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ABSTRACT 

 

 There have been persistent concerns among the fishing community in Hawai‗i 

that the introduced snapper Lutjanus kasmira has caused declines in populations of native 

shallow-water fishery species. L. kasmira has purportedly caused these declines through 

predation on juveniles and/or competition with adults for food or shelter. Because 

goatfishes were commonly cited as having been adversely affected by the introduced 

snapper, the present investigation compared habitat use and trophic ecology of L. kasmira 

and three native species of goatfish (Mulloidichthys flavolineatus, M. vanicolensis and 

Parupeneus multifasciatus). Studies of small-scale habitat use indicated that L. kasmira 

can displace resting schools of M. vanicolensis farther from shelter. However, clear 

detrimental effects of this displacement have not been quantified, and any such effects 

would likely be limited to locations where these species co-occur at high densities. 

Acoustic telemetry and research fishing found that larger-scale habitat use patterns of L. 

kasmira and goatfishes would be unlikely to drive competition for food. Areas used by 

Mulloidichthys spp. for nocturnal feeding were generally deeper sandy habitats, while 

those used by L. kasmira were shallower and closer to the reef. P. multifasciatus always 

stayed relatively close to the reef but fed during the day. Fish were collected for dietary 

analysis off the south shore and Kane‗ohe Bay of O‗ahu, and off the west shore of the 

Island of Hawai‗i. Archived diet data from the Northwestern Hawaiian Islands and Puako 

Bay on the Island of Hawai‗i were also incorporated into dietary analyses. Although there 

was some similarity in types of prey consumed by L. kasmira and P. multifasciatus, there 
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was no evidence that abundance of L. kasmira affected the diet or biological condition of 

P. multifasciatus or any other species in the study. Additionally, no fish (e.g. P. 

porphyreus, Zebrasoma flavescens) or invertebrate (Ranina ranina, Octopus cyanea) 

species that were important to local fisheries were identified in L. kasmira guts. Given the 

lack of evidence of strong ecological interactions between L. kasmira and other species in 

this study, fears that the introduced snapper has had a detrimental impact on 

commercially important native species in Hawai‗i appear to be unfounded.  
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CHAPTER I 

GENERAL INTRODUCTION 

 

OVERVIEW 

In many coral reef ecosystems, carnivorous fishes such as snappers (Family: 

Lutjanidae), emperors (Family: Lethrinidae) and large groupers (Family: Epinephelidae) 

make up a substantial component of the fish assemblage. However, these groups are 

poorly represented in Hawai‗i. Only two native species of snapper are found in shallow 

waters, Aprion virescens and Aphareus furca. There are also just two native species of 

large grouper, Epinephelus lanceolatus and Hyporthodus quernus; and the emperor 

family is represented by a single species, Monotaxis grandoculis. None of these fishes 

are abundant in the Main Hawaiian Islands (MHI).  

In the 1950‘s, an apparent trend of declining catches of native fishes and the 

depauperate nature of the reef fish assemblage led the Division of Fish and Game (DFG) 

of the Territory of Hawai‗i to initiate a program to increase nearshore fishing 

opportunities (Takata 1956). To this end, the DFG collected several species of snappers, 

groupers, and emperors from Mexico, Kiribati, Mo‗orea and the Marquesas Islands and 

released them in Hawai‗i (Table 1.1). It was believed that the introduced fishes would 

occupy a vacant ecological niche, so they were expected to provide new fishery resources 

without disrupting existing fisheries or the ecosystem (Randall & Kanayama 1972). 

Four species became established as a result of the introduction program: one 

grouper (Cephalopholis argus) and three snappers (Lutjanus kasmira, L. fulvus, and L. 
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gibbus). However, none of these fishes achieved the original goal of becoming important 

fishery resource species. C. argus, L. fulvus, and L. kasmira can be found in local fish 

markets, though only L. kasmira is caught in significant amounts. Commercial fishing 

reports collected by the State of Hawai‗i Division of Aquatic Resources indicated that in 

recent years, approximately 20,000 kg of L. kasmira were sold annually (Hawai‗i 

Division of Aquatic Resources 1997-2008)). However, this fish garners among the 

lowest prices in markets (<$7/kg, pers. obs.), and is considered by many fishers to be a 

nuisance, at best. C. argus and L. fulvus are sold for moderate prices (~$18/kg), but in 

relatively small amounts. Only 300 kg of C. argus and slightly more than 1,000 kg of L. 

fulvus were reported annually as commercial catch in recent years (Hawai‗i Division of 

Aquatic Resources 1997-2008).  

In addition to the limited benefits these introduced fish have provided for local 

fisheries, concerns have arisen that some of these species have caused detrimental 

impacts to populations of more desirable native fishery species. The exception to these 

concerns is L. gibbus, which is extremely rare (Randall et al. 1993; Randall 2007) and is 

unlikely to be a threat to the native ecosystem. L. fulvus is not highly abundant, though it 

may have become more common at some locations in recent years (pers. obs.; I.D. 

Williams, pers. comm.). Some fishers have expressed concerns about ecological effects 

of this species. However, the ecology of this species has not been studied in Hawai‗i due 

to its historically low abundance. C. argus is common in many reef areas in Hawai‗i, but 

concerns about ciguatera toxicity have limited its marketability (Dierking 2007). Recent 

studies indicate that this species may consume significant numbers of native fish 
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(Dierking 2007; Meyer 2008). Studies are underway on Maui and the Island of Hawai‗i 

to determine if reducing populations of C. argus in select areas results in increases of 

native species. L. kasmira is abundant throughout much of the archipelago, and many 

fishers believe that it is a serious threat to the health of native fish populations. The 

present study was conducted to provide a comprehensive evaluation of the severity of 

these threats.  

 

INTRODUCTION AND SPREAD OF L. KASMIRA 

Between 1955 and 1961, approximately 3,200 L. kasmira were introduced to 

O‗ahu from French Polynesia (Table 1.2)
1
. Fish from the Marquesas were released at 

Barber‘s Point in 1955 and Kane‗ohe Bay in 1958, and fish from Mo‗orea were released 

in Maunalua Bay in 1961 (Figure 1.1). The first island other than O‗ahu where L. 

kasmira was reported was the Island of Hawai‗i in 1960 (Table 1.3, Figure 1.2). The 

catch of this fish was the first clear indication that L. kasmira had successfully 

reproduced (Randall 1987). This report was five years after the first small introduction 

off Barber‘s Point, and two years after the first substantive introductions in Kane‗ohe 

Bay.  

Initially, fishing for L. kasmira and other introduced species was restricted by the 

state/territorial government to facilitate their establishment. As their populations 

increased, L. kasmira, L. fulvus, and C. argus were sighted with increased frequency on 

                                                 
1
 Records of introductions and reported catches of fish were maintained by the DFG, and its successor 

when Hawai‗i became a state, the Division of Aquatic Resources (DAR). These records were compiled and 

summarized by the Hawaii Cooperative Fishery Research Unit (E. Conklin, unpublished). The description 

of the spread of L. kasmira is a synopsis of this compilation. 
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all the MHI, and fishing for these species was opened in October, 1966 (Randall & 

Kanayama 1972). L. kasmira were subsequently reported from Ni‗ihau in 1969, and from 

locations in the remote NWHI in the 1970s (Oda & Parrish 1982; Randall et al. 1993). 

Recent genetic studies indicate that current populations of L. kasmira in Hawai‗i are 

descended from both Mo‗orean and Marquesan transplants (Gaither et al. 2010). 

The geographic and temporal distribution of first catch reports in the MHI may 

indicate a non-monotonic pattern of dispersal (Table 1.3). After L. kasmira were caught 

near the Island of Hawai‗i in 1960, it was another 3 ½ years before they were reported 

from Maui (in early 1964) and another 4 ½ years before they were reported from Lana‗i 

(in 1968). Both these islands are considerably closer to introduction sites on O‗ahu than 

they are to the Island of Hawai‗i. Similarly, L. kasmira were caught off Ni‗ihau more 

than 2 years before they were caught off Kaua‗i. Non-monotonic dispersal would not be 

unexpected for a species that has a pelagic larval dispersal stage such as L. kasmira 

(Rangarajan 1971; Suzuki & Hioki 1979). However, it should be noted that fishing and 

SCUBA surveys for L. kasmira were not systematic across the MHI, and the remote 

NWHI were even visited less regularly. Thus, it is likely that L. kasmira were present in 

some locations before they were detected and reported. Still, it is possible to estimate the 

minimum dispersal rate that would be required for L. kasmira to reach each new 

maximum distance from the introduction points on O‗ahu. A conservative estimate of 

dispersal rate can be obtained by assuming that fish were descended from the initial 

introduction in 1955. Based on this assumption, L. kasmira were able to disperse through 

the archipelago at rates of up to 70 km per year (Table 1.3, Figure 1.2). 
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As is typical of a ―good‖ invader, L. kasmira dispersed rapidly, quickly achieved 

high local abundances, and occupied a variety of habitats. Although they are generally 

considered coral reef associated species, L. kasmira are also common at artificial reef 

sites, and are found over a wide range of depths in Hawai‗i. They can be found from less 

than two meters of water to depths greater than 160 m (Parrish et al. 2000). 

 

RATIONALE FOR PRESENT STUDY 

Since its introduction, L. kasmira has become highly abundant in many locations 

throughout the Hawaiian archipelago. However, despite its proliferation and availability 

to fishers, L. kasmira has not become a valuable fishery species (Tabata 1981). A 

preference for red-colored and/or native fish among residents of Hawai‗i has limited their 

acceptance of L. kasmira as a food fish. Of potentially greater concern are questions 

about effects that L. kasmira may have on fishery resource species in Hawai‗i. Over the 

same time period that the range and population size of L. kasmira were expanding, 

fishers reported that catches, and presumably population sizes, of other resource species 

had declined. This correlation led to the popular, though a priori, assertion that L. 

kasmira was responsible for these declines. Proponents of these opinions usually suggest 

that L. kasmira are eating young individuals of native resource species and/or competing 

with adults for food or shelter (Tabata 1981). 

Theoretical and empirical studies in other locations indicate that such interactions 

are possible. Insular ecosystems such as those in Hawai‗i are generally less biologically 

diverse than larger ecosystems, or those that are closer to continental landmasses and 
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other potential sources of colonization (MacArthur & Wilson 1967). This lower 

biodiversity is evident in the reef fish assemblage in Hawai‗i, where—in addition to the 

paucity of carnivores noted above—several common tropical fish families such as 

rabbitfishes (Family: Siganidae) and grunts (Family: Haemulidae) are absent. Because of 

their relatively low level of diversity, ecosystems on isolated islands tend to experience 

less complete utilization of their resources, and therefore less intense competition (Elton 

1958; MacArthur & Wilson 1967). Interspecific competition is believed to be an 

important mechanism of biological resistance to invaders (Elton 1958; Case 1991; Baltz 

& Moyle 1993). A high level of competition functions to prevent invasions in two ways: 

(1) it leaves few resources available that an alien species could easily exploit while 

becoming established, and (2) evolutionary pressures encourage the development of 

efficient native competitors that can more effectively exclude aliens (Elton 1958; 

MacArthur & Wilson 1967).  Research in a variety of systems confirms 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). However, competition in 

relatively low diversity coral reef ecosystems in Hawai‗i is unlikely to be strong, and 

would therefore be unlikely to prevent introduced species from becoming established or 

impacting native species.  

Competition between species may be conceived of as occurring in one or more of 

three dimensions: spatial, temporal and dietary (Ross 1986; Piet et al. 1999). Sufficiently 

strong overlap in any resource dimension indicates potential for competitive interactions, 

and overlap in multiple dimensions indicates greater competitive potential. It is therefore 
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expected that native species that would be most likely to be affected by competition with 

L. kasmira are those that are most similar ecologically (Ross 1986; Case 1991, 2000). 

Snappers such as L. kasmira are generalist carnivores, and could place substantial 

competitive stress on a variety of fish species with shared dietary and habitat 

requirements, or predatory stress on other species with which they overlap spatially. It is 

also possible that L. kasmira may adversely affect some species through competition for 

shelter rather than through trophic interactions. The structural complexity of reefs—in 

particular the number of holes available for fish to use as shelter—has been shown to 

strongly affect the structure of fish assemblages (Walsh 1984; Jennings et al. 1996; 

Friedlander & Parrish 1998; Anderson 2001; Friedlander et al. 2003, Jones et al. 2004). 

Competition for sheltering space could therefore be particularly acute in locations where 

reefs are in poor condition and/or lacking structural complexity, or where fish densities 

are high. 

Although some fishers seem to blame L. kasmira for all the problems of 

Hawaiian reef fisheries, there are little scientific data or other quantitative information 

with which to determine whether or not L. kasmira has such effects. The main study 

commissioned in Hawai‗i to address concerns about L. kasmira focused on ecological 

interactions between this fish and native deep-water snappers (Parrish et al. 2000). This 

study did not find evidence that L. kasmira had a detrimental effect on these species. 

However, concerns about interactions between L. kasmira and shallow-water species 

remain only peripherally addressed by other studies (Mahi 1969; Hobson 1972, 1974; 

Oda & Parrish 1982; Sorden 1982; Holland et al. 1993; Dee & Parrish 1994; Meyer et al. 
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2000; Friedlander et al. 2002; DeFelice & Parrish 2003; Meyer 2003). Although these 

studies provide some information about the feeding ecology and habitat use of L. 

kasmira and some native fishes, the strength of inference that can be drawn from these 

studies is limited because they either focused on one species or were more general 

studies without sufficient sample sizes to draw definitive conclusions about ecological 

interactions.  

Focused study on ecological interactions between L. kasmira and native species is 

therefore sorely needed to provide resource managers with the information required to 

implement informed management strategies. To assess whether interactions with L. 

kasmira produce negative effects on native fishes, scientists and managers need to 

understand several aspects of these species‘ behavior and ecology, including their habitat 

use patterns, their trophic relationships, and characteristics of the prey on which they 

feed. The present study was initiated to address these research needs through a focused 

investigation of the ecology of L. kasmira and native coral reef-associated species. 

 

SELECTION OF FOCAL SPECIES 

 Like L. kasmira, a number of tropical demersal fishes have important ecological 

connections to both hard- and soft-bottom habitats (Hobson 1972, 1974; Holland et al. 

1993; McCormick 1995; Meyer et al. 2000; Friedlander et al. 2002; DeFelice & Parrish 

2003; Meyer 2003). For such species, it is generally believed that reefs are used for 

diurnal sheltering, and that adjacent sandy areas are used for nocturnal feeding. This 

common behavioral pattern, along with some apparent broad similarities in diet (Hiatt & 
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Strasburg 1960; Hobson 1972, 1974; Oda & Parrish 1982; Sorden 1982; Wahbeh 1992; 

Friedlander et al. 2002; DeFelice & Parrish 2003) are consistent with the hypothesis that 

L. kasmira could contribute to declines in populations of a number of native fish species 

through competition for limiting food and/or spatial resources. 

Diet summaries from past studies (Mahi 1969; Hobson 1974; Oda & Parrish 

1982; Sorden 1982; Dee & Parrish 1994; DeFelice & Parrish 2003; J.D. Parrish, 

unpublished data) were reviewed to determine which species might compete with L. 

kasmira for food (Table 1.4). These studies were done in different times and places and 

could not be used to definitively assess the strength of competitive interactions between 

species; however they were able to provide background information to inform the 

process of selecting species for further, more detailed study. Studies that could be 

summarized by the Index of Relative Importance (IRI) were further analyzed using 

multivariate cluster analysis. IRI is a composite measure that incorporates the ―frequency 

of occurrence‖ (FO), or the proportion of fish that ate a particular prey type; the ―percent 

volume‖ (%V), or the volumetric contribution of that prey to the overall diet; and percent 

number (%N), or the numeric contribution of that prey to the overall diet (See Chapter IV 

Methods for more detail). Not all studies reported this level of detail, so this analysis 

focused on diet data from Sorden (1982), Dee & Parrish (1994), DeFelice & Parrish 

(2003), and unpublished data from the NWHI and Puako on the Island of Hawai‗i (Table 

1.4).  

This review suggested that L. kasmira had relatively low dietary similarity with 

the soldierfish Myripristis amaena (Family: Holocentridae, Figure 1.3). Similarly, Oda & 
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Parrish (1982) found low dietary similarity between L. kasmira and My. kuntee. 

However, several goatfish species had relatively high dietary similarity with L. kasmira 

(Figure 1.3), and could interact with L. kasmira in one or more portions of their habitat 

(Hobson 1972; Oda & Parrish 1982; Holland et al. 1993; Meyer 2000; Friedlander et al. 

2002; Meyer 2003). Like L. kasmira, Mulloidichthys flavolineatus and Mu. vanicolensis 

are schooling species which form largely inactive resting schools near hard substrate and 

vertical relief during the day, and are believed to forage over adjacent soft substrate at 

night (Hobson 1972, 1974; Holland et al. 2000; Friedlander et al. 2002; DeFelice & 

Parrish 2003; Meyer 2003). However, there are some indications that L. kasmira exhibits 

an ontogenetic shift in foraging behavior, with larger individuals foraging closer to or 

over hard substrate (Friedlander et al. 2002). Parupeneus multifasciatus appears to be 

closely associated with hard substrate while feeding (Hobson 1974; pers. obs.), and so 

could experience more direct competition with this portion of the population of L. 

kasmira. In fact, these species‘ diets were also the most similar according to cluster 

analysis (Figure 1.3). This analysis also indicated that the endemic P. porphyreus 

exhibited a similar level of dietary similarity to L. kasmira as Mu. vanicolensis and P. 

pleurostigma. However, P. porphyreus is heavily fished throughout the MHI and is not 

present in numbers that make it amenable for study in this project.  

Based on multivariate analysis, review of relevant literature, and preliminary 

behavioral observations, I selected four species on which to focus my investigations. In 

addition to the introduced L. kasmira, I studied three goatfishes: Mu. flavolineatus, Mu. 

vanicolensis, and P. multifasciatus. Where possible, P. porphyreus and other species 
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were included in analyses as ancillary and potentially comparative species, but were not 

considered focal species. 

 

DESCRIPTION OF RESEARCH 

This dissertation presents the results of my investigation of feeding and habitat 

use of three native goatfish species and the introduced L. kasmira. This investigation 

used a multi-faceted approach to study the ecology of these fishes. The first phase of this 

investigation involved direct observation of fishes during daytime hours to study their 

schooling behavior and small-scale habitat use patterns. The second phase used acoustic 

telemetry and research fishing to study movements and larger-scale habitat use patterns 

of focal fish species, and to identify locations and habitat types used during feeding and 

resting periods. The third phase involved collecting gut samples of fish to quantitatively 

analyze dietary similarity and incidence of predation on fishery resource species, and 

interpretation of this information in the context of results of analyses of habitat use 

patterns. 

Chapter II presents a co-authored, peer-reviewed, and published journal article 

for which I was responsible for planning and carrying out the research, analysis and 

writing. This research examined daytime habitat use and spatial interactions of focal 

species at artificial reef sites on O‗ahu. These sites were used as study sites because they 

were the primary locations where dense aggregations of focal fish species occurred in 

sympatry on O‗ahu (Figure 1.4). These reefs also provided structurally complex 

sheltering habitat that was similar to some natural reef areas where these fish are found 
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(Figure 1.5, Figure 1.6). Divers using SCUBA recorded information such as abundance 

of fish on fixed transects and location of individuals relative to the bottom and to 

different substrate types. Information on schooling behavior was used to plan a more 

focused study of interactions between schools of L. kasmira and Mu. vanicolensis. 

Researchers also looked for evidence of agonistic behavior, which may occur when 

competitors interact. 

Chapter III reports the results of the second facet of my dissertation research. 

While the first facet involved direct observation of fishes, the second facet primarily used 

indirect observation to investigate larger-scale spatial and temporal dimensions of 

resource overlap. Acoustic telemetry was employed in two ways to gather data on fish 

movements. (1) Fish from the same daytime home range were captured and surgically 

implanted with acoustic transmitters. They were then actively tracked from a surface 

vessel. Data from active tracking were used to investigate short-term movement patterns 

and identify areas that were used by fish during day and night activities. (2) Remote 

monitors were then placed in these areas to gather longer-term data on fish movements 

and habitat use. Acoustic transmitters coded with a unique transmission ―signature‖ were 

implanted in fish to study habitat use patterns for periods of up to several weeks or 

months. In addition to data gathered through the use of acoustic telemetry, data on use of 

feeding areas were obtained during research fishing to collect specimens for dietary 

analysis. 

Chapter IV reports the results of the third component of this investigation, which 

focused on analysis of trophic interactions between species. L. kasmira and focal goatfish 
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species were abundant at the primary research site on O‗ahu (where the majority of the 

habitat use studies were done), and at some collection sites on the west coast of the 

Island of Hawai‗i. An additional site on the Island of Hawai‗i was identified that 

supported populations of goatfishes but very few L. kasmira. No such sites were located 

in comparable habitats on O‗ahu. The identification of sites with different abundance of 

L. kasmira on the Island of Hawai‗i allowed for the collection of specimens that were 

both allopatric and sympatric with their potential competitors, but that experienced the 

same general abiotic environment. Additional, unpublished data from previous 

collections by the Hawai‗i Cooperative Fishery Research Unit in the NWHI and Puako 

Bay of the Island of Hawai‗i were also incorporated into comprehensive dietary analyses. 

Specimens therefore provided diet data from a variety of geographic locations and 

competitive environments. Gut contents were analyzed for morphometric, trophic, and 

taxonomic similarity. Information on length and weight of fishes was also used to 

examine the relative condition of fish. Condition, growth rate, and reproductive output 

may be reduced in response to competitive stress (Abbott & Dill 1989; Wang et al. 2000; 

Sloman & Armstrong 2002;  Morgan 2004; Polivka 2005), so these measures provided 

insight into how the results of dietary analysis were reflected in a biological measure of 

health (Stevenson & Woods Jr. 2006). 
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TABLES 

Table 1.1. Summary of introductions by Hawai‗i Division of Fish and Game.  

 

 
Family  Scientific name Origin of fish Number         Present 

   released  

Epinephelidae Cephalopholis argus Mo‗orea 2835  Yes 

  C. urodeta Marquesas Islands       8  No 

   Mo‗orea 1803 

  Epinephelus faciatus Marquesas Islands     51  No 

  E. hexagonatus Mo‗orea   978  No 

  E. merra Mo‗orea 1634  No 

  E. irroratus Marquesas Islands     22  No 

Lethrinidae  Lethrinus miniatus Mo‗orea       3  No 

  Lethrinus sp. Marquesas Islands     12  No 

   Mo‗orea     17  No 

Lutjanidae  Lutjanus gibbus Marquesas Islands     40  Yes 

   Mo‗orea   137 

  L. guttatus Manzanillo, Mexico 3439  No 

  L. kasmira Marquesas Islands 2447  Yes 

   Mo‗orea   728 

  L. fulvus  Marquesas Islands     35  Yes 

   Mo‗orea 2021 

   Canton Island, Kiribati   148 

 
 

 

Table 1.2. Introduction events of Lutjanus kasmira. 

 

 
Date   Origin of fish  Number released     Location of release  

December, 1955 Marquesas Islands    <12            Barber‘s Point, O‗ahu  

23 June, 1958  Marquesas Islands  1,400            Coconut Island, O‗ahu 

24 June, 1958  Marquesas Islands  1,035            Coconut Island, O‗ahu 

December, 1961 Mo‗orea,     728            Maunalua Bay, O‗ahu  

      Society Islands 
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Table 1.3. First reported capture or sighting of Lutjanus kasmira from main and 

Northwestern Hawaiian Islands. Dispersal distance and rate are determined from the 

initial introduction at Barber‘s Point, O‗ahu. Boldface entries indicate a new maximum 

distance in a particular direction (northwest or southeast) along the archipelago. 

 

 
                  Dispersal      Dispersal rate 

Date   Location              distance (km)     (km/yr)  

July, 1958  Wailupe, O‗ahu       40       16 

September, 1960 Pepe‘ekeo, Hawai‘i     340       72 

September, 1961 Penguin Banks, Moloka‗i      80       14 

February, 1964 Keawakapu, Maui     180       23 

September, 1968 Kaumalapau, Lana‗i     125       10 

November, 1969 Ni‘ihau      225       16 

October, 1970  Kaho‗olawe      170       12 

January, 1972  Kaua‗i       160         7  

1977   French Frigate Shoals    900       43 

1979   Laysan Island  1,525       66 

1992   Midway Atoll   2,200       48 
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Table 1.4. Summary of previous diet studies and metrics used to summarize diets. Abbreviations of studies used in multivariate 

cluster analysis are listed. 

 

Family Species Abbreviation Study Location of Study n Metrics 

Lutjanidae Lutjanus kasmira LuKa DeFelice & Parrish 2003 Hanalei Bay, Kaua‗i   12 FO, %V, %N 

     - Oda & Parrish 1982 O‗ahu, Hawai‗i 138 FO, %V  

Holocentridae Myripristis amaena MyAm-a Dee & Parrish 1994 Johnston Atoll   64 FO, %V, %N 

  - Hobson 1974 Kona, Hawai‗i   14 FO, %V  

  MyAm-b Puako Puako, Hawai‗i   22 FO, %V, %N 

     MyAm-c NWHI NWHI    9 FO, %V, %N 

 My. berndti -  Hobson 1974 Kona, Hawai‗i   17 FO, %V  

 My. kuntee - Hobson 1974 Kona, Hawai‗i   22 FO, %V  

    - Oda & Parrish 1982 O‗ahu, Hawaii   24 FO, %V  

Mullidae Mulloidichthys flavolineatus - Hobson 1974 Kona, Hawai‗i   13 FO, %V  

  MuFl Sorden 1982 Midway, NWHI   18 FO, %V, %N 

 Mu. vanicolensis MuVa Sorden 1982 Kona, Hawai‗i   10 FO, %V, %N 

    - Hobson 1974 Kona, Hawai‗i   10 FO, %V 

 Parupeneus insularis - Hobson 1974 Kona, Hawai‗i   11 FO, %V  

    - Hobson 1974 Kona, Hawai‗i   12 FO, %V  

 P. cyclostomus - Hobson 1974 Kona, Hawai‗i   15 FO, %V  

  P. multifasciatus PaMu Hobson 1974 Kona, Hawai‗i   18 FO, %V  

  - Sorden 1982 Midway, NWHI   20 FO, %V, %N 

  P. pleurostigma PaPl Sorden 1982 Midway, NWHI   14 FO, %V, %N 

 P. porphyreus - Hobson 1974 Kona, Hawai‗i     5 FO, %V  

  - Mahi 1969 O‗ahu, Hawaii 148 FO 

    PaPo  Sorden 1982 Midway, NWHI   20 FO, %V, %N 
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FIGURES 

 
Figure 1.1. 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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Figure 1.2: Spread of L. kasmira through Hawaiian archipelago, based on first capture or 

sighting away from introduction points. Distances are to the initial introduction point. 

(After Sladek Nowlis & Friedlander 2004). 
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Figure 1.3. Dendrogram of multivariate cluster analysis of Index of Relative Importance 

for available diet data (average linkage and correlation coefficient distance). Species are 

indicated by the first two letters of the genus and species names. MyAm = Myripristis 

amaena, MuFl = Mulloidichthys flavolineatus, MuVa = Mu. vanicolensis, PaPo = 

Parupeneus porphyreus, PaPl = P. pleurostigma, PaMu= P. multifasciatus, LuKa = 

Lutjanus kasmira. MyAm-a – Dee & Parrish 1994, MyAm-b - Puako, MyAm-c - NWHI. 

Details of these studies are found in Table 1.4. 
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Figure 1.4. Lutjanus kasmira (closest to substrate), Mulloidichthys vanicolensis 

(immediately above L. kasmira), and Mu. flavolineatus (upper left part of photo) at an 

artificial reef study site on O‗ahu.  
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Figure 1.5. (a.)  Lutjanus kasmira at an artificial reef study site on O‗ahu. (b.) 

Mulloidichthys vanicolensis at a natural reef site on Ni‗ihau. 

b 

a
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Figure 1.6. (a.)  Lutjanus kasmira sheltering among boulders at the Mamala Bay artificial 

reef study site on O‗ahu. (b.) Mullliodichthys vanicolensis sheltering among boulders at a 

natural reef site on Ni‗ihau. 

a

. 
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CHAPTER II 

SPATIAL RELATIONSHIPS BETWEEN AN INTRODUCED 

SNAPPER AND NATIVE GOATFISHES ON HAWAIIAN REEFS
2
 

 

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 dietary 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. kasmira 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. 

 

 

                                                 
2
 As published with coauthor James D. Parrish: Schumacher BD & Parrish JD (2005) Spatial relationships 

between an introduced snapper and native goatfishes on Hawaiian reefs. Biological Invasions 7: 925-933. 
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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 & Takata 1972). Notably absent from the fish assemblage of Hawai‗i are 

native shallow-water snappers (Family: Lutjanidae) and groupers (Family: Serranidae
3
). 

To increase recreational and commercial food fishing opportunities, and to fill a 

perceived 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
4
. 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 perceived 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 attention in the 

scientific and recreational fishing community as a potential threat to native fishes.  

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; 1,400 and 1,035 individuals were released in Kane‗ohe Bay on 23 

                                                 
3
 Family name changed to Epinephelidae after publication of this manuscript. 

4
 The presence of L. gibbus in Hawaii was not known by the authors at the time that this manuscript was 

submitted. 
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and 24 June 1958, respectively; and 728 were released in Maunalua Bay on 1 December 

1961 (Figure 1.1, Table 1.2). Within two decades, 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 Northwestern Hawaiian 

Islands (Oda & 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 of their striking abundance 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 

responsible 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 & 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 & Wilson 1967). Interspecific competition is believed to be an important 

mechanism of biological resistance to invaders (Elton 1958; Case 1991; Baltz & 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 
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competitors that can more effectively exclude aliens (Elton 1958; MacArthur & Wilson 

1967). Research in a variety of systems suggests 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 low biodiversity relative to other ecosystems in the tropics. Therefore 

competition is less likely to effectively exclude invaders and prevent their deleterious 

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; 

Friedlander et al. 2002; DeFelice & Parrish 2003). This behavioral similarity, along with 

some apparent broad similarities in diet (Hiatt & Strasburg 1960; Oda & Parrish 1982; 

Sorden 1982; Haight et al. 1993; Friedlander et al. 2002; DeFelice & Parrish 2003; J.D. 

Parrish, unpublished 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 spatial resources. However, comprehensive studies of spatial, temporal and 

dietary interactions are necessary to clarify the ecological relationships between the alien 

L. kasmira and native reef fish 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 
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with the bottom 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.  

 

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 1.1). 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 (Figures 1.4, 1.5, 1.6). These 

outfall structures constitute the primary reef in our study areas, and their complex, three 

dimensional structure provides valuable habitat 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 2.1). Transects were oriented parallel to the reef interface with the natural 

substrate (e.g., sand), and were 3 m wide and 100 m long. 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 ranging from 5 to 30 m of water, and 

in locations with different substrate types adjacent to the reef (e.g., sand, rubble).  
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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 1,000 

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 four 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 multi-factor ANOVA, 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 spatial interactions between these species. Divers monitored 

sections of reef divided into three 2-m wide portions (Figure 2.2). Outer portions were 

designated as ‗buffer zones‘ and the central portion was designated the ‗focal zone.‘ At 

1-min intervals, divers recorded the social situation and visually estimated the height 
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above the substrate of the highest and lowest individuals of both species. Three 

categories of social interaction were used: (1) if only one species was present in both the 

focal and buffer zones (Figure 2.2a), the species was considered to be at a low level of 

interspecific social interaction, and the estimated heights of the highest and lowest 

individuals were recorded (A and C, Figure 2.2a); (2) if one species was present only in 

the focal zone and the other only in the buffer zones (Figure 2.2b), the level of social 

interaction was designated as intermediate, and the heights of the highest and lowest 

individuals of the species in the focal zone (A and C, Figure 2.2b), 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 2.2c), 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 2.2c). In the latter case, other individuals present 

were not considered, because the study was focused on those fish experiencing the 

strongest social influence. Data were log transformed to improve normality and correct 

for heteroskedasticity, 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 
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multifasciatus, M. flavolineatus and M. vanicolensis were the most commonly observed 

species of goatfish. P. porphyreus, P. pleurostigma, P. cyclostomus and P. bifasciatus
5
, 

were recorded only rarely, precluding detailed analysis 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 subterranean 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 aggregations. P. pleurostigma was the fourth 

most common 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 (Figure 2.1a). 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 

transects on the reef itself or at the reef interface (Figure 2.1b). It was closely to 

moderately associated with the substrate; 80 % of recorded individuals were found <2 m 

                                                 
5
 Species name was changed from P. bifasciatus to P. insularis after the publication of this manuscript. 
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above the substrate. M. flavolineatus was found relatively evenly distributed in nearly all 

parts of the water column surveyed (Figure 2.1c). It was loosely associated 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 

2.1d). It was also closely 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 multi-factor ANOVA are reported in Table 2.1. The presence of a current 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 

transect groups within sites. Site was a significant factor 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. 

vanicolensis. Transect group, which indicates differences in the type of substrate adjacent 

to the reef, was a significant factor only for P. multifasciatus. Univariate analysis on 

individual size classes of species did not reveal any additional significant factors, and 

trends were consistent with those derived from multi-factor ANOVA.  
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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 statistical comparisons were 

only made for these two species at low vs. high levels of social interaction (Figure 2.3). 

