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ABSTRACT: Zonation in marine fishes occurs along
depth gradients in both temperate and tropical habi-
tats, yet the importance of competition in causing
these patterns has only been unequivocally demon-
strated in temperate systems. Throughout Caribbean
reefs, fairy basslets Gramma loreto and blackcap
basslets G. melacara are segregated by depth with a
narrow zone of overlap. Local populations of these
planktivores are found under isolated reef ledges,
where fairy basslets compete with conspecifics for
access to prime feeding positions at the outer edges.
Iinvestigated the existence, mechanisms, and effects
of interspecific competition on the local distribution
and demography of basslets. I documented aggres-
sion and feeding rates of both species and conducted
a reciprocal removal experiment comparing the re-
sponse of each basslet in competitor-removal versus
unmanipulated populations of both species. Position-
ing of both basslets under ledges was consistent with
an overall size hierarchy, with larger fish progres-
sively closer to the outer edges of ledges. Fairy
basslets were more aggressive, yet competition had
symmetrical effects on the juveniles of both species.
Interference between species drove juveniles further
back under ledges, where feeding and growth rates
of individuals were reduced. Competition had no
effect on the density of basslets during this 8 wk
experiment. Aggression occurred between larger
basslets, but with no consequential effects on any
parameters measured. This study demonstrates
symmetrical effects of interspecific competition on
juvenile coral-reef fishes, a phenomenon that has
rarely been documented previously.
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Response of fairy and blackcap basslets (Gramma Ioreto
and G. melacara, respectively) in competitor-removal (lower)
versus control populations (upper right). Following removals,
juveniles of each species shift toward the front of reef ledges
where individual feeding and growth rates are enhanced.

Diagram: Tye L. Kindinger

INTRODUCTION

Distinct patterns of community structure occur uni-
versally in species along environmental gradients, and
this zonation is determined by both abiotic and biotic
mechanisms. For example, striking zonation on rocky
intertidal shores (Stephenson & Stephenson 1972) is
driven simultaneously by a combination of competition
and predation, and physical factors (Connell 1975).
Competition is a fundamental process that often drives
patterns of abundance and distribution (Connell 1983,
Schoener 1983, Gurevitch et al. 1992), thereby influ-
encing zonation in terrestrial and aquatic systems (e.g.
Connell 1961, Hairston 1980, Lubchenco 1980, Neet &
Hausser 1990, Bertness 1991, Wilson & Tilman 1991).
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Vertical zonation in marine fishes often occurs
along a depth gradient throughout subtidal regions
and beyond, and has been described in temperate
habitats such as rocky reefs and kelp beds (Stephens
et al. 2006), as well as throughout tropical coral reefs
(Williams 1991). Large-scale manipulations consisting
of reciprocal removals of entire populations of poten-
tial competitors in temperate systems have unequivo-
cally demonstrated the importance of interspecific
competition in causing such bathymetric zonation of
fishes (Hixon 1980, Larson 1980, Holbrook & Schmitt
1986). In contrast to temperate systems, and although
a growing number of studies have explored competi-
tion in coral-reef fishes (Bonin et al. 2015, Forrester
2015), the importance of interspecific competition in
causing patterns in the local distribution of these
fishes has seldom been demonstrated experimentally
(but see Robertson & Gaines 1986, Robertson 1996).

Fairy basslets Gramma loreto and blackcap bass-
lets G. melacara are small coral-reef fishes (8—10 cm
maximum size) which are commonly found under
reef ledges (rock overhangs) where individuals shel-
ter in cracks and holes, and which feed primarily on
the same suite of passing copepods and other zoo-
plankton (Béhlke & Randall 1963). Throughout reefs
of the greater Caribbean region, these congeners are
segregated by depth, with a narrow zone of overlap:
greater abundances of fairy basslets are observed in
shallower water (1-30 m), and blackcap basslets
increase in abundance in deeper water (30-180 m),
where the abundance of fairy basslets diminishes
(Starck et al. 1978). Bohlke & Randall (1963) de-
scribed these species as being syntopic (occupying
the same ledges) at intermediate depths ranging
from 30 to 50 m, which encompasses depths that are
not logistically conducive for performing manipula-
tive experiments with SCUBA. Recently, however,
syntopic populations were observed in The Bahamas
at depths as shallow as 9 m (T. Kindinger pers. obs.),
providing a unique opportunity to test for competi-
tion between these species by means of controlled
field experiments. While populations of blackcap
basslets in isolation from fairy basslets remain too
deep (>40 m) to definitively test for the causes of
zonation (sensu Hixon 1980, Larson 1980, Holbrook
& Schmitt 1986), investigating the existence and
mechanisms of competition within the zone of over-
lap can determine the drivers of abundance and dis-
tribution in basslets at the scale of local populations
under reef ledges.

