggression towards
stimulus species were tested using ANOVA.

RESULTS

Habitat partitioning

The distribution and relative abundance of adult
damselfish differed markedly among the 3 reef zones
and subzones, with minimal overlap among species
(Fig. 2; Table 3). There were significant differences
in abundance among zones for all species, with no
significant differences among sites (Table 4). All 7
species occupied a distinct subzone within the reef
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Fig. 2. Distribution of adult territorial damselfish by (a) proportion of individuals across
the reef zones (RF: reef flat; RC: reef crest; RS: reef slope) and related linear subzones
(back/upper; mid, denoted in figure by bolded zone; front/lower) (b) reef profile cross-
section. Proportion of individuals based on pooled populations from all sites (n = 3) for
each subzone. Subzone spacing and distance from reef crest is averaged across sites.
Reef slope wall is omitted from reef profile depiction. Species: Pomacentrus tripuncta-
tus, Chrysiptera unimaculata, Pomacentrus bankanensis, Pomacentrus adelus, Plectro-

glyphidodon lacrymatus, Neoglyphidodon nigroris, Poma centrus burroughi
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flat, reef crest, and reef slope. The reef flat was
 dominated by Pomacentrus tripunctatus (p = 0.022)
and Chrysiptera unimaculata (p = 0.022), with further
partitioning into the subzones reef flat back and reef
flat mid, respectively (Fig. 2). The population of
Poma centrus bankanensis also was mainly restricted
to the reef flat front, directly in front of C. unimacu-
lata with minimal overlap, and the reef crest back
(p = 0.053). Pomacentrus adelus occupied the broad-
est range of any species and occurred in all 3 zones,
with no significant differences among zones (p =
0.269). However, despite a non-significant pattern
when comparing between zones, P. adelus did show

a unique bimodal distribution at the subzone level. It
occupied the reef flat front with P. bankanensis and
the upper reef slope with Neoglyphidodon nigroris,
with reduced densities around the main reef crest.
Plectroglyphidodon lacrymatus was exclusively found
on the reef crest and its abundance was inversely
proportional to the abundance of P. adelus (p =
0.055). The reef slope (mid to lower) was almost
entirely occupied by N. nigroris until ~5 m depth,
where Pomacentrus burroughi became prevalent.
The 2 reef slope species had minimal overlap and
were exclusive to these zones on all sites (p = 0.023
and p = 0.021, respectively).

Microhabitat use and selectivity

The microhabitats used by 1269 damselfish were
recorded and compared to availability to determine
selectivity (Text S1 & Fig. S2 in the Supplement). All
species positively selected rubble, although strength
of selectivity varied (Fig. 3). Conversely, the pooled
category ‘other’ of limited or rare substrate types (i.e.
dead coral, CCA, Fungia, sponges, and macroalgae)
was either unused or non-significant for all species.
All other microhabitat categories differed among
species, particularly between neighbouring species
that occured within the same zone.

Other than an avoidance for live coral, the reef flat
species markedly differed in microhabitat selectivity.
The population of P. tripunctatus was positively asso-
ciated with multiple different substrate types (Fig. 3a).
P. tripunctatus actively selected non- biological sub-
strate (predominantly fine sand and bare rock), sedi-
ment, rubble, Turbinaria, and Padina, and avoided
turf. There was no trend towards a specific micro-
habitat type as the population was distributed equiv-
alently amongst 6 out of the 8 microhabitat types
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                          P. trip               C. unim              P. bank               P. adel                Pl. lacr               N. nigr               P. burr

P. trip                                       73.3 ± 27.7           8.7 ± 4.3             8.7 ± 4.3                 0.0                       0.0                       0.0
C. unim         55.0 ± 21.7                                     39.0 ± 20.0           6.0 ± 3.0                 0.0                       0.0                       0.0
P. bank           5.3 ± 2.7           25.7 ± 13.7                                     61.0 ± 20.6         40.0 ± 23.7           0.7 ± 0.3                 0.0
P. adel             1.7 ± 0.8             3.3 ± 1.7           46.3 ± 23.4                                     74.0 ± 17.9          12.3 ± 9.4            1.7 ± 0.8
Pl. lacr                 0.0                 2.3 ± 1.2           55.0 ± 23.7          93.3 ± 1.9                                       10.0 ± 7.2                 0.0
N. nigr                 0.0                       0.0                       0.0               23.3 ± 16.9           7.7 ± 2.7                                       67.7 ± 13.6
P. burr                 0.0                       0.0                       0.0                 4.3 ± 2.3             1.7 ± 0.8            97.3 ± 2.7                   