Mean height in the water column of L. kasmira was not affected by the presence of the 

goatfish M. vanicolensis for either the lowest L. kasmira individuals (7.50 cm ± 5.57 SD, 

n = 46 when goatfish were present vs. 8.07 cm ± 7.17 SD, n = 86 when goatfish were 

absent; p = 0.615), or the highest L. kasmira individuals (32.4 cm ± 45.6 SD, n = 46 

when goatfish were present vs. 34.6 cm ± 23.1 SD, n = 86 when goatfish were absent; p 

= 0.769). By contrast, the mean height of the lowest individuals of M. vanicolensis 

increased significantly in the presence of the snapper L. kasmira (26.8 cm ± 33.1 SD, n = 

47 when L. kasmira were not present vs. 44.3 cm ± 39.6 SD, n = 46 when L. kasmira 

were present; p = 0.004, sequential Bonferroni corrected for n = 4 t-tests). However, any 

change in the height of the highest M. vanicolensis individuals was marginal (78.3 cm ± 

52.6 SD, n = 47 when L. kasmira were not present vs. 126.0 cm ± 116.0 SD, n = 46 when 

they were present; p = 0.051, sequential Bonferroni corrected for n = 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 column, and show 
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different degrees of association with primary reef and the substrate (Figure 2.1). P. 

multifasciatus and M. vanicolensis both use lower portions of the water column, but the 

latter 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 

adjacent to the reef. Of the species studied, M. flavolineatus is perhaps the most different 

from P. multifasciatus. Whereas P. multifasciatus usually occurred singly or in small 

groups and low in the water column, M. flavolineatus was found in large, diffuse schools 

(often >1,000 individuals) high in the water column. Relative to other species in the 

family, it was not closely associated with the bottom while in these daytime resting 

schools. Although they were not closely associated with the primary reef, the density of 

M. flavolineatus, like that of the other species studied, declined notably beyond the swath 

that we sampled quantitatively. This trend was readily apparent after initial surveys of the 

site, and led us to focus our study on the band of substrate adjacent 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 (Figures 2.1b, d). Depth was 

consistently a significant factor influencing fish density (Table 2.1), particularly for M. 
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vanicolensis and L. kasmira. On 55 censuses of 300 m
2 

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 m
2
 transects, however, M. vanicolensis was 

recorded in densities between 55 and 1,045 individuals (x = 415.4 ± 307.4 SD), and L. 

kasmira between 1 and 275 individuals (x = 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 margin. The lowest M. 

vanicolensis in a school were found to be significantly higher in the water column 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 

uppermost individuals (p = 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 variability. In any case, it seems that when L. kasmira is present, a 

larger proportion of the M. vanicolensis occurs higher in the water column, and away 

from the relative protection of the reef (Figure 2.3). These results are consistent with 

expectations of relationships between species undergoing asymmetrical competition for 

space (Ricklefs & 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.  
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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 predators 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 have been observed making predatory runs at M. vanicolensis.  

Competition between reef fishes for shelter space has been shown to increase 

predatory mortality for subordinate competitors in other tropical reef systems (Schmitt & 

Holbrook 1999; Holbrook & Schmitt 2002). Also, subordinates may suffer from chronic 

stress (Alanara et al 1998), which can depress their immune responses, making them 

more susceptible to pathogens (Mazeaud et al. 1977). Stress responses also depress 

subordinates‘ feeding activity while simultaneously increasing their metabolic rates, 

leading to depressed growth rates (Abbott & Dill 1989; Wang et al. 2000; Sloman & 

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-
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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 

ecosystems in Hawai‗i.  
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TABLE 

 

Table 2.1. Multi-factor ANOVA: factors affecting abundance of native goatfishes and an 

introduced snapper. Asterisks indicate the level of significance of factors included in the 

model. * p < 0.05; ** p < 0.01; *** p < 0.001.  

 

 
FACTOR     SPECIES                                                              

Parupeneus   Lutjanus  Mulloidichthys  Mulloidichthys 

multifasciatus   kasmira   vanicolensis   flavolineatus 

SITE   ***    NS   *    NS 

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

GROUP  *    NS   NS    NS 

CURRENT  ***    ***   ***    *** 
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 FIGURES 

 

   
 
Figure 2.1 a, b. Daytime habitat use of native goatfish species and an introduced snapper. 

(a) Parupeneus multifasciatus; (b) Mulloidichthys vanicolensis. For each species, boxes 

with bold outline indicate the smallest portion 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. 



 

 

 

39 

 

 

Figure 2.1 c, d. Daytime habitat use of native goatfish species and an introduced snapper. 

(c) Mulloidichthys flavolineatus; (d) Lutjanus kasmira. For each species, boxes with bold 

outline indicate the smallest portion 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. 
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Figure 2.2 a, b. Diagram of (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). 
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Figure 2.2 c. Diagram of (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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Figure 2.3. Height of fish schools above substrate. 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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CHAPTER III 

HABITAT USE AND MOVEMENT PATTERNS OF NATIVE 

GOATFISHES AND THE INTRODUCED SNAPPER LUTJANUS 

KASMIRA 

 

ABSTRACT 

 Acoustic telemetry, conventional tagging and research fishing were used to study 

habitat use of the introduced snapper Lutjanus kasmira and three native species of 

goatfish (Mulloidichthys flavolineatus, M. vanicolensis and Parupeneus multifasciatus) 

as part of an investigation into ecological interactions between them. For telemetry and 

conventional tagging, fish were captured and released in 25 m of water at an artificial 

reef in Mamala Bay, O‗ahu. Ten fish were actively tracked for a total of 330 hours, and 

34 fish were tagged with coded transmitters that could be detected by remote monitors. 

These monitors recorded 49,043 detections of these fish over 26 months. Three hundred 

sixty-six fish were tagged with conventional ―T-bar‖ tags. Tagged fish were frequently 

sighted in the study area, but only one specimen was recaptured. This M. vanicolensis 

was recaptured in approximately the same location where it was initially tagged and 

released. Telemetry data indicated that L. kasmira and Mulloidichthys spp. frequently 

used different areas during nocturnal feeding periods. Areas used by Mulloidichthys spp. 

were generally deeper sandy habitats, while those used by L. kasmira where shallower 

and sometimes closer to the artificial reef. P. multifasciatus always stayed relatively 
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close to the artificial reef but fed during the day. Research fishing took place in Mamala 

Bay and along the west coast of the Island of Hawai‗i, and did not find evidence of 

significant associations between nocturnally active species. Collectively, active tracking, 

remote monitoring and research fishing did not indicate that there was notable similarity 

in feeding areas used by L. kasmira and Mulloidichthys spp. Differential use of feeding 

habitat should prevent direct competitive interactions between these species. Similarly, a 

combination of temporal and some spatial differences may limit competition between L. 

kasmira and P. multifasciatus. Habitat use patterns were consistent with results of an 

associated diet study that did not find evidence of competition for prey. In addition to 

improving our understanding of ecological interactions between L. kasmira and these 

goatfish species, the present study also provided evidence of the importance of soft-

bottom habitats for their subsistence. Such information can be utilized to guide marine 

resource management through improved design of marine protected areas, informed 

consideration of impacts to soft-bottom habitat during dredging or other marine 

construction activities, and proper development and placement of artificial reefs. 

 

INTRODUCTION 

 In the late 1950s and early 1960s, approximately 3,200 L. kasmira (Family: 

Lutjanidae) were introduced to O‗ahu in an attempt to augment local fisheries (Randall & 

Kanayama 1972). During the decades following the introduction of this snapper, its 

population increased dramatically, and it spread throughout the Hawaiian archipelago 

(Oda & Parrish 1982; Randall et al. 1983; Schumacher & Parrish 2005). Over the same 
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time period, anecdotal reports from fishers indicated that catches and population sizes of 

native fishery species had declined (Tabata 1981). The correlation between the growth of 

L. kasmira populations and the decline of local fisheries led to the suggestion that the 

introduced snapper had negatively impacted multiple native fishery species. One of the 

commonly suggested mechanisms through which L. kasmira was believed to have caused 

declines in local fisheries was through competition with native fish for food or shelter. A 

study of diet and habitat use of L. kasmira and native deepwater snappers did not find 

evidence to support this suggestion (Parrish et al. 2000), but analogous studies have not 

been done to address the veracity of these claims with respect to shallow-water reef 

fishes. 

 A number of shallow-water species from the goatfish family (Family: Mullidae) 

are ecologically similar to L. kasmira (Hobson 1972, 1974; Holland et al. 1993; 

Friedlander et al. 2002; DeFelice & Parrish 2003; Meyer 2003), and could therefore 

compete for resources (Ross 1986, 1991; Piet et al. 1999). While trophic interactions will 

be addressed through an associated study (Chapter IV), knowledge of habitat use of L. 

kasmira and native goatfishes is also necessary to build a comprehensive understanding 

of their ecological relationships. Previous studies found some evidence of similar habitat 

use of L. kasmira and goatfishes such as Mulloidichthys flavolineatus, M. vanicolensis 

and P. multifasciatus using mark-recapture and direct visual observation (Friedlander et 

al. 2002; Schumacher & Parrish 2005). Other studies provided detailed information on 

movements and habitat use patterns of M. flavolineatus from acoustic telemetry (Holland 
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et al. 1993; Meyer 2003), but were not intended to compare this goatfish to other 

ecologically similar species or to L. kasmira.  

 The present study used a combination of acoustic telemetry, conventional tagging 

and research fishing to build on previous work. The acoustic telemetry program 

employed active tracking of fish from boats and passive monitoring with remote 

receivers to provide detailed spatial and temporal information about movements and 

habitat use patterns of fish. Information from active tracking was also used to inform the 

spatial structure of the array of remote monitors. Conventional ―T-bar‖ tags were 

deployed as an ancillary effort during collections of fish for telemetry studies to provide 

for additional, relatively coarse information on movements. Information on nighttime use 

of feeding habitats was also gathered through research fishing for the associated diet 

study. 

 

METHODS 

 The study site for acoustic telemetry and mark-recapture efforts was the artificial 

reef created by the sewer outfall pipe in Mamala Bay, O‗ahu. This was the same site that 

was used for an associated study of small-scale habitat use (Schumacher & Parrish 2005). 

The outfall pipe is covered with large boulders and provides a topographically complex 

environment that supports resident populations of all focal species (Schumacher & 

Parrish 2005; Figures 1.4-1.6). It extends 3.7 km from shore, and terminates in 

approximately 90 m of water (Figure 3.1). Because the south shore of O‗ahu has limited 

live coral reef, this and other artificial reef structures provide important habitat for L. 
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kasmira, Mulloidichthys spp., P. multifasciatus and large numbers of other species 

(Schumacher & Parrish 2005). 

 Methods of fish capture and handling conformed to University of Hawai‗i Animal 

Care and Use Committee vertebrate handling procedures under Protocol Number 98-023-

4. Fish used for acoustic and conventional tagging were captured at approximately 25 m 

depth at the artificial reef by divers using fine mesh (1.25 cm square) monofilament nets. 

Fish were brought to the surface slowly (~30 minutes) to mitigate effects of barotrauma; 

remaining pressure in their swim bladder was vented using a sterile hypodermic needle. 

Fish were anesthetized with Finquel® MS-222® (tricaine methanesulfonate), and 

acoustic transmitters (Vemco V8
TM

, 9 mm diameter by 29 mm length) were surgically 

implanted in their abdominal cavity (Holland et al.1993; Meyer et al. 2000; Meyer 2003). 

Transmitters used for active tracking produced a single ping at 1 second intervals and had 

an expected battery life of 21 days. Fish implanted with transmitters were also externally 

tagged with a red, 6 cm ―T-bar‖ tag with a unique identification code (Hallprint, South 

Australia). Fish not implanted with transmitters were tagged with other color tags. 

Anesthetized fish were revived in a flow-through live well and released at the point of 

capture as soon as possible following resuscitation to reduce stress from captivity. Divers 

followed fish implanted with silent, ―dummy‖ transmitters during initial surgical trials 

and observed them rejoining groups of conspecifics within minutes of being released.  

 During active tracking, fish were monitored from a 6 m vessel equipped with a 

directional hydrophone. Fish location was estimated at 15 minute intervals by moving the 

boat above the fish with the engine at low throttle. In-water observations of fish at the 
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artificial reef indicated that they did not react as boats passed overhead, so an ―observer 

effect‖ was not expected at these depths. Location and water depth were determined 

using a Garmin 186 GPSMAP® depth sounder and global positioning system. Each fish 

was tracked for up to 24 hours during the initial track and relocated for subsequent tracks 

if possible.  

 Active tracking data were analyzed using the Animal Movement extension 

(Hooge & Eichenlaub 1997) in ArcView 3.2 (Environmental Systems Research Institute, 

Inc., Redlands, California). Distance from the artificial reef for each observation was 

determined using the ―Spider distance‖ function. ―Site fidelity‖ of each fish was tested by 

comparing observed movements with 1,000 random walks. Random walks were 

generated using the sequence of distances traveled by fish between each observation. A 

fish was defined as being significantly site attached if its movements were more 

constrained than 95% of the random walks. Minimum convex polygons (MCPs) were 

used to describe the extent of area used by each fish, and kernel analysis was done to 

highlight core activity centers (Worton 1989; Seaman & Powell 1996; Hooge et al. 2000; 

Meyer et al. 2000; Meyer 2003). The area of kernel activity centers and MCPs were 

reported, but comparisons between fish were limited to qualitative ones (e.g. general 

habitat used rather than mathematical comparison of ―home range‖ size) due to 

differences in total duration of tracks.  

 Kernel analysis implicitly assumes that observations are independent (Harris et al. 

1990), although repeated observations of an animal‘s location are necessarily correlated 

(Otis & White 1999). Considerable effort has been invested in attempts to determine 
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proper resampling intervals to translate tracking data into statistically independent 

observations (Swihart & Slade 1985a, 1985b; Rooney et al. 1998; Katajisto & Moilanen 

2006). However, a significant loss of information has been found to occur at resampling 

intervals well before achieving statistical independence (Rooney et al. 1998; Katajisto & 

Moilanen 2006). A recognized method for retaining valuable information while limiting 

underestimation of use of important habitat areas due to autocorrelation is to sample at 

short, regular intervals (Robertson et al. 1998; Katajisto & Moilanen 2006). Accordingly, 

the protocol in the present study was to record the location of fish at 15 minute intervals 

(Meyer 2003). The smoothing parameter for kernel analysis was selected by likelihood 

cross-validation and standardized to facilitate comparison between tracks (Kenward et al. 

2001; Horne & Garton 2006; Katajisto & Moilanen 2006). 

 Ninety-five percent kernels were generated separately from data from the day and 

night for each fish to identify feeding and non-feeding areas. Primary feeding periods 

were defined as being during the day for P. multifasciatus and night for L. kasmira, M. 

flavolineatus and M. vanicolensis (Hobson 1972, 1974; Oda & Parrish 1982; Holland et 

al. 1993; Friedlander et al. 2002; DeFelice & Parrish 2003; Meyer 2003; Chapter IV). 

Consensus feeding and non-feeding habitat for each species was then determined by 

merging kernels within feeding/non-feeding periods using ArcGIS 9.3.1 (Environmental 

Systems Research Institute, Inc., Redlands, California). 

 Once several fish had been tracked, Vemco VR1
TM

 receivers were placed in areas 

that had been used by fish (Figure 3.2). Numbers at the beginning of names indicated the 

depth in which the receiver was deployed. The name of the receiver/area also indicated 
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whether it was along the artificial reef (Reef) or in an area away from the reef. Names of 

receivers/areas away from the reef contained a two-letter abbreviation of the first species 

to use that area (LK = L. kasmira, MF = M. flavolineatus, MV = M. vanicolensis). Range 

testing indicated that these receivers could detect transmitters to a distance of at least 250 

m. Receivers were programmed to detect signals from coded transmitters, which 

produced a series of several pings corresponding to a unique code.  

 Coded transmitters were designed to produce coded signals at a different 

frequency than those used for active tracking so they would not interfere with each other. 

Coded transmitters also produced signals at variable intervals (30-150 seconds) to 

prevent consistent overlap from fish in the same area. Most coded transmitters were the 

V8 model and had an expected battery life of 200 days. During the course of the study, a 

smaller coded transmitter became available (Vemco V7
TM

, 7 mm diameter by 18 mm) 

and was deployed in several fish. V7s used in this study had an expected battery life of 

140 days. 

 The initial array of 10 receivers was deployed for 9 months. Due to some attrition 

(see Results), 8 receivers were available for a second deployment of 8 months, and 6 

receivers were available for a third deployment of 9 months. The arrangement of 

receivers for the second array was modified to form a grid due to limited returns from 

receivers located away from the artificial reef in the initial array (Figure 3.3). 

Deployment depth was also limited to a maximum of 30 m for the second array due to 

logistical difficulties with retrieving receivers from deeper water. It was hoped that this 

more dense and systematic arrangement would yield improved detections of fish during 
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crepuscular and nocturnal periods. The remaining 6 receivers were arranged to cover a 

similar area for the third deployment (Figure 3.4). The number of detections at each 

monitoring area was tabulated and normalized as a percentage for a given period and 

compared to evaluate relative trends in habitat use for different species. 

 An effort was made to implant similar numbers of each species with coded 

transmitters over the course of the remote monitoring project. However, at times the 

availability of goatfish large enough to carry transmitters (minimum size of 

approximately 220 mm total length) was limited by commercial surround net operations 

that captured thousands of fish at a time from the artificial reef (pers. obs.). Therefore, 

within smaller time frames of individual rounds of monitoring, the distribution of 

transmitters among species was pragmatically determined by the availability of suitable 

specimens.  

 Data from research fishing collections for the associated diet study were also 

analyzed to investigate patterns of co-occurrence of focal species during nocturnal 

feeding periods. Collections were done on O‗ahu and off the Kona coast of the Island of 

Hawai‗i. Fish were collected using bottom-set monofilament nets. Nets were set in water 

from 15-75 m deep based on likely presence of soft-bottom feeding habitats as 

determined by returns from the depth sounder and observations by divers. Co-occurrence 

of L. kasmira, M. flavolineatus and M. vanicolensis was tested using a two-tailed Fisher‘s 

exact test. P. multifasciatus were usually inactive at night (Hobson 1972, 1974; pers. 

obs.) and were not used in this analysis. 

 



 

 

 

52 

 

RESULTS 

Active tracking 

 Ten fish were tracked for a total of 330 hours (Table 3.1). Tracks of some fish 

were shorter than the planned 24 hour period. In some cases this occurred because 

researchers were unable to maintain contact with fish during movements; other times 

contact was lost due to equipment failure. Ninety-five percent kernels of feeding and 

non-feeding times for each species are shown in Figure 3.5 a-e. Kernel analysis indicated 

that all species generally used habitat at or near the capture/release area on the artificial 

reef during non-feeding times. The exceptions to this pattern were PM1, which also used 

shallower habitat on the artificial reef; and MF1, which used an alternate, natural reef 

area in approximately 60 m of water.  

 Habitat use differed more between species during feeding periods than non-

feeding periods (Figure 3.5 a-e). L. kasmira behavior also differed between and within 

specimens. Both L. kasmira that were tracked remained near the artificial reef during 

some tracks, but one specimen also used habitat approximately 700 m to the east at night. 

Divers subsequently surveyed this area during the day and found it to be a flat habitat 

with a mosaic of small sand patches, cobble, and numerous small holes (Figure 3.6). The 

sponge Spirastrella (Spheciospongia) vagabunda (Family: Spirastrellidae) and various 

macroalgae were common in the area. All P. multifasciatus stayed close to the artificial 

reef at all times of day, and any notable movements were in seaward or shoreward 

directions along this habitat feature. There was some overlap in the merged kernels of L. 
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kasmira and P. multifasciatus specimens from feeding times in the vicinity of the 

capture/release area (Figure 3.5d).  

 Movements towards deeper habitat to the west of the capture/release area were a 

common pattern for Mulloidichthys spp. during feeding periods. This area was sandy 

habitat with small, scattered boulders (Figure 3.7). Both M. flavolineatus moved deeper 

along the reef shortly after sunset and used deeper areas during the night. M. vanicolensis 

movements varied, but two of three specimens moved west and deeper than the 

capture/release area, and the third used similar depth habitat. There was some overlap in 

the merged kernels of M. flavolineatus and M. vanicolensis west-northwest of the 

terminus of the outfall (Figure 3.5e).  

 

Remote monitoring 

 Overall 

 Ten VR1s were deployed in the initial monitoring array. Receivers were placed in 

areas to the west of the artificial reef used by Mulloidichthys specimens during active 

tracking (35 MF, 59 MV 1 & 2), near the alternate reef used by MF1 (60 MF), and in the 

area used by LK1 at night (25 LK, Figure 3.2). Receivers were also deployed along the 

artificial reef. Two receivers deployed in deep habitats (59 MV 1 & 60 MF) were not 

recovered. A redundant receiver had been deployed near 59 MV 1, so data were still 

available from this area. Divers who attempted to recover 60 MF found markers that had 

been deployed to assist with locating the receiver and remnants of the mooring 

equipment, but believed the receiver had been removed by persons unknown. Eight 
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receivers were deployed for the second round of remote monitoring (Figure 3.3). As in 

the previous round, two receivers (29 W and 29 Reef W) were not present at the end of 

the deployment. Six receivers were deployed for the third round of remote monitoring 

(Figure 3.4). All receivers were recovered, though the battery compartment of 29 West 

had flooded. Vemco
 
technicians were able to recover some information from early in the 

deployment, but it was uncertain precisely when this receiver was compromised. 

 Thirty-four fish were implanted with coded transmitters for the remote 

monitoring program (Table 3.2). Nine L. kasmira, 9 M. flavolineatus, 8 M. vanicolensis 

and 8 P. multifasciatus were implanted with transmitters. During the initial round of 

remote monitoring, 4 L. kasmira, 5 M. flavolineatus, 5 M. vanicolensis and 2 P. 

multifasciatus were implanted with transmitters. Eight fish were implanted with coded 

transmitters during the second round. Five of these fish were L. kasmira, along with one 

of each of the goatfish species. Ten fish were implanted with coded transmitters during 

the third round of remote monitoring. Three of these fish were M. flavolineatus, 2 were 

M. vanicolensis, and 5 were P. multifasciatus. 

 The duration over which fish were detected varied widely within and between 

species (Table 3.2). For example, 4 L. kasmira were detected in the array for over two 

months, while 4 others were detected for two days or less. No M. flavolineatus was 

detected for more than 15 days, and two individuals were never detected after they were 

released. There were not significant correlations between the size of fish implanted with 

transmitters and the duration over which they were detected for any species. The number 

of times specimens were detected also varied widely, and ranged from 0 to 16,924 
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detections (Table 3.2). There was a strong Pearson product moment correlation between 

duration and number of detections across all species (r = 0.698, p < 0.001, Figure 3.8). 

The correlation was still significant but substantially weaker if the three potentially 

influential L. kasmira specimens in the upper right of Figure 3.8 were removed (r = 

0.431, p = 0.015).  

 

 L. kasmira 

 The majority of detections of L. kasmira were recorded during the day (Figure 

3.9). During the first round of remote monitoring, most daytime detections occurred on 

receivers in the 29 Reef W and 23 Reef W areas, followed by 21 Reef W. A smaller 

number of detections occurred during the crepuscular period at a similar set of receivers 

as during the day. However, proportionally fewer detections were recorded on 29 Reef W 

and more were recorded on 21 Reef W and 14 Reef W. The proportion of detections at 

14 Reef W was greatest at night. Detections were infrequent in areas away from the reef 

or deeper along the reef (33 Reef W), and no fish (L. kasmira or otherwise) were detected 

at 25 LK. However, L. kasmira were captured in this area during research fishing, so use 

of this area by LK 1 during active tracking did not appear to be unique or aberrant 

individual behavior by this L. kasmira. The overwhelming majority of detections of L. 

kasmira during the initial round of remote monitoring were from one individual (Table 

3.2), so these summaries were dominated by the activity of a single fish (LK61).   

 A time-series plot showing all detections of LK61 provided additional detail on 

this fish‘s habitat use (Figure 3.10). This fish generally spent the day in the area near 29 
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Reef W, and would often move to shallower areas in the afternoon and be detected last 

by 23 Reef W or 21 Reef W shortly after sunset. Though detections were less frequent 

during the night, they were most frequent at 21 Reef W when they did occur. This 

receiver or 23 Reef W were the first to detect the fish as it returned to the array before 

sunrise. Density of detections was generally high during the day, although at times they 

were less frequent prior to daytime moonrise or moonset. This pattern was particularly 

apparent during February. The exact nature of this pattern was not clear, but indicated 

that behavior of L. kasmira may have been affected by the moon during the day. 

 During the second round of remote monitoring, a similar pattern was evident for 

detections of L. kasmira during the day and crepuscular periods (Figure 3.9). During 

these periods L. kasmira were detected most commonly near 29 Reef E. This receiver 

was deployed on the opposite side of the reef as 29 Reef W, but monitored a similar part 

of the artificial reef and surrounding habitat. Detections were less frequent for receivers 

deployed in shallower water along the reef (21 Reef W and 23 Reef E), and even less 

frequent for those deployed farther from the reef (21 West, 23 East, 29 East). Detections 

at night, though less frequent overall, showed a different pattern. During this period, L. 

kasmira were detected with similar frequency near the two shallow receivers to the west 

of the artificial reef. Detections were less frequent near receivers that were progressively 

farther east or deeper (23 Reef E > 23 East > 29 Reef E > 29 East).  

 Time series plots show individual detections of three L. kasmira with the most 

detections from the second round of remote monitoring (Figure 3.11). As was the case 

with L. kasmira from the initial deployment, there often appeared to be movements 
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associated with moonrise and moonset during the day. There was frequently a change in 

the receiver at which a fish was detected or whether a fish was detected at all around 

these times. These changes were represented in the plots as a color change before, 

during, or after moonrise/set. An analogous change was not evident at night, though 

detections were less frequent so it is possible the pattern could have been obscured.  

 Figures 3.9 and 3.11 also illustrated an apparent difference in the depth of habitat 

where some L. kasmira were detected during the day versus night. This pattern was 

perhaps most apparent in detections from LK56 (Figure 3.11a). The prevalence of purple 

and red X‘s during the day indicated that LK56 was detected most often by receivers in 

29 m of water. The pattern changed at night, when there were rarely detections in this 

area. Instead, most detections were from receivers in 21 m of water to the west of the 

reef, as shown by the green and olive colored X‘s. These same receivers were also 

consistently the first to detect LK56 before sunrise and the last to detect it after sunset, as 

shown by the row of green and olive X‘s framing the sunrise and sunset lines. 

Unfortunately, the loss of the deep receivers to the west of the reef limited our 

knowledge of how frequently fish used habitat in this area. 

 Detections of LK54 were less frequent, but this fish was most commonly detected 

near 29 Reef E during the day like LK56 (Figure 3.11b). The overall pattern of purple 

X‘s during the day was similar for these fish, indicating that they may have traveled in 

associated schools at times. However, their behavior differed during crepuscular and 

nocturnal periods. LK54 was detected relatively infrequently during these periods; when 

it was, detections were from shallow receivers to the east of the reef shortly after sunset 
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or before sunrise. Detections of LK203 showed another pattern, and one that changed 

during the 68 days it was active in the array (Figure 3.11c). Initially, this fish was 

primarily detected by deep receivers on the east side of the reef during the day and 

shallow receivers during crepuscular periods. It was rarely detected during the day for 

several days, then was detected by shallower receivers east of the artificial reef during 

the day and only rarely during crepuscular periods. Habitat use of LK203 was similar to 

LK54 in that neither fish was frequently detected at night throughout much of the study. 

When they were detected, they were usually near shallow receivers to the east side of the 

reef. 

 

 M. flavolineatus 

 M. flavolineatus implanted with coded transmitters yielded fewer, if less skewed 

numbers of detections than L. kasmira over periods of 2 to 15 days (Table 3.2). In 

contrast to L. kasmira that were frequently recorded near only four receivers during the 

first round of remote monitoring, M. flavolineatus were recorded near several (Figure 

3.12). Another difference between these species was that more detections of M. 

flavolineatus were made during crepuscular and nocturnal periods than during the day, 

rather than the reverse pattern exhibited by L. kasmira. M. flavolineatus were detected by 

all five receivers along the artificial reef during the day, with detections most frequent at 

23 Reef W and 33 Reef W. During the crepuscular period, 23 Reef W and 29 Reef W 

were the most common of several areas used. A greater proportion of detections were 

made by 14 Reef W during the crepuscular period than during the day or night. M. 
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flavolineatus were detected at several receivers at night, though detections were most 

common at 59 MV. M. flavolineatus were also detected near 35 MF at night, though 

rarely compared to other areas. These patterns were consistent with observations made 

by divers at the study site. Fish appeared to move shallower along the reef in the late 

afternoon as light levels in the water decreased. M. flavolineatus then dispersed from the 

reef to feed in deeper areas or those outside the range of receivers after dark. Figure 3.13 

shows individual detections over the period that M. flavolineatus were active in the initial 

array.  

 One M. flavolineatus was implanted with a transmitter during the second round of 

monitoring, but this fish was never detected. Detections of M. flavolineatus were 

extremely limited during the third round of monitoring, as was the case during previous 

rounds. M. flavolineatus implanted with transmitters were active in the array between 0 

and 4 days, and were detected between 0 and 17 times. The majority of returns from 

these fish during the day were from receivers to the east of the reef, in particular 29 Reef 

E (Figure 3.12). This pattern was also consistent with behavior of M. flavolineatus 

observed by divers at the site. These fish formed diffuse schools that were less closely 

associated with the reef than other species (Schumacher & Parrish 2005). These schools 

also maintained position on the up-current side of the reef, and the prevailing current 

flowed east to west. Fewer detections were recorded during crepuscular and nocturnal 

periods than during the day, though most detections were recorded by 29 Reef E during 

each period. A time-series plot of all detections is shown in Figure 3.14. Detections near 

May 1, 2004 were from MF144, and those near May 20 were from MF141.  
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 Overall, data available from remote monitoring indicated that M. flavolineatus 

specimens tended to use deeper areas during their primary feeding time, versus the 

shallower areas used by L. kasmira. Greater returns during the crepuscular and nocturnal 

periods during the first round of monitoring also indicate that some M. flavolineatus used 

daytime habitat that was outside the range of receivers along the artificial reef. Divers 

surveyed deeper portions of the reef (to approximately 50 m) from mid-water and noted 

that schools of focal species were found along the reef almost continuously. It is possible 

that some of the M. flavolineatus in the study used these areas during the day as well. 

 

 M. vanicolensis 

 Five M. vanicolensis were implanted with coded transmitters during the initial 

round of remote monitoring, and were detected for between 2 and 79 days (Table 3.2). 

Similar numbers of detections were made during the day and night, and lesser numbers 

were made during crepuscular periods (Figure 3.15). During the day most detections of 

these fish were made by the receiver in the 29 Reef W area, with fewer detections at 

other receivers along the reef. During the crepuscular period, the proportion of detections 

at shallower receivers increased, as it had for M. flavolineatus. At night M. vanicolensis 

were recorded at all receivers along the reef, though detections were most frequent near 

23 Reef W and 29 Reef W. M. vanicolensis were also detected in deeper areas to the west 

of the reef (35 MF and 59 MV). Figure 3.16 shows individual detections over the period 

that tagged M. vanicolensis were active in the initial array. Figure 3.16a shows detections 

by area, and Figure 3.16b shows the same information by transmitter. Different habitat 
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use patterns were evident for different individuals. For example, MV62 was not detected 

during most of the day, appeared first in the 21 Reef W area during the late afternoon and 

moved deeper during the early evening before leaving the range of the array. It then 

reappeared in the array near 21 Reef W around 04:00, moved deeper into the detection 

range of multiple receivers before leaving the array again before sunrise. In contrast, 

detections of MV57 were frequent during all periods of the day, but this fish was almost 

exclusively detected in the area of 29 Reef W. MV62 was also detected less frequently 

during the day. Like some M. flavolineatus, it appeared that M. vanicolensis sometimes 

used habitats outside the detection range of receivers during the day, and that were 

different than the one in which they were initially captured.  

 During the second round of monitoring, 16 detections were made over a 13 day 

period of the one M. vanicolensis implanted with a coded transmitter (Figure 3.15). Half 

of these detections were made near 29 Reef E at night. This fish was also detected in this 

area during daytime and crepuscular periods. A small number of detections were made at 

other receivers near the reef (23 Reef E, 21 Reef W) during the day and crepuscular 

periods, and away from the reef at night (23 East). Individual detections of this M. 

vanicolensis are shown in Figure 3.17. The number of detections was quite small, but 

was reminiscent of those from the first array with respect to the high proportion of 

detections recorded near the artificial reef in 29 m of water. Only four detections were 

recorded from one of the M. vanicolensis implanted with transmitters during the third 

round of monitoring; all detections were recorded by 29 Reef E during the crepuscular 

period around sunset (Figure 3.15). As was the case with M. flavolineatus, M. 
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vanicolensis were generally detected near receivers deployed in deeper water at night 

more than near shallow receivers. 

 

 P. multifasciatus 

 Two P. multifasciatus were implanted with coded transmitters during the initial 

round, but detections of these fish were negligible. One specimen was detected only once 

and the other was detected 9 times over two days (Table 3.2). The limited detections that 

were recorded during the day in the area near receivers 14 Reef W, 21 Reef W and 23 

Reef W (Figure 3.18). During the second round of monitoring, one P. multifasciatus was 

implanted with a transmitter but was not detected. 

