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Abstract

It has been suggested that the introduced blueline snapper (Lutjanus kasmira, Family: Lutjanidae) may
adversely affect populations of native fishery species in Hawai’i through competition for spatial or die-
tary resources, or through predation on young fish. We studied the habitat use patterns of L. kasmira
and several native reef fish species using direct observation by SCUBA divers. Habitat use patterns of
the yellowtail goatfish (Mulloidichthys vanicolensis, Family: Mullidae) were most similar to those of
L. kasmira. Both species were primarily found low in the water column and were closely associated with
areas of vertical relief. Individual M. vanicolensis were found higher in the water column when L. kas-
mira were present, but L. kasmira were not similarly affected by M. vanicolensis. This finding suggests
asymmetrical competition for shelter, in which the dominant L. kasmira displaces M. vanicolensis farther
into the water column. This displacement from the protection of the reef could increase the vulnerability
of M. vanicolensis to predators and fishers.

Introduction

Investigators in the 1950s from the Division of
Fish and Game (DFG) of the Territory of
Hawai’i concluded that the ‘Hawaiian fish fauna
is unbalanced’ (Takata 1956) and is dominated
by herbivorous fishes that are ‘a useless end in
the food chain’ (Kanayama and Takata 1972).
Notably absent from the fish assemblage of
Hawai’i are native shallow-water snappers (Fam-
ily: Lutjanidae) and groupers (Family: Serrani-
dae). To increase recreational and commercial
food fishing opportunities, and to fill a per-
ceived vacant ecological niche, DFG staff made

collections of 11 species of snappers and groupers
from Mexico, Kiribati, the Marquesas Islands
and Mo’orea and introduced them to Hawai’i.
Three species became established: the grouper
Cephalopholis argus and the snappers Lutjanus
fulvus and L. kasmira. C. argus is now common
in many reef areas in Hawai’i, and studies are
beginning to clarify the importance of its role as
a piscivore. L. fulvus is not abundant anywhere
in Hawai’i. Although its ecology and behavior
have been little studied, it is not generally per-
ceived to be a threat to the native ecosystem.
L. kasmira has become highly abundant in many
locations throughout the Hawaiian Archipelago,
and has become the focus of considerable atten-
tion in the scientific and recreational community
as a potential threat to native fishes.
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On four occasions between 1955 and 1961, L.
kasmira were introduced from French Polynesia
to O’ahu, Hawai’i. Fewer than 12 fish were
released at Barber’s Point on 1 December 1955;
1400 and 1035 individuals were released in
Kane’ohe Bay on 23 and 24 June 1958, respec-
tively; and 728 were released in Maunalua Bay
on 1 December 1961 (Figure 1). Within two dec-
ades, the fish spread from the three introduction
sites on O’ahu to all the other high, inhabited
Hawaiian Islands. Shortly thereafter, they were
reported from locations in the remote Northwest-
ern Hawaiian Islands (Oda and Parrish 1982).
They have subsequently been reported as far
from the introduction sites as Midway Atoll,
near the northwestern end of the archipelago
(Randall et al. 1993). Despite their striking abun-
dance and availability to fishers, initial hopes
that L. kasmira would become a valuable food
resource species have not been realized. Their
penetration into local markets has been marginal,
and many fishers consider them a nuisance, at
best. While the range and population size of
L. kasmira were expanding, local fishers reported
that catches, and presumably population sizes, of
other reef fishes declined. This correlation led to

the popular assertion that L. kasmira was respon-
sible for these declines.

Small and isolated ecosystems such as those in
Hawai’i are generally less biologically diverse
than larger ecosystems or those that are closer to
continental landmasses, and other potential
sources of colonization (MacArthur and Wilson
1967). Because of their relatively low level of
diversity, utilization of resources on isolated
islands is often incomplete, and competition is
therefore less intense (Elton 1958; MacArthur
and Wilson 1967). Interspecific competition is
believed to be an important mechanism of bio-
logical resistance to invaders (Elton 1958; Case
1991; Baltz and Moyle 1993). A high level of
competition leaves few resources available for an
alien species to easily exploit, and evolutionary
pressures encourage the development of efficient
native competitors that can more effectively
exclude aliens (Elton 1958; MacArthur and Wil-
son 1967). Research in a variety of systems sug-
gests that more diverse ecosystems and those
with higher levels of competition are less easily
invaded (Ross 1991; Stachowicz et al. 1999;
Levine 2000; Naeem et al. 2000). Hawai’i is the
most isolated archipelago in the world, and has