Tagging of individuals in previous studies (Webster
& Hixon 2000, Webster 2003, 2004) and during the
present study (described in 'Materials and methods:

Reciprocal removal experiment’) indicate that both
species have extremely high site fidelity with negli-
gible immigration and emigration among ledges.
Therefore, each reef ledge that is spatially isolated
contains an independent local population of basslets.
Within these local populations, intraspecific competi-
tion of fairy basslets has been well-documented as
being based on a size hierarchy, in which larger indi-
viduals maintain positions closer to the front of ledges
by aggressively chasing smaller individuals that en-
croach on their positions (Webster & Hixon 2000,
Webster 2004). Positions closer to the front of ledges
are simultaneously more conducive to higher feeding
rates on passing plankton (Webster & Hixon 2000)
and overlap less frequently with resident predators
that are typically positioned at the back of ledges
(Webster 2004). Given this understanding of within-
species competition, [ hypothesized that interspecific
competition via aggression influences the local distri-
bution, growth, and density of fairy and blackcap
basslets where these fishes co-occur under reef ledges.

To test this hypothesis, I first observed local popu-
lations of basslets within the zone of overlap and
characterized fish behavior under ledges where the
species co-occur. | predicted that (1) if interference
competition exists between basslets, then interspecific
aggression should be evident. I then performed a re-
ciprocal removal experiment to compare the response
of each species in the presence versus the absence of
the potential competitor. I predicted that (2) if inter-
specific competition affects both basslets, then each
species should exhibit in the manipulated absence
(versus presence) of the competitor (a) a shift in local
distribution closer to the front of ledges, where they
will have (b) higher feeding rates, (c) higher individual
growth rates, and (d) increases in density.

MATERIALS AND METHODS
Basslet behavior

During July and August of 2013, I observed the be-
havior of fairy and blackcap basslets in local popula-
tions under reef ledges within the depth zone in-
habited by both species (hereafter, zone of overlap).
Populations were located within 2 isolated, large reefs
(322 and 533 m?) surrounded by sand off the south-
west end of Eleuthera, The Bahamas (24°48'23" N,
76°20'41" W), where I maintained native fish commu-
nities by regularly removing invasive lionfish (weekly)
with hand nets and pole spears. I selected 3 local
populations in each reef (n = 6 populations total,
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Table S1A in the Supplement at www.int-res.com/
articles/suppl/m555p001_supp.pdf) that were located
under ledges varying in surface area from 0.90 to
9.99 m? (sum of area of overhang and area of back
wall). Initial densities of fairy and blackcap basslets
based on direct counts ranged from 2.30 to 13.3 and
0.21to 11.1 fish m™2, respectively.

Aggression

To quantify any interference competition between
basslets, I observed aggressive chases by filming
each local population (n = 6) with a digital video cam-
era in an underwater housing for 4 min at a time,
ensuring all individuals within each population were
simultaneously filmed. Because the activity levels of
planktivorous fishes can vary throughout the day
with shifts in food availability and predation risk
(Hobson 1991), I filmed every population twice dur-
ing each of 3 times of day: dawn (06:08-06:50 h, or
37-83 min post-sunrise); midday (11:59-16:24 h); and
dusk (18:15-20:00 h, or 8 min before through 60 min
after sunset). From the video footage, I counted and
characterized each chase that occurred between
basslets by the respective species and sizes (total
length, TL) of the aggressor and recipient. To test
whether the role of basslets in observed chases differs
between species, I calculated the relative frequency
in which each fish was an aggressor versus recipient.
Within each role, I also tested whether each fish
chased (aggressor) and/or was chased (recipient)
more often by heterospecifics than by conspecifics.

