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INTRODUCTION

The common bluestriped snapper Lutjanus kasmira
(Forsskål, 1775) (Lutjanidae) is a reef fish found
throughout the Indo-Pacific (Randall 2005). Because of
the lack of highly commercially valuable fish species
such as groupers and snappers (Oda & Parrish 1981,
Randall 1987), this fish was intentionally introduced off
the island of Oahu, Hawaii, from the Marquesas
Islands and Tahiti in the 1950s to enhance local coastal

fisheries. Since its introduction to Oahu, L. kasmira has
become extremely abundant and has successfully
spread throughout the entire Hawaiian Archipelago,
from Midway in the northwest to the island of Hawaii
in the southeast (Friedlander et al. 2002). Since its
introduction, this snapper has become the focus of con-
siderable attention in the scientific and fishing commu-
nity because of its possible deleterious effects on local
marine communities. However, evidence is scant for
dietary overlap or competition between L. kasmira and
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native fish, nor have they been incriminated in con-
sumption of native fish (Oda & Parrish 1981). In con-
trast, L. kasmira are often found schooling with native
goatfish, and asymmetrical competition occurs with
one species, Mulloidychthies vanicolensis, the latter
being displaced higher into the water column, possibly
making the native goatfish more susceptible to preda-
tion (Schumacher & Parrish 2005).

In general, animals that colonize remote islands are
thought to have a low probability of introducing para-
sites from their native range, in part because only the
fittest animals are thought capable of long-distance
migrations (Torchin et al. 2003). The case of the Lut-
janus kasmira in Hawaii is different in that this species
was deliberately and repetitively introduced in large
numbers (Randall 1987), thus presumably enhancing
the likelihood of parasite introductions into Hawaii
(Randall 1987). Several reports exist on investigation of
potentially invasive nematodes in L. kasmira from
Hawaii (Rigby & Font 1997, Font & Rigby 2000), and a
recent comprehensive study of overall macroparasite
fauna of L. kasmira from South Pacific islands suggests
that most of the macroparasites found in L. kasmira
from Hawaii were introduced (Vignon et al. 2009).

In contrast, relatively less information exists on
microparasites in L. kasmira (and tropical wild marine
fish in general) in part because these are more difficult
to detect. One report documented a high prevalence of
merozoites of a coccidian parasite and a relatively
lower prevalence of infections of epitheliocystis-like
organisms (ELO) in L. kasmira from Oahu where the
fish were initially introduced (Work et al. 2003). How-
ever, the role of L. kasmira in introducing potential
microparasites into Hawaiian marine ecosystems is
unclear, and it is unknown how widespread these
microparasites are in fish populations within the
Hawaiian Archipelago or the Pacific. In addition, we
do not have data on the potential effects of these para-
sites on the host.

Unless parasites can be documented to cause signif-
icant mortality (epizootics), determining whether or
not they have an adverse impact on hosts based on
cross-sectional age–prevalence surveys can be diffi-
cult because their effects can be subtle (McCallum &
Dobson 1995). Controlled experimental studies expos-
ing hosts to parasites are ideal to document effects,
but for marine ecosystems the life cycles of many para-
sites are unknown, precluding their use. However,
clues to effects of parasites on hosts can be gained
from cross-sectional surveys. For example, decreasing
prevalence of parasites with age can be caused by
parasite-induced host mortality or successful host im-
mune response and clearance of parasites (Wilson et
al. 2001). Sorting this out in absence of knowledge on
immune status of the host can be difficult, and for most

helminth surveys, for example, host response to the
parasite is often not examined, although exceptions to
this exist (Rigby & Dufour 1996). In contrast, histologic
examination of tissues for microparasites usually in-
cludes documentation of host response and patholo-
gies that may not be evident from routine gross exam-
ination of tissues. 

The objectives of the present study were to document:
(1) the geographic extent of microparasites in Lutjanus
kasmira from both the native range, where the fish orig-
inated (Tahiti and the Marquesas Islands in French Poly-
nesia), and the introduced range (Hawaiian Archipel-
ago); (2) the general health status of L. kasmira in these
islands; (3) the spatio-temporal epidemiological variabil-
ity in L. kasmira within the introduced range; and (4) the
potential effects of microparasites on the health of L. kas-
mira in their introduced range.

