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Chapter 1:  General Introduction 

 

Seagrasses are an important group of marine plants that host a diversity of organisms and 

provide valuable ecosystem and human services (Costanza et al. 1997, Duarte 2000 and 

references therein).  These plants are an integral part of coastal marine ecosystems (Thresher et 

al. 1992, Vizzini et al. 2002) and are in decline worldwide due to human activity (Waycott et al. 

2009).  Two species of seagrasses currently exist in the Hawaiian archipelago, the native 

Halophila hawaiiana (Fig. 1) and the recently discovered Halophila decipiens (Fig. 2).  H. 

hawaiiana was first described by Gaudichaud as H. ovalis in 1835, and reclassified in the 

literature as H. hawaiiana by Doty and Stone (1966).  The presence of the second species in 

Hawaii, H. decipiens, was first reported in the literature by McDermid et al. (2002).  However, 

after this publication preserved specimens of this species were observed in collections from 

Hawaii dating as early as 1979 (Russell et al. 2003).  H. hawaiiana is endemic to Hawaii and is 

known to support an endemic species of gastropod, Smaragdia bryanae, which relies on it 

exclusively for food (Unabia 1984, 2011).  Both Halophila species are consumed by the Green 

Sea Turtle Chelonia mydas (Russell et al. 2003, Arthur & Balazs 2008).  The isolation of the 

Hawaiian Islands has resulted in a relatively low number of native marine species which makes 

declines in seagrasses from habitat loss or competition with invasive species, and the subsequent 

losses of biodiversity, especially concerning (Eldredge & Smith 2001, Demopoulos 2004, Peyton 

2009, Longenecker et al. 2011).   

 H. decipiens is a pan-tropical species which has been considered invasive in Hawaii 

(Eldredge & Smith 2001).  However, it has been suggested that the occurrence of this species in 

deeper water and confusion between it and morphologically similar H. hawaiiana account for the 

lack of historical records and that the species may indeed be native (Russell et al. 2003).  The 
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fact that green sea turtles only recently began showing H. decipiens in their stomach contents has 

been attributed to an increasing abundance of H. decipiens combined with the generalist diet of 

the green sea turtle (Russell et al. 2003). 

This introduction will provide a brief history of seagrass research, summarize general 

seagrass ecology, and discuss the effects of habitat on the seagrasses as well as their alteration of 

those habitats.  It will also discuss contemporary research methodology for examining these 

habitat features in other seagrasses and how these methods will be applied to the study of the 

Hawaiian seagrasses in the following chapters. 

 

Seagrass background and importance 

Seagrasses are the only angiosperms adapted to a fully marine existence and typically 

grow submerged in shallow, sandy coastal habitats (den Hartog 1970).  Seagrasses occur 

worldwide ranging from tropical to sub-arctic latitudes (Short & Wyllie-Escheverria 1996).   

There are roughly 60 species of seagrass in 4 families and 16 genera (den Hartog 1977, Kuo & 

McComb 1989).  Although they are unique among marine organisms and have spread to an 

expansive range and a variety of coastal habitats (Duarte 2000), seagrasses have a high degree of 

functional and morphological similarity (den Hartog 1977, Kuo & McComb 1989).  They also 

have a relatively low taxonomic diversity compared to the terrestrial angiosperms with over 

250,000 species (Orth et al. 2006). 

Interest in the ecological importance of seagrasses rose in the 1930’s after the large 

impact of Zostera wasting disease on coastal communities in the temperate North Atlantic.  

Large-scale research on seagrass ecosystems began in the 1960’s and 1970’s, much of which was 

associated with the International Seagrass Workshop in Leiden, Netherlands in 1973 (Thorhaug 
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1977).  During this time the complete distribution of seagrass species, morphologies, and habitats 

were first described (den Hartog 1970, 1977). 

As with many coastal ecosystems near zones of human development, seagrasses are 

facing threats from anthropogenic influences.  The annual loss of seagrass habitats appears to be 

increasing from a median of 0.9% yr-1 in seagrass extent known before 1940 to 7.0% yr-1 after 

1990 (Waycott et al. 2009).  Human influences such as changes in freshwater inputs (Fourqurean 

et al. 2003) and pollution (Livingston 1984, Cardoso et al. 2004, Orth et al. 2006, Cardoso et al. 

2010) have drastically altered the habitat and reduced the  area of coastal seagrasses.  Seagrasses 

provide a variety of ecosystem services from controlling sediment erosion to improving coastal 

water quality (Duarte 2000, Madsen et al. 2001).  They also trap a large amount of carbon 

dioxide, accounting for approximately 12% of net CO2 uptake by oceanic primary producers 

(Duarte 2000), making them an essential component in carbon sequestration and climate change 

mitigation.  It has been estimated that seagrasses provide as much as $3.8 trillion a year in these 

services (Costanza et al. 1997) so losses of this habitat can have both large ecological and 

economic impacts. 

 

Seagrasses and the physical environment 

As with most organisms, the presence of seagrass is highly determined by the physical 

environment (Koch 2001).  Light, key to photosynthesis, is reduced by attenuation from water 

depth (Duarte 1991) and turbidity (Duarte 1991, Teeter et al. 2001) which limits the range of 

habitats for seagrasses.  The movement of water is also an essential factor as sufficient current is 

necessary to bring CO2 to the leaves (Koch 1994) and to disperse pollen and seeds (Fonseca et al. 

2008).  However, excessive current can damage and uproot established plants and prevent new 

seedling colonization (Fonseca & Bell 1998). 
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Most seagrasses maintain their position and resist current through a well developed 

system of roots and rhizomes in sediment (den Hartog 1977).  This creates a close relationship 

between seagrass and sediment with both exerting changing influence on the other (Koch 2001).  

Sediment sizes must be within a range, which varies among seagrass species, as more energy 

must be invested in rhizome elongation in large grained or unstable sediments (Fonseca & Bell 

1998), but small grained sediments expose roots to anoxia (Koch 2001), high sulfide 

concentrations, (Goodman et al. 1995), and nutrient limitation (Barko & Smart 1986). 