Prior to statistical analyses of these response vari-
ables, I accounted for variance in density of basslets
among local populations, which could potentially
influence the likelihood of individual fish encounter-
ing each other. Therefore, I divided the response of
each focal basslet by the proportional density of the
interacting species (density of interacting basslet/
total density of basslets in population). I performed
statistical analyses (see ‘Statistical analyses') of the
response of each basslet species (separately), testing
for a relationship between the relative frequency of
chases and the size class of fish (2 cm: 1.5-2.0 cm;
3 cm: 2.5-3.0 cm; 4 cm: 3.5-4.0 cm; 5 cm: 4.5-5.0 cm),
time of day (dawn, midday, dusk), and/or role of
basslets (aggressor or recipient). Similarly, I tested
whether the number of chases involving each species
(separately) as aggressors was correlated with the
size of the aggressor (‘agg size'), species of the recip-
ient (‘'rec species'), and/or time of day. I repeated this
process to test for a relationship between the number

of chases in which fish were recipients and the size
of the recipient (‘rec size'), species of the aggressor
(‘agg species'), and/or time of day.

Feeding rate

To determine the importance of positioning under
ledges for acquiring planktonic food, I observed the
feeding rate of basslets in the 6 local populations dur-
ing the same dives conducted to measure aggression
(twice per local population during each of 3 times
of day). Following the methods of Webster & Hixon
(2000), I visually divided each ledge into 4 equal
positions from back to front (ledge widths ranged
from 0.45 to 1.7 m). In each position (back, midback,
midfront, and front), I selected one 2.0-2.5 cm fish
and counted in situ the number of feeding bites
observed in 1 min, repeating this process with indi-
viduals of both species. If a fish within the size range
was not present within a ledge position, I counted the
bites of the nearest fish of the focal size. I converted
counts to rates (number of feeding bites in 60 s)
and tested for a relationship between feeding rates
and categorical variables, ledge position, time of day
(dawn, midday, or dusk), and/or species (fairy or
blackcap basslet).

Reciprocal removal experiment

Throughout the summer months of 2014 (June to
August), [ tested for effects of interspecific competition
on fairy and blackcap basslets in local populations
within the zone of overlap via a reciprocal removal
experiment. In each of 3 isolated, large reefs (344-
1023 m?) off the southwest end of Eleuthera, The
Bahamas, I selected 3 populations of co-occurring
basslets (Table S1B). Ledges were located within a
limited depth range of 13.4 to 15.8 m, and initial
densities of fairy and blackcap basslet ranged from
2.37to 12.6 and 0.84 to 11.1 fish m~2, respectively.

Following baseline censuses of these populations
(detailed methods in the following subsections),
I performed controlled reciprocal removals of each
species, resulting in 3 treatments per reef: (1) unma-
nipulated populations of both species (control); (2)
removal of fairy basslets, leaving blackcap basslets
(fairy removal); and (3) removal of blackcap basslets,
leaving fairy basslets (blackcap removal). Every
week, I maintained these basslet treatments by
removing fish with small aquarium hand nets and the
fish anesthetic quinaldine. I also performed weekly
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removals of invasive lionfish with hand nets and pole
spears to maintain native fish communities on reefs
containing experimental populations.

Ledge position

To test for an effect of interspecific competition on
the distribution of basslets under ledges, I performed
baseline and weekly censuses during pre- and post-
manipulation (respectively) of potential competitors
for a total of 9 wk. Censuses of each population (n =9
populations in total) consisted of mapping the ledge
position and visually estimating the TL of every fish.
Following the methods of Webster & Hixon (2000),
I used these maps to measure the absolute ledge
position of each fish (distance between fish and the
front of ledge) and then standardized these values by
the size of each respective ledge, resulting in relative
ledge positions: 1 — (absolute position/ledge depth).
Relative ledge positions ranged from O to 1, indica-
ting positions from back to front, respectively.