MATERIALS AND METHODS

Fish from Oahu and Maui were collected by hook
and line or by pole spear at depths ranging from 15 to
80 m. For the temporal study, an equal number of fish
were caught at the same 5 locations off Oahu each year
between 2001 and 2008 as part of a long-term water
quality study carried out by the City and County of
Honolulu. We measured whole weight (0.1 g) and total
and fork length (0.1 cm). Body condition index (whole
weight/total length3) was calculated as described by
Le Cren (1951) because it is a good indicator of the
general well-being of a fish (Bolger & Connolly 1989).
All fish underwent a systematic external and internal
examination, and representative tissues including gill,
skin, muscle, brain, liver, spleen, cranial and caudal
kidney and swim bladder were preserved in 10% neu-
tral buffered formalin, embedded in paraffin, sec-
tioned at 5 µm and stained with hematoxylin and
eosin. Parasites were identified as belonging to one of
the following groups: (1) coccidia, (2) ELO, (3) hel-
minths, (4) myxosporea or (5) microsporea.

Microscopic lesions for each organ were assigned a
score according to a scheme simplified from Bernet et al.
(1999). Briefly, lesions were characterized as atrophy, in-
flammation or necrosis and assigned a score of 1, 2 or 3,
respectively. These scores were a modification of Bernet
et al. (1999), whereby the magnitude of the score re-
flected the reversibility of damage (e.g. atrophy is a re-
versible process, necrosis is not). Lesions were further as-
signed a subjective severity score: mild (1), moderate (2)
or severe (3). Lesion type multiplied by lesion severity
was summed for each organ to arrive at a lesion score for
that organ. An average lesion score was then computed
for each fish by dividing the sum total lesion score for all
organs by the number of organs examined.
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To ensure a sufficient sample size for meaningful sta-
tistics, we evaluated the effects of parasites on fish only
for those parasites that infected ≥20% of 700 fish exam-
ined in the study (≥140 fish). To assess parasite inten-
sity, number of clusters of coccidia per spleen section or
numbers of ELO per caudal kidney section were quan-
tified. To evaluate host response to coccidia, a subset of
fish from Oahu was randomly selected for enumeration
of coccidia by digital photography (Schwindt et al.
2006). Briefly, slides of 1 to 2 longitudinal histological
sections of entire spleens were scanned, and the total
area of the spleen section and fraction of the section oc-
cupied by parasites or melanized macrophage centers
(MMCs) were calculated using SigmanScan (Systat
Software); host response to coccidia consisted of envel-
opment by MMCs. Because host response to ELO was
more or less binary, it was classified as mild (no re-
sponse or, rarely, mild lymphoid infiltrates) or chronic
(presence of cartilaginous capsule around ELO) (Work
et al. 2003).

Simple linear regression was used to evaluate the re-
lationship between intensity of coccidia infection and
numbers of MMC and between numbers of aggregates
of aplicomplexa and the percent of organ occupied by
parasites. Mean numbers of ELO for fish manifesting
mild or chronic responses were compared using a
Student’s t-test (Daniel 1987). A chi-square test was
used to evaluate organ tropism of ELO or coccidia and
its potential effect on host survival (Lester 1984). To as-
sess overall health of fish, sampling areas (Hawaii,
Maui, Oahu, French Frigate Shoals, Midway, Tahiti,
Marquesas, Fiji, Samoa and New Caledonia) were
ranked 1 to 10 as to mean body condition (high to low),
mean parasite intensity for coccidia and ELO (low to
high) and mean lesion score (low to high). A mean
overall score was then calculated for each area and
served as the health index, with a high score indicating
an unhealthy fish population. A similar process was
used to assess health of fish between years on Oahu for
2001–2008 (ranked 1 to 9). Multiple linear regression
was used to assess annual prevalence of ELO and coc-
cidia versus health index between 2001 and 2008. Sim-
pon’s diversity index (1-D) was used to assess micro-
parasite diversity across islands (Simpson 1949). Body
condition indices for fish in introduced (Hawaiian
Archipelago) versus native (all other islands) ranges
were compared using t-tests. Alpha for all comparisons
was set at 0.05.