Seagrasses exert a large influence on these physical characteristics (de Boer 2007).  They 

can reduce current velocity through leaf canopy drag (Fonseca & Fisher 1986, Fonseca & 

Kenworthy 1987, Koch 1999, Madsen et al. 2001) and in the process settle suspended particles, 

reducing the sediment grain size (Koch 2001, Teeter et al. 2001) and improving water clarity.  

Their extensive root and rhizome systems stabilize the sediment, causing the formation of large 

sediment mounds below seagrass beds (de Boer 2007).  They also accumulate organic matter, 

both from their own detritus and trapped from the water column (Koch 2001). 

 

Seagrasses and associated animal communities 

Seagrasses can have a dramatic effect on coastal ecology not just from their 

environmental influences but also due to the large number of species and complex ecological 

relations that seagrass beds support.  Seagrasses host a wide variety of turtles, fishes, 

invertebrates, and both epiphytic and infaunal organisms (Duarte 2000 and references therein).  

They also support a variety of organisms that, while not relying directly on seagrass, rely on the 

habitats they create and the diverse organisms they support through their own structure and their 

accumulated sediment mounds (Fonseca & Fisher 1986).  Invertebrate species such as blue crabs 

(Hovel & Lipcius 2001) and sea urchins (Keller 1983, Alcoverro & Mariani 2004) utilize 
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seagrasses for food and/or habitat.  Fish also extensively use seagrasses for both food and shelter 

for settling juveniles (Jenkins & Hamer 2001, Alcoverro & Mariani 2004).  Seagrass beds can 

also reduce the predation success of predatory decapods on seagrass associated organisms (Leber 

1985).  Caridean shrimp frequently utilize seagrasses as a refuge from fish predators (Coen et al. 

1981).  In some cases, complex behaviors utilizing the specific structure exhibited by seagrass 

blades has evolved to increase resistance of these shrimps to predation (Main 1987).  

The increased habitat complexity provided by seagrasses increases the diversity of the 

community in general.  Seagrasses can support a greater invertebrate abundance and diversity 

than a variety of coastal habitats including marsh grasses, sand, and mud (Heck et al. 1995).   

Living seagrasses also show a higher invertebrate diversity and abundance than leaf detritus, and 

seagrass species with more complex growth patterns show an even greater difference (Como et 

al. 2008).  Increases in above-ground seagrass biomass, a common proxy for habitat complexity, 

positively affect the diversity and abundance of the invertebrate community (Heck & Wetstone 

1977).  Increased seagrass or algal plant surface area are also positively correlated with 

invertebrate abundances and are even stronger influences than the number of plant species 

present in a mixed algae and seagrass community.  This effect on invertebrate assemblages is 

determined by both the complexity provided by the rhizome mat and the leaf canopy (Orth et al. 

1984, Attrill et al. 2000, Lee et al. 2001).   

Sometimes the presence of seagrass alone is the primary factor influencing the local 

community.  The refuge from predation provided by the seagrass in comparison to bare sediment 

can be enough to alter the community structure while the effects of increased complexity within 

the bed may be muted or nonexistent (Canion & Heck 2009).  Infaunal invertebrate community 

abundance and species richness has been shown to increase from the latent values observed in 

bare sediment when seagrasses are introduced to a previously unvegetated area (Posey 1988).  
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The strong effect of the presence of seagrass is further demonstrated by the similar increases in 

infaunal invertebrate community abundance and diversity seen even in seagrasses with greatly 

reduced leaf size such as the diminutive Halophila decipiens (Casares & Creed 2008). 

Other factors may alter the structure of the supported community directly or indirectly.  

The size of seagrass beds can affects the composition of the associated community with greater 

richness of infauna observed in larger seagrass patches (Bowden et al. 2001).  However, when 

considering the larger epifaunal and mobile macrofauna community there is not always a direct 

correlation between bed size and increases in abundance or diversity (McNeill & Fairweather 

1993).  Disturbances such as seasonal storm events and other irregular current patterns capable 

of uprooting or covering seagrasses with sediment also play an important role in bed structure.  

The failure of some models to accurately predict changes in bed structure can be attributed to the 

frequency and importance of disturbance events in shaping seagrass habitats (Robbins & Bell 

2000).  The community structure of invertebrates such as polychaetes appear to be highly 

dependent on disturbance, with seagrass bed age the primary factor determining community 

composition (Bell et al. 1993).  In many multispecies seagrass communities, complex periods of 

succession follow disturbances and are highly dependent on seagrass life history and nutrient 

availability (Williams 1990).  Disturbances can happen on large and small scales and complicate 

modeling and predicting habitat and community structure.  Large-scale disturbances such as 

hurricanes may decrease local seagrass density, but increase the overall occurrence due to 

spreading of propagules (Fonseca et al. 2008).  These unpredictable disturbance patterns make 

understanding seagrass community structure highly scale dependent (Fonseca et al. 2002). 

Certain invertebrate species can strongly affect seagrass community structure.  Urchin 

grazing can drastically affect the physical structure of the seagrasses and reduce structural 

complexity (Keller 1983).  Crustacean grazers of both seagrasses and epiphytes can have 



! 7!

significant effects on seagrass biomass, sometimes with several species performing a redundant 

role in herbivory (Duffy et al. 2001).  These effects can be extremely complex, with reductions 

in overall diversity but an increase in secondary production, the primary determinate to fish 

utilization of the seagrass (Duffy et al. 2003). 

Dominance of invertebrates across seagrass habitats can be as variable as the 

communities themselves.  In many locations polychaetes (Bell et al. 1993, Heck et al. 1995, Lee 

et al. 2001, Como et al. 2008, Vonk et al. 2010) or oligochaetes (Blanchet et al. 2004) dominate 

the community.  In others, crustaceans such as amphipods are most abundant (Stoner 1980, 

Connolly 1997) while bivalves (Lee et al. 2001, Vonk et al. 2010) and other gastropods 

(Blanchet et al. 2004) form a large part of other seagrass communities. 