For each local population, I calculated a single
mean value of the relative ledge position per size
class (2, 3, 4, and 5 cm) of fairy and blackcap basslets
(separately) during each week of observation. These
measures were then converted to the weekly change
in ledge position from baseline values (positioneck(s) —
positionyeck), where t is the week number (0-8).
For each species, I analyzed the change in ledge
position by size class (2, 3, 4, and 5 cm), testing
whether the response differed through time and/or
between basslet treatments (‘comp,’ basslet-removal
versus unmanipulated control).

Growth rate

[ used a mark-recapture method to test for an effect
of interspecific competition on the growth of basslets.
In all 9 local populations, I captured the smallest fish
possible (mean initial TL + SEM: fairy basslet, 2.24 +
0.05 cm; blackcap basslet, 2.34 + 0.05 cm) using small
aquarium hand nets and the fish anesthetic quinal-
dine. Prior to the release of each fish, I measured the
TL to the nearest mm and injected a unique visible
tag of fluorescent elastomer (Frederick 1997). Fish
were recaptured and measured after about 1 mo
(31-36 d, July to August). Growth rates of individuals
were calculated by dividing the change in TL by the
number of days between initial and final measure-
ments. I also accounted for variance in density among
populations that could potentially influence the

ability of individuals to access resources by dividing
each growth rate by the mean density of basslets in
each respective population during the interval of time
each fish was observed. Growth rates of fairy basslet
were compared between blackcap-removal and con-
trol populations (n = 15 and 19 fish, respectively), and
growth rates of blackcap basslets were compared be-
tween fairy-removal and control populations (n = 18
and 11 fish, respectively).

Population density

In The Bahamas, population densities of fairy
basslets peak in late summer as individuals recruit to
reefs (Webster 2003). To test for an effect of interspe-
cific competition on the local density of basslets, I cal-
culated the weekly density of 2, 3, 4, and 5 cm size
classes of each species from censuses of local popula-
tions (n = 9 populations). These measures were con-
verted to the weekly changes from baseline values
(densityyeekyy — densityyeek). Within each species,
the response was analyzed by size class, testing
whether the change in density differed through time
and/or between basslet-removal versus unmanipu-
lated control populations (‘comp’).

Statistical analyses

All statistical analyses were performed by fitting
linear mixed effects models to account for the spatial
nesting of ledges (local basslet populations) within
reefs. Full models were fitted for each response vari-
able with the respective fixed effects as described
above, and ledge nested within reef as random effects
(Pinheiro & Bates 2000, Bolker et al. 2009, Zuur et al.
2009). All fixed effects were categorical variables (in-
cluding time), because I had no a priori reason to as-
sume any linear relationships with response variables.

When visual examination of residuals indicated a
violation of normality in any model, I log-transformed
the response. Full models included weighted terms
that allowed variances to differ among reefs and AR1
structures in models with the fixed effect, time, to
further account for temporal autocorrelation. Full
and reduced models (with versus without weighted
terms and/or AR1 structures) were then fitted using
restricted maximum likelihood (REML) and compared
using Akaike's information criterion (AIC) and like-
lihood ratio tests (LRTs). Best-fit models met all as-
sumptions of normality, homogeneity, and independ-
ence based on visual examination of model residuals.
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The significance of fixed effects was assessed using
LRTs of these models refitted using maximum likeli-
hood estimation (Zuur et al. 2009), and any variables
that were not significant were sequentially dropped
from the model. Final models were refitted using
REML in order to calculate effect sizes and parame-
ter estimates. If LRTs indicated a significant interac-
tion between 2 fixed effects, I performed multiple
comparisons and adjusted all p-values of linear con-
trasts to maintain an approximate 5% family-wise
error rate (Hothorn et al. 2008). All statistical analy-
ses were conducted using the statistical software R
version 3.1.2 (R Core Team 2014) with the associated
packages nlme (Pinheiro et al. 2014, version 3.1-118)
and multcomp (Hothorn et al. 2008, version 1.3-7).