 During the third round of monitoring, telemetry tagging of P. multifasciatus was 

somewhat more successful. Returns included one individual (PM145) that was detected 

somewhat infrequently over a 38 day period, and another (PM202) that was detected 

more frequently over a 9 day period (Table 3.2). The majority of detections of P. 

multifasciatus were recorded during the day by receivers close to the reef, and the 

majority of these detections were recorded by 29 Reef E (Figure 3.18). Fewer detections 

were recorded by 21 Reef W, and a small proportion of detections were recorded by 21 

West and 29 East. The relative pattern during the crepuscular period was similar, with the 

majority of detections recorded by 29 Reef E, and progressively fewer by 21 Reef W, 21 

West and 29 East. Detections at night were very rare, though most were recorded in the 

early morning hours after the moon had risen (Figure 3.19a). Individual detections of two 

P. multifasciatus are shown in Figure 3.19. PM202 was detected almost exclusively 
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during the day near 29 Reef E. It was also detected near 21 Reef W, though these 

detections generally occurred in the late afternoon or crepuscular periods. PM145 was 

detected between sunrise and sunset with few exceptions, and was primarily detected by 

21 Reef W. Patterns of detections of these fish did not appear to change around moonrise 

or moonset during the day as those of some L. kasmira had.  

 It was possible that some P. multifasciatus moved along the reef to an area 

outside the detection range of receivers at night, but observations from this and previous 

studies indicated that they were unlikely to actively feed away from the reef like other 

species in the study (Hobson 1972, 1974; Chapter IV). In contrast to other species that 

were captured while actively feeding at night, this species was not captured during 

nocturnal research fishing, and guts of fish captured for diet studies shortly after sunrise 

were empty. During night dives, P. multifasciatus were observed resting on the bottom in 

holes among boulders on the reef in an apparent state of reduced consciousness. 

Sheltering behavior may therefore account for the relative absence of detections of this 

species at night, as acoustic signals would be impeded by the substrate (Claisse et al. 

2011).  

 

Conventional tagging  

 Three hundred and sixty-six fish were tagged with conventional T-bar tags. The 

majority of these specimens were M. vanicolensis (Table 3.3). Although tagged 

specimens were frequently observed by divers at the artificial reef, only one specimen 

was recaptured. This M. vanicolensis was recaptured two times, and had been at large for 
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48 and 54 days. It was recaptured in the same general area of the reef where it was 

initially captured and released, in approximately 25 m of water. 

 

Fishing data 

 Evaluation of fishing data using Fisher‘s exact test found a negative association 

between L. kasmira and M. flavolineatus (p < 0.001, Table 3.4). Each species was caught 

independently more than expected, and they were caught in the same nets less than 

expected. L. kasmira and M. vanicolensis were caught independently slightly more than 

expected, and together slightly less than expected, but results were not statistically 

significant (p = 0.261, Table 3.4). There was also no evidence of a statistical difference 

between distributions of M. flavolineatus and M. vanicolensis (p = 1.000, Table 3.4). 

With respect to other nocturnally or crepuscular active goatfish species (Hobson 1972, 

1974; Meyer et al. 2000), M. pflugeri were caught too rarely to include in this analysis, 

and P. insularis and P. porphyreus were never caught in nets. Though these species were 

relatively uncommon at study sites, they were seen regularly by divers (Schumacher & 

Parrish 2005). Therefore, it does not appear that these species overlap with L. kasmira or 

other focal species in the study while feeding. 

 

DISCUSSION 

 The quantity of data returned for the number of individuals implanted with 

transmitters in this study was limited. There may have been multiple reasons for this 

outcome. During active tracking some fish left the capture/release area after tagging, and 
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similar behavior may have occurred during remote monitoring. The artificial reef 

provided several kilometers of continuous habitat, which may have facilitated emigration 

of individuals to regions beyond the detection range of receivers. Mortality due to 

barotrauma, surgery and predation may also have contributed to low numbers of 

detections of some specimens. Loss of receivers reduced spatial coverage of remote 

monitoring arrays as well. Other telemetry studies of reef fish in Hawai‗i have reported 

wide variation in returns from individual fish, so these outcomes were not unprecedented 

(Meyer et al. 2010; Claisse et al. 2011). These studies also suggested that detection 

strength may wane over time (Claisse et al. 2011), and that some transmitters may cease 

working altogether before the end of their estimated battery life (Meyer et al. 2010). 

 In spite of these limitations, some patterns were evident. L. kasmira were closely 

associated with the artificial reef during the day, as was found in the investigation of 

fine-scale habitat use (Schumacher & Parrish 2005). However, beyond this generality 

there was evidence of variation in habitat use between and within individuals. Some 

specimens were recorded most often by deeper receivers, others by shallow receivers, 

and others changed their daytime location over the duration they were active in the array. 

The effect of the moon on daytime behavior of L. kasmira was also more pronounced for 

some individuals and varied through time. There were behavioral differences among L. 

kasmira during crepuscular and nocturnal periods as well. Some L. kasmira stayed close 

to the reef at night, while others left the array and/or moved several hundred meters at 

times. L. kasmira that were in known locations at night generally moved to areas that 

were shallower than their daytime habitat. The proportion of detections recorded during 



 

 

 

66 

 

the night versus the day was greater during the second array (10.9%) than the first 

(1.3%). This increase indicates that the second array (which had greater spatial coverage 

in shallower water) more effectively monitored nighttime activity of L. kasmira, as was 

intended when it was deployed.  

 Habitat use of L. kasmira had not previously been studied in Hawai‗i using 

acoustic telemetry. The only other telemetry study of this species was done in a lagoon at 

Réunion Island in New Caledonia (Tessier et al. 2005). This study also focused on L. 

kasmira that aggregated at an artificial reef during the day and found that fish frequently 

left the range of the array of receivers at night. Other research in Hawai‗i using direct 

observation by divers and conventional tagging found apparent differences in habitat use 

at night among L. kasmira, and noted that these differences may be ontogenetic. 

Friedlander et al. (2002) found that larger L. kasmira stayed on or near reefs during 

feeding times, while smaller fish utilized more remote soft-bottom habitats. The size 

range of L. kasmira implanted with transmitters in the present study was small due to the 

fairly uniform population at the artificial reef, so the present study was not able to 

address this issue. Like the present study, Friedlander et al. (2002) also found high 

fidelity to hard-bottom habitat during the day. 

 Daytime fidelity to the initial catch/release area appeared to be weaker for M. 

flavolineatus than L. kasmira in the present study. For example, during the initial remote 

monitoring array, more detections of M. flavolineatus were made during crepuscular and 

nocturnal periods than during the day. Also, M. flavolineatus yielded relatively few 

detections compared to other species overall. M. flavolineatus often forms diffuse 
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schools that extend up to 15 m off the bottom at the study site (pers. obs.). Their 

relatively loose association with the substrate may contribute to more transient behavior 

and less fidelity to the initial capture/release area. Available information indicated that 

while feeding, actively tracked and remotely monitored M. flavolineatus utilized areas to 

the west of the artificial reef that were deeper than capture/release area. These areas were 

also deeper than those utilized by L. kasmira while feeding. Analysis of fishing data also 

indicated that L. kasmira and M. flavolineatus did not feed in the same areas. Differential 

use of habitat by these species would serve to prevent competition for prey resources. 

 Two previous projects used active tracking to study movements of M. 

flavolineatus. Both of these studies captured fish in 4 m of water or less. Holland et al. 

(1993) tracked 4 M. flavolineatus at the marine protected area surrounding the Hawai‗i 

Institute of Marine Biology in Kane‗ohe Bay, O‗ahu. Fish in this study moved along 

consistent paths up to 600 m between daytime schooling areas and nighttime feeding 

areas. Feeding areas had sand bottoms and were less than 5 m deep. Meyer (2003) also 

actively tracked 4 M. flavolineatus that were captured in the Waikiki Marine Life 

Conservation District. Duration of tracks ranged between 8 and 49 hours. Three of these 

fish returned to their initial capture/release area following nighttime feeding migrations, 

but one showed little site attachment and used shallow daytime habitats up to 1,200 m 

apart. Another specimen was recaptured 55 days after tagging in the same nocturnal 

foraging area in the backreef it had used during active tracking. These fish generally used 

soft-bottom habitats for nighttime feeding in water approximately 6 m deep.  
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 As was the case with M. flavolineatus, fidelity to the capture/release area was not 

strong for all M. vanicolensis. M. vanicolensis that were actively tracked showed some 

similarity to M. flavolineatus with respect to habitat use at night, but generally differed 

from L. kasmira. Actively tracked M. vanicolensis used deeper soft-bottom habitats at 

night. Detections of fish implanted with coded transmitters provided similar information. 

There were differences in the behavior of individual fish, but deeper habitats were 

utilized more frequently during feeding times than shallower ones. Other telemetry 

studies of M. vanicolensis have not been published, so the generality of movement 

patterns in the present study was unknown. In spite of apparent differences in habitat use 

based on acoustic telemetry, analysis of fishing data found that co-occurrence of M. 

vanicolensis and L. kasmira was not significantly different than expected by chance. 

However, it should be noted that although fishing data did not indicate that these fish fed 

in clearly separate locations, neither was there evidence that they were found together 

more than expected.  

 In the Caribbean, snappers actively associate with M. martinicus (a sister species 

of M. vanicolensis (Stepien et al. 1994)) while feeding to increase foraging success 

(Sikkel & Hardinson 1992). Multi-species foraging behavior by the introduced grouper 

Cephalopholis argus (Family: Epinephelidae) and native species such as Caranx 

melampygus (Family: Carangidae), Gymnothorax meleagris (Family: Muraenidae) and 

P. cyclostomus has also been observed in Hawai‗i (Meyer 2007, pers. obs.). Similar 

associations could clearly be to the detriment of M. vanicolensis if there was substantial 

dietary similarity between L. kasmira and M. vanicolensis and L. kasmira was a superior 
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competitor. However, there was no indication that an analogous relationship existed 

between L. kasmira and M. vanicolensis at study sites in Hawai‗i. These findings 

indicated that habitat use patterns while feeding would be unlikely to drive competition 

between L. kasmira and M. vanicolensis. Co-occurrence of M. vanicolensis and M. 

flavolineatus in fishing data was also not different from random, although they appeared 

to use generally similar, soft-bottom habitats at some times. 

 P. multifasciatus specimens that were actively tracked exclusively used habitat 

along the artificial reef, and information available from remote monitors was consistent 

with this finding. Like M. vanicolensis, no published reports of habitat use of P. 

multifasciatus exist from acoustic telemetry, although behavior found in the present 

study was consistent with that described in observational studies (Hobson 1972, 1974). 

Although this species primarily foraged during the day and L. kasmira foraged at night, 

some specimens used similar areas. However, detections from L. kasmira at night were 

temporally dispersed and relatively infrequent. This result indicated that feeding activity 

was not likely to be consistently concentrated in areas near the artificial reef used most 

frequently by P. multifasciatus.  

 Aggressive behavior has been observed by snappers in other areas while feeding 

(Sikkel & Hardinson 1992). However, no aggressive behavior (e.g. chases, biting) or 

other social interactions (e.g. crowding) were observed between any species in the 

present study when they were feeding. Holland et al. (1993) stated that M. flavolineatus 

were found at a mean density of 1 fish per 125 m
2
 on reef flats in Kane‗ohe Bay while 

feeding. Observations during the present study indicate that such dispersed feeding may 
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be typical of focal species, and would likely limit the ability of one species to actively 

exclude another from large feeding areas. It was therefore unlikely that spatial separation 

of focal species was driven by active defense of feeding habitats. 

 In general, observed patterns of habitat use were reflected in the results of the 

associated diet study (Chapter IV). Diets of the Mulloidichthys spp. were most similar to 

each other, and L. kasmira diets were most similar to P. multifasciatus. Of the 

Mulloidichthys spp., M. vanicolensis was more similar to L. kasmira and P. 

multifasciatus. Although habitat use of P. multifasciatus may have been more similar to 

L. kasmira than other species in the study, its diet was still distinct and did not appear to 

be influenced by the introduced snapper.  

 

CONCLUSIONS 

 Results of this study indicated that fish that shared daytime or resting habitat 

often used different feeding habitats. Changes in habitat use and movement patterns over 

time for some specimens (e.g. LK203, PM145) also indicated that behavioral plasticity 

may allow for multiple habitat use patterns for individual fish. Apart from potential 

responses to handling and surgery, factors influencing changes from one pattern to 

another were not clear from the present study, and could offer opportunities for future 

behavioral research. The precise nature of the influence of daytime lunar changes on L. 

kasmira behavior also remained unresolved. 

 Species in this study appeared to use habitats differently while feeding within the 

same general region of Mamala Bay. Spatial and temporal separation did not appear to be 
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the result of active exclusion by behaviorally dominant species or individuals. Patterns of 

habitat use were generally reflected in similarity of fish diets as well (Chapter IV), 

indicating a relationship between spatial, temporal and dietary overlap that should limit 

the possibility of adverse ecological interactions between focal species.  

 This study also further highlighted the importance of soft-bottom habitats to 

numerous fish species, a finding that has been raised in previous some studies in Hawai‗i 

(Friedlander et al. 2002; DeFelice & Parrish 2003; Holland et al. 1993; Meyer 2003; 

Friedlander et al. 2007). In spite of a growing body of research attesting to the 

importance of these habitats, management of coral reef ecosystems has frequently 

focused almost exclusively on reefs themselves. While threats facing stony corals due to 

anthropogenic influences are severe, maintenance of robust nearshore ecosystems 

requires that they be managed comprehensively rather than as autonomous units. It is 

important to understand the interdependence of ecosystem components, so that planning 

and implementation of resource management actions (e.g. designation or revision of 

marine protected areas, development of artificial reefs) and other projects (e.g. dredging 

of sand for ―beach replenishment,‖ underwater construction activities) are done in such a 

manner as to minimize impacts and maximize benefits to the marine environment, and in 

the context of their potential effects on both native and introduced species. 
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TABLES 

Table 3.1. Summary of active tracking data. MCP = Minimum Convex Polygon.  

 

 L. kasmira M. flavolineatus 

Specimen  LK1 LK2 MF1 MF2 

Total Length 

(mm) 
220 215 285 270 

Total time 

tracked (h) 
48 49 48 13 

Number of fixes 260 211 227 63 

MCP (m
2
) 73,655 8,662 381,411 1,188,156 

50% kernel (m
2
) 5,247 4,204 14,478 69,194 

95% kernel (m
2
) 23,810 19,328 107,044 482,034 

Mean depth (m) 25.4 25.0 50.7 55.3 

Max. spider 

distance (m) 
685.48 32.42 439.72 1275.67 

Site attached No Yes No No  

     

 M. vanicolensis P. multifasciatus 

Specimen MV1 MV2 MV3 PM1 PM2 PM3 

Total Length 

(mm) 
241 233 237 213 244 264 

Total time 

tracked (h) 
9 24 8 59 48 48 

Number of fixes 45 97 32 296 215 152 

MCP (m
2
) 565,334 130,703 70,146 39,398 8,739 19,033 

50% kernel (m
2
) 28,784 5,477 17,611 6,646 7,059 4,148 

95% kernel (m
2
) 319,248 59,973 118,592 25,167 20,389 14,930 

Mean depth (m) 62.4 36.2 25.0 19.5 22.6 35.8 

Max. spider 

distance (m) 
363.53 192.62 334.34 37.94 31.25 24.59 

Site attached No No Yes No Yes Yes 
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Table 3.2. Summary of remote monitoring data. 

 

Array Species 

TL 

(mm) Code Released 

Duration 

(days) Detections 

Initial L. kasmira 215 61 1/20/2003 68 16,924 

(10 VR1) 

 

172 52 2/11/2003 7 201 

  

172 60 2/11/2003 2 82 

  

194 59 2/18/2003 1 606 

 

M. flavolineatus 266 21 1/20/2003 9 224 

  

265 51 12/11/2002 3 60 

  

280 53 12/11/2002 15 60 

  

272 14 12/13/2002 9 238 

  

290 20 12/13/2002 2 200 

 

M. vanicolensis 219 62 11/14/2002 9 222 

  

213 22 11/21/2002 2 141 

  

238 63 1/20/2003 18 428 

  

237 64 12/12/2003 79 673 

  

229 57 12/13/2002 27 3,165 

 

P. multifasciatus 253 50 2/04/2003 2 1 

  

217 55 2/04/2003 2 9 

Second L. kasmira 210 54 10/30/2003 75 1,154 

(8 VR1) 

 

205 56 10/30/2003 103 9,777 

  

223 203 11/06/2003 68 12,978 

  

230 204 11/06/2003 1 204 

  

213 206 11/06/2003 2 68 

 

M. flavolineatus 239 18 10/30/2003 0 0 

 

M. vanicolensis 231 201 12/04/2003 13 16 

 

P. multifasciatus 234 58 12/4/2003 0 0 

Third M. flavolineatus 229 141 4/28/2004 4 17 

(6 VR1) 

 

243 144 5/25/2004 1 13 

  

217 208 5/25/2004 0 0 

 

M. vanicolensis 220 146 5/25/2004 1 4 

  

229 141 5/25/2004 0 0 

 

P. multifasciatus 289 147 5/10/2004 9 3 

  

281 202 5/10/2004 9 1,311 

  

221 143 5/20/2004 1 134 

  

239 145 5/20/2004 38 130 

  

224 205 5/25/2004 0 0 
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Table 3.3. Summary of conventional tagging data. The same M. vanicolensis specimen 

was recaptured twice at the capture/release site. 

 

 

L. 

kasmira 

M. 

flavolineatus 

M. 

vanicolensis 

P. 

cyclostomus 

Number 

tagged 
40 41 242 3 

Recaptures 0 0 1 0 

Days at large 
  

48, 54 
 

 

 

P. 

multifasciatus 

P. 

porphyreus 

P. 

pleurostigma 

Number 

tagged 
33 1 7 

Recaptures 0 0 0 

Days at large 
   

 

 

Table 3.4. Fisher‘s exact test of co-occurrence of species during collections with nets. 

 

   

M. flavolineatus M. vanicolensis 

   

Absent Present Absent Present 

L. kasmira Absent Observed 4 15 14 5 

 

Expected 11.84 7.16 15.89 3.11 

 

Present Observed 34 8 37 5 

  

Expected 26.16 15.84 35.11 6.89 

 

p-value 

 

<0.001 0.261 

M. vanicolensis Absent Observed 32 6 

  

  

Expected 31.77 6.23 

  

 

Present Observed 19 4 

  

  

Expected 19.23 3.77 

  

 

p-value 

 

1.000 
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FIGURES 

 
Figure 3.1. Map of O‗ahu showing the outfall pipe/artificial reef (grey line) and the study 

area for acoustic telemetry (red box). 

 

 
Figure 3.2. Map of study area, showing where receivers were deployed in the initial 

array. Names indicate water depth in meters and whether the receiver was deployed 

along the artificial reef, or in an area used by a species during active tracking. LK = L. 

kasmira, MF = M. flavolineatus, MV = M. vanicolensis. ―W‖ indicates the receiver was 

deployed west of the artificial reef. 59 MV1 and 60 MF were not recovered. Bathymetry 

based on NOAA Chart 19369. 
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Figure 3.3. Map of study area, showing where receivers were deployed in the second 

array. Names indicate water depth in meters, whether the receiver was deployed along 

the artificial reef, or to the east (E) or west (W) of the artificial reef. 29 West and 29 Reef 

W were not recovered. Bathymetry based on NOAA Chart 19369. 

 

 
Figure 3.4. Map of study area, showing where receivers were deployed in the third array. 

Names indicate water depth in meters, whether the receiver was deployed along the 

artificial reef, or to the east (E) or west (W) of the artificial reef. Bathymetry based on 

NOAA Chart 19369. 
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Figure 3.5 a-b. Ninety-five percent kernels for active tracks of all species. Legends 

indicate which color corresponds to which species: LK = L. kasmira, MF = M. 

flavolineatus, MV = M. vanicolensis, PM = P. multifasciatus. (a.) Kernels of habitat use 

during non-feeding times merged by species. (b.) Close-up of merged kernels of habitat 

use in the capture/release area during non-feeding times. Bathymetry based on NOAA 

Chart 19369. 
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Figure 3.5 c-e. Ninety-five percent kernels for active tracks of all species. Legends 

indicate which color corresponds to which species: LK = L. kasmira, MF = M. 

flavolineatus, MV = M. vanicolensis, PM = P. multifasciatus. (c.) Merged kernels of 

habitat use during primary feeding times. (d.) Merged kernels of habitat use during 

primary feeding times for L. kasmira and P. multifasciatus. (e.) Merged kernels of habitat 

use during primary feeding times for M. flavolineatus and M. vanicolensis. Bathymetry 

based on NOAA Chart 19369. 



 

 

 

79 

 

 
Figure 3.6. Habitat that LK1 traveled to at night during the second track. A small cavity 

(~30 cm by 10 cm) is visible in the center of the photo where a Sufflamen frenatum 

(Family: Balistidae) shelter was located. Receiver 25 LK was placed in this area. 

 

 
Figure 3.7. Habitat that MF1 traveled to at night during the first track. Remote receiver 

35 MF was placed in this area. 
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Figure 3.8. Scatter plot of number of detections versus days a transmitter was detected in 

the array. 
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Figure 3.9. Spatial distribution of detections of L. kasmira from remote receivers. Percent detections were summarized by array of 

receivers, time period and location. Crepuscular period was defined as ± 1 hr of sunrise and sunset. The name of the area indicated 

whether the receiver was along the artificial reef (Reef), to the (E)ast or (W)est of the reef, or in one of the areas used by a fish during 

active tracking. Names of the latter locations contain a two-letter abbreviation of the initial species to use that area. LK = L. kasmira, 

MF = M. flavolineatus, MV = M. vanicolensis. Numbers indicate depth of the receiver in meters. Different colors are used to identify 

different areas, and the size/type of the bubble indicates the percent returns. An ‗X‘ indicates that the receiver from that area was not 

recovered. Bathymetry (in meters) based on NOAA Chart 19369. 
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Figure 3.10. Time series plot of detections of LK61 from the initial array of receivers. Colors are consistent with those used to 

identify areas in bubble plots. Results were summarized by area.  
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Figure 3.11. Time series plot of detections of L. kasmira from the second array of receivers. Colors are consistent with those used to 

identify areas in bubble plots. Results were summarized by area (a.) Detections of LK56.  
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Figure 3.11 (cont.). Time series plot of detections of L. kasmira from the second array of receivers. Colors are consistent with those 

used to identify areas in bubble plots. Results were summarized by area (b.) Detections of LK54.  
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Figure 3.11 (cont). Time series plot of detections of L. kasmira from the second array of receivers. Colors are consistent with those 

used to identify areas in bubble plots. Results were summarized by (c.) Detections of LK203.  
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Figure 3.12. Spatial distribution of detections of M. flavolineatus from remote receivers. Percent detections were summarized by 

array of receivers, time period and location. Crepuscular period was defined as ± 1 hr of sunrise and sunset. The name of the area 

indicated whether the receiver was along the artificial reef (Reef), to the (E)ast or (W)est of the reef, or in one of the areas used by a 

fish during active tracking. Names of the latter locations contain a two-letter abbreviation of the initial species to use that area. LK = 

L. kasmira, MF = M. flavolineatus, MV = M. vanicolensis. Numbers indicate depth of the receiver in meters. Different colors are used 

to identify different areas, and the size/type of the bubble indicates the percent returns. An ‗X‘ indicates that the receiver from that 

area was not recovered. Bathymetry (in meters) based on NOAA Chart 19369. 



 

 

 

87 

 

 

 
Figure 3.13. Time series plot of detections of M. flavolineatus from the initial array of receivers. Results were summarized by area. 

Colors are consistent with those used to identify areas in bubble plots. 
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Figure 3.14 Time series plot of detections of M. flavolineatus from the third array of receivers. Colors are consistent with those used 

to identify areas in bubble plots. 
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Figure 3.15. Spatial distribution of detections of M. vanicolensis from remote receivers. Percent detections were summarized by array 

of receivers, time period and location. Crepuscular period was defined as ± 1 hr of sunrise and sunset. The name of the area indicated 

whether the receiver was along the artificial reef (Reef), to the (E)ast or (W)est of the reef, or in one of the areas used by a fish during 

active tracking. Names of the latter locations contain a two-letter abbreviation of the initial species to use that area. LK = L. kasmira, 

MF = M. flavolineatus, MV = M. vanicolensis. Numbers indicate depth of the receiver in meters. Different colors are used to identify 

different areas, and the size/type of the bubble indicates the percent returns. An ‗X‘ indicates that the receiver from that area was not 

recovered. Bathymetry (in meters) based on NOAA Chart 19369. 
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Figure 3.15 (cont.). Spatial distribution of detections of M. vanicolensis from remote receivers. Percent detections were summarized 

by array of receivers, time period and location. Crepuscular period was defined as ± 1 hr of sunrise and sunset. The name of the area 

indicated whether the receiver was along the artificial reef (Reef), to the (E)ast or (W)est of the reef, or in one of the areas used by a 

fish during active tracking. Names of the latter locations contain a two-letter abbreviation of the initial species to use that area. LK = 

L. kasmira, MF = M. flavolineatus, MV = M. vanicolensis. Numbers indicate depth of the receiver in meters. Different colors are used 

to identify different areas, and the size/type of the bubble indicates the percent returns. An ‗X‘ indicates that the receiver from that 

area was not recovered. Bathymetry (in meters) based on NOAA Chart 19369. 
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Figure 3.16. Time series plot of detections of M. vanicolensis from the initial array of receivers. Colors are consistent with those used 

to identify areas in bubble plots. (a.) Results were summarized by area.  
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Figure 3.16 (cont.). Time series plot of detections of M. vanicolensis from the initial array of receivers. (b.) Detections by code. 
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Figure 3.17. Time series plot of detections of M. vanicolensis from the second array of receivers. Colors are consistent with those 

used to identify areas in bubble plots. 
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Figure 3.18. Spatial distribution of detections of P. multifasciatus from remote receivers. Percent detections were summarized by 

array of receivers, time period and location. Crepuscular period was defined as ± 1 hr of sunrise and sunset. The name of the area 

indicated whether the receiver was along the artificial reef (Reef), to the (E)ast or (W)est of the reef, or in one of the areas used by a 

fish during active tracking. Names of the latter locations contain a two-letter abbreviation of the initial species to use that area. LK = 

L. kasmira, MF = M. flavolineatus, MV = M. vanicolensis. Numbers indicate depth of the receiver in meters. Different colors are used 

to identify different areas, and the size of the bubble indicates the percent returns. An ‗X‘ indicates that the receiver from that area 

was not recovered. Bathymetry (in meters) based on NOAA Chart 19369. 
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Figure 3.19. Time series plot of detections of P. multifasciatus from the third array of receivers. Colors are consistent with those used 

to identify areas in bubble plots. (a.) Detections of PM202. 
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Figure 3.19 (cont.) Time series plot of detections of P. multifasciatus from the third array of receivers. Colors are consistent with 

those used to identify areas in bubble plots. (b.) Detections of PM145
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CHAPTER IV 

DIETS OF THE INTRODUCED SNAPPER LUTJANUS KASMIRA 

AND NATIVE FISHES IN HAWAI‘I 

 

ABSTRACT 

 It has frequently been suggested that the introduced snapper Lutjanus kasmira has 

reduced populations of native shallow-water fishery species through competition for food 

and/or predation. However, to date scientific studies have not effectively addressed these 

suggestions. The present study focused on diets of L. kasmira and three native species of 

goatfish (Mulloidichthys flavolineatus, M. vanicolensis and Parupeneus multifasciatus) 

to assess ecological relationships between them. Other goatfishes and a native snapper 

were incorporated into analyses according to the availability of adequate numbers of 

specimens. Specimens were collected off the south shore and Kane‗ohe Bay of O‗ahu, 

and off the west shore of the Island of Hawai‗i. Unpublished diet data from the 

Northwestern Hawaiian Islands and Puako Bay on the Island of Hawai‗i were also 

incorporated into comprehensive analyses. The diet of L. kasmira was most similar to 

Pa. multifasciatus. However, there was no evidence that abundance of L. kasmira 

affected the diet or biological condition of Pa. multifasciatus or other species in the 

study. Also, L. kasmira did not prey on any fish (e.g. Pa. porphyreus, Zebrasoma 

flavescens) or invertebrate (Ranina ranina, Octopus spp.) species that were important to 

local fisheries. Ultimately, detailed analysis of a temporally and geographically diverse 
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data set found no evidence to support hypotheses that implicated L. kasmira in either 

predation on, or competition with, any native fishery species. Given the lack of evidence 

of ecological interactions between L. kasmira and other fishery resource species, fears 

that this introduced snapper has had a measureable detrimental impact on commercially 

important native species in Hawai‗i through trophic interactions appear to be unfounded.  

 

INTRODUCTION 

Background 

One of the largest management actions undertaken by the Division of Fish and 

Game (DFG) of the Territory of Hawai‗i in the 1950‘s was the introduction of non-native 

marine fishes. During the development of this program, the DFG primarily considered 

introducing species from the snapper (Lutjanidae) and grouper (Epinephelidae) families. 

These families were expected to be desirable candidates because many species were 

prized as food fishes throughout their native ranges (Randall & Kanayama 1972). After 

reviewing the biology and ecology of species from these families in other areas of the 

Pacific Ocean, the groupers Epinephelus merra, E. hexagonatus, and Cephalopholis 

argus; and the snapper Lutjanus fulvus were recommended as preferred species for 

introduction (Randall & Kanayama 1972).  

Though L. kasmira was not recommended as a preferred species, nearly 3,200 

were released in nearshore waters of O‗ahu. Reasons why so much effort was put into 

releasing a less desirable species are not clear (Randall & Kanayama 1972), though it 

may have been a combination of pragmatic factors. As a schooling species that readily 
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takes bait (Parrish et al. 2000), L. kasmira may have been easy to capture in large 

numbers during collecting expeditions, and/or were better able to survive being 

transported to Hawai‗i than other species. 

 

Rationale for study 

Over the last several decades, the belief that L. kasmira has impacted native 

fishery resource species through its feeding activities became widespread among fishers 

in Hawai‗i. This idea has also been presented with varying degrees of conviction and 

certitude in guidebooks and reef fish websites (Hoover 2006; Stender & Stender 2011). 

Though in some cases more recent editions (Hoover 2008) have revised or tempered 

these assertions, earlier suggestions mirrored beliefs that have been accepted with 

dogmatic fervor by many individuals. These beliefs remain a common subject of letters 

to the editor in local newspapers and testimony at public meetings on nearly any fisheries 

issue. In spite of the prevalence of these beliefs, scientific data to evaluate their validity 

do not exist, particularly with respect to ecological impacts on coral reef-associated 

species. A comprehensive study of habitat use and dietary overlap of L. kasmira and 

native deepwater eteline snappers was completed in 2000; however this study did not 

find evidence of significant trophic interactions (Parrish et al. 2000). Until the present 

study, there was not a comparable scientific effort focused on ecological interactions in 

shallow water.  

While a number of studies have investigated the feeding ecology of L. kasmira or 

other reef fish in Hawai‗i (Mahi 1969; Hobson 1974; Oda & Parrish 1982; Sorden 1982; 
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DeFelice & Parrish 2003), these studies were not designed to evaluate competitive 

interactions between species. Most studies were intended to study native species (Mahi 

1969; Sorden 1982); collected species other than L. kasmira only incidentally (Oda & 

Parrish 1982), in relatively small numbers (DeFelice & Parrish 2003); or were broad 

ecological studies that did not include L. kasmira (Hobson 1974). An additional problem 

with attempting to integrate results of these diet studies was that summary statistics were 

presented at different levels of taxonomic detail. Such differences effectively precluded 

detailed meta-analysis of results of many studies. Also, information on gut contents of 

individual fish is necessary for robust statistical analysis of diets, and this level of detail 

is not available from summarized descriptions. Past studies therefore provide valuable 

perspective about characteristics of fish diets, but cannot be used to directly inform 

assessments of competitive interactions. 

The inability of existing studies to address widespread perceptions about L. 

kasmira provided the impetus for the present study. Focal species for the dietary 

investigation were the same as for previous facets of this research, and included the 

goatfishes Mulloidichthys flavolineatus, M. vanicolensis and Parupeneus multifasciatus 

(Family: Mullidae) in addition to L. kasmira. Limited numbers of other goatfishes (M. 

pflugeri, Pa. cyclostomus, Pa. insularis, Pa. pleurostigma, and Pa. porphyreus) and 

native snappers (Aphareus furca and juvenile Pristipomoides filamentosus) were 

incorporated into analyses according to the availability of adequate numbers of 

specimens. 
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Overview of study 

 A primary point of inquiry in this study was to investigate whether the presence 

of L. kasmira had a measurable influence on diets and/or biology of native goatfishes. In 

order to examine this effect, it was necessary to characterize the diets of focal species in 

general, and then to determine if the diet of any species differed systematically in 

locations with different densities of the introduced snapper. Although experimental 

manipulation of fish densities could have provided a useful framework for comparing 

fish diets in principle, it would have been impractical to appreciably reduce the 

abundance of L. kasmira over a large enough area of reef to preclude spatial overlap 

while feeding given the magnitude of daily movements of focal species (Holland et al. 