Table 3. Pairwise percent overlap in distribution of damselfish. Mean (±SE) percent overlap between sites (n = 3) of the total
population (row) relative to other species (column). Count data was pooled by subzone. If 2 species occurred within the same
subzone they were categorized as overlapping. P. trip: Pomacentrus tripunctatus, C. unim: Chrysiptera unimaculata, P. bank:
Pomacentrus bankanensis, P. adel: Pomacentrus adelus, P. lacr : Plectroglyphidodon lacrymatus, N. nigr: Neoglyphidodon 

nigroris, P. burr : Pomacentrus burroughi

Source                                             χ2             df             p

Pomacentrus tripunctatus
Zone                                              7.623           2          0.022
Site                                                0.125           2          0.939

Chrysiptera unimaculata
Zone                                              7.623           2          0.022
Site                                                0.125           2          0.939

Pomacentrus bankanensis
Zone                                              5.843           2          0.053
Site                                                1.382           2          0.501

Pomacentrus adelus
Zone                                              2.621           2          0.269
Site                                                1.681           2          0.432

Plectroglyphidodon lacrymatus
Zone                                              5.793           2          0.055
Site                                                0.276           2          0.870

Neoglyphidodon nigroris
Zone                                              7.513           2          0.023
Site                                                0.301           2          0.860

Pomacentrus burroughi
Zone                                              7.623           2          0.021
Site                                                0.125           2          0.939

Table 4. Kruskal-Wallis testing for differences in distribution 
of the 7 species across reef zone and site
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recorded. C. unimaculata, the other main occupier on
the reef flat, differed significantly from P. tripuncta-
tus in its microhabitat preference (Fig. 3a). Unlike
P. tripunctatus, the majority of the population was ex -
clusively on one microhabitat type, with 66.1% of the
individuals observed on rubble. The only other posi-
tive association was with sediment, which was not
observed frequently on benthic transects and was
found in close proximity to rubble. All other micro-
habitat types were either unused or used in propor-
tion to availability.

Of the 3 reef crest-associated spe-
cies, P. bankanensis and P. adelus
overlapped in microhabitat prefer-
ences and use (Fig. 3b). Both species
heavily selected rubble, with 58.0 and
68.3% of the total population (respec-
tively) using rubble and showed a
preference for non-biological substrata,
which mainly comprised of sand and
bare rock in gutters or channels
through the crest (J. G. Eurich pers.
obs.). Both species actively avoided live
coral and turf, despite these being
abundant substrate categories with
29.6 and 22.9% of total cover, respec-
tively. Additionally, P. adelus, the only
species to occur in more than one zone,
occupied the same microhabitats in
equal proportion with or without the
presence of P. bankanensis (Fig. 4).
Plectroglyphidodon lacrymatus differed
substantially in microhabitat use and
selectivity compared to Pomacentrus
bankanensis and P. adelus (Fig. 3b).
The majority of individuals were found
associated with turf (80.7% of the pop-
ulation), with only a small number on
rubble (13.7%).

On the reef slope, N. nigroris dis-
played similar preferences to Plectro-
glyphidodon  lacrymatus, with a strong
preference for rubble (39.5% of the
population) and turf (44.3%; Fig. 3c).
Live coral was avoided despite cover-
ing 32.5% of the area. Pomacentrus
burroughi, the deepest-oc curring spe-
cies at the base of the reef slope,
shared a microhabitat preference for
rubble (38% of the population) with N.
nigroris, but also actively chose sedi-
ment (26.8%; Fig. 3c). Turf was actively
avoided, with only 7.8% of the popula-

tion observed on this category despite 13.8% benthic
cover on the reef slope.