 

Seagrasses and Isotopic Analysis 

The contribution of seagrasses to the local community extends beyond the habitat they 

create.  Using stable isotope analysis, the consumption and transfer of seagrass biomass can be 

tracked throughout the food web.  Seagrasses have a distinct isotopic signature from other 

marine producers such as algae due to their higher structural complexity and their unique C3 

photosynthetic mechanism (Benedict et al. 1980).  Low photorespiration and resistances to CO2 

exchange with the water sequesters CO2 within seagrass tissues and creates an isotopic effect 

similar to the bundle-sheath cells of C4 plants (Benedict et al. 1980).  Seagrasses have been 

shown to contribute significant amounts of biomass to the marine benthos (Davenport & Bax 

2002).  Seagrasses contribute more to coastal communities than mangroves, even in areas with 

high mangrove detritus (Loneragan et al. 1997).  This difference is thought to be due to the labile 

carbon seagrasses fix which is more digestible due to the refractory carbon of the secondary 

growth lignin in woody dicots such as mangroves (Fourqurean & Schrlau 2003).  Seagrasses 
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have also been shown to contribute to the nutrition of nearshore planktonic larval communities, 

sometimes even more than phytoplankton (Thresher et al. 1992).  Seagrasses also affect the 

reduction of sulfate within their beds through both organic material retention and substrate 

oxygenation, often creating a unique sulfur signature (Isaksen & Finster 1996). 

The study of seagrass contributions using stable isotopes, however, can be difficult due to 

the complexity of coastal ecosystems.  Transfer of seagrass material to higher trophic levels is 

sometimes limited (Lugendo et al. 2006), likely due to both generalist consumers and wider 

spatial ranges of large predators.  Even within the seagrass beds, energy transfer is not 

straightforward. Seagrasses contributions to local communities are not well understood and 

likely very complex (Kharlamenko et al. 2001), with similar organisms at even the lowest trophic 

levels exhibiting extremely specialized feeding strategies (Lepoint et al. 2006).  Often, epiphytic 

algae may be more important to grazers, with detritivore communities exhibiting closer feeding 

relationships to seagrass (Vizzini et al. 2002).  In addition to these trophic complications, 

seagrasses also exhibit isotopic variability with latitude (Hemminga & Mateo 1996), depth 

(Lepoint et al. 2003), leaf age, and seasonal growth rates (Lepoint et al. 2003, Tanaka et al. 

2008). 

 

Hawaiian seagrasses and study objectives 

 Small seagrasses like those in Hawaii are influenced by the same forces affecting other 

seagrasses (Fonseca et al. 2008).  They are capable of reducing current velocity and altering 

sediment characteristics (Fonseca & Fisher 1986, Fonseca 1989).  They can also alter associated 

invertebrate communities and increase local biodiversity (Casares & Creed 2008).  The 

importance of these species should be evaluated and action may need to be taken to protect them 

from invasive species and other human-induced threats (Eldredge & Smith 2001, Peyton 2009).  



! 9!

 This study will attempt to characterize the habitats created by the Hawaiian seagrass 

species and examine differences between seagrass habitat and nearby bare substrate.  Because of 

the low leaf profile of Halophila species, focus will be primarily on the sediment infaunal 

community.  The macroinvertebrate community will be cataloged and differences between sites 

and intersite habitats examined.  Finally, stable isotope analysis will be used to assess the 

contributions of seagrasses and other local producers to the seagrass invertebrate community. 

  

Site Descriptions 

 Sampling was confined to the island of Oahu, HI, the most populated island and home to 

Hawaii Pacific University.  Seagrasses have also been reported on Kauai, Maui, Molokai, and the 

Northwest Hawaiian Islands as far north as Midway Atoll, but their distribution most well 

understood around Oahu (Unabia 1984).  Halophila hawaiiana has not been found around 

Hawaii Island, the newest and largest in the chain, but H. decipiens was reported there 

(McDermid et al. 2002).  The most comprehensive record of the distribution of this species is a 

list of historical sites, many confirmed within the last decade, compiled by Peyton (2009).   

Differences in landscape, currents, and human use make the nearshore habitats of Oahu 

highly variable.  Eight sites were chosen in three hydrographic areas:  Kaneohe Bay, Maunalua 

Bay, and Waikiki (Table 1, Fig. 3).  These sites were chosen based on known seagrass habitat 

and to attempt to sample a reasonable portion of the variability likely to occur around the island 

while minimizing inter-site differences in physical parameters.  All sites are within snorkel 

depth, are relatively protected from wave action, and have clear water conditions most of the 

time.  To minimize the effects of temporal variation, freshwater input, and terrestrial 

sedimentation, a majority of samples were collected between June and August of 2010 and at 
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Kahala in May of 2009 during the dry seasons.  No severe storms or high surf events impacted 

the study sites during this period (Table 2, Figs. 4, 5, & 6, more details below). 

 Two locations were sampled in Kaneohe Bay on the northeastern (windward) side of 

Oahu; the Sampan Channel (Sp), a dredged boat channel leading offshore from the central 

portion of the bay, and the sandbar (Sb), a natural, partially intertidal sand embankment located 

in the northeast-central portion of the bay. Both seagrasses were collected in the sampan channel, 

but only H. hawaiiana was found at the sandbar. Kaneohe Bay is partly sheltered by a barrier 

reef and a peninsula housing the Kaneohe Marine Core Base Hawaii.  There are two channel 

breaks, one in the northwestern portion of the reef and the other in the southeastern reef near the 

peninsula.   The Sampan Channel is formed from the southeastern break and is a primary flow 

route for tidal fluxes of water from the open ocean and the inner bay.  This channel was 

deepened through dredging prior to 1945 to accommodate boat traffic.  The reef creates a lagoon 

within the bay and sedimentation has resulted in a shallow intertidal sandbar extending into the 

lagoon from the center of the reef.  The central location of both of these sites and proximity to 

the reef break makes the water biogeochemically similar to that of the oligotrophic open ocean 

with far less terrestrial influence than the southern portions of the bay (Smith et al. 1981).  Aside 

from tidal flux, major disturbance is limited, and seagrasses have been observed at these 

locations for years (personal observation, Unabia personal communication). 