Figure 1. Locations of introductions and study sites. The snapper Lutjanus kasmira was introduced on the windward (NE) coast of

O’ahu in Kane’ohe Bay, on the southern coast at Maunalua Bay, and on the leeward (SW) coast at Barber’s Point. Study sites

were established on the southern coast at Mamala Bay, and the west coast at Kahe Point.
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low biodiversity relative to other ecosystems in
the tropics. Therefore competition is less likely to
effectively exclude invaders and prevent their del-
eterious effects.

High overlap between species in use of space,
use of time, or in diet indicates high potential for
intense competitive interactions (Ross 1986; Piet
et al. 1999). Like many tropical reef species,
L. kasmira schools near areas of hard substrate
and high vertical relief during the day, and is
believed to disperse at night to feed over adjacent
sedimentary habitats (Hobson 1972, 1974;
Holland et al. 1993; Meyer et al. 2000; Friedlan-
der et al. 2002; DeFelice and Parrish 2003). This
behavioral similarity, along with some apparent
broad similarities in diet (Hiatt and Strasburg
1960; Oda and Parrish 1982; Sorden 1982; Haight
et al. 1993; Friedlander et al. 2002; DeFelice and
Parrish 2003; J.D. Parrish, unpubl. data) support
the possibility that L. kasmira might contribute to
declines in populations of some native fish species
through competition for limited food and/or spa-
tial resources. However, comprehensive studies of
spatial, temporal and dietary interactions are nec-
essary to clarify the ecological relationships
between the alien L. kasmira and native reef fishes
species, such as goatfishes (Family: Mullidae).
Here we report on findings from our investigation
of daytime spatial interactions of L. kasmira and
several native goatfishes. We focused on (1) the
degree of association of these fishes with the bot-
tom and with areas of vertical relief, (2) the way
in which different species and size classes use
space in their habitat, (3) abiotic factors that may
influence the distribution of these fishes, and (4)
potential interspecific competitive displacements.

Materials and methods

Descriptive study

Study sites were established in Mamala Bay, off
the south shore of O’ahu, Hawai’i, and off the west
shore of O’ahu at Kahe Point (Figure 1). Both
sites feature outfall pipes armored with stone
riprap that support healthy benthic communities,
and provide notable topographic relief in areas of
primarily sandy substrate where suitable natural
habitat for reef fishes is not otherwise available.

These outfall structures constitute the primary reef
in our study areas, and their complex, three-
dimensional development provides valuable habi-
tat for a number of reef fish species. Many species
of reef fishes populate these sites and use them for
aggregation during the day and shelter at night.

Transects were established along the pipe at
these sites, arranged in groups of five (Figure 2).
Transects were oriented parallel to the reef inter-
face with the natural substrate (e.g., sand), and
were 3 m wide and 50 or 100 m long, depending
on the length of the reef. In each group, they were
centered at the apex of the reef, at the reef/sand
interface, and at 3, 6 and 9 m away from the reef.
Transect groups were established in depths rang-
ing from 5 to 30 m of water, and in locations with
different substrate types adjacent to the reef (e.g.,
sand, rubble).

Divers using SCUBA swam the transects and
recorded the number of individuals of L. kasmira
and any goatfish observed, their length, and their
height in the water column. All transects in a
given transect group were sampled the same day.
Because of the large numbers of fish encountered
on many transects (at times as many as 1000
individuals), density was recorded in numbers of
fish in 10-cm size groups per transect. Heights
of fish above the substrate were also recorded in
three categories: fish <1/2 m above the substrate
were considered to be closely associated with the
bottom; those between 1/2 and 2 m, moderately
associated with the bottom; those between 2 and
5 m, loosely associated; and those >5 m, not
associated. Presence and direction of currents
were also recorded. Densities of fish were log
transformed to improve normality and analyzed
using nested and crossed MANOVA, with group
(equivalent to substrate type in most analyses),
site, depth and current as factors. Univariate
analysis with ANOVA was also done on
counts of individual size categories of fishes
within species.