Agonistic interactions

The levels of aggression displayed against a neigh-
bouring species were significantly higher than non-
neighbouring species for all 7 species (Table 5 &
Fig. 5a; Table S3 in the Supplement). Reef flat species,
P. tri punctatus (p < 0.0001) and C. unimaculata (p <
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Fig. 3. Microhabitat use of (a) reef flat species, (b) reef crest species, and (c)
reef slope species. Resource selection: (+) microhabitat was selected more than
available, (−) microhabitat was selected less than available, i.e. avoided, (NS)
microhabitat was used in proportion to availability with no clear selection, and 

(U) microhabitat was never used. See Table 4 for full species names



Eurich et al.: Fine-scale partitioning of territorial damselfish

0.0001), and the deeper reef slope species, P. bur-
roughi (p < 0.0001) displayed significantly more
aggression towards neighbouring species, but exhib-
ited lower aggressive interactions than the reef crest
species at ≤8.3 mean interactions per trial. The spe-
cies situated near the reef crest also showed signifi-
cantly higher mean aggression towards neighbour-
ing species when compared to non-neighbouring
species but at a higher intensity of ≥8.6 mean inter -

actions per trial when compared to the reef flat and
reef slope species. However, P. bankanensis (p =
0.011) and N. nigroris (p < 0.0001) were more aggres-
sive towards neighbouring species on average (27.4
and 21.3 mean interactions per trial, respectively)
than Plectroglyphidodon lacrymatus (p = 0.029) or
Pomacentrus adelus (p < 0.0001; 14.8 and 8.6 mean
interactions per trial, respectively).

For all species, a conspecific stimulus species
elicited a significantly greater amount of aggression
than heterospecific stimulus species (Table 5 & Fig. 5b;
Table S3). Furthermore, hetero specific stimulus spe-
cies rarely lead to a charge or bite by the focal resi-
dents. Relative to other species, the reef flat species
P. tripunctatus and C. unimaculata exhibited the low-
est aggression. Despite still showing significantly
higher aggression towards conspecifics (p = 0.002
and p < 0.0001, respectively), their mean numbers of
aggressive behaviours were 1 to 2 magnitudes less
than the reef crest and reef slope species. Con-
versely, the highest levels of ag gression towards con-
specifics were observed on the reef crest. P. banka-
nensis showed the highest rate and variability of
aggressive behaviours, ranging from 25−65 inter -
actions per trial towards conspecifics and 5−20 inter-
actions per trial towards heterospecifics (p < 0.0001).
For all species, negligible interactions were made
towards the control other than rare single investiga-
tions (Category 1) immediately following bag place-
ment (Table S4 in the Supplement).

DISCUSSION

This study provides evidence for fine-scale parti-
tioning of coral reef zones in a guild of territorial
damselfish on a high-diversity coral reef. Distribution
patterns were characterized by a distinct zonation
parallel to the reef crest that saw all 7 resident spe-
cies restricted to subzones of just a few meters wide
along the reef flat, reef crest, and upper reef slope.
Each species had a unique distribution with a rela-
tively small overlap between neighbouring species.
These distributions were clearly linked to levels of
microhabitat selectivity and aggression between spe-
cies. When the distribution of species overlapped,
these species exhibited a marked difference in
microhabitat use and selectivity. Adjacent species
exhibited intense aggression towards one another
compared with species separated from one another.
We argue aggression plays an important role in rein-
forcing the patterns of habitat partitioning. Our
research demonstrates that when exploring coexis-
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Fig. 4. Microhabitat use by Pomacentrus adelus when spatial
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(black bars, n = 109) with P. bankanensis. Turbinaria and
Padina were omitted from presentation as the microhabitats 

were never used

Source                                                χ2          df            p
                                                                                        
Pomacentrus tripunctatus
Conspecific                                     9.909        1         0.002
Neighbours                                    20.630       1       <0.0001

Chrysiptera unimaculata
Conspecific                                    20.842       1       <0.0001
Neighbours                                    23.532       1       <0.0001