 Five locations were sampled in Maunalua Bay that extends from Koko Head to Diamond 

Head on the southeastern (leeward) side of the island.  A shallow, and in some areas intertidal, 

reef flat extends about a kilometer from the shore and is protected by a fringing reef.  Three sites 

lie within the eastern portion of Maunalua Bay (M1, M2, M3) in natural sandy channels on the 

reef flat near the small peninsula that creates Paiko Lagoon.  The Wailupe Beach Park (Wa) site 

is located to the west of the major portion of the bay in a channel dredged for small recreational 
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boat moorings.  Although artificial, this channel lies within the fringing reef and is surrounded 

by similar reef flats.  The fifth site was located in a dredged swimming lagoon in front of the 

Kahala Mandarin Hotel (K) to the west of Wailupe.  This site is also protected by the fringing 

reef and is surrounded by unmodified reef flats.  The water at all of these sites is flushed with 

oceanic waters during tidal fluctuations and is also influenced by nearby freshwater streams.  

These inputs likely contribute some nutrients and sediment. 

 The final site is located in another dredged swimming area near the Halekoa Hotel in 

Waikiki.  This site is on the southern coast and is also protected by a fringing reef with periodic 

tidal flushing similar to Maunalua Bay.  The current direction in the area is on average flowing 

from west to east, increasing the influence of the freshwater from the Ala Wai Channel (Wang & 

Gerritsen 1995). 

Either a barrier or fringing reef protects each site reducing the strength of oceanic surf 

and limiting wave influence to mostly small wind driven surface waves.  Depth was less than 2m 

except where H. decipiens grows in the Sampan Channel that was less than 10m.  These depths 

are all considered shallow and similar based on the range of H. decipiens down to at least 30m 

(Fonseca et al. 2008) and the depth limits of all seagrasses which can be as deep as 90m (Duarte 

1991). Kaneohe Bay sites experienced a significant freshwater influx 83 days before sampling 

(Table 2, Fig. 4).  However, the distance of these sites from shore and the flushing regime 

described above likely diminished effects of this event.  Waves were averaging below 2m on the 

windward shore, lower than the 2.65m to 6.5m annually recurring maximums modeled for this 

area (Vitousek & Fletcher 2008) but with peaks near 5m.  However, the location behind the 

barrier reef likely dispersed much of this wave energy. 

  All sites in Maunalua Bay and Waikiki receive periodic freshwater influxes from nearby 

streams that had occurred between 6 and 75 days prior to sampling, the most recent occurring 
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before sampling at Waikiki.  However, during the dry season the intensity of these inputs is 

limited as the leeward catchment basins become relatively arid (Wolanski et al. 2009) so the 

effects of these events are the least pronounced during this time of year.  Most of these streams 

are also located at least 0.5km from the sampling locations except at Wailupe Beach Park with a 

stream at 0.25km.  Wave data for the leeward shore showed seasonal averages near 2m with 

periodic peaks near 4m (Fig. 5).  Southern swells increase in the summer, however these are the 

smallest and lowest energy swells of Oahu (Vitousek & Fletcher 2008) and much of their energy 

is absorbed by the fringing reefs.  Kahala, sampled in 2009, received no significant discharge for 

at least 29 days before sampling (Fig. 6). 

Bare sediment cores were collected to compare sediments and invertebrate communities 

within seagrasses at each site to surrounding sediment not colonized by seagrass.  These cores 

were also used to evaluate the latent variability of sediments across the area surveyed.  At the 

Kahala Mandarin and Maunalua Bay 2 no bare sediment cores were collected.  Core samples at 

Kahala were taken one year prior to the other core samples and were initially intended for 

another study not utilizing bare sediment cores.  The second Maunalua Bay site was collected to 

better evaluate changes in seagrass communities near areas affected by The Nature Conservancy 

Avrainvillia removal zones and bare sediments were unnecessary.  These sites were necessarily 

excluded from within-site evaluations. 

Both species of seagrass occur near one another in only two of the surveyed locations, the 

Sampan Channel in Kaneohe Bay and in front of the Kahala Mandarin hotel.  In Kaneohe Bay, 

H. hawaiiana occurs on shallow (<2m) sand embankments while H. decipiens occurs in the 

deeper areas of the channel.  Light attenuation at the depths where H. decipiens occurs at this 

location may make direct comparisons of habitat less reliable.  At the Kahala Mandarin site, the 

seagrasses occur within the same depth range, however the presence of H. hawaiiana has 
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decreased over time as H. decipiens has spread (Unabia personal communication), suggesting 

that the environmental conditions of the current location of H. hawaiiana at this site may be 

suboptimal. 

 

Thesis Organization 

Chapter 2 reviews the effects of specific environmental features on seagrasses.  It 

describes the habitat, distribution, plant structure, sediment profiles, and organic material in beds 

of Halophila hawaiiana and H. decipiens.  Comparisons are made between the two seagrass 

species, and between the seagrasses and nearby bare sediments.  Distributions of seagrass leaf 

density and leaf and rhizome biomass are compared to sediment parameters to examine possible 

relationships and influences among these variables. 

Chapter 3 describes the infaunal invertebrate community composition of seagrasses in 

Hawaii.  This chapter catalogs invertebrates occurring in sediments beneath the two Hawaiian 

seagrass species and examines community structure in these and nearby bare sediments.  

Invertebrate abundance, richness, diversity, and evenness are examined and compared between 

the seagrasses and between each seagrass species and bare sediment.  Similarity among sites of 

invertebrate distributions as well as the relationship of community structure to seagrass and 

environmental parameters is examined using Multivariate and Cluster analyses. 