RESULTS
Basslet behavior
Aggression

Basslets of all sizes aggressively chased each
other, but overall, fairy basslets were more aggres-
sive than blackcap basslets. From a total of 144 min
of video footage, I observed fairy basslets chasing
other individuals a total of 356 times: 303 times
chasing fairy basslets and 53 times chasing black-
cap basslets. In contrast, blackcap basslets chased
a total of 80 individuals during the same video
footage: 60 blackcap and 20 fairy basslets. In
almost every instance of aggression, basslets chased
individuals that were equal or smaller in size, with
the exception of 5 chases in which 2 cm fairy
aggressors chased 3 cm (n = 3) and 4 cm (n = 2)
blackcap recipients.

(A) Fairy

In chases between basslets, the relative frequency
of roles was different in each species (Table S2 in the
Supplement, Fig. 1, fairy basslet: role LRT, p = 0.002;
blackcap basslet: role LRT p = 0.034), in which fairy
basslets were aggressors 95.8 + 4.22% (SEM) of the
time (aggressor vs. recipient: 0.96 + 0.31 chases, p =
0.002) and blackcap basslets were recipients 95.4 +
4.15% of the time (recipient vs. aggressor: 0.95 + 0.02
chases, p = 0.034). Fairy aggressors chased both spe-
cies with similar frequency, with no significant differ-
ence in the number of chases directed at fairy versus
blackcap recipients (Table S3 in the Supplement,
Fig. 2A). However, the recipient species of blackcap
aggression did significantly differ (Table S3, Fig. 2B):
blackcap aggressors chased conspecifics 42.7 +
4.95% (0.56 = 0.18 interactions) more frequently than
heterospecifics.

Whether fairy basslets were chased was related to
the size of the fairy recipient and the species of the
aggressor (rec size x agg species LRT, p < 0.001). All
but 5 cm fairy recipients were chased significantly
more by fairy than blackcap aggressors, and both
species rarely chased 5 cm individuals (Table S3,
Fig. 2C). In contrast, blackcap basslets of all sizes
were chased by both species, with no significant dif-
ference in the number of chases between aggressor
species (Table S3, Fig. 2D).

Feeding rate

Feeding rates of 2.0-2.5 cm individuals did not sig-
nificantly differ between fairy and blackcap basslets
(Table S4A & Fig. S1 in the Supplement), but were
related to the positioning of basslets under ledges.
The interaction between ledge position and time of
day (LRT, p = 0.026) was correlated with feeding

(B) Blackcap

[ Recipient

Fig. 1. Relative frequency in which W Aggressor
2, 3,4, and 5 cm size classes of (A)
fairy basslets Gramma loreto and
(B) blackcap basslets G. melacara
were aggressors versus recipients
(‘role’) in chases between species
observed in local populations of
both basslets (n = 6 populations).
Shading of bars represents the role
of fish; error bars are SEM. Results
of likelihood ratio tests are shown
in the upper right of each plot, 0 -
and variables with significant cor-

relations and p-values are in bold
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Fig. 2. Number of instances in which (A,C) fairy basslets Gramma Ioreto and (B,D) blackcap basslets G. melacara chased

(‘agg’; A,B, solid bars) and were chased (‘rec’; C,D, striped bars) by 2, 3, 4, and 5 cm size classes (‘agg size' or 'rec size') of each

species (shading of bars) in local populations of both fishes (n = 6 populations). Error bars are SEM. Results of likelihood ratio

tests are shown in the upper right of each plot, and variables with significant correlations and p-values are in bold. In the in-

stance where the interaction between recipient size and aggressor species ('rec size x agg species’) was significant, the mar-

ginal differences between aggressor species were examined in each size class; adjusted p-values to obtain an approximate
family-wise error rate of 5% are indicated for each size class (***p < 0.001)

rates. Throughout all times of day, feeding rates sig-
nificantly increased from ledge positions at the back
to the front of ledges (Table S4B, Fig. 3), and these
rates were significantly lower at dusk when com-
pared to rates at both dawn and midday (Table S4C,
Fig. 3).