1993; Meyer 2003; Chapter III). This factor, combined with unknown population 

response times of a taxonomically diverse prey base (Mahi 1969; Hobson 1974; Oda & 

Parrish 1982; Sorden 1982; DeFelice & Parrish 2003), would have made such an effort 

unlikely to yield clear results. Broad dietary and habitat requirements of focal species 

also made it unlikely that laboratory studies could provide a suitably realistic 

approximation of natural conditions.  

 Therefore, the best option available was to base ecological comparisons on 

populations of fish from habitats with different numerical abundance of L. kasmira 

(Brown & Wilson 1956; Schmitt & Coyer 1983). There was no known absolute level of 

abundance of L. kasmira at which ecological interactions would be expected to occur. 

Therefore, comparison sites were identified that had relatively high and low abundance 

of the snapper to represent different competitive environments. High abundance sites had 



 

 

 

102 

 

schools of L. kasmira and goatfishes within the daily migration range of each other and 

suitable habitat for feeding (Friedlander et al. 2002; Holland et al. 1993; Meyer 2003; 

Chapter III; see Methods below for more detail on site selection). If L. kasmira was 

indeed the voracious and superior competitor it was purported to be, high abundance sites 

should have yielded an identifiable ecological signal when compared to low abundance 

sites. 

 Species that had greater dietary similarity were expected to compete more than 

those with less similarity, and should have shown the greatest ecological difference 

between sites (Ross 1986; Case 1991, 2000). As was the case with fine-scale habitat 

studies (Schumacher & Parrish 2005), an asymmetric difference in diet or condition of 

species at sites with different abundance of L. kasmira (i.e. where there was no or 

minimal change for L. kasmira between sites but there was for native species) would 

support the hypothesis that L. kasmira was outcompeting native fishes. If L. kasmira was 

outcompeting native fishes for food resources, an expected outcome of this interaction 

would be that these fish would not be able to accumulate as much weight in the presence 

of L. kasmira. This effect was investigated by analyzing length-weight relationships of 

specimens from comparison sites, based on the assumption that heavier fish of a given 

length are in better health (Morgan 2004; Froese 2006). The direction of any observed 

change was also critical to the interpretation differences, as it would be expected that fish 

from low abundance sites would have more similar diets to L. kasmira and weigh more at 

a given length than those from high abundance sites (Schmitt & Coyer 1983).  
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 The complex nature of competition for food resources made it unlikely that a 

singular examination of the data would provide a satisfactory or compelling answer to 

the question of whether or not two species were competing. Analysis of dietary similarity 

was therefore done at multiple levels, and the overall pattern of outcomes used to assess 

the strength of competitive interactions. Univariate analyses were employed to compare 

size and trophic level of prey, while multivariate analyses provided a detailed and 

statistically robust evaluation of taxonomic similarity of prey (Hyslop 1980; Lu et al. 

1989; Haight et al. 1993; Clarke 1993; Marshall & Elliott 1997; Anderson 2001b; 

Anderson & ter Braak 2003; Karachle & Stergiou 2008). Finally, length-weight 

relationships of predators from comparison sites were assessed in the context of results of 

dietary analyses to determine if a measurable biological effect associated with relative 

abundance of L. kasmira was evident (Cone 1989; Froese 2006; Stevenson & Woods Jr. 

2006). Because weight is closely associated with reproductive output of fish, smaller, 

less robust fish would likely be less fecund and population size and resiliency to fishing 

pressure could ultimately suffer. 

 

Objectives 

 The objectives of this investigation were to (1) describe the diets of fish species 

and identify principal prey groups, (2) quantify the amount of predation on fishery 

resource species, (3) compare prey size, trophic level and taxonomic similarity for fish 

species in general and at locations with different relative abundance of L. kasmira, and 
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(4) utilize length-weight relationships of focal species to determine if biological 

condition differed systematically with abundance of L. kasmira.  

 
METHODS 

Study sites  

Investigations described in Chapters II and III were conducted primarily in 

Mamala Bay on the south shore of O‗ahu (Figure 4.1a) where L. kasmira are highly 

abundant. However, no suitable comparison sites were found on O‗ahu that (a) had large 

enough populations of all focal goatfish to support collections for a diet study (Hobson & 

Chess 1986; DeFelice & Parrish 2003), and (b) did not have sympatric schools of L. 

kasmira. Thus, fish collected on O‗ahu contributed to the overall description of species 

diets, but were not used for comparisons of different competitive environments. 

Additional study sites on the west coast of the Island of Hawai‗i were identified to 

provide specimens on which to base this comparison, and to broaden the geographic 

scope of the study.  

Potential study sites on the Island of Hawai‗i were identified based on several 

years of fish census data from the West Hawai‗i Aquarium Project (Tissot et al. 2004). 

These sites were then surveyed by project divers using SCUBA to further assess their 

suitability for inclusion in the present study. It was initially hoped that multiple sites 

could be located where L. kasmira was found in relatively large numbers, as well as 

several others where it was absent or present in very low numbers. However, divers 

conducting surveys at sites where L. kasmira had not previously been recorded in 

substantial numbers frequently encountered schools of more than 200 individuals.  
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 Of multiple candidate sites, only the site north of Keahou Bay did not have 

sizeable aggregations of L. kasmira (Figure 4.1b). The snappers were rare and generally 

found in groups of only 2 to 5 fish at this site. Throughout initial site surveys and 

multiple subsequent dives to collect specimens, a large aggregation of L. kasmira was 

never located in the area. Two other primary study sites (Wawaloli and Honokōhau-

Papawai areas) were identified as relatively high abundance sites based on the presence 

of schools of greater than 200 L. kasmira. This number was comparable to higher 

abundances of L. kasmira recorded at the Mamala Bay artificial reef site on O‗ahu over a 

similar survey area (Schumacher & Parrish 2005). All sites have broadly similar habitat 

with respect to depth and availability of reef structure for shelter in close proximity to 

extensive sand flats for feeding. These three sites are several kilometers apart, so their 

populations would not overlap during feeding based on movement patterns identified 

during telemetry studies (Holland et al. 1993; Meyer 2003; Chapter III).  

 

Sample collection 

One of the primary complaints from fishers that prompted the present study was 

that L. kasmira reportedly preyed on post-larval and/or juvenile resource fish, so 

collection efforts were focused on summer months (June-August) when juveniles of 

many fishes settle onto the reef (Walsh 1987), and when piscivory by L. kasmira was 

reportedly the greatest (Oda & Parrish 1982). It has also been suggested that L. kasmira 

prey upon larval or post-larval invertebrate resource species such as the crab Ranina 

ranina (Family: Raninidae) and Octopus spp. (Family: Octopodidae). Though larval 
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dynamics of these species are not well known in Hawai‗i, R. ranina is reproductively 

active from May to August (Onizuka 1972; Fielding & Haley 1976). Summer collections 

should therefore include at least part of the settlement period of this crab (Kasinathan et 

al. 2007). The relationship of the collection period to octopus settlement period is less 

certain, though their reproduction may be aseasonal (Van Heukelem 1983; Ivey 2007). 

Fish were collected during daytime, crepuscular and nighttime periods using 

monofilament nets or by spearfishing. Collecting activities for each species were done as 

close as possible to their active feeding times so that gut contents would not be too 

digested to analyze. Primary active feeding times were identified based on direct 

observation of fish and description of feeding activities from previous studies (e.g. 

Hobson 1974; Sorden 1982; Oda & Parrish 1982; Friedlander et al 2002; DeFelice & 

Parrish 2003). Prey items were identified to the lowest possible taxonomic level using 

compound and dissecting microscopes. In addition to taxonomic identification of prey, 

multiple measurements of prey dimensions (length, width, height) and specific body 

parts (chelae, carapace, telson, etc.) were measured using an ocular micrometer. 

Measurements of undamaged prey and various body parts were then used to develop 

taxon-specific regression models to estimate the original volume of incomplete prey 

(Hyslop 1980). This method of size estimation was employed to prevent direct 

measurement of broken, partially digested or otherwise incomplete prey from biasing 

estimates of prey volume. Contents of the entire gut were included in analyses, as this 

provided the most complete record of recent feeding activity, and previous studies did 

not find differences in prey from the stomach and intestine (Mahi 1969; Sorden 1982).  
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Other sources of data 

Additional diet information was obtained opportunistically from other projects to 

broaden the spatial and temporal scope of the analysis, including Pa. multifasciatus that 

were collected from outside Kane‗ohe Bay on the windward side of O‗ahu (Figure 4.1a). 

These fish had been collected for a separate study of piscivory, but had not been analyzed 

after researchers decided to focus on higher trophic level predators. Another data set 

included archived gut content data for several goatfish species and L. kasmira that had 

been collected in Puako Bay on the Island of Hawai‗i and the Northwestern Hawaiian 

Islands (NWHI). These fish were collected between 1978 and 1984 by the Hawai‗i 

Cooperative Fishery Research Unit, but data had not been rigorously analyzed or 

published
6
. Also, detailed dietary information was available for individual specimens, 

making it useful for statistical analyses. In this document, projects in the NWHI and 

Puako are collectively referred to as ―prior‖ projects, while other collections are referred 

to as the ―recent‖ project. 

Because the information summarized here was derived from multiple locations 

and studies, it can be used to produce a fairly comprehensive characterization of the diets 

of a number of species in Hawai‗i. However, the heterogeneous nature of the data and 

lack of detailed information about relative abundance of L. kasmira in prior projects 

limited the scope of comparisons of competitive interactions for most species. 

Accordingly, formal tests of the competitive impact of L. kasmira were limited to data 

                                                 
6 A subset of gut content data from Midway Island was described in a Masters thesis by Sorden (1982). 

Additional specimens from the five species Sorden analyzed, additional species, and additional islands are 

included in the present analysis. 
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derived from recent collections at comparison sites on the Island of Hawai‗i where its 

relative abundance was known. 

 

Analysis of diets 

 For all dietary analyses, a comprehensive comparison of all data was done by 

species, followed by a focused comparison from sites on the Island of Hawai‗i where L. 

kasmira were found at high versus low abundance. 

 

 Univariate analyses 

The first level of univariate analysis looked at the size of prey that fish ate, 

measured in mm
3
 (Hyslop 1980). Univariate analyses were performed separately for 

maximum and mean prey size consumed by each predator specimen. Maximum prey size 

was analyzed to provide an indication of the size prey fish were capable consuming, and 

of their ability to capture what may be large, relatively rare prey. Mean prey size, in 

contrast, was analyzed to provide an indication of the more common base of species‘ 

diets. Larger prey constitute a more substantial food package, so it would be 

energetically advantageous for fish to consume a small number of big items if they are 

available rather than larger numbers of small items (Schoener 1971; Werner & Hall 

1974).  

The second level of univariate analysis compared mean trophic level of prey in 

species diets. Higher trophic level prey (e.g. fish, cephalopods) generally have more 

digestible material and nutritional value than lower level prey (e.g. crabs, amphipods, 

gastropods), so mean trophic level of prey was expected to decrease in the face of 
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competition. Therefore, prey of native goatfishes would be expected to be larger and/or 

from higher trophic levels at low versus high abundance sites if competition with L. 

kasmira was decreasing the quality of prey available to them. L. kasmira from the low 

abundance site were used as a metric in this and subsequent analyses to determine if 

there was an asymmetric response—where L. kasmira diet was unchanged relative to 

differences in diets of native species (Schmitt & Coyer 1983; Schumacher & Parrish 

2005). 

Data for the comprehensive analyses were analyzed using ANCOVA with nested 

factors to account for the ―Period‖ (Prior, Recent), ―Study‖ (NWHI, Puako, MHI), 

―Island‖ (various) and ―Location‖ (various). ―Predator size‖ (measured as loge weight 

(g)) was included as a covariate nested within ―Species,‖ which was the primary factor of 

interest. The covariate was nested because it was included to account for differences in 

diet within species, rather than attempt to compare across groups which have inherently 

different morphometric characteristics (Miller & Chapman 2001). Data from comparison 

sites were analyzed using ANCOVA to evaluate the importance of the relative 

―Abundance‖ of L. kasmira (High, Low) and ―Location‖ (High abundance 1, High 

abundance 2, Low abundance) nested within Abundance. ―Predator size‖ was included as 

a covariate nested within ―Species‖ as in the comprehensive analyses. Data for analyses 

of prey size were transformed to decrease heteroskesdasticity based on results of Box-

Cox analysis (Box & Cox 1964; Osborne 2010). Maximum prey size was 8
th

-root 

transformed and mean prey size was loge-transformed. 
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Trophic level was estimated using fractional (i.e. non-integer) trophic levels of 

prey categories based on values in the TrophLab program (Appendix 4.A), weighted by 

the volumetric contribution of the prey (Pauly et al. 2000; Karachle & Stergiou 2008). 

Trophic levels of fish found in guts were based on values from FishBase (Froese & Pauly 

2010).  Box-Cox analysis and examination of the data indicated transformation would not 

improve normality of trophic data, so analysis was performed on untransformed values. 

  

 Taxonomic characterization of diets 

A combination of three measures was used to summarize and characterize the 

importance of prey groups to predator species: 
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These three measures were combined to generate a composite measure known as the 

Index of Relative Importance (IRI) according to the formula: 

 

Index of Relative Importance (IRI) = % FO*(% Num + % Vol)  
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The absolute magnitude of IRI values can vary considerably between predators 

depending on the number of categories that they utilize. IRI values were therefore scaled 

according to the following formula to allow for comparison between species: 

 

                                   
                        

                      

 
                                  

                     

   

       

 

 Multivariate analysis of taxonomic similarity of prey 

 Multivariate analyses were carried out using the statistical package PRIMER 

6.1.12 with the PERMANOVA+ 1.0.2 add-on (Clark 1993; Anderson 2001a; McArdle & 

Anderson 2001). Multivariate comparisons of the taxonomic composition of diets were 

done using two techniques, permutational multivariate analysis of variance 

(PERMANOVA) and canonical analysis of principal coordinates (CAP) (Anderson & 

Robinson 2003; Anderson & Willis 2003). PERMANOVA and CAP are both robust to 

the distributional eccentricities and large number of variables common in ecological 

community data that make it ill-suited for analysis with standard parametric tests (Mardia 

1971; Olson 1974; Johnson & Field 1993; Terlizzi et al. 2005; Anderson et al. 2008).  

 PERMANOVA is a permutational distribution-free analog of MANOVA. In 

essence, this routine tests whether multivariate similarity within groups of samples 

defined in the model (e.g. by species and/or location) is significantly different relative to 

variation in samples in the study as a whole (Anderson et al. 2008). Models used to 
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investigate multivariate similarity in diets were similar to those used for univariate 

analyses, except that predator size was not used as a covariate. It was not possible to nest 

covariates in PRIMER as was done in previous analyses, and using the non-nested 

covariate would have been inappropriate given that relationships between diet and 

predator size were heterogeneous across species (Miller & Chapman 2001). 

 CAP is a routine that performs canonical correspondence analysis of principal 

coordinates. Principal coordinates analysis (PCO) differs from principal components 

analysis (PCA) in that PCO is based on similarities calculated by a measure of choice, 

rather than Euclidean distance. CAP analysis can therefore be performed on measures 

appropriate for ecological data (Clarke & Warwick 2001; Smith 2002). CAP also differs 

from PCA in that CAP provides a constrained ordination based on axes that best 

discriminate between a priori groups such as species. Permutations for these routines 

were run 10
5
 times.  

 The Bray-Curtis index (Bray & Curtis 1957; Clarke & Warwick 2001) and 

taxonomic distinctness (Izsak & Price 2001; Anderson et al. 2008) were used as 

similarity measures for multivariate analyses. Bray-Curtis similarity between predator 

specimens 1 and 2 is defined as: 
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where yi1 is the abundance (e.g. count, biomass, volume, etc.) of taxai in predator1, etc. 

The similarity between each specimen pair is calculated and stored in a matrix upon 

which analysis is done. For the present analysis, volume of prey was log-transformed 

prior to calculation of similarity. This transformation has the effect of preventing highly 

abundant prey categories from dominating the analysis and overwhelming other 

moderately common, and potentially ecologically important prey (Clarke & Warwick 

2001).   

 One shortcoming of Bray-Curtis and other standard measures of ecological 

similarity is that they do not explicitly account for taxonomic relatedness of prey 

categories. Taxonomic distinctness was developed to use taxonomic relationships 

between prey categories to calculate dietary similarity. This index incorporates a measure 

of these relationships by calculating the mean distance through a taxonomic hierarchy of 

prey consumed by two predators (Anderson et al. 2008). The tradeoff for using 

taxonomic distinctness as a measure relative to Bray-Curtis is that prey abundance is 

automatically transformed into presence-absence. In PRIMER taxonomic distinctness is 

defined as: 

 

    
  

   
      

  
        

 
     

  
    

        
  

 

 where there are s1 prey taxa present in predator1 and s2 in predator2, and ώij is the 

minimum distance through the taxonomic hierarchy from preyi of predator1 to preyj of 
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predator2. In other words, for each prey taxa in one predator specimen the distance to the 

most closely related prey in the second specimen is determined. Taxonomic distinctness 

is the average of these distances. The taxonomic hierarchy for this analysis was based on 

the Integrated Taxonomic Information System (http://www.itis.gov) and the 

Taxonomicon/Systema Naturae 2000 (http://taxonomicon.net). These searchable 

databases provide hierarchical taxonomic information that was used to create a database 

of taxonomic classification of each prey category. This information was then uploaded to 

PRIMER as a taxonomic hierarchy. 

 

Biological measures of health of predator specimens 

 The relationship between length and weight of fish was examined using 

ANCOVA to determine if biological condition differed systematically with abundance of 

L. kasmira. Allometric length-weight relationships in fish were modeled as: 

 

                                                                                           

 

where W was the weight of a specimen, L was the length, and a and b were fitting 

parameters. Fitting parameters were determined using the program ABee version 1.0 

(Pauly & Gayanilo 1997). Weight was transformed by the b-root to linearize the 

relationship between length and weight prior to analysis with ANCOVA. The model 

included relative ―Abundance‖ of L. kasmira, ―Location‖ nested within abundance, and a 

covariate (total length of specimens, TL_cm) as explanatory factors. 

http://www.itis.gov/
http://taxonomicon.net/
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RESULTS 

Analysis of diets 

Specimens available for analysis 

Gut content data were obtained for 751 specimens. This data set included 

specimens from the introduced L. kasmira, two native species of snapper (A. furca and 

Pr. filamentosus) and 8 native species of goatfish (M. flavolineatus, M. vanicolensis, M. 

pflugeri, Pa. cyclostomus, Pa. insularis, Pa. multifasciatus, Pa. pleurostigma, and Pa. 

porphyreus, Table 4.1). Only one A. furca and two M. pflugeri were collected 

incidentally during the recent study, and these species were not present in collections 

from prior studies. A description of their gut contents was included because there was 

presently very little published information on their diets in Hawai‗i, but they were not 

considered in more detailed quantitative summaries or formal statistical analysis because 

of the extremely small sample sizes. 

 

 Univariate Analyses 

  Maximum prey size 

 Summary statistics for maximum and mean prey size, and mean trophic level of 

prey are found in Table 4.2. All predators ate a wide size range of prey, and the largest 

prey eaten by each species (upper margin of the range) was consistently several orders of 

magnitude larger than the smallest prey (lower margin of the range). The largest prey 

was also much larger than the mean of maximum prey for individual predators. For 

example, the largest prey eaten by any L. kasmira was 5727.4 mm
3
, while the mean of 
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the maximum prey across all L. kasmira specimens was 408.8 mm
3
. There was at least an 

order of magnitude difference between the largest prey consumed and the mean of the 

maximum prey (hereafter ―maximum prey size‖) for most species.  

 Maximum prey size was significantly different among species (p = 0.034, Table 

4.3, Figure 4.2), and changed with the predator size (p < 0.001). Factors included in the 

model to account for spatial and temporal variation were not significant. Maximum prey 

size was highly variable; even the fairly complex model accounted for only about a third 

of the variation in the data (r
2
 = 34.48%). Post-hoc multiple comparisons were done to 

further investigate relationships between individual species (Table 4.4). Maximum prey 

size of L. kasmira was larger than M. flavolineatus (p < 0.0001) and M. vanicolensis (p < 

0.0001), but was not significantly different from other species in the study. Maximum 

prey size of M. flavolineatus was smaller than all species except M. vanicolensis (p = 

0.0581), Pa. porphyreus (p = 0.4972) and Pr. filamentosus (p = 0. 8160). Maximum prey 

size of M. vanicolensis was significantly smaller than Pa. multifasciatus (p < 0.0001), 

and maximum prey size of other predators did not differ from each other. In some cases 

the lack of significant difference may be due to a combination of small sample size and 

variability in the data. For example, prey of Pa. cyclostomus were larger on average (n = 

17, 821.7 mm
3
 ± 356.0 SE, Table 4.2) than other species, but were only significantly 

different than M. flavolineatus (n = 79, 63.4 mm
3
 ± 15.0 SE, p = 0.0016); while prey of 

Pa. multifasciatus (n = 181, 208.4 mm
3
 ± 23.9 SE) and M. vanicolensis (n = 69, 80.2 

mm
3
 ± 12.9 SE, p < 0.0001) were significantly different though maximum prey sizes 

were closer in size. 
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 Despite the highly significant covariate, predator size was not a significant factor 

in post-hoc analyses of maximum prey size for five of the nine predator species (Table 

4.5). Maximum prey size did increase significantly for M. flavolineatus (p = 0.001), M. 

vanicolensis (p = 0.031), Pa. multifasciatus (p < 0.001) and Pa. porphyreus (p = 0.022). 

The relationship between maximum prey size and predator size was similar for these 

species, as indicated by the parallel slopes of their regression lines (Figure 4.3). The 

difference in the elevation of the lines reflects differences in prey size between species 

for a given predator size. The considerable dispersion of data points in this figure also 

indicates that prey size was highly variable for a given size predator within species. 

 Summary statistics of maximum and mean prey size, and mean trophic level of 

prey from the Island of Hawai‗i comparison sites are found in Table 4.6. Species (p < 

0.001) and predator size (p = 0.001, Table 4.7) were significant factors as was the case in 

the overall analysis, and there was fairly weak evidence of a location effect (p = 0.060, 

Figure 4.4). However, abundance of L. kasmira was not a significant factor in the 

ANCOVA (p = 0.434). As was the case with the overall comparison, there was 

considerable variability in maximum prey size that was not accounted for in the model (r
2
 

= 37.42%). Also consistent with results of the overall comparison, maximum prey sizes 

of L. kasmira and Pa. multifasciatus were significantly larger than both M. flavolineatus 

(p < 0.0001, p < 0.0001, respectively) and M. vanicolensis (p < 0.0001, p = 0.0001, 

respectively), but were not significantly different from each other (p = 0.7761, Table 

4.8). There was no significant difference between maximum prey size of Mulloidichthys 

spp. (p = 0.6416). Although the covariate was a significant factor in the ANCOVA (p = 
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0.001, Table 4.7), it was only significant for M. flavolineatus (p = 0.008) and Pa. 

multifasciatus (p = 0.001) in post-hoc tests of individual species (Table 4.9). As was the 

case in overall comparison, there was also substantial variability in prey size at a given 

predator size within species (Figure 4.5). 

 

  Mean prey size  

 As in the previous analyses, predator species (p < 0.001) and predator size (p < 

0.001) were significant factors in the ANCOVA of mean prey size (Table 4.10, Figure 

4.6). One difference between the results of ANCOVAs of maximum and mean prey size 

was that factors entered into the model to account for potential spatial heterogeneity were 

significant in the latter analysis (Island, p = 0.003; Location, p < 0.001). Larger scale 

factors such as period and study were not significant, however. This indicates that some 

variation in fish diets may occur at relatively small spatial scales. For example, prey of 

M. vanicolensis from the Island of Hawai‗i were dramatically smaller than from other 

places, irrespective of when the samples were collected (Figure 4.7). It also appeared that 

this pattern reflected a difference in prey between sites and was not an artifact of other 

factors such as predator size, as there was comparably little difference in size of M. 

vanicolensis between groups. Also predator size was not significant for M. vanicolensis 

in post-hoc analyses (see below). 

 Post-hoc multiple comparisons of mean prey size found that L. kasmira and Pa. 

multifasciatus ate significantly larger prey than M. flavolineatus (p < 0.0001, p < 0.0001, 

respectively) and M. vanicolensis (p < 0.0001, p = 0.0086, respectively), as was the case 
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with analysis of maximum prey size (Table 4.11). Also, there were not differences in 

mean prey size between Parupeneus spp. There were several differences in the two sets 

of comparisons for M. flavolineatus, however. In comparisons of mean prey size, Pa. 

porphyreus ate significantly larger prey than M. flavolineatus (p = 0.0075), but Pa. 

cyclostomus (p = 0.1303), Pa. insularis (p = 0.7662), and Pa. pleurostigma (p = 0.2320) 

did not. These results were opposite those of multiple comparisons of maximum prey 

size. It would appear that mean prey of the latter three Parupeneus spp. were larger than 

M. flavolineatus (Figure 4.6), but the relatively large variances and smaller sample sizes 

of these species may have prevented a significant result. In contrast, there appeared to be 

a large enough difference in mean prey size of Pa. porphyreus and M. flavolineatus that 

there was significant result (p = 0.0075) in spite of the high variance.   

 Mean prey size of Pr. filamentosus was significantly smaller than nearly all 

species in the study. This finding differed from results of maximum prey size in which 

there were not significant differences between Pr. filamentosus and other species. It 

appeared that Pr. filamentosus specimens occasionally ate large prey, so the maximum 

size prey was similar to other species. However, a substantial portion of their prey were 

extremely small, such as salps and calanoid copepods.  

 Predator size was only a significant factor for M. flavolineatus (p = 0.002) and 

Pa. multifasciatus (p < 0.001, Table 4.12). The change in mean prey size relative to 

predator size of these two species was similar as was the case for maximum prey size, 

and Pa. multifasciatus ate larger prey than M. flavolineatus of the same size (Figure 4.8). 

Variability in mean prey size was also large as was the case with maximum prey size. 
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 Analysis of diets of specimens from comparison sites on the Island of Hawai‗i 

found that mean prey size did not vary consistently with the abundance of L. kasmira (p 

= 0.115), but did differ by location nested within abundance (p = 0.006), species (p < 

0.001) and with predator size (p = 0.028, Table 4.13). As was the case with comparisons 

of maximum prey size, prey of L. kasmira and Pa. multifasciatus were significantly 

larger than those of M. flavolineatus (p < 0.0001, p < 0.0003, respectively) and M. 

vanicolensis (p < 0.0001, p < 0.0005, respectively), but were not significantly different 

than each other (p = 0.3990, Table 4.14, Figure 4.9). Prey of Mulloidichthys spp. were 

also not different from each other in mean size (p = 0.9406). Also consistent with results 

of analysis of maximum prey size, mean prey size increased with predator size only for 

M. flavolineatus (p = 0.008) and Pa. multifasciatus (p = 0.020, Table 4.15), and the 

relationships again showed similar slopes that were offset by a consistent margin (Figure 

4.10). 

 

  Trophic level of prey 

 Summary statistics of the trophic level of prey based on data from all specimens 

are presented in Table 4.2 and Figure 4.11. The mean trophic level of prey of most 

species in the study were approximately 2.40 to 2.70, which was typical of benthic 

invertebrate prey, while the trophic level of prey of Pa. cyclostomus and Pr. filamentosus 

were greater than 3.0, likely reflecting the influence of prey such as fish and stomatopods 

(Appendix 4.A). ANCOVA of these data indicated that there were significant differences 

among species (p = 0.001) and with the covariate (predator size within species, p = 
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0.003, Table 4.16), as was the case with metrics of prey size. Also consistent with 

previous analyses, there was substantial variation in the data that was not explained by 

the model (r
2
 = 34.82%). In general there were not differences in the trophic level of prey 

associated with factors included in the analysis to account for spatial and temporal 

heterogeneity, though there was weak evidence of differences associated with location 

within island (p = 0.058).  

 Post-hoc multiple comparisons showed that prey of L. kasmira were from a 

different (higher) trophic level than M. flavolineatus (p < 0.0001), M. vanicolensis (p < 

0.0001), Pa. multifasciatus (p < 0.0001) and Pa. pleurostigma (p < 0.0001) but were 

lower than Pa. cyclostomus (p < 0.0001, Table 4.17, Figure 4.11). Differences were not 

significant between L. kasmira and other species. The trophic level of M. flavolineatus 

prey was lower than Pa. multifasciatus (p < 0.0001), Pa. insularis (p = 0.0011) and Pr. 

filamentosus (p = 0.0185) in addition to L. kasmira and Pa. cyclostomus (p < 0.0001), but 

was not different than M. vanicolensis (p = 0.3554) or other species in the study. In 

addition to being from a lower trophic level than L. kasmira (p < 0.0001), prey of M. 

vanicolensis were from a lower trophic level than Pa. cyclostomus (p < 0.0001) and Pa. 

multifasciatus (p < 0.0106), but were not different than other species. There were no 

differences between the trophic level of prey of Parupeneus spp. other than those with 

Pa. cyclostomus (all p < 0.0001), which was higher than all other species except Pr. 

filamentosus (p = 0.9973).  

 Although predator size was a highly significant covariate overall, it was only 

significant in post-hoc single-species analyses for L. kasmira (p = 0.040) and Pa. 
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multifasciatus (p < 0.001, Table 4.18). As would be expected, the trophic level of prey 

was generally higher for larger fish, though the change was somewhat more dramatic for 

L. kasmira for a given increase in size (Figure 4.12). Variability in prey trophic level that 

was not accounted for by the model was substantial for these species. 

 Summary statistics of mean trophic level of prey from the comparison sites on the 

Island of Hawai‗i are found in Table 4.6. ANCOVA revealed that trophic level of prey 

differed among species (p = 0.009) and with the predator size within species (p = 0.030), 

but not with other factors such as location (p = 0.501) or relative abundance of L. 

kasmira (Table 4.19, p = 0.438). Multiple comparisons of the trophic level of diets of 

individual species found that L. kasmira fed at a significantly higher trophic level than 

M. flavolineatus (p < 0.0001), M. vanicolensis (p < 0.0001) and Pa. multifasciatus (p = 

0.0055, Table 4.20, Figure 4.13). Pa. multifasciatus fed at a higher trophic level than M. 

flavolineatus (p = 0.0047) and M. vanicolensis (p = 0.0002), but there was not a 

difference between the Mulloidichthys spp. (p = 0.9398). Pa. multifasciatus was the only 

species for which there was a significant relationship between Predator size and prey 

trophic level in post-hoc tests (p = 0.002, Table 4.21, Figure 4.14). 

 

 Taxonomic characterization of diets 

A total of 14,340 prey were identified from 751 fish guts and categorized into 948 

prey categories. In order to summarize this data set in a more easily presentable and 

comprehendible form, these categories were pooled into 100 more general categories for 

calculation of Percent IRI (Table 4.22) and further condensed into 10 broad categories 
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for graphical presentation (Figure 4.15). IRI statistics were not calculated for A. furca 

and M. pflugeri because their extremely small sample sizes made such summaries 

mathematically uninformative. However, a brief description of their gut contents is 

provided below. 

Although often considered to be a piscivorous fish (e.g. Randall 1996; Sancho et 

al. 2000), the lone A. furca collected in this study contained only brachyuran crab 

remains. Nine brachyuran megalops and remains of one unidentified adult brachyuran 

crab were found in the gut. M. pflugeri specimens contained a wider variety of prey, 

including adult brachyuran crabs, shrimp, fish, and gastropods. Between the two M. 

pflugeri specimens, 10 crabs were recovered, making this the most abundant prey group. 

Most of the crabs were damaged and could not be identified further, although at least one 

calappid crab had been ingested. Two gastropods and two caridean shrimp had also been 

consumed, along with one pisionid polychaete, tanaid, blenny (Family: Blenniidae) and 

fish egg. 

Gut contents from 129 L. kasmira were analyzed for this investigation. The 

majority of these specimens were collected during the current study (n = 122); relatively 

few (n = 7) were collected during projects in the NWHI and Puako (Table 4.1). The most 

prominent broad prey groups in L. kasmira guts were crabs, decapod shrimp, and 

stomatopods (Figure 4.15). Though L. kasmira consumed prey from 81 of the 100 prey 

categories in Table 4.22, several groups could be identified as the most important based 

on IRI values. The most important prey were brachyuran crab such as portunids (24.17 % 

IRI), miscellaneous brachyurans (17.80%) and brachyuran megalops (9.76%). Caridean 
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shrimp (13.53%) were also an important prey group. Among caridean shrimp that could 

be identified further, the most commonly consumed types were alpheids (5.24%) and 

processids (4.75%). Stomatopods (7.81%) were also a prominent prey group. 

One hundred and twenty four M. flavolineatus were analyzed (Table 4.1). Equal 

numbers of specimens were from recent (n = 62) and prior (n = 62) studies. Of the broad 

groups summarized in Figure 4.15, coelomate worms were the primary prey consumed, 

with molluscs, crabs and peracarid crustaceans present in lesser amounts. Of the 100 prey 

categories in Table 4.22, polychaete worms (44.70%), including eunicid polychaetes 

(9.50%), were the main prey of this predator. Eulamellibranch bivalves (9.73%) and 

gammaridean amphipods (5.93%) were also common prey. Several brachyuran crab 

groups such as xanthids, calappids, portunids and megalops were consumed in relatively 

small amounts individually, but combined to provide the basis of the crab component of 

the diet evident in Figure 4.15.  