Pomacentrus bankanensis
Conspecific                                    18.907       1       <0.0001
Neighbours                                     6.461        1         0.011

Pomacentrus adelus
Conspecific                                     7.986        1         0.004
Neighbours                                    15.459       1       <0.0001

Plectroglyphidodon lacrymatus
Conspecific                                     5.589        1         0.018
Neighbours                                     4.754        1         0.029

Neoglyphidodon nigroris
Conspecific                                    22.475       1       <0.0001
Neighbours                                    21.762       1       <0.0001

Pomacentrus burroughi
Conspecific                                    43.852       1       <0.0001
Neighbours                                    34.464       1       <0.0001

Table 5. Results of ANOVAs on differences between the
level of aggression towards conspecific and heterospecific
stimulus species, and neighbouring and non-neighbouring 

stimulus species



Mar Ecol Prog Ser 587: 201–215, 2018

tence in adult reef fish communities, the traditional
niche mechanisms operate alongside competitive
dynamics, and within highly diverse systems these
ecological processes are magnified.

Ecological partitioning along natural resource gra-
dients has been found in plants (Grace & Wetzel
1981), reptiles (Schoener 1974), birds (Burger et al.
1977), rodents (Ziv et al. 1993), and many other taxa.
Our research confirms the widely documented pat-
terns of distinct non-overlapping spatial distributions
of damselfish along reef gradients (Robertson 1996,
Bay et al. 2001, Emslie et al. 2012). Previous work has
clearly shown that fishes may partition space along
depth gradients down reef slope habitats (Mc Gehee
1994, Nanami et al. 2005, Jankowski et al. 2015, Mac-
Donald et al. 2016). For territorial damselfish and other
families, these distributional patterns can also be
seen across the reef crest and reef flat (Russ 1984,
Bay et al. 2001, Ceccarelli 2007). However, previous
studies that quantify spatial gradients among reef

fishes have been applied at relatively
coarse spatial scales and do not quan-
tify distributions to a scale of meters.
In the present study, damselfish
within each reef zone revealed parti-
tioning of space with distinct distribu-
tions over a distance of 1−2 m. This
represents the finest scale of habitat
partitioning yet documented for this
guild. This level of partitioning may
reflect the high species diversity of
territorial damselfish within the Coral
Triangle. Where species richness is
high, ecologically similar species par-
tition resources to a greater extent
and are more specialized (Schoener
1974, Ross 1986, Bellwood et al. 2006).
In other re gions with a lower abun-
dance of territorial damsel fishes, space
occupancy, and diversity (e.g. Great
Barrier Reef), the fine-scale spatial par-
titioning observed in this study may
not be as prevalent or ecologically
necessary (Ceccarelli 2007).

Resource partitioning is most likely
refined by inter actions among neigh-
bouring species which regularly come
into contact with one another (Mac -
Arthur 1958). Ecologically similar ani-
mals may be able to coexist by acting
as generalists or specialists when re -
source availability is limited (Mac-
Nally 1995). On coral reefs where

habitat is limited, neighbouring fishes with overlap-
ping distributions may co-exist if they have contrast-
ing patterns of habitat selectivity and versatility. In
the present study, species within the same reef zone
exhibited differences in microhabitat selectivity. While
there was some overlap in micro habitat use among
the 7 species, with all commonly associated with rub-
ble substrata, there were distinct differences in the
substrata used. Moreover, we observed the pairing of
a species with generalist microhabitat use to a spe-
cies with specialist microhabitat use within each
zone, despite all habitats being relatively abundant
across reef zones. Together, this suggests that neigh-
bouring damselfish are constraining their microhabi-
tat use to facilitate the co- habitation of reef zones,
and that micro habitat selectivity alone is insufficient
in explaining the distinct zonation and limited distri-
butional overlap.