Correlative study

This portion of the project was initiated because
of substantial spatial overlap between L. kasmira
and M. vanicolensis shown by the descriptive
study (see Results), and focused on detailed spa-
tial interactions between these species. Divers
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monitored sections of reef divided into three 2-m
wide portions (Figure 3). Outer portions were
designated as ‘buffer zones’ and the central por-
tion was designated the ‘focal zone.’ At 1-min
intervals, divers recorded the social situation and
visually estimated the height above the substrate
of the highest and lowest individuals of both spe-
cies. Three categories of social interaction were
used: (1) if only one species was present in both
the focal and buffer zones (Figure 3a), the species
was considered to be at a low level of interspe-
cific social interaction, and the estimated heights
of the highest and lowest individuals were
recorded (A and C, Figure 3a); (2) if one species
was present only in the focal zone and the other
only in the buffer zones (Figure 3b), the level of
social interaction was designated as intermediate,
and the heights of the highest and lowest individ-
uals of the species in the focal zone (A and C,
Figure 3b), and of the species in the buffer zone
(B and D, Figure 3b) were recorded; (3) if both
species were present in the focal zone (Figure 3c),
the level of social interaction was designated as
high, and the heights of the highest and lowest

individuals of both species in the focal zone were
estimated (A and C; B and D, Figure 3c). In the
latter case, other individuals present were not
considered, because the study was focused on
those fish experiencing the strongest social influ-
ence. Data were log transformed to improve nor-
mality and correct for heteroscedasticity, and
analyzed using t-tests. P-values were Bonferonni
corrected (Bonferroni 1936).

Results

Descriptive study

General trends
Data were compiled from 297 transect swims.
Alien L. kasmira and seven of the ten species of
goatfish native to Hawai’i were recorded on our
transects. Parupeneus multifasciatus, M. flavolineatus
and M. vanicolensis were the most commonly
observed species of goatfish. P. porphyreus, P. pleu-
rostigma, P. cyclostomus and P. bifasciatus, were
recorded only rarely, precluding detailed analysis

Figure 2. Primary habitat use of three native goatfish species and an introduced snapper. (a) Parupeneus multifasciatus; (b) Mulloid-

ichthys vanicolensis; (c) M. flavolineatus; (d) Lutjanus kasmira. For each species, boxes with bold outline indicate the smallest por-

tion of the water column where a minimum of 80% of the fish counted in a transect group were found. Intensity of shading

indicates relative frequency of occurrence in that region.

928



of their habitat use patterns. P. porphyreus and P.
bifasciatus, when present, were always seen near
the primary reef structure, and low in the water
column (<2 m above the substrate). These fish
were recorded only on transects on the reef itself,
or on those at the reef interface. P. porphyreus
commonly made use of small caves and other sub-
terranean features in the primary reef for shelter.
P. cyclostomus was also found low in the water
column, but was not exclusively associated with
the primary reef. It was recorded on all transects,
using habitat away from the reef as well as the
reef itself. Unlike many of the more common
goatfish species, it was not found in large aggrega-
tions. P. pleurostigma was the fourth most com-
mon goatfish, and was observed in habitat similar
to that of P. multifasciatus. The two species
were commonly seen in close association, and

often formed multispecies shoals during feeding
activities.

P. multifasciatus was most commonly found
low in the water column in close association with
the substrate. More than 80% of the individuals
observed were <1/2 m above the substrate (Fig-
ure 2a). P. multifasciatus was not particularly
closely associated with the primary reef and
was found on all transects in similar numbers.
M. vanicolensis was also generally found low in
the water column, but was concentrated on tran-
sects on the reef itself or at the reef interface
(Figure 2b). It was closely to moderately associa-
ted with the substrate; 80% of recorded individu-
als were found <2 m above the substrate. M.
flavolineatus was found relatively evenly distrib-
uted in nearly all parts of the water column sur-
veyed (Figure 2c). It was loosely associated

Figure 3. Correlative study. (a) Low level of social interaction; observers record the height of the highest and lowest individuals

in the focal zone (A, C); (b) Intermediate level of social interaction; observers record height of the highest and lowest individuals

of the species in the focal zone, and the species in the buffer zone (A, B, C, D); (c) High level of social interaction; observers record

the height of the highest and lowest individuals of both species in the focal zone (A, B, C, D).
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with the substrate and the primary reef; 80% of
recorded individuals were found within 5 m of
the substrate, and this species was found on
all transects in similar numbers. The snapper
L. kasmira, like M. vanicolensis, was found low
in the water column, and in appreciable numbers
only on transects on the primary reef and at the
reef/sand interface (Figure 2d). It was also clo-
sely associated with the substrate; 80% of the
individuals of this species were recorded within
1/2 m of the substrate on these transects.