One hundred M. vanicolensis with gut contents were analyzed, with 

approximately 2/3 of the specimens coming from recent collections (Table 4.1). Crabs 

and molluscs were the principal, broad prey groups present in the guts of this goatfish, 

while echinoderms and fish prey were moderately important (Figure 4.15). Crustaceans 

that were most well represented in M. vanicolensis guts were crabs such as adult 

portunids (13.29%), xanthids (8.61%), miscellaneous brachyuran crabs (10.87%), and 

brachyuran megalops (5.72%, Table 4.22). Stomatopods had an IRI of 5.88%. Molluscs 

that were present included a number of small gastropods from groups such as 

Neogastropoda (7.74%) and Littorinimorpha (7.06%). Miscellaneous or unidentified 
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echinoderms accounted for 5.63% IRI; those that could be identified further were 

primarily Amphisternata (Heart) and Cidaroida (Slate-pencil) urchins. The prey group 

that gave the appearance that general fish category was somewhat important to M. 

vanicolensis (Figure 4.15) was actually fish eggs (5.34%). Adult or juvenile fish were 

consumed only rarely by M. vanicolensis. 

Data from 32 Pa. cyclostomus guts were analyzed (Table 4.1). However because 

this was not a focal species in recent collection efforts, nearly all specimens (n = 30) 

were from the prior project. This predator consumed a high proportion of fish prey 

(Figure 4.15), including wrasses (Family: Labridae, 19.13%), Pleuronectoidei such as 

flounders (Family: Bothidae, 8.98%), and miscellaneous teleosts (38.53%, Table 4.22). 

Pa. cyclostomus also consumed notable amounts of crustaceans such as caridean shrimp 

(12.18%) and brachyuran crabs (7.46%). No polychaete worms or peracarid crustaceans, 

and very few gastropods were found in Pa. cyclostomus guts. 

Gut content data from 17 Pa. insularis were available from prior studies (Table 

4.1).  Gut contents of this species were predominantly remains of crabs (Figure 4.15). 

These crabs were largely adult brachyuran crabs such as xanthids (30.91%), portunids 

(16.86%), and to a lesser degree, majids (7.25%) and calappids (6.21%, Table 4.22). P. 

insularis specimens also contained some caridean shrimp such as alpheids (8.38%) and 

peracarids such as tanaids (6.03%). They contained relatively little stomatopod, fish, 

mollusc or polychaete prey. 

A total of 246 Pa. multifasciatus guts were analyzed, with 119 specimens 

available from recent collections and 127 from prior collections (Table 4.1). The most 
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important prey categories overall were crustaceans such as crabs, decapod shrimp and 

peracarids (Figure 4.15). Brachyuran crabs such as xanthids (21.82%), portunids 

(16.22%), miscellaneous brachyurans (9.42%) and megalops (6.08%) were important 

components of the diet of this predator (Table 4.22). Decapod shrimp, including alpheids 

(13.00%) and miscellaneous caridean shrimp (10.16%); and gammaridean amphipods 

(9.08%) also made up considerable proportion of gut contents of Pa. multifasciatus. 

Other prey such as molluscs, echinoderms and fish were relatively unimportant for this 

species. 

Gut contents from 59 Pa. pleurostigma were analyzed (Table 4.1). The majority 

of these specimens (n = 48) were from the NWHI, while lesser numbers were available 

from recent (n = 8) and Puako (n = 3) collections. Crabs were by far the most important 

prey (Figure 4.15), particularly brachyuran crabs such as xanthids (45.92%), portunids 

(11.07%) and miscellaneous brachyurans (16.32%, Table 4.22). Alpheid shrimp (8.23%) 

and polychaetes (eunicid - 1.90%, miscellaneous - 4.84%) were also present in Pa. 

pleurostigma guts in lesser amounts. 

Thirty four Pa. porphyreus were analyzed, 29 from the NWHI and 5 from Puako; 

no Pa. porphyreus were collected during recent fieldwork (Table 4.1). The gut contents 

of these individuals were almost entirely crabs (Figure 4.15). Xanthid crabs were the 

dominant prey group (73.35%) that could be identified further, followed by 

miscellaneous brachyuran crabs (16.32%, Table 4.22). No peracarid crustaceans and very 

few molluscs or fish were identified in Pa. porphyreus guts. 
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Gut contents from seven juvenile Pr. filamentosus were collected from shallow 

waters of Mamala Bay, O‗ahu (Table 4.1, Figure 4.1b). These native snappers contained 

prey from several of the broad prey groups, though fish, crabs, pyrosomes (salps) and 

various crustaceans were important prey (Figure 4.15). The most important individual 

prey group was teleost fish (29.13%, Table 4.22). The crab component of the diet was 

primarily brachyuran megalops (17.59%). Other important crustacean groups were 

calanoid copepods (14.90%), (pelagic juvenile) stomatopods (9.95%), and caridean 

shrimp (6.82%). Pyrosomes (13.67%) were important prey as well. 

 Taxonomic characterization of diets of fish from recent collections at comparison 

sites on the Island of Hawai‗i was done following the same procedures as above. Figure 

4.16 shows the Percent IRI of prey of focal species at sites with low and high abundance 

of L. kasmira using broad prey categories, and Table 4.23 presents Percent IRI values 

based on the same 100 prey categories as Table 4.16. However, prey from several of 

these categories were not found in guts of fish from the Island of Hawai‗i, so only 88 

categories appear in this table. 

  The two most important general prey categories of L. kasmira on the Island of 

Hawai‗i were crabs and fish (Figure 4.16). At high abundance sites, crabs were more 

than twice as important in L. kasmira diets as fish. Of the more specific prey categories, 

brachyuran crabs such as portunids (16.48% IRI), megalops (15.02%), and miscellaneous 

brachyurans (19.51%) were the most important crustacean prey (Table 4.23). Xanthid 

crabs (5.13%) were also found in L. kasmira guts, but figured less prominently than other 

crab groups. Stomatopods (5.09%) were another crustacean that was a notable 
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component of their diet. Small fish such as Trachinoidei (18.82%) were a significant 

component of the diets of these L. kasmira.  

At the low abundance site, crabs were more important than fish for L. kasmira, 

but the relative difference between the two groups was less pronounced than at high 

abundance sites (Figure 4.16). Several other prey types such as stomatopods and 

peracarid crustaceans were of significant though lesser dietary importance. Among more 

specific prey groups, brachyuran megalops were the single most important prey group 

(27.45%, Table 4.23), closely followed by teleost fish (23.55%). It should be noted, 

however, that as with fish prey found in L. kasmira in other areas, these fish were small 

cryptic species, not juvenile resource species. Stomatopods were the next most important 

prey (14.11%), and miscellaneous brachyuran crabs were a less important prey group 

(5.24%). Of crabs that could be identified further, portunids were the most common 

family consumed (4.88%). 

The most important broad prey categories for M. flavolineatus from comparison 

sites were molluscs and coelomate worms (Figure 4.16). At the high abundance sites, 

coelomate worms such as polychaetes were a particularly important prey group (30.94%) 

for these predators. The majority of the molluscs were eulamellibranch (13.07%) and 

filibranch (5.40%) bivalves, along with a variety of small gastropods (Table 4.23). At the 

low abundance site, peracarid crustaceans were also an important broad prey group along 

with molluscs and coelomate worms (Figure 4.16). Molluscs that were consumed by M. 

flavolineatus at this site were frequently eulamellibranch bivalves (13.08%) and 

gastropods such as cephalospideans (11.30%, Table 4.23). Polychaetes also constituted a 
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substantial portion of their diet (24.13%), while the primary peracarid crustaceans were 

tanaids (19.78%). Stomatopods (6.58%) were a fairly common prey group as well. 

The most important general prey groups for M. vanicolensis from recent 

collections on the Island of Hawai‗i were molluscs and crabs (Figure 4.16). At the high 

abundance sites, echinoderms and, to a lesser degree, fish were also important broad prey 

categories. Fish prey recovered from these M. vanicolensis were largely fish eggs 

(6.23%). Small gastropods including Littorinimorpha (9.94%), miscellaneous bivalves 

(7.35%) and Eulamellibranchia (5.80%) were the most important molluscs (Table 4.23). 

Miscellaneous brachyuran crabs were also important (12.83%), and megalops and 

portunids were the most common specific crab categories. Miscellaneous echinoderms 

(11.07%) and urchins such as such as Amphisternata and Cidaroida were also important 

prey.  

In addition to the molluscs and crabs that figured prominently in their diet, M. 

vanicolensis from the low abundance site consumed less echinoderms and fish, and 

somewhat more worms than at the high abundance sites (Figure 4.16). Gastropods from 

groups such as Trochoidea (19.99%), Neogastropoda (11.73%) and Littorinimorpha 

(7.89%); as well as bivalves such as Eulamellibranchia (9.88%) accounted for the high 

overall importance of molluscs (Table 4.23). Brachyuran groups such as megalops 

(10.65%) were a substantial component of the diet, along with miscellaneous 

brachyurans (9.64%), while xanthids (3.36%) were the most common crab family among 

crabs that could be identified further. The percent IRI of echinoderms was 5.95%. 
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The most important general prey groups of Pa. multifasciatus at high abundance 

sites were crabs and decapod shrimp (Figure 4.16). Other groups of prey were consumed 

much less frequently. The majority of crabs were miscellaneous brachyurans (18.84%), 

and xanthids were the most common type that could be identified to the family level 

(14.83%, Table 4.23). Brachyuran megalops were also a significant part of the overall 

crab component of the diet of Pa. multifasciatus at this site (8.62%). Alpheid (21.53%) 

and other caridean shrimp (17.60%) accounted for the importance of decapod shrimp for 

this group of Pa. multifasciatus (Figure 4.16). 

Crabs and decapod shrimp were also important prey for Pa. multifasciatus from 

the low abundance site, though peracarid crustaceans were a substantial component of 

the diet of these fish as well (Figure 4.16). Coelomate worms were a notable though less 

important component of their diet. Brachyuran megalops were the most important prey 

group (21.15%), and xanthid (15.67%) and miscellaneous brachyuran crabs (10.99%) 

were important as well (Table 4.23). Alpheid shrimp (11.37%) were the dominant type of 

decapod shrimp in guts of these predators, while gammaridean amphipods (13.40%) 

were the most important type of peracarid crustacean. Polychaete worms (5.46%) were 

the basis of the coelomate worm portion of the diet of this group. 

 

 Multivariate analysis of taxonomic similarity of prey 

 Results of PERMANOVA based on the Bray-Curtis index were similar to results 

of univariate analyses in that species was a significant factor (p < 0.0001, Table 4.24). As 

was also the case with univariate analyses, factors accounting for larger-scale spatial and 
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temporal variation were not significant, and there was a large amount of variability that 

was not accounted for by the model (r
2
 = 15.77%). However, location within island was 

significant (p < 0.0001); this factor had been significant for overall analysis of mean prey 

size but not for other univariate analyses.  

 Post-hoc multiple comparison tests were done to further investigate relationships 

between species pairs. It should be noted that PRIMER does not correct p-values, so they 

should be interpreted conservatively to limit the probability of type I error. Given the 

fairly large number of tests (n = 36), only p-values less than 0.002 were considered 

significant. The diet of Pr. filamentosus was the most distinct from other species in the 

analysis based on distances between centroids and results of multiple comparisons (Table 

4.25). The distinctness of the diet of this species was also evident in the CAP ordination 

plot, where the contrast between it and other species compressed the latter to one side of 

the plot (Figure 4.17a).  

 A second ordination plot on the centroids of the principal coordinates provided a 

less cluttered visual representation of the relationships between species (Figure 4.17b). 

This ordination was presented as an NMDS plot because the species groups used to 

structure the previous CAP were already summarized as centroids. Pr. filamentosus was 

not shown in this plot to focus on relationships between other species. The most similar 

species pair was Pa. multifasciatus-L. kasmira (p < 0.0001), followed by Pa. 

multifasciatus-Pa. pleurostigma (p < 0.0001), Pa. multifasciatus-M. vanicolensis (p < 

0.0001), and L. kasmira-M. vanicolensis ((p < 0.0001, Table 4.25). In spite of the relative 
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similarity of these species pairs, their diets were statistically distinct
7
. This was also the 

case for most other species pairs, except for those involving either Pa. insularis or Pa. 

porphyreus. These species were not statistically distinct from other species in general. 

Consideration of the ranks of species pairs indicates that diets can be quite different and 

statistically distinct (e.g. Pa. pleurostigma versus Pr. filamentosus: rank = 34, p < 

0.0001) or relatively similar but still significantly different (e.g. L. kasmira versus Pa. 

multifasciatus: rank = 1, p < 0.0001).  

  PERMANOVA of specimens from comparison sites on the Island of Hawai‗i 

based on the Bray-Curtis index indicated that there were differences between species (p = 

0.0102), location (p = 0.0015), and interactions between these factors (p < 0.0001, Table 

4.26). There was no evidence of differences in diets associated with differences in 

relative abundance of L. kasmira, however (p = 0.3297). The CAP ordination indicated 

that there was generally more similarity between diets of L. kasmira and Pa. 

multifasciatus, consistent with univariate analyses (Figure 4.18a).  

 Post-hoc multiple comparisons and an NMDS plot were done to investigate the 

nature of the interaction between species and location (Table 4.27). Because of the large 

number of tests (n = 66), p-values less than 0.001 were considered significant. Results of 

higher-order interactions can be complex, and this analysis was no exception. However, 

some patterns were evident. Visually, it appeared that diets of species from the site with 

low abundance of L. kasmira (depicted as solid circles, more centrally located in the plot) 

                                                 
7
 It should be noted that CAP ordination plots are only able to provide a visual representation of the data in 

two dimensions, while PERMANOVA analyses run in multidimensional space. Thus there are cases where 

diets that are statistically distinct in PERMANOVA may not be visually differentiated in ordination plots. 
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were somewhat more similar than those from high abundance sites (depicted as triangles, 

farther apart in the plot, Figure 4.18b) . This pattern would be consistent expectations of 

populations in different competitive environments. However, there was not statistical 

evidence that this effect was significant relative to overall variation in the data (p = 

0.3297 for abundance) or compared to the more dominant influence of Species (p = 

0.0102) and Location (p = 0.0015) on diets.  

 The greatest consistency in diets was generally found within species; there were 

no statistically significant differences within groups of L. kasmira or M. flavolineatus, or 

two of the three groups of Pa. multifasciatus. There were differences between groups of 

M. vanicolensis, however. The only between-species comparison that was not 

statistically distinguishable was between L. kasmira from one of the high abundance sites 

and Pa. multifasciatus from the low abundance site (p = 0.0056). However the two 

species were statistically different from each other at the low abundance site (p < 

0.0001), so the overall pattern was not consistent with what would be expected if 

competition was affecting diets.  

 Overall analysis of diets based on taxonomic distinctness produced similar results 

to those based on the Bray-Curtis index; species (p < 0.0001) and location (p < 0.0001) 

were the only significant predictive factors (Table 4.28). Multiple comparisons were less 

consistent with those based on Bray-Curtis, however; but some patterns were evident 

(Table 4.29).  Pr. filamentosus was still relatively unique compared to all other species, 

and Pa. multifasciatus was again the native species most similar to—though statistically 

distinguishable from—L. kasmira (p < 0.0001, Figure 4.19). Pa. pleurostigma was still 
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fairly similar to L. kasmira, though M. vanicolensis was not, and was more similar to its 

congener M. flavolineatus.  

 Analysis of diet of specimens from comparison sites based on taxonomic 

distinctness was consistent with that from Bray-Curtis in that species (p = 0.0056) and 

species by location interaction (p = 0.0025) were significant factors in the analysis, 

though location was not (Table 4.30). As was the case in previous analyses, relative 

abundance of L. kasmira was not an important predictive factor (p = 0.3311). CAP of 

taxonomic distinctness indicated relatively greater similarity between M. flavolineatus 

and M. vanicolensis than was found in the Bray-Curtis analysis, while L. kasmira and Pa. 

multifasciatus were somewhat removed from these species (Figure 4.20a). 

 Multiple comparison tests to investigate the significant interaction showed some 

similarity to those based on Bray-Curtis, and some to results of overall analysis based on 

taxonomic distinctness (Table 4.31). Similar to Bray-Curtis based multiple comparisons, 

within-species comparisons of L. kasmira and M. flavolineatus diets were also not 

statistically distinguishable by location, but within-species comparisons of M. 

vanicolensis were. Similar to overall analysis based on taxonomic distinctness, several 

between-species comparisons of groups of M. flavolineatus and M. vanicolensis were not 

significantly different (Figure 4.20b).  

 The analysis based on taxonomic distinctness differed from the Bray-Curtis 

analysis in that Pa. multifasciatus and M. vanicolensis from the low abundance site were 

not statistically different (p = 0.0066). Also, L. kasmira from the low abundance site and 

Pa. multifasciatus from a high abundance site (H1) were not distinguishable (p = 
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0.0011); the species were statistically different from each other at the low abundance site, 

however (p = 0.0002). In multiple comparisons based on Bray-Curtis, the pattern was 

different in that Pa. multifasciatus from the low abundance site were not distinguishable 

from one of the high abundance sites (H1). These findings continued to confirm that 

although there was some overall similarity in the diets of these species, the diet of Pa. 

multifasciatus was not systematically affected by abundance of L. kasmira relative to 

differences associated with location. 

 

Biological measures of health of predator specimens 

 The parameter b was greater than 3.0 for each species (Table 4.32), indicating a 

tendency towards positive allometric growth (i.e. fish tended to be thicker at larger sizes) 

(Froese 2006). Models used to analyze the relationship between length and weight were 

able to account for variability in the data well, with r
2
 for all models greater than 90% 

(Table 4.33). Not surprisingly, fish length was a highly significant predictor of weight for 

all species (p < 0.001, Figure 4.21). Although location had been an important factor in 

some analyses of characteristics of fish prey, there was little evidence that it was 

similarly important to the length-weight relationships of fish. Perhaps most importantly, 

there was no evidence that abundance of L. kasmira had an influence on the biological 

condition (length-weight relationship) of any focal species (Table 4.33). 
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DISCUSSION 

Analysis of diets 

 Univariate analyses 

  Maximum and mean prey size 

 Several patterns were evident from comparisons of prey size. Both maximum and 

mean prey size differed among species and increased with predator size overall. 

However, predator-prey size relationships were not significant for all species and were 

small relative to overall variability. Sorden (1982) also described considerable variation 

in size of goatfish prey, and noted that although larger fish do eat some large prey, they 

eat small prey as well. Analyses also revealed some similar patterns for maximum and 

mean prey size in multiple comparisons. Within the goatfish family, differences in prey 

size tended to be most pronounced between species from different genera, while prey 

size was not consistently different within genera. This pattern was consistent with the 

statement by Case (2000) that ―taxonomic relatedness will go hand in hand with 

morphological similarity, and, in turn, niche overlap. Consequently interspecific 

competition is expected to be more severe among species in the same genus than in 

different genera or different families.‖ It would therefore be expected that L. kasmira 

prey would differ from prey of goatfishes as a group. This pattern did not hold for the 

introduced snapper, however, which consumed prey that were consistently statistically 

different size than prey of Mulloidichthys spp. but not of Parupeneus spp. 

 At comparison sites on the Island of Hawai‗i, the same pattern was evident; 

maximum and mean prey size of Mulloidichthys spp. were smaller than those of L. 



 

 

 

137 

 

kasmira and Pa. multifasciatus. Because the species most similar to L. kasmira was Pa. 

multifasciatus, this should have been the one most likely to experience measurable 

effects from competition (Ross 1986; Case 1991, 2000). However, neither metric of prey 

size differed systematically along with the abundance of L. kasmira. Also, the mean prey 

size of Pa. multifasciatus at high abundance sites generally increased, contrary to what 

was expected if competition was impacting the quality of available prey. These results 

therefore did not provide evidence that indicated L. kasmira had a detrimental effect on 

native species in this study, in spite of some apparent ecological similarity to Pa. 

multifasciatus. 

 

  Trophic level of prey 

 Results from overall ANCOVA of trophic level of prey were similar to those 

from analyses of prey size in that there were differences among species, and trophic level 

of prey increased with predator size for some species. However, multiple comparisons 

revealed a somewhat different pattern between individual species than those found in 

analyses of prey size. Whereas differences in prey size were generally significant 

between different genera and not significant within, there was less consistent 

differentiation in trophic level of diets of Mulloidichthys and Parupeneus spp. in general. 

Also, the trophic level of prey of L. kasmira was significantly different from several 

Parupeneus spp., though they did not eat different sized prey.  

 Analysis of diets of specimens from comparison sites on the Island of Hawai‗i 

found differences between the trophic level of prey of L. kasmira and all three goatfish 
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species, and did not find any evidence that trophic level of prey was influenced by the 

presence of the introduced snapper. Mean trophic level of prey of Pa. multifasciatus was 

marginally higher and closer to the trophic level of L. kasmira prey at higher abundance 

locations than at the low abundance site. As was the case with prey size, this was 

opposite the trend that was expected if L. kasmira was a dominant competitor for food 

resources. 

 

 Taxonomic similarity of prey 

General characterization of diets 

 There is little published information about feeding habits of A. furca in Hawai‗i, 

though they are generally considered to be piscivorous. However, the single specimen 

dissected for the present study contained only remains of crabs, and the majority of these 

were crab megalops. Two of three A. furca included in Hobson‘s study (1974) of fish 

diets on the Kona coast had prey remains in their guts. One contained a single blenny, 

and the other contained crab megalops and gammaridean amphipods. Reports of gut 

contents of similar numbers specimens of A. furca from other parts of the Pacific indicate 

feeding on fish (Randall 1955) and ―garbage‖ (Hiatt & Strasberg 1960). Clearly more 

study of the diet of this fish is necessary to understand its ecological role in the coral reef 

community.  

 L. kasmira analyzed for this study fed on a variety of prey, though the majority of 

their diet consisted of macroscopic epibenthic crustaceans such as portunid crabs, 

caridean shrimp and, to a lesser degree, stomatopods. Although one of the concerns 
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expressed about L. kasmira by fishers was that it had decreased local populations of 

resource fish through predation (Tabata 1981), no evidence that would support this 

concern was found in this study. This outcome was similar to previous studies, which did 

not find that L. kasmira prey upon resource fish (Oda & Parrish 1982; Parrish et al. 2000; 

DeFelice & Parrish 2003). Fish that could be identified definitively in guts were not 

commercially important, and were frequently small, cryptic fishes. Based on the large 

proportion of prey that come from sand or soft-bottom habitats (DeFelice & Parrish 

2003), L. kasmira may be unlikely to encounter juvenile resource fish such as 

Mulloidichthys spp. or Pa. porphyreus that recruit to backreef or other shallow-water 

habitats (pers. obs.; A.M. Friedlander, pers. comm.).  

Suggestions that L. kasmira prey on important invertebrate resource species such 

as R. ranina and Octopus spp. were not supported by present or previous research either. 

Although adult crabs and crab megalops were important prey for L. kasmira, none of the 

443 adult crabs or 127 megalops recovered from their guts in the present study were R. 

ranina. There are small Albunea spp. (Family: Albuneidae) in Hawai‗i that are similar 

enough in appearance to potentially be confused with an early instar of juvenile R. ranina 

in the field (Figure 4.22). However, only one Albunea specimen was found in L. kasmira 

guts, so it is unlikely that misidentification of these crabs would drive concerns about 

high levels of predation on R. ranina. Collections of L. kasmira from Penguin Banks, 

which accounts for as much reported commercial catch of R. ranina as the rest of the 

state combined, (Hawai‗i Division of Aquatic Resources 1997-2008) also failed to find 

evidence of predation on this species (Parrish et al. 2000). No R. ranina were found in 
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Oda & Parrish‘s study (1982) of L. kasmira diets on O‗ahu, and the only fish to consume 

them in DeFelice and Parrish‘s study (2003) on Kaua‗i were Albula sp. (Family: 

Albulidae). Thus, it appears unlikely that predation by L. kasmira has an ecologically 

significant effect on populations of R. ranina. 

Similarly, very few octopus were recovered from L. kasmira guts in present or 

previous studies. DeFelice and Parrish (2003) did not report finding any octopus, while 

Oda and Parrish (1982) reported ―cephalopods‖ to be a minor component of L. kasmira 

diets. The fraction of this group that was octopus was not indicated. In the present study, 

octopus accounted for only 0.08% IRI for L. kasmira. For comparison, the only other 

species in this study that ate octopus was Pa. multifasciatus (also 0.08%). Meyer et al. 

(2001) reported the % IRI of octopus in diets of the native jacks Caranx melampygus and 

Carangoides orthogrammus (Family: Carangidae) was 0.48% and 2.07% respectively. 

Although octopus were also a small component of the diet of these fish, they were six 

times more important in the diets of Caranx melampygus and over twenty-five times 

more important in the diet of Carangoides orthogrammus than they were to L. kasmira in 

the present study. It does not appear that octopus were a major component of the diets of 

any of these species. 

It is always possible that limited opportunistic predation by L. kasmira on 

commercially important species occurs around settlement events. However, given the 

low importance of octopus in the diet of L. kasmira, the lack of any evidence of predation 

by L. kasmira on other fishery resource species, and the temporal and geographic scope 

of the present study and others referenced above, fears L. kasmira has had a measureable 
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detrimental impact on commercially important native species in Hawai‗i through 

predatory interactions appear to be unfounded. 

The diet of M. flavolineatus was distinct from all other species in the study in that 

it was dominated by polychaete worms, while bivalves, gammaridean amphipods, and 

stomatopods were lesser important prey. In Hobson‘s (1974) study of fish feeding 

ecology on the Kona coast of the Island of Hawai‗i, bivalves were the most important 

prey of M. flavolineatus, closely followed by polychaetes and gammaridean amphipods. 

Gastropods and sipunculid worms were lesser important prey. These findings indicate 

that M. flavolineatus consume the same general prey groups in different locations and 

times, with some variability in their relative importance. 

As is the case with A. furca, little published information was available on diets of 

M. pflugeri in Hawai‗i. Five specimens with gut contents were described by DeFelice 

and Parrish (2003). These fish were collected in Hanalei Bay on the north shore of 

Kaua‗i, and contained a large proportion of fish prey (70.9% by volume), in addition to 

crustaceans such as portunid crabs and decapod shrimp. The fish identified in the guts of 

M. pflugeri from the Hanalei study were small, cryptic species. The single fish identified 

in the M. pflugeri from the Island of Hawai‗i was a blenny. In contrast to the relatively 

piscivorous M. pflugeri from Hanalei, the two fish from the Island of Hawai‗i contained 

more invertebrate, and particularly crustacean prey. Obviously, these limited samples are 

not likely to provide much meaningful insight into the ecology of this species, but the 

variability evident in the prey indicates the M. pflugeri could fill a range of ecological 

roles in Hawai‗i.  
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Xanthid and portunid crabs and molluscs were important prey items for M. 

vanicolensis. These molluscs were one of the fairly unique aspects of the diet of M. 

vanicolensis, which was differentiated from other species in the study (except possibly its 

congener M. flavolineatus) by the prominence of small gastropods in its diet. Hobson 

(1974) reported somewhat different results, with gastropods less important than other 

groups such as crab megalops, ophiuroids, polychaetes and xanthid crabs. Though 

portunid crabs were a fairly important prey group to this species in the present study, the 

most common genus of portunids in M. vanicolensis guts were Thalamita spp. while the 

most common genus in L. kasmira guts were Portunus spp. This difference would allow 

these predators to exploit prey that might appear to be similar at coarse taxonomic levels 

without experiencing competition, and underscores the need for fine-scale taxonomic 

resolution in diet studies of ecological interactions. 

Pa. cyclostomus analyzed for the present study were the most piscivorous of any 

species, and consumed relatively small amounts of brachyuran crabs and caridean 

shrimp. Fish prey came from a number of taxonomic groups, though small labrids and 

bothids were the most common prey. Hobson (1974) reported a broadly similar diet that 

was predominantly fish with lesser amounts of xanthid crabs and caridean shrimp. Fish 

prey came from a variety of groups, including damsels (Family: Pomacentridae), 

blennies, gobies (Family: Gobiidae), wrasses and hawkfishes (Family: Cirrhitidae). 

Though Pa. cyclostomus consumed a number of different types of fish, the unifying 

characteristic of these groups was that they were all largely demersal. 
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All the Pa. insularis specimens whose gut contents were described above were 

captured during the day, although Hobson (1974) indicate that it is one of the few species 

in the study that fed actively during the day and night. Prey in Pa. insularis guts were 

composed of a number of brachyuran crab families. Xanthids were the most common 

crabs, along with lesser amounts of portunids, calappids and majids. Alpheid shrimp 

were also an important prey group. Hobson (1974) reported that Pa. insularis captured 

during the day ate primarily xanthid crabs and caridean shrimp. More detailed taxonomic 

information on shrimp was not reported. Hobson also reported the diets of fish captured 

at night; xanthid crabs were still the most important prey for these fish, but fish prey and 

crab megalops were more important prey than caridean shrimp.  

Hobson (1974) reported that Pa. multifasciatus was primarily a diurnal predator 

that fed on benthic crustaceans such as xanthid crabs, while caridean shrimp and 

megalops were lesser important prey. These groups were also important in specimens 

analyzed for the present study, as were other brachyuran crabs such as portunids, alpheid 

shrimp and gammaridean amphipods. Randall (1987) reported that fishermen believed 

that competition with L. kasmira had reduced numbers of Pa. multifasciatus in particular. 

This would be a reasonable hypothesis if their diets were considered at high taxonomic 

levels, as brachyuran crabs and caridean shrimp were important prey for both species. 

Also, the diet of L. kasmira appeared to be most similar to that of Pa. multifasciatus 

among all species in this study based descriptive taxonomic summaries and statistical 

analyses of prey size.  
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However, differences in diet were more pronounced at lower taxonomic levels. 

For example, the most common caridean shrimp families in L. kasmira guts were 

alpheids (5.24% IRI) and processids (4.75%), while Pa. multifasciatus ate primarily 

alpheids (13.00%) but very few processids (0.04%). With respect to brachyuran crabs, L. 

kasmira ate more portunid crabs (24.17% IRI) than xanthid crabs (2.50%), while Pa. 

multifasciatus ate more xanthids (21.82%) than portunids (16.22%). Further investigation 

also revealed that of portunids that could be further identified in L. kasmira guts, 48% 

were Portunus spp., 34% were Thalamita spp., and 16% were Lupocyclus 

quinquedentatus by volume. In Pa. multifasciatus guts, only 4% were Portunus spp., 

83% were Thalamita spp., and 12% were L. quinquedentatus. This increasing level of 

difference between diets as the focus moved from infraorder to family to genera 

indicated that resource partitioning occurred at low taxonomic levels (Longenecker 

2001). It also indicated an avenue through which species with generally similar diets may 

coexist with minimal ecological interactions. Multivariate statistical tests of similarity 

(discussed below) were used to clarify the implications of detailed classification of 

species‘ prey. 

Pa. multifasciatus has frequently been observed forming loose aggregations with 

the other small, diurnally active goatfish Pa. pleurostigma (Schumacher & Parrish 2005). 

Like its congener, Pa. pleurostigma preys largely on brachyuran crabs, including 

xanthids and portunids, and on caridean shrimp such as alpheids. There were some 

differences evident in lesser important prey groups in the diets of these two predators; 

amphipods were less important in Pa. pleurostigma diets than Pa. multifasciatus, while 
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polychaetes were slightly more important. In spite of the general similarities in these 

species diets, and the close proximity of their feeding activities (Schumacher & Parrish 

2005), no instances of interspecific aggression were noted during this study. Pa. 

pleurostigma was not included in any of the other diet studies in Hawai‗i, though like 

other goatfishes it is taken as a food fish, and its ecology and life history characteristics 

probably merit more focused study. 

Pa. porphyreus gut contents compiled for the present analysis contained less 

diverse prey than any other species. Even though there were more Pa. porphyreus 

specimens (n = 34) than Pa. insularis (n = 17) and Pr. filamentosus (n = 7) included in 

this study, and about the same number as Pa. cyclostomus (n = 32); Pa. porphyreus guts 

contained only 12 of the 100 prey categories, compared to 26 for Pa. insularis, 19 for Pr. 

filamentosus, and 31 for Pa. cyclostomus. By far the most common prey in Pa. 

porphyreus guts were xanthid crabs (73.35% IRI). Xanthid crabs were also the most 

important prey in studies of Pa. porphyreus diets in Kona (Hobson 1974) and O‗ahu 

(Mahi 1969). A species that specializes on a small number of prey resources would likely 

be vulnerable to competition with L. kasmira if one of its primary prey was also a large 

component of the diet of the introduced species. It has also been popularly suggested that 

competition with L. kasmira has contributed to decreases in the population of this 

commercially and culturally important fish (Randall 1987). However, xanthid crabs were 

unimportant in L. kasmira diets (2.50%). They were a far more important shared resource 

with other native goatfishes such as Pa. pleurostigma (45.92%), Pa. insularis (30.91%), 

Pa. multifasciatus (12.82%), M. vanicolensis (8.6%). Though most of the Pa. porphyreus 
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and L. kasmira samples were collected at different times and places, the consistent 

patterns in brachyuran crab prey found in guts across multiple studies indicates that L. 

kasmira would be a less formidable competitor with Pa. porphyreus than closely related 

native species. 