Chapter 4 describes the use of stable isotope analysis to describe the transfer of seagrass 

organic material to the invertebrate community.  Isotopic values of δ13C, δ15N, and δ34S are 

presented from seagrasses, other primary producers, and several invertebrate species from the 

seagrass habitat.  Seagrass contribution to various species is examined through direct comparison 

and using the mixing model program IsoSource to estimate the relative contributions of each 

producer.  These analyses are used to determine what level of energy and biomass seagrasses 
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transfer to invertebrates within their beds and to look for any specific invertebrate feeding 

preferences. 
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Table 2.  Sites with sample dates, the watershed with the nearest discharge stream to the site, and 
the days since the last peak in daily discharge. 
 

Site Sample Date Nearest 
Watershed 

Distance to Nearest 
Freshwater Source (km) 

Days Since Last 
Discharge Event 

Sampan Channel 6/25/10 He'eia 1.85 83 

Sandbar 6/25/10 Kahalu'u 2.56 83 

Maunalua Bay 1 6/18/10 Kuliouou 1.18 75 

Maunalua Bay 2 8/20/10 Kuliouou 0.81 17 

Maunalua Bay 3 6/18/10 Kuliouou 0.6 75 

Waikiki 7/23/10 Ala Wai* 1.03 6 

Wailupe Beach Park 7/23/10 Wailupe 0.25 10 

Kahala 5/22/09 Wai'alae Iki 0.54 29 
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Figures 

 

Figure 1.  Pressed specimens of Halophila hawaiiana from the lagoon fronting the 
Kahala Mandarin Hotel collected August 22, 2009. 
 

 

Figure 2.  Pressed specimens of Halophila decipiens from the lagoon fronting the Kahala 
Mandarin Hotel collected August 22, 2009. 
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Figure 3.  Map of sites around the island of Oahu, HI, U.S.  Site locations are marked with a 
yellow dot.  The Maunalua Bay sites are numbered from west to east. 
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Figure 4.  Freshwater discharge and wave data for windward sites in 2010.  Sample dates are 
marked with black dots.  The black wave height line is mean daily wave height; the dotted line is 
maximum daily wave height.  Discharge data from USGS National Water Information System 
(http://waterdata.usgs.gov/nwis) and wave data from SCRIPPS Coastal Data Information 
Program (http://cdip.ucsd.edu/). 
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Figure 5.  Freshwater discharge and wave data for leeward sites in 2010.  Sample dates are 
marked with black dots.  The black wave height line is mean daily wave height; the dotted line is 
maximum daily wave height.  Discharge data from USGS National Water Information System 
(http://waterdata.usgs.gov/nwis) and wave data from SCRIPPS Coastal Data Information 
Program (http://cdip.ucsd.edu/).
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Figure 6.  Freshwater discharge data for Kahala in 2009.  Sample dates are marked with black 
dots.  No wave height data was available for this period.  Discharge data from USGS National 
Water Information System (http://waterdata.usgs.gov/nwis) and wave data from SCRIPPS 
Coastal Data Information Program (http://cdip.ucsd.edu/). 
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Chapter 2:  Hawaiian Seagrass and Substrate Characteristics 

Abstract 

Benthic sediment size and organic material affect the growth of seagrasses but are also 

affected by established beds.  The influences of leaves and rhizomes on sediment settlement and 

retention are pronounced in large seagrass species but small seagrasses such as those found in 

Hawaii can also alter the benthos.  This study examines the leaf and rhizome structure of two 

species of seagrass, Halophila hawaiiana and H. decipiens, from eight sites around the island of 

Oahu, Hawaii, USA, the sediment characteristics under these seagrasses, differences in the 

sediment compared to nearby bare sediments, and associations between seagrass and sediment 

characteristics.  H. hawaiiana and H. decipiens had similar overall leaf densities (11918±1168 

leaves/m2 and 15500±1445 leaves/m2 respectively) with no significant difference in leaf density 

or biomass between species.  H. hawaiiana had greater rhizome biomass (32.94±3.08 g/m2) than 

H. decipiens  (19.61±1.63 g/m2).  Sediments in H. decipiens were smaller than adjacent bare 

sediment across all sites and at two of three individual sites while H. hawaiiana sediments were 

smaller than bare sediment at two of its four locations.  H. decipiens also had higher amounts of 

sedimentary organic matter than either H. hawaiiana or bare sediments.  Sediment grain size and 

organic material were positively correlated, and the rhizome biomass of H. decipiens increased 

with larger grain size but the rhizomes of H. hawaiiana did not.  H. decipiens seems to prefer 

and/or accumulate smaller sediments than H. hawaiiana and may have a stronger physiological 

response to different sediment sizes. 
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Introduction 

 The physical structure of a habitat plays a large role in determining the composition of 

the community.  Seagrasses create both above and below ground habitat complexity and 

habitable surface area accumulate organic material, and stabilize sediment (Orth et al. 2006).  

Various factors such as water movement, light attenuation, and sediment characteristics both 

affect and can be affected by the presence of seagrasses (de Boer 2007).  Dense seagrass foliage 

slows current velocity allowing particle settlement and retention (Fonseca & Fisher 1986, 

Fonseca 1989), provides surface for the growth of epiphytes (Moncreiff & Sullivan 2001) and 

contributes biomass to surrounding habitats (Ochieng & Erftemeijer 1999) while rhizomes alter 

sediment characteristics (de Boer 2007) and influence infaunal communities (Lee et al. 2001) . 

The movement of water in the form of waves, currents, and tides are primary physical 

drivers of seagrass habitat structure through movement of sediments and physical disturbance of 

beds (Koch 2001).  Strong water movement and turbulence can uproot and destroy seagrasses, 

prevent vegetative reproduction, and inhibit seedling colonization (Fonseca & Bell 1998) and so 

seagrasses tend to live in relatively sheltered locations.  Shallow water depth can expose seagrass 

to wave action or desiccation during low tides (Koch 2001, Teeter et al. 2001, de Boer 2007).   