Statistical analysis
Results of analysis of the log number of fish
recorded in each transect group using MANOVA
are reported in Table 1. The presence of a cur-
rent was an important factor for all species, and

fish densities were dramatically lower on the lee
side of the reef. Depth was also an important
factor, with all species more dense at deeper tran-
sect groups within sites. Site was a significant fac-
tor for P. multifasciatus and M. vanicolensis;
both species were found at higher densities at the
Mamala Bay site. Densities of other species
were not significantly different between sites. A
significant interaction was found between site
and current factors for L. kasmira and M. vani-
colensis. Transect group, which indicates differ-
ences in the type of substrate adjacent to the
reef, was a significant factor only for P. multifas-
ciatus. Univariate analysis on individual size clas-
ses of species did not reveal any additional
significant factors, and trends were consistent
with those derived from MANOVA.

Table 1. Results of MANOVA for factors significantly affecting abundance of native goatfishes and an introduced snapper.

FACTOR SPECIES

Parupeneus

multifasciatus

Lutjanus

kasmira

Mulloidichthys

vanicolensis

Mulloidichthys

flavolineatus

SITE *** NS * NS

DEPTH ** *** *** ***

GROUP * NS NS NS

CURRENT *** *** *** ***

SITE*CUR NS ** *** NS

Asterisks indicate the level of significance of factors included in the model.

*P < 0.05; **P < 0.01; ***P < 0.001.

Figure 4. Upper and lower margins of schools of Lutjanus kasmira and Mulloidichthys vanicolensis when their potential competitor

was and was not present. Error bars indicate one standard error. Margins that were tested against each other are indicated by

matching lower case letters. Asterisks indicate margins significantly different at P < 0.05.
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Correlative study

Observations of L. kasmira and M. vanicolensis at
an intermediate level of social interaction were
too few to be included in the analysis, so statisti-
cal comparisons were only made for these two
species at low vs high levels of social interaction
(Figure 4). Mean height in the water column of
L. kasmira was not affected by social interaction
with the goatfish M. vanicolensis for either the
lowest L. kasmira individuals (7.50 cm ± 5.57
SD, n ¼ 46 when goatfish were present vs
8.07 cm ± 7.17 SD, n ¼ 86 when goatfish were
absent; P ¼ 0.615), or the highest L. kasmira indi-
viduals (32.4 cm ± 45.6 SD, n ¼ 46 when goat-
fish were present vs 34.6 cm ± 23.1 SD, n ¼ 86
when goatfish were absent; P ¼ 0.769). By con-
trast, the mean height of the lowest individuals of
M. vanicolensis increased significantly in the pres-
ence of the snapper L. kasmira (26.8 cm ± 33.1
SD, n ¼ 47 when L. kasmira were not present vs
44.3 cm ± 39.6 SD, n ¼ 46 when L. kasmira were
present; P ¼ 0.004, sequential Bonferroni cor-
rected for n ¼ 4 t-tests). However, any change
in the height of the highest M. vanicolensis
individuals was marginal (78.3 cm ± 52.6 SD,
n ¼ 47 when L. kasmira were not present vs
126.0 cm ± 116.0 SD, n ¼ 46 when they were
present; P ¼ 0.051, sequential Bonferroni cor-
rected for n ¼ 4 t-tests (Holm 1979; Rice 1989).

Discussion

The more abundant native goatfishes included in
this analysis appear to overlap one another only
superficially in their use of space in the water col-
umn, and show different degrees of association
with primary reef and the substrate (Figure 2).
P. multifasciatus and M. vanicolensis both use
lower portions of the water column, but the lat-
ter concentrate near the primary reef, while the
former are common for at least 10 m away from
it. Also, P. multifasciatus was found in higher
densities in areas where substrate adjacent to the
primary reef was mixed sand and hard bottom or
rubble. When this type of substrate was not
available, they tended to remain closer to the reef
itself. None of the other species studied appeared
to be influenced by the type of substrate adja-