In spite of the small number of fish sampled, juvenile Pr. filamentosus diet was 

distributed over a number of broad prey categories. In contrast to the other predators in 

the study that primarily ate one or two broad prey groups, the prey in Pr. filamentosus 

guts came relatively evenly from several groups. Only infaunal or relatively sedentary 

groups such as worms and echinoderms were not eaten, and this was the only species that 

consumed salps. While a number of prey groups were shared with other predator species 

at a general level, closer examination indicated that prey of Pr. filamentosus were largely 

planktonic while those of other species were largely benthic. For example, amphipods 

found in Pr. filamentosus guts were predominantly from the planktonic Suborder 

Hyperiidea, while all the amphipods from other species in the study were from the 

epibenthic Suborder Gammaridea.  

Otoliths and other fish remains found in Pr. filamentosus guts could not be 

positively identified, but were distinct from fishes recovered from other predators and 

from available reference materials on demersal reef fishes. Portions of the skin of a 

number of prey specimens were present in the guts, and were silvery as is frequently the 

case for midwater fishes. In contrast, small, epibenthic reef fishes that were the 

predominant fish prey of other species in the study did not have this coloration. Some 

larger, mobile predatory fishes such as jacks may have this coloration; however, otoliths 
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of this family would have been readily distinguishable from otoliths found in Pr. 

filamentosus guts. It appeared, therefore, that fish prey in Pr. filamentosus guts were 

midwater or benthopelagic species. It should be noted that this summary was based on a 

small number of specimens, but the prey types identified in these juvenile Pr. 

filamentosus were similar to prey reported from adult Pr. filamentosus in other studies 

(Haight et al. 1993; DeMartini et al. 1996; Parrish et al. 2000). It appeared that juvenile 

Pr. filamentosus had a diet that was ecologically distinct from other species in this study, 

and fed primarily on benthopelagic rather than epibenthic prey.  

 

 Multivariate analysis of taxonomic similarity of prey 

 Multivariate analysis based on the Bray-Curtis index and taxonomic distinctness 

provided robust analyses of detailed data on species diets. Results of overall 

PERMANOVA tests based on both measures were generally consistent with those from 

univariate analyses, and there was significant multivariate structure in the data set among 

and within species. Diets of species also generally varied with location, as was found by 

Sorden (1982).  

 Tests based on both measures on the overall data set and those from comparison 

sites on the Island of Hawai‗i indicated that the species whose diet was consistently the 

most similar to L. kasmira was Pa. multifasciatus. This outcome was somewhat 

surprising because L. kasmira feeds during crepuscular and nocturnal periods and Pa. 

multifasciatus primarily feeds during the day. However, Sorden (1982) noted that Pa. 

multifasciatus were able to exploit nocturnally active prey, which may account for the 
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similarity in the diets of these two species. Other species in the study such as M. 

vanicolensis and Pa. pleurostigma also showed some similarity to L. kasmira, but these 

results were not consistent across analyses. Instead these species showed more consistent 

dietary similarity to congeneric and/or confamilial native species. The diet of Pr. 

filamentosus was distinct from other species in the study including L. kasmira, and there 

was no indication that they would compete for prey.  

 PERMANOVA and CAP of specimens from comparison sites on the Island of 

Hawai‗i did not find statistical evidence that diets of Pa. multifasciatus, M. flavolineatus 

or M. vanicolensis were systematically different in places where L. kasmira abundance 

was higher relative to overall variation in diets. L. kasmira-Pa. multifasciatus and M. 

flavolineatus-M. vanicolensis were the most similar pairs of species, but these analyses 

did not support the suggestion that L. kasmira affected the diets of Pa. multifasciatus or 

other species through competition for prey resources. Location and/or location-species 

interactions instead were the most relevant explanatory factors to characterize 

multivariate structure in the data.  

 

Biological measures of the health of predator specimens 

 The relationship between length and weight of fish at comparison sites on the 

Island of Hawai‗i was examined to determine if there were differences in the ―health‖ of 

specimens from locations with different abundance of L. kasmira. However, there was no 

indication that length-weight relationships of native species differed systematically with 

abundance of L. kasmira. As was the case with measures of dietary similarity, analysis of 
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this metric of biological condition did not support claims that L. kasmira adversely 

affected even native species such as Pa. multifasciatus that have a relatively similar diet. 

 

CONCLUSIONS 

The overall goal of the present investigation was to identify and quantify 

evidence of competitive and/or predatory interactions between L. kasmira and 

commercially important reef species, in response to longstanding concerns about the 

ecological effects of this snapper on marine communities in Hawai‗i. Though a 

manipulative experiment to investigate the effects of L. kasmira was not feasible and the 

number of suitable comparison sites was limited, the present study used gut content 

information from multiple sources and locations in order to provide the greatest possible 

geographic and temporal perspective on fish diets. Fish were collected at sites off the 

south shore of O‗ahu, outside of Kane‗ohe Bay and the west shore of the Island of 

Hawai‗i. Unpublished data from previous studies were also incorporated into analyses. 

All data used in the study were from individual fish, permitting the use of robust 

statistical methodologies to compare diets.  

It is theoretically possible that fish abundance was proportional to resource 

availability (Fretwell & Lucas 1969; Fretwell 1972), which would result in fish at all 

sites experiencing identical competitive environments in spite of differences in 

abundance of L. kasmira. However, this concept, known as the ―ideal free distribution 

(IDF),‖ is not generally considered a realistic framework for understanding fish 

community structure in complex ecosystems such as coral reefs. Its applicability to the 
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natural environment is limited due to its simplistic conceptualization for how animals are 

distributed, violations of underlying assumptions (e.g. ―free‖ or unhindered movement of 

animals who have perfect or ―ideal‖ knowledge of foraging efficiency in other habitats) 

in natural environments, and the importance of scientifically supported factors such as 

larval supply, competition, predation and facilitation on structuring fish assemblages 

(Sale 1977, 1978; Doherty & Fowler 1994; Steele 1998; Steele & Forrester 2002; 

Webster & Almany 2002; Sandin & Pacala 2005; Anderson et al 2007; DeMartini & 

Anderson 2007). However, because predator and prey abundances could not be 

manipulated at study sites over scales commensurate with fish movements and prey 

population response times, the relative importance of IDF and other factors influencing 

fish feeding ecology at these sites cannot be defined absolutely. 

Of the native fishes in the study, the diet of Pa. multifasciatus was the most 

similar to L. kasmira, but this ecological similarity broke down when prey were 

considered at low taxonomic levels and did not translate into measureable changes in diet 

or health of fish at sites with different abundance of the introduced snapper. Instead, fish 

diets varied more based on location than abundance of L. kasmira. It is possible that fine 

scale resource partitioning allows these species to coexist without apparent negative 

effects. The considerable range in size, trophic level and taxonomy of prey in fish diets 

likely indicates they have a substantial degree of behavioral plasticity, which may serve 

to buffer the effects of other species with similar resource requirements—whether they 

are native or introduced. The broad nature of the prey base of these species may also 

prevent the individual prey groups from becoming depleted.  
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Of course for dietary similarity to translate into competition, food resources must 

be limited. Even though sites were selected based on the presence of relatively large 

populations of L. kasmira, population size could have been below the level at which prey 

resources would become limiting. However, schools of L. kasmira encountered at study 

sites were similar or larger than is typical in many areas of Hawai‗i. If L. kasmira does 

not present a competitive force in these situations, it is unclear in what realistic situations 

it would. Considering the relatively low similarity in dietary characteristics between 

species relative to within species, the most parsimonious explanation for the patterns 

observed in this study is that L. kasmira does not compete with any focal species for food 

resources. Spatial and temporal separation during feeding also likely serves to prevent 

competition between these species (Chapter III). 

Ultimately, in spite of some limitations and caveats, the present study represents 

the most comprehensive effort to date to evaluate the effects of L. kasmira on the 

shallow-water reef community in Hawai‗i. In spite of the incorporation of a diverse data 

set that was analyzed at multiple levels, there was no evidence to support hypotheses that 

implicated L. kasmira in either predation on, or competition with, any native resource 

species. 
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TABLES 

Table 4.1. Number of fish specimens with gut contents available for analysis by species, island and study. 

Study 

 

Recent 

   

Prior 

   
Species 

grand 

total 
                            Location 

Species                     

Island  

                       

Hawai‘i    O‘ahu 

Recent 

total 

French 

Frigate 

Shoals Laysan Midway 

NWHI 

Total Puako 

Prior 

total 

A. furca 1 - 1 - - - - - - 1 

L. kasmira 51 71 122 4 - - 4 3 7 129 

M. flavolineatus 43 19 62 5 - 19 24 38 62 124 

M. pflugeri 1 1 2 - - - - - - 2 

M. vanicolensis 46 20 66 16 - 11 27 7 34 100 

Pa. cyclostomus 1 1 2 19 - 4 23 7 30 32 

Pa. insularis - - - 5 - 2 7 10 17 17 

Pa. multifasciatus 59 60 119 37 3 23 63 64 127 246 

Pa. pleurostigma - 8 8 30 2 16 48 3 51 59 

Pa. porphyreus - - - 7 1 21 29 5 34 34 

Pr. filamentosus - 7 7 - - - - - - 7 

Location grand total 202 187 389 123 6 96 225 137 362 751 
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Table 4.2. Size and trophic level of prey items. Maximum prey size is the largest prey recovered from each gut. Mean prey is the 

arithmetic mean of prey in each gut. Trophic level is the mean trophic level of prey in each gut, weighted by the volume of each item. 

 

 Maximum prey size (mm
3
) Mean prey size (mm

3
) Mean trophic level of prey 

Species Mean SE Range n Mean SE Range n Mean SE     Range n 

L. kasmira 408.8 83.2 0.3 - 5727.4 96 199.3 64.9 0.3 - 5727.4 96 2.77 0.03

9 
2.12 - 3.54 129 

M. flavolineatus 63.4 15.0 0.3 -   969.0 79 14.2 2.2 0.1 -     87.1 79 2.38 0.02 2.00 - 3.50 123 

M. vanicolensis 80.2 12.9 0.1 -   569.9 69 40.3 9.0 0.1 -   353.8 69 2.49 0.03 

 
2.08 - 3.29 100 

Pa. cyclostomus 821.7 356.0 0.2 - 5386.5 17 479.1 211.8 0.2 - 2716.2 17 3.17 0.08 2.37 - 4.26 32 

Pa. insularis 340.3 197.6 0.7 - 2237.4 11 193.2 119.6 0.7 - 1340.9 11 2.68 0.11 

 
2.50 - 4.26 17 

Pa. multifasciatus 208.4 23.9 0.1 - 2008.1 181 76.4 7.9 0.0 -   691.0 181 2.61 0.01 2.00 - 3.83 246 

Pa. pleurostigma 130.3 31.6 0.0 -   745.6 31 64.8 24.5 0.0 -   745.6 31 2.50 0.02 2.06 - 3.09 58 

Pa. porphyreus 556.6 209.3 0.1 - 3438.3 16 485.2 207.8 0.1 - 3438.3 16 2.58 0.04 2.50 - 3.50 34 

Pr. filamentosus 154.8 128.2 5.2 -   921.5 7 14.9 11.9 0.8 -     85.8 7 3.06 0.13

3 
2.48 - 3.45 7 

 

Table 4.3. ANCOVA of 8
th

-root maximum prey size from all data. P-values less than 0.05 are in boldface. 

Source       df    MS         F           p 

Period 1 0.1688 1.51 0.220 

Study(Period) 1 0.1005 0.90 0.343 

Island(Period Study) 3 0.1638 1.47 0.223 

Location(Period Study Island) 21 0.1531 1.37 0.127 

Species 8 0.2347 2.10 0.034 

Predator size(Species) 9 0.9302 8.33 <0.001 

Error 463 0.1117   

r
2
 34.48%   



 

 

 

154 

 

Table 4.4. P-values of post-hoc Tukey‘s multiple comparisons of 8
th

-root maximum prey size. Values less than 0.05 are in boldface. 

 

Species 
M.  

flavolineatus 

M.  

vanicolensis  

Pa. 

cyclostomus 

Pa.  

insularis 

Pa.  

multifasciatus 

Pa.  

pleurostigma 

Pa.  

porphyreus 

Pr.  

filamentosus 

L.         

kasmira 
<0.0001 <0.0001 0.9973 0.9969  0.9998 0.7823 1.0000 0.9948 

M. 

flavolineatus 
 0.0581 0.0016 0.0130 <0.0001 0.0140 0.4972 0.8160 

M. 

vanicolensis 
  0.3859 0.6401 <0.0001 0.8296 0.9338 0.9991 

Pa. 

cyclostomus 
   1.0000  0.9999 0.9992 1.0000 1.0000 

Pa.      

insularis 
     0.9997 0.9999 1.0000 1.0000 

Pa. 

multifasciatus 
     0.8651 1.0000 0.9987 

Pa. 

pleurostigma 
      0.9993 1.0000 

Pa.  

porphyreus 
       0.9997 
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Table 4.5 ANCOVA of 8
th

-root maximum prey size from all data by species. P-values less than 0.05 are in boldface. 

Species L. kasmira M. flavolineatus M. vanicolensis 

Source df MS F p df MS F p df MS F p 

Predator size   1 0.0195 0.14 0.709   1 1.28082 13.15 0.001   1 0.29322   4.89   0.031 

Period   1 0.2260 1.63 0.205   1 0.43280   4.44 0.039   1 0.00906   0.15   0.699 

Study   1 0.0129 0.09 0.761   1 0.04200   0.43 0.514   1 0.02770   0.46   0.500 

Island   1 0.0380 0.27 0.602   2 0.09142   0.94 0.396   2 0.70407 11.74 <0.001 

Location (Period Study Island)   4 0.3790 2.73 0.034   5 0.04663   0.48 0.791   5 0.39206   6.54 <0.001 

Error 87 0.1388   68 0.09739   53 0.05999   

r
2
 12.78% 30.31% 57.64% 

 

Species Pa. cyclostomus Pa. insularis Pa. multifasciatus 

Source df MS F p df MS F p df MS F p 

Predator size   1 0.1202 0.24 0.644 1 0.2977 2.17 0.191     1 3.51147 48.94 <0.001 

Period   1 0.4405 0.87 0.387 - - - -     1 0.00345   0.05   0.827 

Study   1 0.0296 0.06 0.817 1 0.7592 5.55 0.057     1 0.05990   0.83   0.362 

Island   1 0.0022 0.00 0.950 1 0.2632 1.92 0.215     3 0.08871   1.24   0.298 

Location (Period Study Island)   6 0.3529 0.70 0.665 1 0.0213 0.16 0.707   14 0.10220   1.42   0.147 

Error   6 0.5072   6 0.1369   160 0.07175   

r
2
 51.59% 60.58% 36.35% 

   

Species Pa. pleurostigma Pa. porphyreus Pr. filamentosus 

Source df MS F p df MS F p df MS F p 

Predator size   1 0.0596 0.41 0.529 1 0.34280 8.63 0.022 1 0.146703 1.02 0.360 

Period   1 0.0000 0.00 0.992 - - - - - - - - 

Study   1 0.0079 0.05 0.818 1 0.10069 2.53 0.155 - - - - 

Island   1 0.1381 0.95 0.342 1 0.31298 7.88 0.026 - - - - 

Location (Period Study Island)   8 0.1968 1.36 0.279 5 0.30029 7.56 0.010 - - - - 

Error 18 0.1450   7 0.03973   5 0.144271   

r
2
 42.24% 93.15% 16.9% 
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Table 4.6. Size and trophic level of prey items from specimens from the Island of Hawai‗i. Maximum prey size is the largest prey 

recovered from each gut. Mean prey is the arithmetic mean of prey in each gut. Trophic level is the mean trophic level of prey in each 

gut, weighted by the volume of each item. 

 L. kasmira Maximum prey size (mm
3
) Mean prey size (mm

3
) Mean trophic level of prey 

Species Abundance Mean    SE Range n Mean SE Range n Mean SE Range n 

L.           

kasmira 

High 545.6 228.4 5.9 - 5727.3 25 339.1 227.

5 
1.8 - 5727.3 25 2.84 0.06 2.46 - 3.40 27 

Low 379.0 198.4 7.7 - 4607.7 23 107.4 54.1 1.6 - 1261.1 23 2.89 0.09 2.12 - 3.54 24 

M.  

flavolineatus 

High 98.8 58.7 0.3 -   968.9 16 11.3 2.9 0.1 -     38.9 16 2.46 0.06 2.09 - 3.23 21 

Low 89.2 25.0 0.3 -   254.7 14 14.6 3.9 0.1 -     40.8 14 2.39 0.06 2.12 - 3.13 22 

M.   

vanicolensis 

High 48.4 16.1 0.1 -   313.7 20 6.6 1.7 0.1 -     24.2 20 2.43 0.05 2.17 - 2.93 24 

Low 31.0 8.4 0.1 -   107.8 15 12.5 5.99 0.1 -     85.6 15 2.39 0.05 2.08 - 2.99 22 

Pa. 

multifasciatus 

High 111.7 32.5 5.2 -   538.3 18 35.9 14.4 2.9 -   226.3 18 2.66 0.04 2.25 - 3.33 35 

Low 194.5 88.6 6.2 - 1270.8 17 18.5 6.6 1.3 -   111.7 17 2.59 0.06 2.25 - 3.83 24 

 

 

Table 4.7. ANCOVA of 8
th

-root maximum prey size for specimens from the Island of Hawai‗i. P-values less than 0.05 are in boldface. 

 

Source      df   MS        F        p 

Abundance 1 0.0672 0.61   0.434 

Location(Abundance) 1 0.3922 3.59   0.060 

Species 3 1.2626 11.55 <0.001 

Predator size(Species) 4 0.5526 5.06   0.001 

Species*Abundance 3 0.1038 0.95   0.418 

Species*Location(Abundance) 3 0.2664 2.44   0.067 

Error 132 0.1093   

r
2
 37.42%   
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Table 4.8. P-values of post-hoc Tukey‘s multiple comparisons of 8
th

-root maximum prey size for specimens from the Island of 

Hawai‗i. Values less than 0.05 are in boldface. 

Species M. flavolineatus M. vanicolensis  P. multifasciatus 

L. kasmira <0.0001 <0.0001 0.7761 

M. flavolineatus  0.6416 <0.0001 

M. vanicolensis     0.0001 

 

Table 4.9. ANCOVA of 8
th

-root maximum prey size for specimens from the Island of Hawai‗i. P-values less than 0.05 are in boldface. 

 

Species L. kasmira M. flavolineatus M. vanicolensis 

Source df MS F p df MS F p df MS F p 

Predator size   1 0.0096 0.06 0.805   1 1.1076 8.17 0.008   1 0.14654   3.01 0.095 

Abundance   1 0.4994 3.20 0.081   1 0.0000 0.00 1.000   1 0.18445   3.79 0.063 

Location (Abundance)   1 0.0699 0.45 0.507   1 0.0008 0.01 0.939   1 0.72008 14.79 0.001 

Predator Size*Abundance   1 0.2762 1.77 0.191   1 0.0214 0.16 0.694   1 0.17317   3.56 0.071 

Error 43 0.1562   25 0.1355   26 0.04869   

r
2
 11.03% 28.04% 58.84% 

 

Species Pa. multifasciatus 

Source df MS F p 

Predator size   1 0.96645 14.85 0.001 

Abundance   1 0.02456   0.38 0.544 

Location (Abundance)   1 0.00113   0.02 0.896 

Predator Size*Abundance   1 0.03313   0.51 0.481 

Error 30 0.06507   

r
2
 35.13% 
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Table 4.10. ANCOVA of loge mean prey size for all data. P-values less than 0.05 are in boldface. 

Source          df          MS        F        p 

Period 1 2.682 0.94  0.333 

Study(Period) 1 4.072 1.42  0.233 

Island(Period Study) 3 13.366 4.67  0.003 

Location(Period Study Island) 21 8.085 2.83 <0.001 

Species 8 15.928 5.57 <0.001 

Predator size(Species) 9 11.597 4.06 <0.001 

Error 463 2.859   

r
2
 41.67%   
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Table 4.11. P-values of post-hoc Tukey‘s multiple comparisons of loge mean prey size. Values less than 0.05 are in boldface. 

Underlined values indicate a different outcome than multiple comparisons of maximum prey size. 

Species 
M.  

flavolineatus 

M.  

vanicolensis  

Pa. 

cyclostomus 

Pa.  

insularis 

Pa.  

multifasciatus 

Pa.  

pleurostigma 

Pa.  

porphyreus 

Pr.  

filamentosus 

L.         

kasmira 
<0.0001 <0.0001 0.5906 0.3181 0.4689 0.1927 0.9974 <0.0001 

M. 

flavolineatus 
 0.2526 0.1303 0.7662 <0.0001 0.2320 0.0075 0.3522 

M. 

vanicolensis 
  0.9473 1.0000 0.0086 0.9959 0.1184 0.0382 

Pa. 

cyclostomus 
   0.9996 0.9976 1.0000 0.6539 0.0124 

Pa.      

insularis 
    0.8922 1.0000 0.4132 0.0837 

Pa. 

multifasciatus 
     0.8775 0.7966 0.0003 

Pa. 

pleurostigma 
      0.4463 0.0228 

Pa.  

porphyreus 
       0.0005 
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Table 4.12. ANCOVA of loge mean prey size from all data by species. P-values less than 0.05 are in boldface. 

Species L. kasmira M. flavolineatus M. vanicolensis 

Source df MS F p df MS F p df MS F p 

Predator size   1   6.669 2.38 0.126   1 22.477 10.77 0.002   1   0.938   0.46 0.499 

Period   1 10.860 3.88 0.052   1   4.411   2.11 0.151   1   2.370   1.17 0.284 

Study   1   0.838 0.30 0.586   1   0.182   0.09 0.768   1 43.941 21.74 0.000 

Island   1 16.740 5.99 0.016   2   6.656   3.19 0.047   2 50.326 24.90 0.000 

Location (Period Study Island)   4   6.073 2.17 0.065   5   1.846   0.88 0.496   5   6.495 3.21 0.013 

Error 87   2.797   68  2.087   53   2.021   

r
2
 23.18% 27.67% 67.29% 

 

Species Pa. cyclostomus Pa. insularis Pa. multifasciatus 

Source df MS F p df MS F p   df MS F p 

Predator size   1   0.05 0.00 0.948 1   7.583 1.09 0.336     1 31.934 24.84 <0.001 

Period   1   1.37 0.14 0.724 - - - -     1 41.358 32.17 <0.001 
Study   1   7.27 0.73 0.427 1   2.181 0.31 0.595     1   9.013   7.01   0.009 

Island   1   1.75 0.17 0.691 1 10.242 1.48 0.270     3   4.226   3.29   0.022 

Location (Period Study Island)   6   9.36 0.93 0.532 1   0.841 0.12 0.739   14   6.783   5.28 <0.001 
Error   6 10.03   6   6.927   160   1.286   

r
2
 58.47% 27.28% 61.66% 

   

Species Pa. pleurostigma Pa. porphyreus Pr. filamentosus 

Source df MS F p df MS F p df MS F p 

Predator size   1 2.219 0.54 0.473 1   2.911 1.63 0.243 1 2.60990 0.73 0.431 

Period   1 3.016 0.73 0.404 - - - - - - - - 

Study   1 0.054 0.01 0.911 1   1.853 1.04 0.343 - - - - 

Island   1 0.022 0.01 0.943 1 10.257 5.73 0.048 - - - - 

Location (Period Study Island)   8 7.283 1.76 0.151 5 6.253 3.49 0.067 - - - - 

Error 18 4.131   7 1.790   5 3.56622   

r
2
 46.68% 87.63% 12.85 
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Table 4.13. ANCOVA of loge mean prey size for specimens from the Island of Hawai‗i. P-values less than 0.05 are in boldface. 

Source     df       MS        F       p 

Abundance 1 6.665 2.52   0.115 

Location(Abundance) 1 20.458 7.73   0.006 

Species 3 21.886 8.27 <0.001 

Predator size(Species) 4 7.420 2.80  0.028 

Species*Abundance 3 6.083 2.30  0.080 

Species*Location(Abundance) 3 1.917 0.72  0.539 

Error 135 2.647   

r
2
 38.48%   

 

Table 4.14. P-values of post-hoc Tukey‘s multiple comparisons of loge mean prey size for specimens from the Island of Hawai‗i. 

Values less than 0.05 are in boldface. 

Species M. flavolineatus M. vanicolensis  Pa. multifasciatus 

L. kasmira 
<0.0001 <0.0001 0.3990 

M. flavolineatus 
 0.9406 0.0003 

M. vanicolensis 
  0.0005 
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Table 4.15. ANCOVA of loge  mean prey size for specimens from the Island of Hawai‗i by species. P-values less than 0.05 are in 

boldface. 

 

Species L. kasmira M. flavolineatus M. vanicolensis 

Source df MS F p df MS F p df MS F p 

Predator size   1 0.517 0.13 0.717   1 23.499 9.38 0.005   1 0.356 0.16 0.693 

Abundance   1 4.279 1.10 0.300   1   0.000 0.00 0.992   1 2.763 1.23 0.276 

Location (Abundance)   1 1.448 0.37 0.545   1   3.532 1.41 0.246   1 7.878 3.51 0.071 

Predator Size*Abundance   1 3.312 0.85 0.361   1   0.003 0.00 0.974   1 3.304 1.47 0.235 

Error 43 3.882   25   2.505   30 2.245   

r
2
 7.95% 27.96% 25.80% 

 

Species Pa. multifasciatus 

Source df MS F p 

Predator size   1 13.893 14.73   0.001 

Abundance   1 14.911 15.81 <0.001 

Location (Abundance)   1 10.737 11.38   0.002 

Predator Size*Abundance   1 10.958 11.62   0.002 

Error 30 0.943   

r
2
 62.42% 
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Table 4.16. ANCOVA of mean trophic level of prey for all data. P-values less than 0.05 are in boldface. 

Source          df          MS        F        p 

Period 1 0.00165 0.02 0.883 

Study(Period) 1 0.00571 0.08 0.784 

Island(Period Study) 3 0.18995 2.51 0.058 

Location(Period Study Island) 25 0.05955 0.79 0.763 

Species 8 0.24337 3.21 0.001 

Predator size(Species) 9 0.21400 2.82 0.003 

Error 697 0.07582   

r
2
 34.82%   
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Table 4.17. P-values of post-hoc Tukey‘s multiple comparisons of mean trophic level of prey. Values less than 0.05 are in boldface. 

Species 
M.  

flavolineatus 

M.  

vanicolensis  

Pa. 

cyclostomus 

Pa.  

insularis 

Pa.  

multifasciatus 

Pa.  

pleurostigma 

Pa.  

porphyreus 

Pr.  

filamentosus 

L.         

kasmira 
<0.0001 <0.0001 <0.0001 0.9672 0.0001 <0.0001 0.3342 0.9251 

M. 

flavolineatus 
 0.3554 <0.0001 0.0011 <0.0001 0.4048 0.9641 0.0185 

M. 

vanicolensis 
  <0.0001 0.0877 0.0106 1.0000 1.0000 0.0786 

Pa. 

cyclostomus 
   <0.0001 <0.0001 <0.0001 <0.0001 0.9973 

Pa.      

insularis 
    0.7531 0.3448 0.1206 0.3002 

Pa. 

multifasciatus 
     0.9231 0.2692 0.9059 

Pa. 

pleurostigma 
      0.4115 0.9980 

Pa.  

porphyreus 
       1.000 
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Table 4.18. ANCOVA of trophic level of prey from all data by species. P-values less than 0.05 are in boldface. 

Species L. kasmira M. flavolineatus M. vanicolensis 

Source df MS F p df MS F p df MS F p 

Predator size     1 0.4449 4.31 0.040     1 0.02422 0.33 0.567   1 0.02544 0.41   0.524 

Period     1 0.0450 0.44 0.510     1 0.07229 0.99 0.323   1 0.02584 0.42   0.521 

Study     1 0.0968 0.94 0.335     1 0.05537 0.76 0.387   1 0.03602 0.58   0.449 

Island     1 0.1867 1.81 0.181     2 0.03959 0.54 0.584   2 0.52519 8.44 <0.001 

Location (Period Study Island)     5 0.0764 0.74 0.595     7 0.07782 1.06 0.393   6 0.08583 1.38   0.232 

Error 119 0.1032   110 0.07332   88 0.06222   

r
2
 12.76% 11.26% 24.19% 

 

Species Pa. cyclostomus Pa. insularis Pa. multifasciatus 

Source df MS F p df MS F p df MS F p 

Predator size    1 0.0792 0.36 0.558   1 0.2174 0.85 0.377     1 0.68221 13.64 <0.001 

Period    1 0.0000 0.00 0.996  - - - -     1 0.19815   3.96   0.048 

Study    1 0.2119 0.96 0.342   1 0.0001 0.00 0.988     1 0.00470   0.09   0.759 

Island    2 0.3540 1.60 0.231   1 0.1867 0.73 0.412     3 0.11449   2.29   0.079 

Location (Period Study Island)    9 0.1607 0.73 0.680   2 0.0313 0.12 0.886   16 0.05722   1.14   0.316 

Error  17 0.2214   11 0.2562   222 0.05003   

r
2
 43.00% 9.33% 15.69% 

   

Species Pa. pleurostigma Pa. porphyreus Pr. filamentosus 

Source df MS F p df MS F p df MS F p 

Predator size   1 0.03531 1.08 0.304   1 0.00595 0.30 0.587 1 0.0012 0.01 0.930 

Period   1 0.00272 0.08 0.774  - - - - - - - - 

Study   1 0.02361 0.72 0.400   1 0.00002 0.00 0.973 - - - - 

Island   2 0.05259 1.61 0.212   2 0.04794 2.44 0.110 - - - - 

Location (Period Study Island) 11 0.02740 0.84 0.602   7 0.15807 8.05 0.000 - - - - 

Error 41 0.03259   22 0.01964   5 0.1482   

r
2
 28.20% 73.41% 0.17% 
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Table 4.19. ANCOVA of mean trophic level of prey for specimens from the Island of Hawai‗i. P-values less than 0.05 are in boldface. 

Source     df       MS        F        p 

Abundance 1 0.05110 0.60 0.438 

Location(Abundance) 1 0.03851 0.46 0.501 

Species 3 0.33438 3.95 0.009 

Predator size(Species) 4 0.23184 2.74 0.030 

Species*Abundance 3 0.06164 0.73 0.536 

Species*Location(Abundance) 3 0.03762 0.44 0.721 

Error 186 0.08457   

r
2
 33.48%   

 

Table 4.20. P-values of post-hoc Tukey‘s multiple comparisons of mean trophic level of prey for specimens from the Island of 

Hawai‗i. Values less than 0.05 are in boldface. 

Species M. flavolineatus M. vanicolensis  Pa. multifasciatus 

L. kasmira 
<0.0001 <0.0001 0.0055 

M. flavolineatus 
 0.9398 0.0047 

M. vanicolensis 
  0.0002 
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Table 4.21. ANCOVA of trophic level of prey for specimens from the Island of Hawai‗i by species. P-values less than 0.05 are in 

boldface. 

 

Species L. kasmira M. flavolineatus M. vanicolensis 

Source df MS F p df MS F p df MS F p 

Predator size   1 0.1182 0.86 0.358   1 0.19616 2.38 0.132   1 0.00288 0.05 0.820 

Abundance   1 0.0085 0.06 0.805   1 0.15970 1.93 0.172   1 0.01698 0.31 0.581 

Location (Abundance)   1 0.0002 0.00 0.973   1 0.00471 0.06 0.812   1 0.08573 1.57 0.218 

Predator Size*Abundance   1 0.0007 0.01 0.943   1 0.12279 1.49 0.230   1 0.03365 0.61 0.438 

Error 46 0.1368   38 0.08258   41 0.05476   

r
2
 2.90% 8.27% 8.77% 

 

Species Pa. multifasciatus 

Source df MS F p 

Predator size   1 0.59437 8.88 0.004 

Abundance   1 0.00160 0.02 0.878 

Location (Abundance)   1 0.00377 0.06 0.813 

Predator Size*Abundance   1 0.02928 0.44 0.511 

Error 54 0.06694   

r
2
 18.25% 
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Table 4.22. Summary of diets of fish, showing percent Index of Relative Importance (% IRI) and rank of IRI (IRI Rank) of prey in 

fish guts. Zero values are indicated by a dash (-). A cell with 0.00 denotes a positive value that is less than 0.005%. 