However, if the water current is too low a thick diffusion boundary layer builds up around the 

seagrass leaves (Koch 1994), critically reducing carbon dioxide uptake, essential for 

photosynthesis  (Jones et al. 2000).  The presence of epiphytes can enhance diffusion processes 

by creating variable flow rates over leaf surfaces in strong water currents (Koch 1994), but 

epiphytes can also increase the diffusion boundary layer, reduce seagrass CO2 uptake by the 

seagrass leaf, and inhibit growth (Jones et al. 2000). 

Depth and turbidity also affect the amount of light reaching seagrasses.  Water depth 

reduces available light and is the ultimate determining factor of seagrass extent, although 
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individual species depth limits can vary depending on water clarity (Duarte 1991).  Turbidity 

from wave and current induced particle suspension at shallow depths reduces light with an effect 

similar to deeper water (Duarte 1991).  The effect of turbidity on seagrasses is mitigated to 

varying degrees by the presence of the seagrass itself (de Boer 2007).   Seagrasses trap and retain 

sediment particles through a reduction in current velocity around the blades (Fonseca & 

Kenworthy 1987).  Water clears as suspended particles are slowed by the friction of the 

surrounding water on the seagrass blades and are trapped within the low current velocity bed 

(Fonseca & Fisher 1986).  The ability of a species to trap and retain sediment is directly related 

to the size of the seagrass with a positive correlation between leaf size and current speed 

reduction (Koch 1999, Madsen et al. 2001).  The size of the seagrass can sometimes negatively 

affect the rate of particle settlement through increased leaf flexibility and subsequent bending as 

well as a particle adherence and deflection by the leaves (Gacia et al. 1999).  In these cases the 

retention of particles within the seagrass bed may have a greater influence on sediment 

accumulation as the settling effect of the seagrass on incoming particles can be modest (Gacia & 

Duarte 2001). 

Settlement of smaller particles due to the reduction in current velocity results in a smaller 

average sediment grain size within the seagrass bed compared to surrounding substrates (Koch 

2001, Teeter et al. 2001).  Seagrasses also tend to accumulate organic material (Koch 2001) 

which may enhance plant growth as well as provide food for infauna and microbes, but the 

decomposition of this material combined with  reduced oxygen penetration into the smaller 

grained substrate promotes anoxia closer to the surface (Koch 2001).  High nutrient, low oxygen 

sediments also develop high levels of sulfides (Goodman et al. 1995).  Both anoxia and high 

sulfide concentrations negatively affect seagrass growth (Goodman et al. 1995, Holmer & 

Bondgaard 2001).  Halophila engelmanni was found to be much more sensitive to sediment 
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sulfides than larger seagrass species (Pulich 1983), but the tolerance of Halophila species in 

Hawaii is unknown.  The negative effects of high sulfide concentrations are exacerbated by 

salinity and temperature stresses (Koch & Erskine 2001).  Nutrient uptake may also be limited by 

smaller grain sizes as rates of diffusion of dissolved particles are reduced by dense substrate 

(Barko & Smart 1986).  These factors lead to a preference by many seagrasses to sediments of 

larger grain sizes or to adaptations such as increased oxygen delivery to roots and surrounding 

sediments (Koch 2001 and references therein). 

Most studies of seagrass habitats have focused on larger species such as Thalassia 

testudinum (Heck & Wetstone 1977, Koch 1999, Koch & Erskine 2001), Zostera spp. (Goodman 

et al. 1995, Fonseca & Bell 1998, Attrill et al. 2000, Lee et al. 2001), and Halodule wrightii (Bell 

et al. 1993, Fonseca & Bell 1998) which is smaller than the former species but still much larger 

than Halophila species.  Small seagrasses may not always affect sediment composition to the 

same degree as larger seagrasses (Mellors et al. 2002).  However, in the Virgin Islands Fonseca 

(1989) showed that the foliage of H. decipiens significantly decreased the flow of water directly 

over the beds, causing sediment accumulation  and reduction in sediment movement and  grain 

size, effects comparable  to those  of larger seagrasses.   

No studies to date have specifically examined the physical habitat characteristics or 

associated communities of the Hawaiian endemic H. hawaiiana.  Research in Hawaii has 

focused on seagrass growth (Herbert 1986), morphology and genetic diversity (McDermid et al. 

2003), specific feeding interactions (Unabia 1984, Arthur & Balazs 2008, Unabia 2011), and 

interactions with invasive species (Peyton 2009, Longenecker et al. 2011).  Studies in other areas 

have examined similar species such as widely distributed H. ovalis, but most have focused on 

large animal interactions such as dugong grazing (Preen 1995, Nakaoka & Aioi 1999), and direct 

human affects on habitats (Longstaff & Dennison 1999, Ralph 2000).  Although genetic studies 
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have suggested that H. hawaiiana may belong in a larger species complex with H. ovalis 

(Waycott et al. 2002), the unique Hawaiian environment and lack of larger seagrass competitors 

likely presents unique habitats and growth patterns seen nowhere else. 

No studies to date have examined H. decipiens in Hawaii beyond reporting its locations, 

but its pan-tropical distribution has provided opportunities for research on its ecological roles 

elsewhere.  Unlike most Halophila species with the exception of H. hawaiiana, H. decipiens 

does not grow under the canopy of larger seagrasses in mixed beds and instead tends to grow in 

monotypic stands (Dawes et al. 1995).  It also appears to require less intense solar insolation than 

many seagrass species, allowing it to grow in turbid shallow waters or clear deep waters (Dawes 

et al. 1995).  H. decipiens showed  lower  light requirements than H. ovalis in Australia with a 

higher tolerance for long periods of light deprivation (Longstaff & Dennison 1999).   