cent to the reef. Of the species studied, M. flavo-
lineatus is perhaps the most different from
P. multifasciatus. Whereas P. multifasciatus usu-
ally occurred singly or in small groups and low
in the water column, M. flavolineatus was found
in large, diffuse schools (often >1000 individuals)
high in the water column. Relative to other spe-
cies in the family, it was not closely associated
with the bottom while in these daytime resting
schools. Although they were not closely associ-
ated with the primary reef, the density of M. flav-
olineatus, like that of the other species studied,
declined notably beyond the swath that we sam-
pled quantitatively. This trend was readily appar-
ent after initial surveys of the site, and led us to
focus our study on the band of substrate adja-
cent to the reef itself. Whereas native goatfish
species have segregated daytime microhabitats,
L. kasmira shows substantial spatial overlap
with these goatfishes, and with M. vanicolensis in
particular.

The portion of the water column where
M. vanicolensis is most concentrated completely
overlaps the portion that L. kasmira uses (Fig-
ures 2b, d). Depth was consistently a significant
factor influencing fish density (Table 1), particu-
larly for M. vanicolensis and L. kasmira. On 55
censuses of 300 m2 transects at the shallower
transect group in Mamala Bay, M. vanicolensis
was never recorded, and only two individuals of
L. kasmira were recorded. At the deeper 300 m2

transects, however, M. vanicolensis was recorded
in densities between 55 and 1045 individuals
(x ¼ 415.4 ± 307.4 SD), and L. kasmira between
1 and 275 individuals (x ¼ 90.7 ± 71.5 SD).

The height of L. kasmira above the substrate
was not significantly affected by the presence of
M. vanicolensis, either at the upper or lower mar-
gin. The lowest M. vanicolensis in a school were
found to be significantly higher in the water col-
umn when L. kasmira was present, but the
heights of the uppermost individuals did not
increase significantly. Power analysis indicated
that the inherent variability in the upper margins
of schools gives the t-test low power to resolve
differences between mean heights of the upper-
most individuals (P ¼ 0.51). Variability of lower
margins is constrained because minimum values
are bound by the substrate, but the upper margin
has no comparable natural barrier to its vari-
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ability. In any case, it seems that when
L. kasmira is present, a larger proportion of the
M. vanicolensis occurs higher in the water col-
umn, and away from the relative protection of
the reef (Figure 4). These results are consistent
with expectations of relationships between species
undergoing asymmetrical competition for space
(Ricklefs and Miller 2000), i.e., of a competitively
subordinate M. vanicolensis displaced farther
from the reef and into a higher portion of the
water column, and of a competitively dominant
L. kasmira that is not influenced by the presence
of the M. vanicolensis.

These results of the analysis support previous
observations by our divers, that schools of
M. vanicolensis close to the substrate moved
higher into the water column as a group of
L. kasmira approached and moved underneath
them. Fish higher in the water column and farther
from shelter would be at greater risk from preda-
tors and fishers. Most fishing in the environments
where these fish occur is done with spears and
nets, making access to shelter important to evade
capture. Piscine predators such as the goatfish
P. cyclostomus and Seriola dumerili (Family:
Carangidae) are commonly seen in the area, and
large P. cyclostomus (70 cm) have been observed
making predatory runs at M. vanicolensis.

Competition between reef fishes for shelter
space has been shown to increase predatory mor-
tality for subordinate competitors in other tropi-
cal reef systems (Schmitt and Holbrook 1999;
Holbrook and Schmitt 2002). Also, subordinates
may suffer from chronic stress (Alanara 1997),
which can depress their immune responses,
making them more susceptible to pathogens
(Mazeaud et al. 1977). Stress responses also
depress subordinates’ feeding while simulta-
neously increasing their metabolic rates, leading
to depressed growth rates (Abbott and Dill 1989;
Wang et al. 2000; Sloman and Armstrong 2002).
Slower-growing fish would spend more time at
sizes vulnerable to predation, compounding the
effects of their spatial displacement. The lower
fecundity of smaller fish would reduce the ability
of the population to offset increased predatory
mortality with its reproductive output.

This new evidence of potentially detrimental
interactions of introduced coral reef fishes on
natives, underscores the need for further study of

such behavioral and ecological relationships.
Future investigations should illuminate larger-
scale and longer-term patterns of habitat use,
and reveal how those habitat use patterns relate
to feeding patterns. Ongoing investigations of
goatfish and snapper diets will permit a more
comprehensive evaluation of impacts that the
introduced L. kasmira may have on its host eco-
systems in Hawai’i.
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