It is notable that of the 3 species that cohabited the
reef crest — Pomacentrus bankanensis, Pomacentrus
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Fig. 5. Resident species mean aggressive interactions towards (a) neighbouring/
non-neighbouring and (b) conspecific/heterospecific stimulus species per 4 min
trial. P. trip: Pomacentrus tripunctatus, C. unim: Chrysiptera unimaculata, P.
bank: Pomacentrus bankanensis, P. lacr: Plectroglyphidodon lacrymatus, P.
adel: Pomacentrus adelus, N. nigr: Neoglyphidodon nigroris, P. burr: Poma-
centrus burroughi. Box and whisker plot displays lowest and highest values
omitting outliers, with box showing interquartile range and the median repre-

sented by the bold line
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adelus, and Plectroglyphidodon lacrymatus — 2 spe-
cies had similar microhabitat use and selectivity.
Pomacentrus bankanensis and P. adelus displayed
generalist qualities by occupying 4 microhabitats in
contrast to Plectroglyphidodon. lacrymatus, which
displayed specialist habitat use for turf substrata — a
well documented trait for this species (Jones et al.
2006, Hata & Kato 2006, Ceccarelli 2007, Hoey &
Bellwood 2010). While the generalist-specialist pair-
ing is still seen for this zone relative to P. lacrymatus,
the 2 species did not constrain or partition habitat
use. Pomacentrus  bankanensis and P. adelus occu-
pied identical microhabitats in equal proportion. Fur-
thermore, P. adelus is the only species found to
occupy multiple reef zones. This raises the question
of whether the presence of P. bankanensis alters the
habitat associations of P. adelus in areas where both
species occur. Interestingly, P. adelus occupied the
same microhabitats in equal proportion between
zones with or without the presence of P. bankanensis.
This suggests interspecific competition may also play
a role in the spatial segregation of these species.

Early coral reef studies stressed intense interspe-
cific competition for living space as the main driver
behind niche partitioning (Smith & Tyler 1972, 1973,
Smith 1978, Jones 1991). A large body of literature
has since confirmed that interspecific aggression re -
sults in the spatial segregation of many fishes (Eber-
sole 1977, 1985, Robertson & Gaines 1986, Robertson
1996, Bay et al. 2001, Jones & McCormick 2002,
Boström-Einarsson et al. 2014). The present study
provides additional evidence that agonistic inter -
actions among species within the guild can explain
the high degree of resource partitioning and limited
distributional overlap. For all 7 species, significantly
higher levels of aggression were reserved for con-
specifics and neighbouring territorial damselfish. Spe-
cies that did not commonly come into contact with
one another received little or no aggression despite
occupying relatively similar niche breadths. These
findings support the logic of animal conflict and com-
petition theory (Maynard Smith & Price 1973, Con-
nell 1983, Schoener 1983, Maynard Smith & Harper
1988). Aggression is expensive because it imposes
energy and time costs and increases the risk of injury
(Clutton-Brock & Parker 1995, Tibbetts & Dale 2004).
Individuals do not need to be aggressive to all spe-
cies, just the ones that pose a direct threat. Within
a reef zone, damselfish showed higher aggression
towards a neighbouring species due to the increased
competition for space and habitat. Thus, interspecific
aggression helps maintain the distributional bound-
aries between neighbouring populations.

Aggression towards neighbouring species was not
ubiquitous among reef zones. Species on the perime-
ter of the physical gradient exhibited less aggression
relative to species occupying the middle zone (i.e. the
reef crest). A similar study showed that the most
densely occupied zone in Kimbe Bay is the reef crest,
where damselfish territories encompass almost 100%
of the substratum (Ceccarelli 2007). When habitat is
limited, animals are compelled to display more ag -
gression in an effort to maintain access to the
resource (Maynard Smith & Price 1973, Connell
1978). In the present study, P. bankanensis, which
occupies the front reef flat to the back reef crest, was
the most ag gressive species, with more bites than
any other species. Conversely, the species further
away from the reef crest (Pomacentrus tripunctatus
and Chrysiptera unimaculata on the reef flat and P.
burroughi on the reef slope) displayed lower levels of
aggression re gardless of the stimuli. Our results sug-
gest that competition for space among the guild is
likely higher on the reef crest due to limited space.