Both H. decipiens and H. hawaiiana grow near each other in some locations in Hawaii 

raising concerns that H. decipiens may compete with H. hawaiiana for habitat (Eldredge & 

Smith 2001, Unabia 2011).  The monoecious H. decipiens produces seeds prolifically (Kuo & 

Kirkman 1995).  This creates a large reserve seed bank for rapid dispersal and also 

recolonization of habitats following disturbance events as the shallow rhizome structure often 

results in bed destruction from uprooting (Fonseca et al. 2008).  In contrast, H. hawaiiana is 

dioecious (Doty & Stone 1966) with male flowers being rare (McDermid et al. 2003).  This 

results in an exceptionally low occurrence of seeds (Unabia, personal communication) and likely 

reduces the ability of H. hawaiiana to colonize new habitats or recolonize after disturbance 

events.  Thus, if the two species co-occur in a habitat a significant disturbance could result in the 

displacement of H. hawaiiana by H. decipiens.  H. decipiens also appears to have a less robust 

rhizome structure than H. hawaiiana (personal observation), which may affect its ability to 

stabilize sediment. 
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Assessing sediment requirements for seagrasses is difficult due to large variations even 

within species and the constant alteration of sediment characteristics by the seagrasses 

themselves.  Few specific sediment characteristics can be deemed essential for any particular 

species of seagrass (Koch 2001, de Boer 2007).  However, large scale geographic trends have 

been observed such as the preference of Halophila and Halodule species, both small compared to 

Thalassia and Zostera, to grow in areas of Eastern Australia with higher rates of disturbance and 

sedimentation (McKenzie 2007).  In these areas, stabilization of the sediments is low due to the 

smaller size of the seagrass and higher rate of disturbances (McKenzie 2007).  These faster 

growing small species can colonize disturbed sediments more quickly and high rates of 

disturbance prevent succession by large species which occur in areas where more stable 

hydrodynamic regimes allow long term sediment accumulation (McKenzie 2007).  In Hawaii, 

which lacks larger species, the small Halophila species may constitute a climax community and 

occur in both disturbed as well as stable sediments where seagrasses are supported. 

 This chapter describes the basic structure provided by Hawaiian seagrasses in the form of 

leaf density and leaf and rhizome biomass and explores the effects of the plants on sediment 

characteristics.  Sediment grain size and organic material will be examined to attempt to describe 

Hawaiian seagrass habitat as well as to set the stage for looking at seagrass and sediment effects 

on the invertebrate communities within the seagrass beds (Chapter 3).  Plant and sediment 

parameters will be compared between the two Halophila species and to those of nearby bare 

sediments.  The following hypotheses were tested to examine these characteristics based on 

trends reported for other seagrass species: 

1. Seagrass leaf density, leaf biomass, and rhizome biomass will be similar between H. 

hawaiiana and H. decipiens. 
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2. Reduced mean sediment sizes within seagrass beds, or shifts in the sediment 

composition favoring smaller grain sizes, will indicate sediment alteration by H. 

hawaiiana and H. decipiens compared to surrounding bare sediment. 

3. Both H. hawaiiana and H. decipiens will accumulate higher levels of organic matter 

within their sediments compared to surrounding bare sediment. 

4. Sediment grain size and organic material will be related to the amount of seagrass 

present in the area sampled. 

 

Methods 

 Eight locations were chosen around the island of Oahu, Hawaii, to sample both Halophila 

hawaiiana and H. decipiens (see Ch. 1 for detailed site descriptions).  These sites were chosen in 

order to represent some of the variability inherent in Hawaiian seagrass habitats.  Co-occurrence 

of seagrass species at a site is optimal for direct comparisons but both species occur in close 

proximity at only two known locations: the Sampan Channel Kaneohe Bay and in front of the 

Kahala Mandarin Hotel. At the Sampan Channel a buffer of bare sediment and a slight depth 

gradient separate the two species spatially.  At the Kahala Mandarin the presence of H. 

hawaiiana has been reduced to small isolated patches on the eastern end of the lagoon, so the 

conditions may not be characteristic of the species.  These factors reduce the conclusions that can 

be drawn by direct comparisons within these sites, so a more comprehensive sampling strategy 

was employed to include locations where only one or the other of the seagrass species grows. 

In Maunalua Bay where intermittent beds of H. hawaiiana are dispersed throughout the 

sandy patches of the shallow spur-and-groove reef flat, a handheld GPS unit was used to map the 

locations of more than twenty beds greater than 5m in diameter in the eastern bay and the 

locations of beds within the western bay were obtained from the Nature Conservancy (Unabia, 



! 34!

personal communication).  Two zones were partitioned; one from the eastern and one from the 

western bay, beds were numbered and one from each zone was selected using a random number 

generator and sampled on June 18, 2010.  A third zone was created between these within the 

Nature Conservancy algae removal zone and a bed was sampled on August 20, 2010 using the 

same procedure.  These cores were taken to compare seagrass invertebrate communities outside 

of and within the research area of the Nature Conservancy, so no bare sediment cores were 

collected at this site.  At the Kaneohe Bay, Wailupe Beach Park and Waikiki sites there were 

larger continuous beds.  The extent of each seagrass zone was determined and sites were chosen 

at random distances in meters along the shore and at random distances in meters from the shore.  

At the Sandbar the site was chosen at a random distance from the sandbar edge.  Kaneohe Bay 

sites were sampled on June 25, 2010 and Waikiki and Wailupe were sampled on July 23, 2010.  

Data for seagrass leaf density from core samples that had previously been collected in the same 

manner as at the Waikiki and Wailupe sites for both species of seagrass at the Kahala Mandarin 

on May 22, 2009 were included here and data on invertebrates found within these cores is 

reported in Chapter 3, but sediments within the core samples were not examined. 

Five core samples were taken per seagrass species per site as well as five in bare substrate 

nearby.  Cores 5cm in diameter were taken to a depth of 5cm in the sediment from a random 

location within a 1m2 quadrat at every meter along a 5m transect within seagrass beds.  Transects 

were used to ensure inclusion of multiple shoot densities within these small and irregular 

seagrass beds.  The bare substrate samples were taken from similar transects parallel to the 

seagrass transect but 5m from the edge of the seagrass bed.  Two cores from the bare sediment of 

the Sandbar and two cores from both the bare sediment and H. hawaiiana samples of the Sampan 

Channel were drastically underweight compared to other samples and were omitted due to 

presumed sediment loss during collection.   
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In the H. decipiens bed of the Sampan Channel a transect was not used due to depth and 

visibility issues.  Samples were instead collected at a random direction and haphazardly within 

5m of the boat.  The H. hawaiiana and bare sediment cores at this site were at shallower depths 

similar to conditions at all of the other sites sampled in this study, and thus did not suffer from 

these issues.  Despite the presence of two seagrasses at this site, only a single bare sediment 

location was sampled in the slope zone between the two species.  Although this zone differs 

slightly from the location of either seagrass, this seemed to be the best strategy because a lack of 

bare sediment within the patches of H. decipiens prevented collection there.   