Reciprocal removal experiment
Ledge position

The distribution of basslets under ledges through
time varied by size, consistent with an overall size
hierarchy. The smallest individuals were observed
furthest back under ledges, and individuals of in-
creasing size maintained positions that were pro-
gressively closer to the front of ledges (Fig. S2A,C in
the Supplement). Following the removal of blackcap
basslets, 2 and 3 cm fairy basslets shifted closer to the

front of ledges (Table 1, comp x time LRT, p = 0.001;
comp LRT, p =0.015, respectively). By the end of the
experiment (8 wk), 2 cm fairy basslets were on aver-
age (+ SEM) 46.3 = 13.9% closer to the front of ledges
(Fig. 4C), and 3 cm fairy basslet were consistently
closer to the front of ledges through time by 14.4 +
4.19 % in blackcap-removal versus control populations.

Similarly, after removing fairy basslets from popu-
lations, 2 cm blackcap basslets shifted closer to the
front of ledges through time (Table 1, comp x time,
LRT p = 0.043), reaching positions that were 61.3 +
13.8% closer to the front of ledges than in control
populations by the end of 8 wk (Fig. 4D). Blackcap
basslets (3 cm) were 14.8 + 8.40 % closer to the front
of ledges through time in fairy-removal versus control
populations, but this difference was not significant
(Table 1, comp LRT, p = 0.083). The removal of the
potential competitor did not have a significant effect
on the ledge positions of 4 and 5 cm size classes of
either species (Table S5 in the Supplement).
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(‘time of day’). Error bars are SEM. Results of likelihood ratio tests (upper right) indicated a significant interaction between

ledge position and time of day (p = 0.025). Letters within each plot indicate significant differences in feeding rate (pc,, < 0.020)
among ledge positions within each time of day (see Table S4B for exact corrected p-values)

Growth rate

Interspecific competition had an effect on the growth
rates of ~2 cm individuals of both species (Table 1,
comp LRT, p < 0.001 and p = 0.032, respectively).
Both species exhibited increased growth rates in
competitor-removal versus unmanipulated control
populations (Fig. 4E,F; comp) that were 75.2 + 4.47 %
(fairy) and 70.1 + 2.58% (blackcap) higher in the
absence of the competitor (0.002 + 0.00 and 0.001 +
0.01 cm d7!, respectively).

Population density

Consistent with expected seasonal patterns of
recruitment, densities of smaller basslets (2 and 3 cm)
tended to increase through time, whereas larger fish
(4 and 5 cm) maintained densities that were rela-
tively unchanged (Fig. S2B,D). The mean density of
2 cm blackcap basslets was higher in competitor-
removal versus unmanipulated control populations,
but this difference in density between competitor
treatments was largely driven by 1 population of
blackcap basslets (fairy-removal treatment) that
exhibited an extraordinarily high influx of 2 cm indi-
viduals. Counts of this size class increased from 0 to
34 fish between baseline and Week 1 censuses, and
over 35 fish were maintained in this population
over the following weeks. The next largest count of
any size class of either basslet species during the
entire experiment was 19 fish within a single popula-

tion. Interspecific competition did not significantly
affect the density of 2 cm basslets (Table 1, Fig. 4A,B),
nor the densities of any larger size classes of fish
(Table S5).

DISCUSSION

Interspecific competition via aggression negatively
affects the distribution and growth of juvenile bas-
slets (mostly 2 cm) in local populations under reef
ledges. Observations of fish behavior and the results
of the reciprocal removal experiment were consistent
with expectations of substantial competition between
these species. Clear interference competition was
observed between basslets, and the juveniles of both
species exhibited shifts in distribution towards the
front of ledges (where feeding rates were higher) and
increased growth rates in the absence (versus pres-
ence) of the competitor. Contrary to expectations,
there was no evidence of interspecific competition
influencing the local population density of either
basslet. However, an observational period of 8 wk
may have been too short an experiment to see such
effects (cf. Hixon & Jones 2005). Once basslets reached
larger sizes, interspecific aggression still occurred,
but with no consequential effects on any of the demo-
graphic parameters measured in this study.