Parasites in animals typically adopt a distribution
that is most closely approximated by the negative
binomial, where the majority of animals are uninfected
and a few animals have heavy infections (Shaw & Dob-
son 1995). Two measures of the degree of aggregation
of parasite distribution include the variance to mean
ratio (Anderson & Gordon 1982) and maximum likeli-

hood estimates of k (Bliss & Fisher 1953); the former
increases and the latter decreases with increasing par-
asite aggregation within the host. Measures of aggre-
gation have been used to explain patterns in para-
site–host ecology such as the shape of size–prevalence
curves and potential effects of parasites on host fitness
(Anderson & Gordon 1982). Maximum likelihood esti-
mates of k (Bliss & Fisher 1953) were analyzed using R
(Ihaka & Gentleman 1996), and variance to mean ratios
were analyzed by size class for sample sizes ≥ 30 indi-
viduals (Pacala & Dobson 1988). Maximum likelihood
k and variance to mean ratios were also calculated
across years for fish from Oahu and compared to para-
site intensity and prevalence. Estimate ages (yr) of Lut-
janus kasmira were calculated based on total length,
based on a Von Bertalanffy growth model (Morales-
Nin & Ralston 1990).

RESULTS

We sampled a total of 700 fish from Hawaii (n = 27),
Maui (n = 45), Oahu (n = 500), French Frigate Shoals
(n = 20), Midway (n = 19), Marquesas (n = 20), Tahiti
(n = 30), American Samoa (n = 20), Fiji (n = 11) and
New Caledonia (n = 8). Overall, by histology, coccidia
were the most common parasites (55%), followed by
ELO (22%), helminths (10%), microsporidia (2%) and
myxosporea (1%). ELO and coccidia were found in
both spleen and caudal kidney. ELO was significantly
more likely to be located in the caudal kidney, whereas
coccidia were significantly more likely to be located in
the spleen (χ2 = 362, p < 0.001), with coccidia more
likely to infect both organs. For coccidia, the probabil-
ity of both kidney and spleen independently being
infected (0.09) was greater than both being concur-
rently infected (0.04). In contrast, for ELO, the proba-
bility of both organs independently being infected
(0.006) was less than the probability of both being con-
currently infected (0.05). Across islands, dual infection
with coccidia and ELO was seen in Samoa (20%),
Oahu (18%), Maui (11%) and Marquesas (5%).
Helminths infected the widest variety of organs with
liver (23%), gill (22%), skeletal muscle (14%) and
heart (12%) comprising the majority, and spleen, cau-
dal kidney, brain, pancreas and gonads each compris-
ing <10%. Microsporidia infected mainly liver (92%)
followed by skeletal muscle (8%). Myxosporea were
mainly found in the spleen (57%) followed by liver
(28%) and cranial kidney (15%).

In the Hawaiian Archipelago, prevalence of coc-
cidia was similar on Oahu, Maui and French Frigate
Shoals, but decreased on Hawaii and Midway. In con-
trast, prevalence of ELO on Oahu was highest but
dropped progressively in adjacent islands to the
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southeast and northwest. Prevalence of coccidia con-
sistently exceeded that of ELO for all islands (Fig. 1A).
According to the health score, fish from Samoa were
the least healthy, whereas fish from Midway were the
healthiest. Diversity of microparasites was highest on
Midway and lowest in New Caledonia, and there was
no significant relationship between parasite diversity
and health index (Fig. 1B). Body condition index
(mean ± SD) of fish from the introduced range in the
Hawaiian Archipelago (0.0154 ± 0.00122) was signifi-
cantly greater (t = –3.512, p < 0.001) than that of fish
from the native range (0.0148 ±0.0018).