 

Prey group 

 Lutjanus 

kasmira          

Mulloidichthys 

flavolineatus    

Mulloidichthys 

vanicolensis 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

Coelomate worm Polychaete Eunicida 0.18 24 9.50 3 1.17 18 

  Phyllodocida 0.05 36 1.16 15 0.01 47 

  Polychaete misc./unid. 1.62 11 44.70 1 2.58 12 

 Sipunculid Sipuncula 0.10 30 1.15 16 0.59 25 

 Worm misc./unid. Worm misc./unid. - - 0.00 59 - - 

Arthropod Copepod Calanoida 0.01 60 - - - - 

  Cyclopoida 0.00 79 0.01 51 0.10 33 

  Harpacticoida 0.00 81 0.07 39 0.01 46 

 Ostracod Ostracoda 0.05 37 0.23 28 0.15 31 

 Stomatopod Stomatopoda 7.81 5 3.58 5 5.88 6 

 Isopod Anthuridea 0.00 70 0.29 26 0.05 37 

  Asellota - - - - 0.00 58 

  Flabellifera 0.01 63 0.00 61 0.41 27 

  Isopoda misc./unid. 0.02 48 0.00 67 0.03 42 

 Tanaid Apseudoidea - - 0.00 60 0.00 54 

  Paratanaoidea 0.03 40 0.41 21 0.02 45 

  Tanaidacea misc./unid. 0.22 18 1.93 9 0.63 24 

 Amphipod Caprellida 0.02 47 - - 0.00 59 



 

 

 

169 

 

 

Prey group 

 Lutjanus 

kasmira          

Mulloidichthys 

flavolineatus    

Mulloidichthys 

vanicolensis 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Gammaridea 2.41 10 5.93 4 0.70 21 

  Hyperiidea - - - - - - 

  Amphipoda misc./unid. - - - - - - 

 Mysid Mysida 0.08 33 - - - - 

 Peracarid misc./unid. Peracarida misc./unid. 0.01 62 - - 0.00 63 

 Decapod shrimp Alpheidae 5.24 6 0.34 23 0.83 20 

  Astacidea 0.04 38 0.01 52 - - 

  Dendrobrachiata 0.35 14 0.02 48 - - 

  Hippolytidae 0.11 28 - - - - 

  Palaemonoidea 0.20 21 - - 0.03 41 

  Pasiphaeoidea 0.00 75 0.15 32 - - 

  Processidae 4.75 7 0.00 68 0.00 57 

  Rhynchocinetoidea 0.01 53 0.00 66 - - 

  Caridean shrimp misc./unid. 13.53 3 0.76 18 0.13 32 

  Decapod shrimp misc./unid. 0.01 58 0.20 30 0.00 61 

 Anomuran Albuneidae 0.01 56 0.08 38 - - 

  Galatheidae 0.01 59 0.00 57 - - 

  Anomuran megalops 0.03 39 0.00 54 0.01 49 

  Anomura misc./unid. 0.12 27 0.03 45 0.06 35 

 Brachyuran Calappidae 0.11 29 1.82 10 0.67 22 
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Prey group 

 Lutjanus 

kasmira          

Mulloidichthys 

flavolineatus    

Mulloidichthys 

vanicolensis 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Cancroidea - - 0.00 65 - - 

  Dromioidea 0.00 73 - - - - 

  Goneplacidae - - - - - - 

  Grapsoidea - - 0.00 58 - - 

  Leucosiidae 0.02 44 0.01 53 0.06 36 

  Majoidea 0.21 19 0.00 55 0.01 50 

  Menippidae 0.01 68 - - - - 

  Ocypodoidea 0.00 71 0.05 43 0.00 62 

  Panopeidae - - - - - - 

  Parthenopoidea 0.00 72 0.01 50 0.37 28 

  Pilumnidae 0.03 41 0.00 62 0.01 48 

  Pinnotheroidea 0.00 77 0.02 46 - - 

  Portunidae 24.17 1 1.43 13 13.29 1 

  Trapeziidae 0.00 74 - - 0.00 53 

  Xanthidae 2.50 9 2.47 7 8.61 3 

  Brachyuran megalops 9.76 4 2.51 6 5.72 7 

  Brachyuran misc./unid. 17.80 2 0.34 22 10.87 2 

 Crustacean misc./unid. Crustacean misc./unid. 0.12 26 0.04 44 0.05 38 

 Insect Hexapoda 0.00 80 0.11 35 0.04 39 

Mollusc Vetigastropoda Fissurelloidea - - - - - - 
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Prey group 

 Lutjanus 

kasmira          

Mulloidichthys 

flavolineatus    

Mulloidichthys 

vanicolensis 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Trochoidea 0.01 51 0.12 34 3.96 11 

  Turbinoidea 0.01 52 0.32 25 2.27 13 

 Heterostropha Heterostropha 0.01 67 0.07 40 0.36 29 

 Sorbeoconcha Discopoda 0.06 35 0.22 29 1.95 15 

  Littorinimorpha 0.13 25 0.92 17 7.06 5 

  Neogastropoda 0.01 66 0.13 33 7.74 4 

  Ptenoglossa 0.00 78 0.11 36 0.58 26 

 Opistobranch Anaspidea 0.25 17 0.33 24 0.00 60 

   Cephalaspidea 0.02 45 1.70 12 0.09 34 

  Thecosomata - - - - - - 

  Opisthobranchia misc./unid. - - 0.17 31 - - 

 Gastropod misc./unid. Gastropod misc./unid. 0.20 20 0.27 27 0.65 23 

 Bivalve Eulamellibranchia 0.01 65 9.73 2 4.03 10 

  Filibranchia - - 1.19 14 0.00 56 

  Protobranchia - - 0.00 63 - - 

  Bivalvia juvenile 0.02 49 0.02 47 0.27 30 

  Bivalvia misc./unid. 0.02 46 2.01 8 2.19 14 

 Cephalopod Octopodidae 0.08 32 - - - - 

  Sepiida 0.30 16 - - - - 

  Cephalopoda misc. 0.19 22 0.10 37 0.04 40 
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Prey group 

 Lutjanus 

kasmira          

Mulloidichthys 

flavolineatus    

Mulloidichthys 

vanicolensis 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

 Mollusc misc./unid. Mollusc misc./unid. 0.01 64 0.02 49 0.02 44 

Echinoderm Echinoidea Amphisternata - - 0.69 19 1.82 17 

  Cidaroida 0.01 55 0.00 56 1.83 16 

 Echinoderm misc./unid. Echinoderm misc./unid. 0.37 13 1.82 11 5.63 8 

Chordate Cephalochordate Amphioxiformes 0.00 76 0.55 20 0.02 43 

 Tunicate Pyrosoma - - - - - - 

 Teleost Anguilliformes 0.01 54 - - 0.01 52 

   Atherinoidei 0.03 43 - - - - 

   Blennioidei 0.03 42 - - 0.00 55 

   Callionymoidei 0.00 69 - - 0.01 51 

   Gobioidei 0.01 50 - - - - 

   Labroidei 0.31 15 - - - - 

   Lophiiformes - - - - - - 

   Percoidei 0.19 23 - - - - 

   Pleuronectoidei 0.07 34 - - - - 

   Scorpaenoidei - - - - - - 

   Synodontoidei - - - - - - 

   Tetraodontoidei 0.01 61 - - - - 

   Trachinoidei 1.23 12 0.00 64 - - 

   Perciformes misc./unid. 0.01 57 - - - - 
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Prey group 

 Lutjanus 

kasmira          

Mulloidichthys 

flavolineatus    

Mulloidichthys 

vanicolensis 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

   Teleostei misc./unid. 4.52 8 0.06 41 1.03 19 

   Fish Egg 0.09 31 0.05 42 5.34 9 

 

Table 4.22 (cont.) Summary of diets of fish, showing percent Index of Relative Importance (% IRI) and rank of IRI (IRI Rank) of prey 

in fish guts. Zero values are indicated by a dash (-). A cell with 0.00 denotes a positive value that is less than 0.005%. 

 

Prey group 

 Parupeneus 

cyclostomus 

Parupeneus 

insularis 

Parupeneus 

multifasciatus 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

Coelomate worm Polychaete Eunicida - - - - 0.03 48 

  Phyllodocida - - - - 0.09 29 

  Polychaete misc./unid. - - - - 1.96 9 

 Sipunculid Sipuncula - - - - 0.01 60 

 Worm misc./unid. Worm misc./unid. - - - - - - 

Arthropod Copepod Calanoida - - - - - - 

  Cyclopoida 0.47 14 2.07 9 0.83 11 

  Harpacticoida - - - - 0.03 44 

 Ostracod Ostracoda - - - - 0.59 15 

 Stomatopod Stomatopoda 2.47 7 1.21 13 3.38 8 

 Isopod Anthuridea - - - - 0.02 52 
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Prey group 

 Parupeneus 

cyclostomus 

Parupeneus 

insularis 

Parupeneus 

multifasciatus 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Asellota - - - - 0.07 32 

  Flabellifera - - - - 0.01 56 

  Isopoda misc./unid. - - - - 0.06 37 

 Tanaid Apseudoidea - - - - 0.07 31 

  Paratanaoidea - - - - 0.13 25 

  Tanaidacea misc./unid. - - 6.03 7 0.34 18 

 Amphipod Caprellida - - - - 0.01 59 

  Gammaridea - - 2.34 8 9.08 6 

  Hyperiidea - - - - - - 

  Amphipoda misc./unid. - - - - - - 

 Mysid Mysida - - - - 0.06 35 

 Peracarid misc./unid. Peracarida misc./unid. - - 0.13 21 0.01 66 

 Decapod shrimp Alpheidae 0.25 18 8.38 4 13.00 3 

  Astacidea - - - - - - 

  Dendrobrachiata - - - - 0.09 28 

  Hippolytidae 0.71 12 0.78 16 0.71 12 

  Palaemonoidea 0.12 30 1.52 12 0.63 14 

  Pasiphaeoidea - - - - 0.01 65 

  Processidae - - - - 0.04 39 

  Rhynchocinetoidea 0.16 22 - - 0.28 19 
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Prey group 

 Parupeneus 

cyclostomus 

Parupeneus 

insularis 

Parupeneus 

multifasciatus 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Caridean shrimp misc./unid. 12.18 3 1.55 11 10.16 4 

  Decapod shrimp misc./unid. - - - - 0.06 38 

 Anomuran Albuneidae - - - - - - 

  Galatheidae - - - - 0.19 20 

  Anomuran megalops - - - - 0.01 62 

  Anomura misc./unid. - - 0.34 18 0.06 36 

 Brachyuran Calappidae 0.12 26 6.21 6 0.16 22 

  Cancroidea - - - - 0.00 81 

  Dromioidea - - - - 0.03 45 

  Goneplacidae - - 0.17 20 - - 

  Grapsoidea 0.14 23 - - 0.40 17 

  Leucosiidae - - - - 0.00 69 

  Majoidea - - 7.25 5 0.03 43 

  Menippidae - - - - - - 

  Ocypodoidea - - - - 0.02 51 

  Panopeidae - - - - 0.00 79 

  Parthenopoidea - - - - 0.00 67 

  Pilumnidae - - - - 0.14 24 

  Pinnotheroidea - - - - 0.01 55 

  Portunidae 0.82 11 16.86 2 16.22 2 
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Prey group 

 Parupeneus 

cyclostomus 

Parupeneus 

insularis 

Parupeneus 

multifasciatus 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Trapeziidae 0.12 29 - - 0.02 50 

  Xanthidae 2.64 6 30.91 1 21.82 1 

  Brachyuran megalops 0.24 19 0.84 15 6.08 7 

  Brachyuran misc./unid. 7.46 5 9.11 3 9.42 5 

 Crustacean misc./unid. Crustacean misc./unid. 0.14 24 0.24 19 0.06 33 

 Insect Hexapoda - - - - 0.00 83 

Mollusc Vetigastropoda Fissurelloidea - - - - 0.00 82 

  Trochoidea - - 0.13 23 0.00 72 

  Turbinoidea - - 0.13 26 0.03 47 

 Heterostropha Heterostropha - - - - 0.01 64 

 Sorbeoconcha Discopoda 0.12 31 0.13 22 0.02 49 

  Littorinimorpha 0.49 13 0.13 25 0.06 34 

  Neogastropoda 0.12 28 1.82 10 0.00 70 

  Ptenoglossa - - 0.13 24 0.01 58 

 Opistobranch Anaspidea - - - - 0.03 41 

   Cephalaspidea - - - - 0.00 73 

  Thecosomata - - - - - - 

  Opisthobranchia misc./unid. 0.12 27 - - - - 

 Gastropod misc./unid. Gastropod misc./unid. 0.24 20 - - 0.15 23 

 Bivalve Eulamellibranchia - - - - 0.01 57 
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Prey group 

 Parupeneus 

cyclostomus 

Parupeneus 

insularis 

Parupeneus 

multifasciatus 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Filibranchia - - - - 0.02 53 

  Protobranchia - - - - - - 

  Bivalvia juvenile - - - - - - 

  Bivalvia misc./unid. - - - - 0.11 27 

 Cephalopod Octopodidae - - - - 0.08 30 

  Sepiida - - - - - - 

  Cephalopoda misc./unid. - - - - 0.00 68 

 Mollusc misc./unid. Mollusc misc./unid. - - - - 0.00 77 

Echinoderm Echinoidea Amphisternata - - - - 0.00 80 

  Cidaroida - - - - 0.00 75 

 Echinoderm misc./unid. Echinoderm misc./unid. - - - - 0.16 21 

Chordate Cephalochordate Amphioxiformes - - - - 0.00 71 

 Tunicate Pyrosoma - - - - - - 

 Teleost Anguilliformes 0.29 16 - - 0.00 78 

   Atherinoidei - - - - - - 

   Blennioidei 0.27 17 1.19 14 0.12 26 

   Callionymoidei 0.13 25 - - 0.00 74 

   Gobioidei 0.85 10 - - 0.42 16 

   Labroidei 19.13 2 - - 0.03 46 

   Lophiiformes 0.18 21 - - - - 
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Prey group 

 Parupeneus 

cyclostomus 

Parupeneus 

insularis 

Parupeneus 

multifasciatus 

Level 1 Level 2 Level 3 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

   Percoidei 1.17 8 - - 0.01 61 

   Pleuronectoidei 8.98 4 - - 0.01 54 

   Scorpaenoidei - - 0.40 17 0.00 76 

   Synodontoidei 0.41 15 - - 0.01 63 

   Tetraodontoidei - - - - 0.03 42 

   Trachinoidei 0.93 9 - - 0.03 40 

   Perciformes misc./unid. - - - - - - 

   Teleostei misc./unid. 38.53 1 - - 0.66 13 

   Fish Egg - - - - 1.59 10 

 

Table 4.22 (cont.) Summary of diets of fish, showing percent Index of Relative Importance (% IRI) and rank of IRI (IRI Rank) of prey 

in fish guts. Zero values are indicated by a dash (-). A cell with 0.00 denotes a positive value that is less than 0.005%. 

 

Prey group 

 Parupeneus 

pleurostigma 

Parupeneus 

porphyreus 

Pristipomoides 

filamentosus 

Level 1 Level 2 Level 3 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

Coelomate worm Polychaete Eunicida 1.90 6 - - - - 

  Phyllodocida 0.39 17 - - - - 

  Polychaete misc./unid. 4.84 5 - - - - 

 Sipunculid Sipuncula 0.18 23 - - - - 
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Prey group 

 Parupeneus 

pleurostigma 

Parupeneus 

porphyreus 

Pristipomoides 

filamentosus 

Level 1 Level 2 Level 3 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

 Worm misc./unid. Worm misc./unid. - - - - - - 

Arthropod Copepod Calanoida - - - - 14.90 3 

  Cyclopoida 0.00 44 0.05 12 0.16 15 

  Harpacticoida - - - - - - 

 Ostracod Ostracoda - - - - 0.21 13 

 Stomatopod Stomatopoda 1.69 7 3.88 3 9.95 5 

 Isopod Anthuridea 0.02 31 - - - - 

  Asellota 0.01 40 - - - - 

  Flabellifera 0.01 41 - - - - 

  Isopoda misc./unid. 0.06 24 - - - - 

 Tanaid Apseudoidea - - - - - - 

  Paratanaoidea 0.02 32 - - - - 

  Tanaidacea misc./unid. 0.01 42 - - - - 

 Amphipod Caprellida - - - - - - 

  Gammaridea 0.77 13 - - 0.01 19 

  Hyperiidea - - - - 0.83 11 

  Amphipoda misc./unid. - - - - 0.89 10 

 Mysid Mysida - - - - 1.70 8 

 Peracarid misc./unid. Peracarida misc./unid. - - - - - - 

 Decapod shrimp Alpheidae 8.23 4 - - - - 
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Prey group 

 Parupeneus 

pleurostigma 

Parupeneus 

porphyreus 

Pristipomoides 

filamentosus 

Level 1 Level 2 Level 3 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Astacidea - - - - - - 

  Dendrobrachiata 0.05 26 - - 0.17 14 

  Hippolytidae 0.05 25 - - - - 

  Palaemonoidea 0.01 35 - - 0.10 17 

  Pasiphaeoidea 0.01 36 - - - - 

  Processidae - - - - - - 

  Rhynchocinetoidea - - - - - - 

  Caridean shrimp misc./unid. 1.23 8 - - 6.82 6 

  Decapod shrimp misc./unid. 0.01 33 - - - - 

 Anomuran Albuneidae - - - - - - 

  Galatheidae - - - - 0.06 18 

  Anomuran megalops - - - - - - 

  Anomura misc./unid. 0.03 29 - - - - 

 Brachyuran Calappidae 0.91 11 - - - - 

  Cancroidea 0.01 39 - - - - 

  Dromioidea - - - - - - 

  Goneplacidae - - - - - - 

  Grapsoidea - - 0.09 8 - - 

  Leucosiidae - - 0.06 10 - - 

  Majoidea 0.54 15 - - - - 



 

 

 

181 

 

 

Prey group 

 Parupeneus 

pleurostigma 

Parupeneus 

porphyreus 

Pristipomoides 

filamentosus 

Level 1 Level 2 Level 3 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Menippidae - - - - - - 

  Ocypodoidea 0.43 16 - - - - 

  Panopeidae - - - - - - 

  Parthenopoidea 0.01 37 - - - - 

  Pilumnidae - - - - - - 

  Pinnotheroidea - - - - - - 

  Portunidae 11.07 3 2.79 4 0.22 12 

  Trapeziidae - - 0.88 5 - - 

  Xanthidae 45.92 1 73.35 1 - - 

  Brachyuran megalops 1.14 10 - - 17.59 2 

  Brachyuran misc./unid. 16.32 2 18.30 2 - - 

 Crustacean misc./unid. Crustacean misc./unid. 0.61 14 0.06 9 0.15 16 

 Insect Hexapoda - - - - - - 

Mollusc Vetigastropoda Fissurelloidea - - - - - - 

  Trochoidea 0.01 38 - - - - 

  Turbinoidea 0.32 19 - - - - 

 Heterostropha Heterostropha - - - - - - 

 Sorbeoconcha Discopoda 0.81 12 - - - - 

  Littorinimorpha 1.17 9 0.05 11 1.66 9 

  Neogastropoda 0.05 27 0.10 7 - - 
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Prey group 

 Parupeneus 

pleurostigma 

Parupeneus 

porphyreus 

Pristipomoides 

filamentosus 

Level 1 Level 2 Level 3 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  Ptenoglossa 0.02 30 - - - - 

 Opistobranch Anaspidea 0.27 20 - - - - 

   Cephalaspidea 0.01 43 - - - - 

  Thecosomata - - - - 1.77 7 

  Opisthobranchia misc./unid. - - - - - - 

 Gastropod misc./unid. Gastropod misc./unid. 0.37 18 - - - - 

 Bivalve Eulamellibranchia 0.21 22 - - - - 

  Filibranchia - - - - - - 

  Protobranchia - - - - - - 

  Bivalvia juvenile - - - - - - 

  Bivalvia misc./unid. 0.01 34 - - - - 

 Cephalopod Octopodidae - - - - - - 

  Sepiida - - - - - - 

  Cephalopoda misc./unid. - - - - - - 

 Mollusc misc./unid. Mollusc misc./unid. - - - - - - 

Echinoderm Echinoidea Amphisternata - - - - - - 

  Cidaroida - - - - - - 

 Echinoderm misc./unid. Echinoderm misc./unid. 0.25 21 - - - - 

Chordate Cephalochordate Amphioxiformes - - - - - - 

 Tunicate Pyrosoma - - - - 13.67 4 
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Prey group 

 Parupeneus 

pleurostigma 

Parupeneus 

porphyreus 

Pristipomoides 

filamentosus 

Level 1 Level 2 Level 3 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

 Teleost Anguilliformes - - - - - - 

   Atherinoidei - - - - - - 

   Blennioidei - - - - - - 

   Callionymoidei - - - - - - 

   Gobioidei - - - - - - 

   Labroidei - - - - - - 

   Lophiiformes - - - - - - 

   Percoidei - - - - - - 

   Pleuronectoidei - - - - - - 

   Scorpaenoidei - - - - - - 

   Synodontoidei - - - - - - 

   Tetraodontoidei - - - - - - 

   Trachinoidei - - - - - - 

   Perciformes misc./unid. - - - - - - 

   Teleostei misc./unid. 0.03 28 0.40 6 29.13 1 

   Fish Egg 0.00 45 - - - - 
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Table 4.23. Summary of diets of fish from recent collections on the Island of Hawai‗i, showing percent Index of Relative Importance 

(% IRI) and IRI values (IRI Rank) of prey in fish guts. Zero values are indicated by a dash (-). Cells with 0.00 denote positive values 

that are less than 0.005%. 

   
Lutjanus kasmira Mulloidichthys flavolineatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  

% 

IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

Coelomate 

worm 
Polychaete Eunicida 0.21 26 0.29 24 4.88 4 2.37 8 

  

Phyllodocida 0.22 24 0.60 14 1.41 17 - - 

  

Polychaete misc./unid. - - 1.58 11 30.94 1 24.13 1 

 

Sipunculid Sipuncula - - 0.32 22 1.96 14 0.08 32 

 

Worm misc./unid. Worm misc./unid. - - - - 0.01 48 0.02 38 

Arthropod Copepod Calanoida - - 0.39 19 - - - - 

  

Cyclopoida - - 0.06 37 - - 0.05 37 

  

Harpacticoida 0.05 48 - - 0.08 37 0.18 27 

 

Ostracod Ostracoda 0.62 15 - - 0.21 25 0.76 17 

 

Stomatopod Stomatopoda 5.09 6 14.11 3 4.71 6 6.58 5 

 

Isopod Anthuridea - - - - - - - - 

  

Asellota - - - - - - - - 

  

Flabellifera - - 0.37 21 0.01 53 0.00 45 

  

Isopoda misc./unid. - - - - - - - - 

 

Tanaid Apseudoidea - - - - 0.01 52 0.00 46 

  

Paratanaoidea - - - - 0.05 43 0.00 47 

  

Tanaidacea misc./unid. 0.21 29 4.94 5 0.08 36 19.78 2 

 

Amphipod Caprellida 0.31 21 - - - - - - 

  

Gammaridea 0.21 28 0.55 16 2.48 13 2.15 9 

 

Mysid Mysida 0.10 35 - - - - - - 
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Lutjanus kasmira Mulloidichthys flavolineatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  

% 

IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

 

Peracarida 

misc./unid. 
Peracarida misc./unid. 0.05 44 - - - - - - 

 

Decapod shrimp Alpheidae 0.54 16 0.07 32 0.03 44 - - 

  

Astacidea - - 0.58 15 0.09 33 - - 

  

Dendrobrachiata 0.65 14 - - 0.09 34 0.06 36 

  

Hippolytidae - - - - - - - - 

  

Palaemonoidea 0.07 39 0.07 33 - - - - 

  

Panopeidae - - - - - - - - 

  

Pasiphaeoidea - - - - - - 0.01 40 

  

Processidae 3.17 7 0.07 34 - - - - 

  

Rhynchocinetoidea - - - - 0.01 51 - - 

  

Caridean shrimp 

misc./unid. 
2.44 9 1.39 12 0.08 35 0.42 21 

  

Decapod shrimp 

misc./unid. 
- - - - 0.45 21 0.89 14 

 

Anomuran Albuneidae - - - - 0.74 19 0.01 41 

  

Anomuran megalops 0.11 34 - - 0.01 50 - - 

  

Anomura misc./unid. 0.16 32 - - 0.01 47 - - 

 

Brachyuran Calappidae 0.06 42 0.09 31 3.90 8 1.70 11 

  

Dromioidea - - - - - - - - 

  

Grapsoidea - - - - - - - - 

  

Leucosiidae 0.74 13 - - 0.07 39 - - 

  

Majoidea 0.11 33 0.09 30 - - - - 

  

Ocypodoidea - - - - - - - - 

  

Parthenopoidea 0.09 38 - - 0.02 45 - - 

  

Pilumnidae - - - - - - 0.01 39 
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Lutjanus kasmira Mulloidichthys flavolineatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  

% 

IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  

Pinnotheroidea - - - - 0.02 46 - - 

  

Portunidae 16.58 3 4.88 6 0.06 40 1.30 12 

  

Trapeziidae - - - - - - - - 

  

Xanthidae 5.13 5 - - 0.11 29 - - 

  

Brachyuran megalops 15.02 4 27.45 1 3.76 9 1.76 10 

  

Brachyuran misc./unid. 19.51 1 5.24 4 1.34 18 0.51 19 

 

Crustacean 

misc./unid. 
Crustacean misc./unid. - - 2.21 9 - - 0.12 30 

 

Insect Hexapoda 0.05 47 - - 0.06 41 0.82 15 

Mollusc Vetigastropoda Trochoidea 0.06 41 - - 0.14 28 0.36 23 

  

Turbinoidea 0.21 27 - - 1.73 15 0.46 20 

 

Heterostropha Heterostropha - - 0.25 26 0.10 31 0.11 31 

 

Sorbeoconcha Discopoda 0.05 46 0.28 25 0.45 22 0.29 24 

  

Littorinimorpha 0.22 23 0.37 20 4.04 7 1.23 13 

  

Neogastropoda - - 0.06 35 0.20 26 0.26 25 

  

Ptenoglossa - - - - 0.37 23 0.19 26 

 

Opisthobranch Anaspidea 0.17 31 - - 1.57 16 0.08 33 

  

Cephalaspidea 0.05 45 0.06 36 2.61 12 11.30 4 

  

Opisthobranchia 

mimimisc./unid. 
- - - - 0.10 32 - - 

 

Gastropod 

misc./unid. 
Gastropod misc./unid. 0.32 19 0.74 13 0.11 30 0.16 29 

 

Bivalve Eulamellibranchia 0.22 25 - - 13.07 2 13.08 3 

  

Filibranchia - - - - 5.40 3 0.81 16 

  

Bivalvia juvenile 0.21 30 0.12 28 0.06 42 0.07 34 

  

Bivalvia misc./unid. 0.07 40 - - 3.04 11 3.42 6 
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Lutjanus kasmira Mulloidichthys flavolineatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  

% 

IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 
% IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

 

Cephalopod Octopodidae 1.50 11 0.11 29 - - - - 

  

Sepiida 0.37 18 - - - - - - 

  

Cephalopoda misc./unid. - - 0.44 17 0.64 20 0.18 28 

 

Mollusc misc./unid. Mollusc misc./unid. 0.06 43 - - 0.16 27 0.01 42 

Echinoderm Echinoidea Amphisternata - - - - 4.76 5 0.41 22 

  

Cidaroida - - 0.44 18 0.07 38 - - 

 

Echinoderm 

misc./unid 
Echinoderm misc./unid 0.44 17 3.31 7 3.48 10 3.15 7 

Chordate Cephalochordate Amphioxiformes - - - - 0.01 49 0.01 44 

 

Teleost Anguilliformes - - - - - - - - 

  

Blennioidei 0.86 12 - - - - - - 

  

Callionymoidei 0.10 36 - - - - - - 

  

Gobioidei 0.10 37 0.17 27 - - - - 

  

Labroidei - - - - - - - - 

  

Percoidei 0.31 20 1.90 10 - - - - 

  

Pleuronectoidei - - 2.57 8 - - - - 

  

Scorpaenoidei - - - - - - - - 

  

Synodontoidei - - - - - - - - 

  

Tetraodontoidei - - 0.31 23 - - - - 

  

Trachinoidei 18.78 2 - - - - 0.01 43 

  

Perciformes misc./unid. 0.31 22 - - - - - - 

  

Teleostei misc./unid. 2.55 8 23.55 2 0.23 24 0.06 35 

  

Fish Egg 1.54 10 - - 0.01 54 0.63 18 
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Table 4.23 (cont.). Summary of diets of fish from recent collections on the Island of Hawai‗i, showing percent Index of Relative 

Importance (% IRI) and IRI values (IRI Rank) of prey in fish guts. Zero values are indicated by a dash (-). Cells with 0.00 denote 

positive values that are less than 0.005%. 

   
Mulloidichthys vanicolensis Parupeneus multifasciatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

Coelomate 

worm 
Polychaete Eunicida 0.83 21 2.64 11 - - 0.27 26 

  

Phyllodocida 0.03 38 - - 0.05 27 0.31 25 

  

Polychaete misc./unid. 1.33 18 3.44 9 2.63 7 5.46 6 

 

Sipunculid Sipuncula 1.53 15 0.39 20 - - - - 

 

Worm misc./unid. Worm misc./unid. - - - - - - - - 

Arthropod Copepod Calanoida - - - - - - - - 

  

Cyclopoida 0.06 35 0.18 26 2.57 8 0.79 17 

  

Harpacticoida 0.01 43 0.04 41 - - 0.03 47 

 

Ostracod Ostracoda 0.23 31 0.01 46 0.14 22 0.80 16 

 

Stomatopod Stomatopoda 0.78 24 4.32 8 1.22 11 1.84 9 

 

Isopod Anthuridea 0.07 34 0.12 28 - - 0.13 34 

  

Asellota - - 0.03 43 - - 0.01 54 

  

Flabellifera 0.94 20 0.10 30 0.01 38 0.02 51 

  

Isopoda misc./unid. 0.02 41 0.13 27 0.00 45 0.07 44 

 

Tanaid Apseudoidea 0.00 46 - - - - 0.64 18 

  

Paratanaoidea 0.02 40 - - 0.05 28 1.02 14 

  

Tanaidacea misc./unid. 0.30 30 0.36 22 0.49 15 0.54 22 

 

Amphipod Caprellida - - - - 0.00 46 - - 

  

Gammaridea 0.11 33 0.42 19 3.22 6 13.40 3 

 

Mysid Mysida - - - - 0.01 39 0.17 30 
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Mulloidichthys vanicolensis Parupeneus multifasciatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  
% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

 

Peracarida 

misc./unid. 
Peracarida misc./unid. 0.00 51 - - - - 0.01 55 

 

Decapod shrimp Alpheidae 0.36 28 0.08 34 21.53 1 11.37 4 

  

Astacidea - - - - - - - - 

  

Dendrobrachiata - - - - - - 0.20 28 

  

Hippolytidae - - - - 0.41 16 1.35 12 

  

Palaemonoidea - - 0.08 36 0.40 17 2.26 7 

  

Panopeidae - - - - 0.01 36 - - 

  

Pasiphaeoidea - - - - - - 0.09 37 

  

Processidae - - - - 0.03 30 - - 

  

Rhynchocinetoidea - - - - - - 0.04 46 

  

Caridean shrimp 

misc./unid. 
0.04 36 0.31 25 17.60 3 2.25 8 

  

Decapod shrimp 

misc./unid. 
0.00 47 - - 0.11 24 0.09 38 

 

Anomuran Albuneidae - - - - - - - - 

  

Anomuran megalops 0.00 48 0.07 37 - - 0.09 36 

  

Anomura misc./unid. 0.00 49 0.08 35 0.11 23 - - 

 

Brachyuran Calappidae 1.44 16 0.04 40 0.00 47 0.32 24 

  

Dromioidea - - - - 0.01 42 - - 

  

Grapsoidea - - - - 0.01 40 - - 

  

Leucosiidae 0.33 29 - - - - - - 

  

Majoidea - - 0.09 32 - - 0.01 53 

  

Ocypodoidea - - - - 0.04 29 - - 

  

Parthenopoidea 0.71 26 0.04 39 - - - - 

  

Pilumnidae - - 0.02 45 0.27 21 0.01 56 

  

Pinnotheroidea - - - - 0.00 43 0.13 35 
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Mulloidichthys vanicolensis Parupeneus multifasciatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  
% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  

Portunidae 4.57 10 0.59 16 1.47 10 0.93 15 

  

Trapeziidae 0.03 39 - - - - 0.03 49 

  

Xanthidae 0.79 23 3.36 10 14.83 3 15.67 2 

  

Brachyuran megalops 4.70 8 10.65 3 8.62 4 21.15 1 

  

Brachyuran misc./unid. 12.83 1 9.64 5 18.84 2 10.99 5 

 

Crustacean 

misc./unid. 
Crustacean misc./unid. 0.01 45 - - - - 0.14 33 

 

Insect Hexapoda 0.00 52 0.45 18 - - 0.01 58 

Mollusc Vetigastropoda Trochoidea 2.32 14 19.99 1 - - - - 

  

Turbinoidea 4.33 11 1.84 12 0.01 41 0.37 23 

 

Heterostropha Heterostropha 0.52 27 0.36 21 - - 0.17 31 

 

Sorbeoconcha Discopoda 2.80 13 0.84 14 0.02 34 0.21 27 

  

Littorinimorpha 9.94 3 7.89 6 0.03 31 1.09 13 

  

Neogastropoda 3.77 12 11.73 2 0.01 37 0.01 57 

  

Ptenoglossa 1.40 17 0.03 44 0.02 33 0.08 40 

 

Opisthobranch Anaspidea - - - - 0.03 32 0.01 52 

  

Cephalaspidea 0.16 32 0.10 31 - - 0.07 41 

  

Opisthobranchia 

misc./unid. 
- - - - - - - - 

 

Gastropod 

misc./unid. 
Gastropod misc./unid. 0.74 25 0.04 42 0.90 12 0.07 42 

 

Bivalve Eulamellibranchia 5.80 6 9.88 4 0.00 44 0.18 29 

  

Filibranchia 0.00 50 - - - - 0.16 32 

  

Bivalvia juvenile 1.19 19 0.48 17 - - - - 

  

Bivalvia misc./unid. 7.35 4 0.35 23 0.33 18 - - 

 

Cephalopod Octopodidae - - - - 0.08 25 0.08 39 
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Mulloidichthys vanicolensis Parupeneus multifasciatus 

 
Prey group 

 

High 

abundance 

Low 

abundance 

High 

abundance 

Low 

abundance 

Level 1 Level 2 Level 3  
% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

% 

IRI 

IRI 

Rank 

  

Sepiida - - - - - - - - 

  

Cephalopoda misc./unid. - - - - - - - - 

 

Mollusc misc./unid. Mollusc misc./unid. 0.01 44 0.11 29 0.00 48 0.01 59 

Echinoderm Echinoidea Amphisternata 4.69 9 1.55 13 - - 0.02 50 

  

Cidaroida 4.71 7 0.32 24 - - 0.07 43 

 

Echinoderm 

misc./unid 
Echinoderm misc./unid 11.07 2 5.95 7 0.30 20 1.44 11 

Chordate Cephalochordate Amphioxiformes - - - - - - - - 

 

Teleost Anguilliformes - - 0.08 33 - - - - 

  

Blennioidei 0.02 42 - - 0.57 14 1.56 10 

  

Callionymoidei 0.04 37 - - - - - - 

  

Gobioidei - - - - 0.07 26 0.04 45 

  

Labroidei - - - - 0.32 19 0.03 48 

  

Percoidei - - - - - - - - 

  

Pleuronectoidei - - - - - - - - 

  

Scorpaenoidei - - - - 0.02 35 - - 

  

Synodontoidei - - - - - - 0.57 20 

  

Tetraodontoidei - - - - - - - - 

  

Trachinoidei - - - - - - - - 

  

Perciformes misc./unid. - - - - - - - - 

  

Teleostei misc./unid. 0.79 22 0.74 15 0.86 13 0.58 19 

  

Fish Egg 6.23 5 0.07 38 1.72 9 0.54 21 
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Table 4.24. PERMANOVA of Bray-Curtis index for all data. P-values less than 0.05 are in boldface. 