Despite an overall imbalance in aggression, with
fairy basslets engaged in many more chases than
blackcap basslets, the effects of interspecific compe-
tition on the ledge position and growth of juveniles
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Table 1. Results of likelihood ratio tests (LRTs) of the hypoth-
esized effect of the potential competitor (comp) and time on
the change in ledge position and density of 2 and 3 cm fairy
basslets Gramma loreto and blackcap basslets G. melacara,
and the effect of the potential competitor on the individual
growth rates of ~2 cm basslets in a reciprocal removal exper-
iment. Responses were compared between local populations
with the potential competitor removed versus unmanipu-
lated populations of both species (n = 3 populations per
treatment). If there was evidence of a significant interaction
(comp x time), p-values associated with these specific linear
combinations were adjusted (pc,) to achieve an approxi-
mate family-wise error rate of 5 %. Variables with significant
(p < 0.05) effects and corresponding p-values are in bold

Response Size Fixed LRTp Week peor
variable (cm) effect
Fairy basslet
Change in 2 comp x time  0.001 1 0.467
ledge position 2 0998
3 0453
4 0611
5 0.250
6 0.050
7 0.034
8 0.004
3 comp x time  0.143
comp 0.015
time 0.571
Growth rate  ~2 comp <0.001
Change in 2 comp x time  0.371
density comp 0.724
time 0.516
3 comp x time  0.460
comp 0.662
time 0.024
Blackcap basslet
Change in 2 comp x time  0.043 1 0.254
ledge position 2 0.997
3 0.642
4 0.088
5 <0.001
6 0.003
7 <0.001
8 <0.001
3 comp x time  0.578
comp 0.083
time 0.050
Growth rate ~2 comp 0.032
Change in 2 comp x time  0.358
density comp 0.201
time 0.479
3 comp x time  0.298
comp 0.910
time <0.001

were symmetrical between species. This inconsis-
tency suggests the need to consider the potential
energetic costs associated with aggression per se,
both in terms of the energetic demands required for
physical movement when chasing and/or being
chased, as well as a reduction in time allocated for

feeding (and other vital behaviors such as vigilance,
reproductive behaviors, etc.). Further research is also
needed to directly compare the effects of intra-
versus interspecific competition (e.g. Forrester et al.
2006), because observations in the present study
revealed that fairy basslets were engaged in over 5
times the number of within-species chases and over
twice the amount of between-species chases compared
to blackcap basslets.

Intraspecific competition among fairy basslets
maintains a size hierarchy within local populations,
whereby larger individuals are found in ledge posi-
tions closer to the front and thus have higher feeding
rates (Webster & Hixon 2000). Observations from the
present study demonstrate that a size hierarchy is
retained in local populations consisting of both fairy
and blackcap basslets, and a positive correlation
between feeding rates of fish and positioning from
the backs to fronts of ledges is consistent in both
species. Native predators of basslets (including the
Families Aulostomidae, Carangidae, Lutjanidae, and
Serranidae) have also been previously documented
spending significantly more time at the back of reef
ledges (Webster 2004). Therefore, as interspecific
competition causes shifts in the distribution of juve-
nile basslets towards the backs of ledges, individuals
may simultaneously experience lower feeding rates
and an increase in spatial overlap with predators.
Both of these mechanisms may contribute to the
measured decreases in growth rates of juvenile bass-
lets from the presence of the competitor, with lower
feeding rates indicating less food being obtained
(and therefore less energy for growth), and an
increase in risk of predation potentially increasing
the amount of time and energy basslets allocate for
predator avoidance and/or antipredator response
(i.e. non-consumptive effects, see, for example, re-
views by Lima & Dill 1990, Werner & Peacor 2003,
Peckarsky et al. 2008).

Very few studies have tested for effects of interspe-
cific competition on the growth of coral-reef fishes,
and findings have been highly inconsistent (Bonin et
al. 2015, Forrester 2015). To my knowledge, only one
other study has demonstrated reciprocal negative
effects on growth between species (Forrester et al.
2006). My findings differ slightly in that Forrester et
al. (2006) found effects of competition on the growth
of adult fishes, and I measured the growth of only
juveniles. Further testing of such sub-lethal effects of
interspecific competition (e.g. growth and reproduc-
tion) across all life stages of coral-reef fishes is
needed to better understand the generality and sym-
metry of these effects.
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Fig. 4. Change in (A,B) density and (C,D) ledge position through time (week), and (E,F) growth rates of ~2 cm individuals of
fairy basslets Gramma loreto and blackcap basslets G. melacara following the removal of the potential competitor versus un-
manipulated control populations (n = 3 populations per treatment; lighter and darker shading, respectively). Error bars are
SEM. Results of likelihood ratio tests are shown in each plot, and variables with significant effects and p-values are in bold.
Where the interaction between competitor presence and time was significant (‘comp x time'), the marginal differences be-
tween treatments were examined during each week; adjusted p-values to obtain an approximate family-wise error rate of 5 %