On Oahu, fish acquired ELO and coccidia at about 19
to 20 cm (i.e. about 1 to 2 yr old) and prevalence of both
microparasites increased intermittently as fish grew

(Fig. 2A), reaching 100% in larger individuals (>30 cm)
for coccidia but 0% in those size classes for ELO. Vari-
ance to mean ratios for coccidia increased with age but
remained steady, and increased only for larger size
classes (>26.7 cm) for ELO (Fig. 2B). Maximum likeli-
hood k increased (decreased parasite aggregation)
with size for both ELO and coccidia, but dropped in
larger age classes (>26.7 cm) for ELO (Fig. 2C).

On Oahu, annual prevalence of coccidia ranged from
48 to 80%, whereas that of ELO ranged from 12 to
48%. Annual prevalence of both microparasites ran-
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domly fluctuated (Fig. 3A). There was no significant
relationship between prevalence of coccidia and ELO
across years. As measured by variance to mean ratio,
peaks in aggregation were seen for coccidia in 2001,
2003 and 2007 and for ELO in 2002 (Fig. 3B). As mea-
sured by maximum likelihood k, aggregation was
highest in 2001, 2006 and 2008 for coccidia and in
2001, 2004 and 2008 for ELO (Fig. 3C). On Oahu, the
health index increased significantly with prevalence of
ELO and coccidia (F = 17.635, p = 0.005) (Fig. 3D).

Prevalence and intensity of infection were signifi-
cantly related by linear regression for both coccidia
(R2 = 0.64, F = 12.3, p = 0.01) and ELO (R2 = 0.9, F =
66.9, p < 0.001; Fig. 4A). For coccidia (R2 = 0.95, F =
114.4, p < 0.001), aggregation as measured by maxi-
mum likelihood k decreased significantly with increas-
ing prevalence (R2 = 0.95, F = 114.4, p < 0.001), but the
relationship was not significant with ELO. Aggrega-
tion decreased significantly more rapidly with increas-
ing prevalence in coccidia compared to ELO (t = 38622,
p < 0.001; Fig. 4B). There was no significant relation-
ship between variance to mean ratio and prevalence
for either parasite (data not shown). The relationship
between log variance to log mean parasite intensity for
coccidia (F = 6.760, p = 0.041) and ELO (F = 8.948, p =
0.024) were significantly related; however, their slopes
were <1 and did not differ significantly.

DISCUSSION

Overall, coccidia and ELO were the most abundant
and widely distributed microparasites seen in L. kas-
mira in the tropical Pacific, and consistently higher
prevalence of coccidia indicates that this organism
more efficiently parasitizes L. kasmira than ELO. This
is supported by size–prevalence curves, where ELO
are detected later in life than coccidia. Prevalence of
coccidia and ELO was highest in Samoa and around
the islands where snappers were introduced (i.e.
Oahu) than in the range from where they originated
(i.e. Tahiti and Marquesas Islands). In the Hawaiian
Archipelago, prevalence of both microparasites pro-
gressively decreased southeast and northwest from the
release island (Oahu). Given the relatively small sam-
ple size in New Caledonia and Fiji, the maximum 95%
likely prevalence of coccidia and ELO would have
been 23 and 31%, respectively (Post & Millest 1991).
The lowest detected prevalences for coccidia and ELO
were 16 and 4%, so, in theory, our sample size should
have been sufficient to detect these organisms in these
islands, suggesting that these parasites are rare to
absent in those particular ecosystems.

The patterns of decreasing prevalence of parasites
with distance from Oahu in the Hawaiian Archipelago
can be explained in 2 ways. Either these micropara-
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sites are enzootic to the Hawaiian Archipelago, and
newly introduced Lutjanus kasmira acquired them
progressively from native fauna, or these micropara-
sites were introduced into Oahu from Tahiti and the
Marquesas Islands and spread to adjoining islands.
There is little evidence that larval fish play a signifi-
cant role in the geographic spread of parasites, at least
for helminths (Rigby & Dufour 1996, Cribb et al. 2000)
and introduction of these parasites into Hawaii from
Tahiti and the Marquesas Islands would argue against
the parasite release hypothesis stipulating that fish
leave their enzootic parasites behind when colonizing
new regions (Torchin et al. 2003). However, these fish
did not arrive at Hawaii naturally, so we are unsure
whether these two concepts would apply in this in-
stance. One other ancillary line of evidence suggests
that these parasites were acquired by fish in Hawaii:
fish in the Hawaiian Archipelago were in better body
condition than those in the native range. A similar phe-
nomenon was seen in introduced green crabs and was
explained, in part, by reduced parasite loads in intro-