Source          df          MS Pseudo-F        p 

Period 1 13723.0 1.7881 0.4801 

Study(Period) 1 9221.7 0.8077 0.3507 

Island(Period Study) 3 6763.8 1.3989 0.2436 

Location(Period Study Island) 25 6631.8 1.6628 <0.0001 

Species 8 20170.0 5.0574 <0.0001 

Error 707 3988.3   

r
2
 15.77%   
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Table 4.25. Comparison of diets using the Bray-Curtis index. The upper number is the unadjusted p-value from post-hoc multiple 

comparisons. Values less than 0.002 are in boldface. Numbers in parenthesis are the rank and distance between the centroids of 

species pairs. Boxes denote the ten pairs with the least separation between their centroids. * indicates a test was not possible due to 

sample size. 

Species 
M.  

flavolineatus 

M.  

vanicolensis  

Pa. 

cyclostomus 

Pa.  

insularis 

Pa.  

multifasciatus 

Pa.  

pleurostigma 

Pa.  

porphyreus 

Pr.  

filamentosus 

L. kasmira 
0.0001 

(8, 25.0) 

0.0001  

(4, 20.9) 

0.6937      

(17, 31.1) 

0.0233  

(14, 28.2) 
0.0001           

(1, 16.1) 

0.0016 

 (9, 25.0) 

0.5523     

(21, 35.7) 
0.0001       

(30, 55.6) 

M. 

flavolineatus 
 

0.0001        

(5, 21.9) 

0.0001  

(27, 38.6) 

0.0002 

(16, 30.5) 

0.0001         

(6, 22.2) 

0.0001        

(12, 26.0) 

0.0790     

(26, 38.4) 
0.0001       

(33, 60.4) 

M. 

vanicolensis 
  

0.0002      

(23, 37.2) 

0.0356  

(15, 29.9) 
0.0001           

(3, 20.1) 

0.0008          

(10, 25.5) 

0.5750     

(22, 36.0) 
0.0001       

(32, 58.2) 

Pa. 

cyclostomus 
   

0.0201   

(24, 37.8) 
0.0001         

(20, 33.4) 

0.0001        

(25, 38.4) 

0.3344     

(28, 41.3) 

0.0882       

(29, 51.0) 

Pa. insularis     
0.0447           

(7, 23.4) 

0.0089          

(11, 25.6) 

0.1776     

(8, 32.7) 

*                

(34, 61.9) 

Pa. 

multifasciatus 
     

0.0001          

(2, 18.4) 

0.0009     

(19, 33.0) 

0.0001       

(31, 57.2) 

Pa. 

pleurostigma 
      

0.0229    

(13, 28.0) 
0.0001       

(35, 61.9) 

Pa. 

porphyreus 
       

*  

(36, 65.4) 
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Table 4.26. PERMANOVA of Bray-Curtis index for specimens from the Island of Hawai‗i. P-values less than 0.05 are in boldface. 

Source          df          MS Pseudo-F        p 

Abundance 1 8651.0 1.0392 0.3297 

Location(Abundance) 1 6849.8 2.0049 0.0015 

Species 3 31770.0 3.3668 0.0102 

Species* Abundance 3 10212.0 1.1748 0.3554 

Species*Location(Abundance) 3 7061.3 2.0668 <0.0001 

Error 187 3416.5   

r
2
 20.75%   
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Table 4.27. Comparison of diets of specimens from the Island of Hawai‗i using the Bray-Curtis index. The upper number is the 

unadjusted p-value from post-hoc multiple comparisons of species by location. Values less than 0.001 are in boldface. Numbers in 

parenthesis are the rank and distance between the centroids of species pairs. Boxes denote the ten pairs with the least separation 

between their centroids. LK = L. kasmira, MF = M. flavolineatus, MV = M. vanicolensis, PM = Pa. multifasciatus; H1 = High 

abundance site 1, H2 = High abundance site 2, L = Low abundance site. 

Species-

Location 
LK – H1 LK – H2 MF – L MF – H1 MF – H2 MV – L MV – H1 MV – H2 PM – L PM – H1 PM – H2 

LK – L 
0.1564  

(2, 25.3) 

 

0.1698  

(1, 24.6) 

 

0.0001 

(28, 42.7) 

 

0.0001 

(40, 45.6) 

 

0.0001 

(54, 49.8) 

 

0.0001 

(17, 37.2) 

 

0.0001 

(38, 45.2) 

 

0.0001 

(27, 42.2) 

 

0.0001 

 (6, 29.2) 

 

0.0001 

(14, 36.3) 

 

0.0001 

(42, 46.1) 

 
LK – H1  

0.2986  

(3, 26.2) 

 

0.0001 

(44, 47.0) 

 

0.0001 

(55, 50.6) 

 

0.0001 

(58, 53.9) 

 

0.0001 

(23, 40.7) 

 

0.0001 

(47, 47.8) 

 

0.0001 

(39, 45.2) 

 

0.0056  

(5, 28.9) 

 

0.0003 

(10, 32.7) 

 

0.0001 

(33, 43.4) 

 
LK – H2   

0.0001 

(43, 46.5) 

 

0.0001 

(51, 49.1) 

 

0.0001 

(59, 54.0) 

 

0.0001 

(18, 37.5) 

 

0.0001 

(48, 48.0) 

 

0.0001 

(24, 41.4) 

 

0.0008  

(7, 31.6) 

 

0.0001 

(21, 40.3) 

 

0.0001 

(31, 43.2) 

 
MF – L    

0.0022 

(11, 34.5) 

 

0.0013 

(16, 37.1) 

 

0.0001 

(19, 39.1) 

 

0.0001 

(41, 46.1) 

 

0.0001 

(29, 42.7) 

 

0.0001 

(26, 42.0) 

 

0.0001 

(52, 49.4) 

 

0.0001 

(63, 59.2) 

 
MF – H1     

0.0322  

(8, 32.0) 

 

0.0001 

(30, 43.0) 

 

0.0001 

(56, 51.1) 

 

0.0001 

(32, 43.4) 

 

0.0001 

(34, 43.7) 

 

0.0001 

(60, 54.6) 

 

0.0001 

(65, 63.7) 

 
MF – H2      

0.0001 

(46, 47.2) 

 

0.0001 

(45, 47.1) 

 

0.0001 

(37, 44.5) 

 

0.0001 

(50, 49.0) 

 

0.0001 

(61, 58.1) 

 

0.0001 

(66, 69.2) 

 
MV – L       

0.0007 

(12, 35.5) 

 

0.0002 

(13, 35.6) 

 

0.0001 

(15, 36.4) 

 

0.0001 

(36, 44.0) 

 

0.0001 

(53, 49.8) 

 
MV – H1        

0.0001 

(22, 40.7) 

 

0.0001 

(35, 43.8) 

 

0.0001 

(57, 52.5) 

 

0.0001 

(64, 61.1) 

 
MV – H2        

 0.0001 

(25, 41.8) 

 

0.0001 

(49, 48.5) 

 

0.0001 

(62, 58.3) 

 
PM – L        

  0.0040  

(4, 26.6) 

 

0.0001 

(20, 39.9) 

 
PM – H1        

   0.0001  

(9, 32.0) 

    

 



 

 

 

196 

 

Table 4.28. PERMANOVA of taxonomic distinctness of prey for all data. P-values less than 0.05 are in boldface. 

Source          df          MS Pseudo-F        p 

Period 1 7270.4 3.9141   0.1581 

Study(Period) 1 1751.2 0.52444   0.6072 

Island(Period Study) 3 2513.2 2.0019   0.0769 

Location(Period Study Island) 25 1874.2 1.9447 <0.0001 

Species 8 18447.0 19.141 <0.0001 

Error 707 963.73   

r
2
 32.4%   
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Table 4.29. Comparison of taxonomic distinctness of species pairs. The upper number is the unadjusted p-value from post-hoc 

multiple comparisons. Values less than 0.002 are in boldface; underlined values indicate a different outcome than Bray-Curtis index. 

Numbers in parenthesis are the rank and distance between the centroids of species pairs. Boxes denote the ten pairs with the least 

separation between their centroids. * indicates a test was not possible due to sample size. 

Species 
M.  

flavolineatus 

M.     

vanicolensis  

Pa.  

cyclostomus 
Pa.  insularis 

Pa.   

multifasciatus 

Pa.  

pleurostigma 

Pa.  

porphyreus 

Pr.   

filamentosus 

L.  

kasmira 
0.0001  

(16, 27.7) 

0.0001  

(12, 23.0) 

0.0066  

(22, 34.7) 

0.0057  

(7, 17.0) 
0.0001  

(1, 11.4) 

0.1000  

(6, 14.7) 

0.0717  

(13, 23.5) 
0.0001  

(20. 32.0) 

M. 

flavolineatus 
 

0.0001  

(4, 14.3) 

0.0001  

(36, 47.2) 

0.0001  

(26, 38.0) 

0.0001  

(19, 31.7) 

0.0003  

(14, 24.0) 

0.0011  

(33, 42.8) 

0.0001  

(24, 36.4) 

M. 

vanicolensis 
  

0.0001  

(34, 44.0) 

0.0001  

(18, 31.5) 

0.0001  

(15, 26.4) 

0.0201  

(10, 20.4) 
0.0010  

(25, 36.9) 

0.0001  

(17, 29.9) 

Pa. 

cyclostomus 
   

0.0035 

(27, 38.4) 
0.0001  

(29, 41.0) 

0.0001  

(31, 41.8) 

0.0065  

(30. 41.7) 

0.1697  

(35, 46.2) 

Pa. 

insularis 
    

0.0338  

(2, 12.4) 

0.0245  

(8, 17.4) 

0.1138  

(3, 13.0) 

*  

(28, 39.1) 

Pa. 

multifasciatus 
     

0.0001  

(5, 14.3) 

0.0027  

(9, 19.1) 
0.0001  

(21, 34.7) 

Pa. 

pleurostigma 
      

0.0149  

(11, 22.1) 

0.0028  

(23, 35.6) 

Pa. 

porphyreus 
       

*                   

(32, 42.3) 
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Table 4.30. PERMANOVA of taxonomic distinctness of prey for specimens from the Island of Hawai‗i. P-values less than 0.05 are in 

boldface. 

Source          df          MS Pseudo-F        p 

Abundance 1 1486.9 1.6274 0.3311 

Location(Abundance) 1 766.7 1.1442 0.3198 

Species 3 19210.0 10.007 0.0056 

Species* Abundance 3 2423.3 1.3806 0.3067 

Species*Location(Abundance) 3 1397.1 2.0852 0.0025 

Error 187 670.0   

r
2
 36.79%   
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Table 4.31. Comparison of diets of specimens from the Island of Hawai‗i using taxonomic similarity of prey. The upper number is the 

unadjusted p-value from post-hoc multiple comparisons of species by location. Values less than 0.001 are in boldface. Numbers in 

parenthesis are the rank and distance between the centroids of species pairs. Boxes denote the ten pairs with the least separation 

between their centroids. Underlined values indicate a different outcome than Bray-Curtis similarity. LK = L. kasmira, MF = M. 

flavolineatus, MV = M. vanicolensis, PM = Pa. multifasciatus; H1 = High abundance site 1, H2 = High abundance site 2, L = Low 

abundance site. 

Species-

Location 
LK – H1 LK – H2 MF – L MF – H1 MF – H2 MV – L MV – H1 MV – H2 PM – L PM – H1 PM – H2 

LK – L 
0.6617 

(3, 9.3) 

 

0.1179 

(4, 12.6) 

 

0.0001 

(45, 36.7) 

 

0.0001 

(48, 38.0) 

 

0.0001 

(59, 45.3) 

 

0.0001 

(36, 29.0) 

 

0.0001 

(60, 45.3) 

 

0.0001 

(47, 37.6) 

 

0.0002 

(11, 16.1) 

 

0.0011 

(6, 14.4) 

 

0.0001 

(25, 20.3) 

 
LK – H1  

0.9366 

(1, 7.3) 

 

0.0001 

(50, 38.1) 

 

0.0001 

(52, 38.8) 

 

0.0001 

(61, 46.5) 

 

0.0004 

(38, 29.5) 

 

0.0001 

(63, 46.9) 

 

0.0001 

(53, 39.0) 

 

0.0003 

(23, 19.0) 

 

0.0009 

(13, 16.5) 

 

0.0001 

(24, 19.3) 

 
LK – H2   

0.0001 

(57, 40.9) 

 

0.0001 

(58, 41.7) 

 

0.0001 

(66, 49.6) 

 

0.0001 

(42, 32.1) 

 

0.0001 

(65, 49.0) 

 

0.0001 

(56, 40.6) 

 

0.0001 

(21, 18.5) 

 

0.0001 

(12, 16.4) 

 

0.0002 

(20, 18.1) 

 
MF – L    

0.0045   

(9, 15.6) 

 

0.0109 

(7, 14.9) 

 

0.0014 

(16, 17.3) 

 

0.0019 

(19, 18.1) 

 

0.0001 

(27, 20.6) 

 

0.0001 

(33, 25.0) 

 

0.0001 

(39, 29.9) 

 

0.0001 

(46, 37.1) 

 
MF – H1     

0.0025 

(10, 15.7) 

 

0.0048 

(26, 20.3) 

 

0.0002 

(32, 24.3) 

 

0.0001 

(30, 22.2) 

 

0.0001 

(34, 26.3) 

 

0.0001 

(40, 30.8) 

 

0.0001 

(49, 38.1) 

 
MF – H2      

0.0017 

(31, 24.0) 

 

0.0062   

(8, 15.1) 

 

0.0001 

(22, 19.0) 

 

0.0001 

(43, 32.7) 

 

0.0001 

(51, 38.4) 

 

0.0001 

(62, 46.6) 

 
MV – L       

0.0101 

(28, 21.2) 

 

0.0151 

(15, 17.1) 

 

0.0066 

(14, 17.0) 

 

0.0008 

(29, 22.0) 

 

0.0001 

(37, 29.4) 

 
MV – H1        

0.0001 

(18, 17.8) 

 

0.0001 

(44, 33.7) 

 

0.0001 

(55, 39.9) 

 

0.0001 

(64, 47.0) 

 
MV – H2        

 0.0001 

(35, 28.6) 

 

0.0001 

(41, 31.8) 

 

0.0001 

(54, 39.7) 

 
PM – L        

  0.1092 

(2, 8.8) 

 

0.0001 

(17, 17.4) 

 
PM – H1        

   0.0001 

(5, 13.3) 
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Table 4.32. Estimated length-weight parameters from comparison sites on the Island of Hawai‗i. 

Species n a b r
2
 

L. kasmira 75 0.0097 3.0998 0.95178 

M. flavolineatus 57 0.0038  3.2691 0.97416 

M. vanicolensis 66 0.0052  3.2458 0.93992 

Pa. multifasciatus 73 0.0107  3.0515 0.95672 

 

Table 4.33. ANCOVA of weight (b-root transformed) of specimens from comparison sites on the Island of Hawai‗i. P-values less than 

0.05 are in boldface. 

 L. kasmira M. flavolineatus 

Source 

T 
df MS F p    df MS F       p 

TL_cm 1 22.3718 879.6

0 
<0.001 1 36.100 2023.49 <0.001 

Abundance 1 0.0006 0.03   0.874 1 0.000 0.01   0.944 

Location (Abundance) 1 0.0900 3.54   0.064 1 0.014 0.76   0.388 

Error 70 0.0254   53 0.018   

r
2
  92.75%   97.47%   

 M. vanicolensis Pa. multifasciatus 

Source    df      MS  F       p df MS F p 

TL_cm 1 11.2464 913.54 <0.001 1 62.172 2104.55 <0.001 

Abundance 1 0.0056 0.45   0.504 1 0.004 0.13   0.720 

Location (Abundance) 1 0.0392 3.18   0.079 1 0.019 0.64   0.427 

Error 62 0.0123   54 0.030   

r
2
 95.57%   96.85%   
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FIGURES 

 

 
Figure 4.1. Maps of study sites. (a) Map of O‗ahu showing two main collection areas in 

reference to the city of Honolulu. (b) Map of the Island of Hawai‗i showing three main 

collection areas in reference to the town of Kailua-Kona. H1 = High abundance site 1, 

H2 = High abundance site 2, L = Low abundance site. 
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Figure 4.2. Maximum prey size by predator species. Error bars are one standard error of 

the mean. Results of associated multiple comparisons are found in Table 4.4. 
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Figure 4.3. Maximum prey size versus weight of predator, for species with a significant 

relationship. Results of associated ANCOVAs are found in Table 4.5. 
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Figure 4.4. Maximum prey size by predator species and location from the Island of 

Hawai‗i. H1 = High abundance site 1, H2 = High abundance site 2, L = Low abundance 

site. Error bars are one standard error of the mean. Results of associated multiple 

comparisons are found in Table 4.8. 
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Figure 4.5. Maximum prey size versus weight of predator for specimens from the Island 

of Hawai‗i, for species with a significant relationship. Results of associated ANCOVAs 

are found in Table 4.9. 
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Figure 4.6. Mean prey size by predator species. Error bars are one standard error of the 

mean. Results of associated multiple comparisons are found in Table 4.11.  
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Figure 4.7. (a) Mean prey size of M. vanicolensis by Island and Period. (b) Mean size of 

M. vanicolensis predators by Island and Period. Error bars are one standard error of the 

mean. 

 

 

Figure 4.8. Mean prey size versus weight of predator, for species with a significant 

relationship. Results of associated ANCOVAs are found in Table 4.12. 
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Figure 4.9. Mean prey size by predator species and location from the Island of Hawai‗i. 

H1 = High abundance site 1, H2 = High abundance site 2, L = Low abundance site. Error 

bars are one standard error of the mean. Results of associated multiple comparisons are 

found in Table 4.14. 

 

 

 

Figure 4.10. Mean prey size versus weight of predator for specimens from the Island of 

Hawai‗i, for species with a significant relationship. Results of associated ANCOVAs are 

found in Table 4.15. 
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Figure 4.11 Mean trophic level of prey by predator species. Error bars are one standard 

error of the mean. Results of associated multiple comparisons are found in Table 4.17. 

 

 

Figure 4.12. Mean trophic level of prey versus weight of predator for species with a 

significant relationship. Results of associated ANCOVAs are found in Table 4.18. 



 

 

 

207 

 

Species

Location

Pa. multifasciatusM. vanicolensisM. flavolineatusL. kasmira

LH2H1LH2H1LH2H1LH2H1

3.0

2.5

2.0

1.5

1.0

0.5

0.0

M
e

a
n

 t
ro

p
h

ic
 l
e

v
e

l 
o

f 
p

re
y

 

Figure 4.13. Mean trophic level of prey by predator species and location from the Island 

of Hawai‗i. H1 = High abundance site 1, H2 = High abundance site 2, L = Low 

abundance site. Error bars are one standard error of the mean. Results of associated 

multiple comparisons are found in Table 4.20. 

 

 

Figure 4.14. Mean trophic level of prey versus weight of predator for Pa. multifasciatus 

from the Island of Hawai‗i. Results of associated ANCOVAs are found in Table 4.21. 
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Figure 4.15. Importance of general prey categories based on Percent IRI by predator 

species.  
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Figure 4.15 (cont.). Importance of general prey categories based on Percent IRI by 

predator species.  
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Figure 4.16. Importance of general prey categories based on Percent IRI by predator 

species and relative abundance of L. kasmira. 
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Figure 4.16 (cont.). Importance of general prey categories based on Percent IRI by 

predator species and relative abundance of L. kasmira. 
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Figure 4.17. Ordination plots based on Bray-Curtis index. (a) CAP based on all data. (b) 

NMDS based on centroids of principal components. Pr. filamentosus not included in plot 

to focus on relative similarities of other species. Results of associated multiple 

comparisons are too complex to depict graphically, and are found in Table 4.25. Pr. 

filamentosus was not shown in this plot to focus on relationships between other species. 

 

 

a. 

b. 
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Figure 4.18. Ordination plots based on Bray-Curtis index. (a) CAP based on data from 

comparison sites on the Island of Hawai‗i. (b) NMDS based on centroids of principal 

components. Groups within ellipses were not statistically distinct from each other. 

Results of associated multiple comparisons are found in Table 4.27 

a. 

b. 
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 Figure 4.19. Ordination plots based on taxonomic distinctness of diets. (a) CAP based on 

all data. (b) NMDS based on centroids of principal components. Results of associated 

multiple comparisons were too complex to depict graphically, and are found in Table 

4.29. 

a. 

b. 
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Figure 4.20. Ordination plots based on taxonomic distinctness of diets. (a) CAP based on 

data from comparison sites on the Island of Hawai‗i. (b) NMDS based on centroids of 

principal components. Groups within dotted lines were not statistically distinct from each 

other. Comparisons within species are not depicted for reasons of clarity. Results of 

associated multiple comparisons are found in Table 4.31. 

a. 

b. 
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Figure 4.21. Scatter plots with regression lines of length versus weight by location for 

specimens from the Island of Hawai‗i. Note that scales differ slightly among plots. 

Results of associated ANCOVAs are found in Table 4.33. 
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Figure 4.22. Photos of (a) juvenile R. ranina (photo by IW Brown) and (b) representative 

Albunea sp. (photo from Southeastern Regional Taxonomic Center). 
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APPENDIX 4.A 

 

Trophic values used by TrophLab for various prey categories (arranged by 3 levels of aggregation).  

  

Food I Troph s.e. Food II Troph s.e. Food III Troph s.e. 

detritus 1.00  0.00 Detritus 1.00 0.00 debris; carcasses  1.00 0.00 

plants 1.00 0.00 Phytoplankton 1.00 0.00 blue-green algae; diatoms; 

etc. 

1.00 0.00 

      other plants 1.00 0.00 benthic algae/weeds; 

periphyton; terrestrial 

plants 

1.00 0.00 

zoobenthos 2.50 0.50 sponges/tunicates 2.00 0.00 sponges; ascidians 2.00 0.00 

      Cnidarians 2.50 0.52 hard corals; n.a./other 

polyps 

2.34 0.61 

      Worms 2.06 0.26 polychaetes; n.a./other 

annelids; non-annelids 

2.06 0.26 

      Molluscs 2.80 0.46 chitons 

bivalves 

gastropods 

octopi 

n.a./other molluscs 

2.38 

2.10 

2.37 

3.50 

2.60 

0.51 

0.3 

0.58 

0.51 

0.5 

      benthic 

crustaceans 

2.50 0.50 ostracods 

benthic copepods 

isopods 

amphipods 

2.50 

2.00 

2.29 

2.29 

0.61 

0.00 

0.53 

0.53 
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Food I Troph s.e. Food II Troph s.e. Food III Troph s.e. 

stomatopods 3.09 0.53 

            shrimps/prawns 

lobsters 

crabs 

n.a./other benthic 

crustaceans 

2.60 

3.20 

2.50 

2.50 

0.59 

0.41 

0.60 

0.50 

      Insects 2.10 0.40 Insects 2.20 0.40 

      Echinoderms 2.40 0.35 sea stars/brittle stars 

sea urchins 

sea cucumbers 

3.10 

2.00 

2.00 

0.60 

0.00 

0.00 

            n.a./other echinoderms 2.40 0.35 

      other benthic 

invertebrates 

2.50 0.43 n.a./other benthic 

invertebrates 

2.50 0.37 

zooplankt. 2.10 0.28 jelly 

fish/hydroids 

3 0.28 jellyfish/hydroids 3.00 0.28 

      planktonic 

crustaceans 

2.1 0.3 planktonic copepods 

cladocerans 

mysids 

euphausiids 

2.00 

2.00 

2.20 

2.20 

0.00 

0.00 

0.40 

0.40 

            n.a./other planktonic 

crustaceans 

2.10 0.30 

      other planktonic  2.2 0.17 n.a./other planktonic 

invertebrates 

2.40 0.45 

       Invertebrates 2.2 0.4       



 

 

 

220 

 

Food I Troph s.e. Food II Troph s.e. Food III Troph s.e. 

      fish (early stages) 3.5 0.8 fish eggs/larvae  3.50 0.80 

nekton 3.50 0.60 Cephalopods 3.5 0.37 squids/cuttlefish 3.50 0.37 

      Finfish 3.5 0.8 bony fish 3.50 0.80 

            n.a./other finfish 3.50 0.80 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

 

 This dissertation reported the results of a comparison of diets and habitat use of 

Lutjanus kasmira (Family: Lutjanidae) and native fishery species. The primary native 

species of interest were three goatfishes (Family: Mullidae, Mulloidichthys flavolineatus, 

M. vanicolensis and Parupeneus multifasciatus), though other species (e.g. Pa. 

pleurostigma, Pa. porphyreus and juvenile Pristipomoides filamentosus, (Family: 

Lutjanidae)) were included in analyses if adequate numbers of specimens were available. 

Direct observation, acoustic telemetry and research fishing were used to study fish 

habitat use during feeding and non-feeding periods. This study also used gut content 

information from multiple sources and locations to provide broad geographic and 

temporal scope to dietary analyses. 

 Among native goatfish species, ecological similarity often mirrored taxonomic 

similarity; Mulloidichthys spp. were generally more similar to each other than to 

Parupeneus spp. and vice versa, as predicted by Case (2000). However, this pattern did 

not hold consistently with respect to L. kasmira, which was ecologically more similar to 

some goatfishes than they were to each other. For example, daytime habitat use of M. 

vanicolensis was more similar to that of L. kasmira than to confamilial species. 

Similarly, the diet of P. multifasciatus was more similar to the diet of L. kasmira than to 

some goatfishes. These patterns diverge from the general expectation of Case (2000) but 

do not necessarily signal the presence of competition based on the results of this study. 
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 Chapter II presented evidence that L. kasmira can influence the proximity of M. 

vanicolensis to shelter. Although it is possible that this interaction could increase 

mortality of M. vanicolensis due to predation or fishing, such effects were not confirmed 

by the present study. Additional research would be required to further investigate 

whether these interactions result in measurable impacts. It should also be noted that this 

interaction was found at an artificial reef with very high densities of these species, and 

would be less likely to occur at more modest densities of these fishes found in most other 

locations.  

 In spite of some dietary similarity between L. kasmira and goatfish such as P. 

multifasciatus, there was no evidence of competition for prey or strong spatial overlap 

while feeding. Because resources must be limiting for competition to occur, a concerted 

effort was made to gather data in areas with high abundance of focal species. Given the 

lack of clear evidence for competition at these sites, it is unlikely that widespread 

competition occurs elsewhere in Hawai‗i. Instead, a combination of temporal and/or 

spatial separation while feeding and distinct prey consumed by different species likely 

prevent competition.  

 Goatfishes as a group have an evolutionary history of coexistence with L. kasmira 

and similar carnivorous reef species in other, more taxonomically diverse regions of the 

Pacific and Indian Oceans. They have developed morphological adaptations such as 

sensitive chemosensory barbels and a subterminal mouth that allow them to effectively 

locate and capture epibenthic prey (Holland 1978; Uiblien 2007). Although goatfish 

populations in Hawai‗i had likely been separated from L. kasmira for centuries (and P. 
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porphyreus evolved in Hawai‗i), these adaptations were retained and should allow them 

to efficiently exploit available prey in spite of their recent, human-mediated reunion with 

L. kasmira. 

 In addition to the lack of evidence of competitive interactions for prey resources, 

there was no evidence that L. kasmira prey on native fishery species, in spite of previous 

claims of this behavior. If such predation does indeed occur, it is likely a rare event. 

Therefore it appears that with respect to trophic interactions, the original hypothesis that 

L. kasmira would fill a vacant ecological niche in Hawai‗i may have been true (Randall 

& Kanayama 1972), and the snappers are simply exploiting previously underutilized 

food resources of little importance to local fisheries or fishery species. 

 Although this study did not identify impacts on fishery species from competition 

or predation, it is possible that L. kasmira may affect the nearshore ecosystem in Hawai‗i 

through other modes of interaction. Because L. kasmira use different prey and habitat 

resources than native species, the introduced snappers may provide ecological functions 

that are different from native predators in Hawai‗i. If a sizable component of an abundant 

species such as L. kasmira makes regular migrations to forage on soft bottoms, this 

behavior may result in considerable movement of energy and materials from soft- to 

hard-bottom habitats (DeFelice et al. 2003). Also, benthic predators can impact 

communities of epibenthic prey on which they feed (Summerson & Peterson 1984; 

Ambrose 1991; Hunt & Schiebling 1997; Uiblein 2007; Benjamin & Baxter 2010), and 

changes to the benthic community can in turn alter nutrient cycling and other ecosystem 

processes (Snelgrove et al. 1997; Uiblein 2007). Further study would be necessary to 
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evaluate whether such effects have occurred in Hawai‗i, and the importance of any 

effects on benthic communities and nutrient cycling.  

It is also possible that effects of L. kasmira may be epidemiological rather than 

ecological. These snappers carry a number of bacteria, protozoa, and other parasites; at 

least some of these also pathogens are also found in native fish (Work et al. 2003; Work 

et al. 2004; Work et al. 2010). Given that L. kasmira do not compete with native species, 

their combined density can be higher than would be the case if they were competitors. L. 

kasmira could therefore theoretically constitute a reservoir of carriers in addition to 

native fish populations that could facilitate increased density-dependent transmission of 

pathogenic organisms. The role of L. kasmira in the spread and maintenance of these 

pathogens is presently unknown, however, and provides an interesting avenue for future 

study. 

 In addition to increasing our understanding of ecological interactions between L. 

kasmira and native species, results from the present investigation can be used to inform 

other aspects of natural resource management in Hawai‗i. To date, the emphasis of much 

research and management in tropical marine ecosystems has been on hard-bottom 

habitats. The present study indicated that focal species used multiple habitats across a 

range of depths, so management efforts such as Marine Protected Areas (MPAs) that 

protect small, isolated areas that are primarily hard bottom will be of limited utility to 

such species. Greater benefits to a wider range of species would be expected from 

protecting a mosaic of habitats across an appropriate range of depths. 
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 The present study also provided information that should be considered during 

development of artificial reefs. These reefs have been used to provide structure and 

shelter for fish in areas where it is otherwise lacking. If these reefs are located in areas 

that provide fish with access to feeding habitats that would otherwise be unavailable to 

them, overall fish populations should benefit. However, it cannot be overlooked that 

some of these reefs attract large numbers of L. kasmira in addition to a variety of native 

species. The aggregation of large numbers of L. kasmira and native species may have the 

potential to increase disease or parasite transmission between fish, or enable ecological 

effects on the surrounding benthic community. Though such effects are at present 

hypothetical, the enduring nature of artificial reefs requires that potential ecological and 

epidemiological benefits and impacts of these structures should be considered when 

planning or expanding them. Ultimately, increased knowledge and awareness of species‘ 

habitat requirements can be used to design artificial reefs and MPAs that encompass 

habitat types sufficient to provide refuge for sensitive or exploited populations, support 

viable and sustainable resource fish populations, and preserve ecosystem processes 

necessary to maintain the integrity of shallow-water communities.  

Unfortunately, the scale and frequency of anthropogenic impacts on reef 

ecosystems in Hawai‗i will probably increase in severity and magnitude as the human 

population in the state increases. Local effects from overfishing and destruction or 

degradation of reefs from sedimentation, eutrophication and coastal development; and 

global effects from ocean acidification and global warming constitute severe threats that 

must be addressed. Given the lack of evidence that L. kasmira present an ecological 
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threat to native fishery species, the best use of limited scientific and management 

resources would be to focus on finding ways to mitigate or eliminate real and 

manageable threats to the maintenance of healthy marine ecosystems in Hawai‗i. 
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