The possibility of a dominance hierarchy as a result
of interference competition among overlapping spe-
cies cannot be discounted. P. bankanensis and P.
adelus, the only co-inhabiting species with similar
microhabitat use, differed in levels of aggression. An
explanation is that P. adelus, the less aggressive spe-
cies, is subordinate and consequently may be driven
off the reef crest and down the reef slope where
space is less limited. This may explain the bimodal
distribution of P. adelus around the central reef crest
and the reason for occupancy within 2 zones. Mun-
day et al. (2001) previously documented that coexis-
tence and a dominance hierarchy among 6 closely
related goby (genus Gobiodon) species is maintained
by a variety of mechanisms. Removal experiments of
the competitively dominant or most abundant species
(such as Robertson 1996) are required to determine if
zone reversals or distributional shifts may occur.

While this study focuses on adult interactions, it is
clear that spatial patterns of distribution may be
explained by multiple factors (Ebeling & Hixon 1991,
Hixon 1991, Jones 1991). Early theory suggested
chance colonization of vacant space via recruitment
exclusively determines patterns of abundance (Sale
1976, 1977, 1978). While such a mechanism may not
be universal, larval supply and recruitment is known
to shape the distribution of adult populations at a
large scale with habitat selection influencing settle-
ment (Williams & Sale 1981, Sale et al. 1984, Levin
1991). Pereira et al. (2015) demonstrated that the
competitive mechanism between 2 goby species
shifted from a lottery for space at settlement to niche
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partitioning among larger individuals. Research on
territorial damselfish shows that juveniles often occur
in the same zones as adults, and that aggressive
interactions do not play a large role in the distribu-
tion of juveniles (Bay et al. 2001). In Kimbe Bay terri-
torial damselfish juveniles and adults occupied simi-
lar distributions within the reef profile but refined
recruitment surveys are needed to empirically cor-
roborate the findings of Bay et al. (2001) and assess if
an ontogenetic change in the mechanisms of coexis-
tence exists (Munday et al. 2001, Pereira et al. 2015).
While spatial distributions may be generated initially
by recruitment patterns in other coral reef fishes or at
a broader scale, post-recruitment events likely mod-
ify territorial damselfish distributions (Jones 1997).

Here we used a ‘bottle’ experiment to obtain a stan-
dardized quantification of the aggression between 2 in-
dividuals. Similar protocols have commonly been used
to quantify fish aggression (Myrberg & Thresher 1974,
Draud & Itzkowitz 1995, Sale et al. 1980, Harrington
1993, Bay et al. 2001, Osório et al. 2006). While the in-
teraction is somewhat artificial, we argue that the dif-
ferential aggression found among species using this
technique is a useful relative measure of aggression.
This methodology had the advantage over unmanipu-
lated field observations because it enabled the quan-
tification of aggression between species that may not
normally interact due to their spatial separation. Be-
cause competitive interactions are energetically ex-
pensive (Maynard Smith & Price 1973, Connell 1978),
a measure of relative aggression is an ecologically rel-
evant proxy for the competition that may underlie the
spatial partitioning among multiple species.

CONCLUSIONS

We demonstrate that when exploring coexistence
in reef fish communities, the more traditional niche
mechanisms operate alongside competitive dynam-
ics. Evidence presented here suggests that the distri-
bution of territorial damselfish along a physical gra-
dient in Kimbe Bay, PNG is the result of microhabitat
partitioning and interspecific competition. These 2
potentially independent processes likely contribute
to a fine-scale partitioning of space within reef zones
and the limited distributional overlap of species
within the guild. Elevated levels of microhabitat par-
titioning and ecological versatility among neighbour-
ing species also appeared to facilitate coexistence.
The levels of aggression elicited by neighbouring
species were significantly higher for all species com-
pared with non-adjacent species, suggesting that

interference competition contributes to a sharp tran-
sition from one species to another along the reef pro-
file. This study expands on competitive interaction
networks by providing insight into the mechanisms
of aggression in a multi-species comparison. Evi-
dence suggests that variation in the strength of inter-
specific competition among ecologically similar species
influences habitat partitioning in a highly complex
and diverse region.
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