duced versus native crabs in the same ecosystem
(Torchin et al. 2001), thus supporting the parasite
release hypothesis. Confirming this, however, would
require us to examine parasite loads of snappers versus
native fish in Hawaii. We cannot explain why diversity
of parasites was higher on Midway and Hawaii. The
colonization time hypothesis suggests that parasite
diversity increases with residence time in introduced
fish (Guegan & Kennedy 1993), so presumably for the
Hawaiian Archipelago parasite diversity should have
been highest on Oahu.

Lesion scoring has been used successfully to objec-
tively assess geographic variation in fish health (Bernet
et al. 1999). Based on a combination of body condition,
intensity of coccidia and ELO and lesion scores, Lut-
janus kasmira from American Samoa were the least
healthy and those from Midway (Hawaii) the healthiest.
The overall health status of L. kasmira throughout the
Hawaiian Archipelago was similar to the natural range.
There was no relationship between diversity of para-
sites and health status of fish. Evidently, health status
and parasite diversity operate differently at different
scales; whereas no relationship existed here between
host health and parasite diversity, on an ecosystem
level, others have found that healthier ecosystems
had a higher diversity of parasites (Hudson et al. 2006).
On the other hand, health status of fish on Oahu de-
creased significantly with increasing prevalence of
both ELO and coccidia, suggesting that combined para-
site burdens have a negative cost to the host.

The size–prevalence curve for coccidia was compat-
ible with a Type 2 curve, where prevalence increases
to asymptotic levels, whereas the curve for ELO with a
peak in middle age classes and a decrease in larger
age classes was compatible with a Type 3 curve (Wil-
son et al. 2001). Type 2 curves are characteristics of a
host–parasite system where rate of acquisition of para-
sites through time is constant, as is parasite-induced
mortality. Type 3 curves can be explained by parasite-
induced mortality, acquired immunity or age-related
changes in infection or exposure or probability of
detecting infection (Wilson et al. 2001). Given that the
same techniques to detect parasites were used for all
age classes, age-related changes in probability of
detection probably does not explain these findings.
Low sample sizes for larger age classes could explain
the lack of ELO in larger size classes; however, an ear-
lier study with a smaller sample size showed similar
size–prevalence curves for both organisms in snappers
(Work et al. 2003), suggesting that loss of ELO in older
age classes is a real phenomenon.

The evidence for effects of ELO and coccidia on hosts
using measures of aggregation in the present study is
mixed. For both parasites, the slope of log variance to
log mean parasite intensity was <1, suggesting para-
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site-induced mortality (Anderson & Gordon 1982). On
the other hand, aggregation as measured by variance
to mean ratios and maximum likelihood k decreased
with age for coccidia and ELO, but increased at high
age classes for ELO, suggesting parasite-induced host
mortality for ELO but not coccidia. Anderson & Gordon
(1982) stated that increased variance to mean ratios
with age was suggestive of parasite-induced host mor-
tality, but cautioned that this metric was heavily influ-
enced by sample size. Pacala & Dobson (1988) and
Shaw & Dobson (1995) argued that, given sufficient
sample sizes (n ≥ 30), a decrease in aggregation of par-
asites as measured by maximum likelihood k with age
was indicative of parasite-induced host mortality, den-
sity-dependent parasite mortality or parasite-induced
changes in host susceptibility. Variance to mean ratios
and maximum likelihood k are measures of 2 different
aspects of aggregation. Scott (1987) argued that vari-
ance to mean ratio is more indicative of the length of
the tail of the distribution and is a more appropriate
measure of aggregation when means differ between
samples, whereas maximum likelihood k is more reflec-
tive of the left shift of the distribution.