are indicated (*p < 0.05, **

Interspecific competition that is highly asymmetri-
cal has been shown to influence the distribution of
coral-reef fishes among microhabitats (e.g. Ebersole
1985, Robertson & Gaines 1986, Clarke 1989, Mun-
day et al. 2001, McCormick & Weaver 2012). At a
similar scale (within local populations), I have de-
monstrated that competition that is symmetrical
between species can also determine the distribution

p<0.01, ***p <0.001)

of juvenile coral-reef fishes. However, this mecha-
nism is not common (Bonin et al. 2015, Forrester
2015). Earlier research by Munday (2004) and recent
work by Pereira et al. (2015) demonstrated that the
juveniles of 2 Pacific coral-dwelling gobies also com-
pete for habitat with similar competitive abilities, but
this is currently the only other documented instance
of symmetrical competition between coral-reef fishes.
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The zonation of each basslet species across larger
spatial scales is likely driven by a variety of abiotic
and biotic mechanisms that may not be mutually
exclusive. Abiotic conditions such as water tempera-
ture, visible light, fluid pressure, water circulation,
etc. likely vary with depth and potentially form a gra-
dient that influences the depth limits of basslets.
These factors may directly affect the depth distribu-
tion of basslets based on the environmental tolerance
and corresponding fitness and survival, and/or influ-
ence the dispersal of larval fishes. Also, these factors
may indirectly affect populations of basslets by driv-
ing the distribution of their planktonic food and/or
predators.

Asymmetrical competition among coral-reef fishes,
such as surgeon- and damselfishes, can determine
the distribution of these species across reef zones
(Robertson & Gaines 1986, Robertson 1995). If the
depth range of basslets also contains habitats that are
highly preferred by both species, then asymmetry in
aggression characterized in this study may influence
the overall zonation of these fishes. Additional biotic
factors that could potentially be important in driving
this broad-scale distribution include habitat selection
by larvae as they recruit to reefs (Shima & Osenberg
2003), including possible priority effects in which res-
ident fishes (e.g. predators, conspecifics etc.) influ-
ence incoming recruits (Shulman et al. 1983, Almany
2003, 2004, Shulman 2015). Relative predation risk
could also differ between species with depth, given
that blackcap basslets may be more cryptic (i.e. much
darker in coloration) than their competitor. However,
this difference may vary in deeper depths where
recognition of basslets by visual predators may be
further influenced by changes in the level of ambient
light, shading, penetration of wavelengths of light, as
well as the composition of retinal pigments of preda-
tors with depth. Mortality rates of basslets could fur-
ther vary if the overall community structure differs
across a broad depth range, potentially modifying
the strength or even presence of direct and indirect
interactions that involve basslets.

Coral-reef fishes form the most diverse and com-
plex assemblages of vertebrates in the world (Sale
2002), and understanding the processes that enable
these ecosystems to support such species-rich com-
munities remains a fundamental challenge in marine
ecology. Here, I demonstrated the symmetrical ef-
fects of interspecific competition on the distribution
and growth of 2 congeneric coral-reef fishes in local
populations. Additional experimental work investi-
gating competition between marine fishes is needed
(Hixon 2006, Link & Auster 2013, Bonin et al. 2015,

Forrester 2015) to increase the number of species and
families on which we base our understanding of com-
petition, and to assess the importance of interspecific
competition in determining the zonation and range
limits of these organisms. Identifying the processes
that influence the distribution of organisms is essen-
tial for understanding broad-scale patterns in bio-
diversity, and for predicting the response of species
(and species interactions) to global environmental
change (Parmesan et al. 2005).
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