Immunological response of the fish host to these
agents and location in organs may provide additional
clues as to effects of these parasites on the host. Lut-
janus kasmira responded to coccidia infection in the
spleen with MMCs that increased significantly with
parasite numbers. However, MMC and parasite num-
bers increased with age, and this has been seen in
other fish species such as perch (Brown & George
1985). Increased immune response to increased para-
sites has to exact some energetic costs to the host. The
significantly higher rate of decrease in aggregation
with prevalence for coccidia versus ELO also is sug-
gestive of parasite aggressiveness in colonizing the
host; the higher the prevalence, the more heavily
infected the hosts. The fact that both parasites colo-
nized 2 organs can be used to discern potential effects
on the host. For coccidia, the product of the indepen-
dent probability of coccidia infection in kidney or
spleen was greater than the probability of dual infec-
tion, suggesting that they have detrimental effects
(Lester 1984), whereas this was not the case for ELO. In
contrast to coccidia, L. kasmira respond to ELO by
formation of a cartilaginous capsule that effectively
walls off the parasite and appears to limit spread of
infection within the affected organ. Thus ELO is more
characteristic of a chronic disease, whereas coccidia
infection is acute with a more rapid onset, a fact sub-
stantiated by the earlier acquisition of this parasite in
the fish’s life. Based on host response, host immunity
and parasite clearance rather than parasite-induced
mortality would explain the Type 3 size–prevalence
curve for ELO.

Prevalence and aggregation of both parasites in Lut-
janus kasmira on Oahu as measured by variance to
mean ratio and maximum likelihood k were temporally
dynamic. The consistently lower prevalence of ELO
over time indicates that this organism consistently
underperforms against coccidia in parasitizing Lut-
janus kasmira. Annual peaks in aggregation (many
hosts with few parasites) would be suggestive of pulses
of many uninfected hosts entering the population that
year. In controlled experiments, Scott (1987) noted that
as a parasite spread through a population, aggregation
increased and then decreased precipitously with pop-
ulation crashes. The life cycles of the coccidia and ELO
infecting L. kasmira are unknown; however, aggrega-
tion may also provide clues to life history of these par-
asites. Parasites with low maximum likelihood k typi-
cally have indirect life cycles (Shaw & Dobson 1995),
suggesting that coccidia with their low maximum like-
lihood k would have a similar life cycle. The relation-
ship of prevalence to parasite intensity for coccidia
would seem to confirm this, in that only 64% of the
variation in parasite intensity was explained by preva-
lence. This suggests a more complex system, and many
coccidia do indeed have complex life cycles involving
invertebrate intermediate hosts (Overstreet et al. 1984).
In contrast, prevalence of ELO (a parasite with high
maximum likelihood k and low aggregation) was 90%
explained by parasite intensity, suggesting a simpler
system of direct host-to-host transmission. Empirical
transmission studies would be needed to confirm this;
however, epitheliocystis is thought to be transmitted
by direct contact (Hoffman et al. 1969).

We conclude that coccidia and ELO are distributed
throughout most of the Pacific islands. We suspect that
these organisms naturally occur in the Hawaiian Arch-
ipelago, and that they were most likely acquired by
Lutjanus kasmira after translocation. Future studies to
confirm this might entail molecular analyses of these
parasites along a geographic gradient to assess relat-
edness. Coccidia in L. kasmira probably have an indi-
rect life cycle and exert a negative effect on their host
based on organ tropism, organ burden, host response
and degree of aggregation. In contrast, ELO appear to
be more benign and most likely have a direct life cycle,
at least for the size classes of animals examined in the
present study. Parasites are suspected to affect the out-
come of invasions in marine systems in that detrimen-
tal effects of parasites are strongly minimized by costly
defenses, and release from parasites allows realloca-
tion of energetic resources to other functions which
might give a competitive advantage of introduced over
endemic species (Torchin et al. 2002). In the present
study, L. kasmira have better body condition in their
introduced range but still remain parasitized by 2
microparasites, so other factors such as decreased pre-
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dation may have largely contributed to the successful
introduction and rapid spread of this snapper through-
out the Hawaiian Archipelago.
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