 Sediment cores were preserved in 10% formalin neutral buffered with monohydrate 

sodium dihydrogen phosphate and anhydrous disodium hydrogen phosphate.  After rinsing, 

seagrass leaves were counted and the leaves and rhizomes were dried in a 60ºC oven to a 

constant weight (24 hrs) and weighed on a microbalance.  Leaf density and leaf biomass were 

collected for both seagrass species to assess the structure available to settle and trap sediment 

particles and whether this leaf structure affects sedimentation.  Rhizome biomass was also 

collected to understand and compare the sediment stabilizing potential of each species, and to 

evaluate any relationships between sediment size and rhizome growth. 

All sediment from the cores was separated through 4, 0.5, 0.3, 0.125, and 0.063mm 

sieves.  All sediment retained on the sieves 0.3mm and larger was examined under the dissecting 

microscope and all seagrass material and invertebrates were separated and stored in 70% ethanol.  

All the processed sediments were then dried to a constant weight (2-3 days) and weighed.  Each 

size class was then homogenized and subsampled for 2-2.5g of sediment that was combusted at 

550ºC for 6 hours per the methods recommended by Luczak (1997).  The combusted sediments 

were weighed and the weight loss on ignition (LOI) was recorded and used as a proxy for 

percent organic material. 
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 The sediment particle size classes were converted into phi values based on a modified 

Udden-Wentworth scale (Udden 1914). The phi scale is a standard scale and allows easy 

comparison to other studies.  The primary value used is the phi mean, which gives a single value 

to represent sediment size for each sample, but sorting, skewness, and kurtosis are also useful.  

The sorting value describes the spread of values around the mean with lower numbers indicating 

more uniform grain size.  Skewness describes the offset of the spread either to larger (negative 

values) or smaller (positive values) grain sizes.  Kurtosis describes the influence of extreme 

values, with high kurtosis (leptokurtic) indicating heavy influence of infrequent outliers on the 

spread and low kurtosis (platykurtic) indicating a spread influenced by frequent small variations.  

These values offer a more precise definition of sediment texture beyond the mean and may allow 

a finer examination of sediment differences between samples. 

 Two more sediment size classes, 1 and 2mm, were subsequently separated and weighed 

from the 0.5mm size class to increase the resolution and accuracy of the Phi scale.  The program 

GRADISTAT was used to calculate percent sand/gravel/mud, mean phi values, and phi sorting, 

skewness, and kurtosis (Blott & Pye 2001).  The Folk and Ward (1957) method was used to 

calculate these parameters due to its resistance to effects of missing size classes.   

In order to assess the hypotheses, ANOVA with Fisher’s LSD post hoc comparisons were 

used to examine differences in sediment characteristic between the three sediment types and two-

sample t-tests were used for comparisons between the two seagrass species.  Individual site 

comparisons between bare sediment and seagrasses were made using Mann-Whitney U-tests due 

to the resistance of these tests to outliers that were still present at some sites after natural log 

transformations.  Significance of all tests employing multiple comparisons were corrected for 

alpha-error using the Holm’s (1979) modified Bonfferoni method.  Pearson’s Correlations were 

to test associations between sediment and seagrass variables. 
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Complex effects of waves, terrestrial runoff, and depth variations were possible 

complications to the use of ANOVA and Pearson’s Correlations in comparing differences 

between variables for seagrasses or bare substrates across sites.  To rule out the possible 

influence of confounding variables on the primary data, patterns related to time of sampling, 

spatial and temporal influences of freshwater stream discharge, and large wave events during the 

sampling period were examined using the bare sediment cores as controls.  Distance to the 

nearest stream mouth was determined for each site using satellite imagery, and days since the last 

discharge event was recorded for each site using data from the United States Geological Survey 

(2011, see Ch. 1 for data visualization).  Time in days since wave events for the windward and 

leeward coasts was obtained from the Scripps Coastal Data Information Program (2011, see Ch. 

1 for data visualization).  Pearson’s Correlations were used to determine if differences in 

sampling date, distance to the nearest runoff source, days since the last runoff event showed 

relationships with mean sediment grain phi size or percent organic material in the bare 

sediments.  Mann-Whitney U-tests were used to determine if there was a difference between 

sediment size and organic content between Windward or Leeward sites.  Pearson’s Correlations 

were also used to determine if there was a relationship between sampling date and leaf count of 

each seagrass species that could indicate changes in seasonal growth patterns. 

 

Results 

Seagrass Description.   

Across all sites, the leaf density of Halophila hawaiiana averaged 11918±1168 leaves/m2 

(Fig. 1) with a wide range from 1528 leaves/m2 to 21390 leaves/m2.  H. decipiens had a greater 

apparent overall density averaging 15500±1445 leaves/m2 with a similar but slightly higher 

range from 6112 to 27502 leaves/m2.   This difference was not significant across all sites (t-test, 
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N=28, 20, p=0.061), however H. hawaiiana grew at significantly lower leaf densities at both the 

Sampan Channel (Mann-Whitney U, N=8, p=0.014) and Kahala (Mann-Whitney U, N=10, 

p=0.001) sites where both occur.    Leaf density was also low for H. hawaiiana at Maunalua 

Sample 2 while H. decipiens was extremely dense at the Sampan Channel site.   

Leaf biomass also appeared to be slightly lower in H. hawaiiana than H. decipiens but 

the difference was not significant across all sites (t-test, N=23, 15, p=0.597, Fig. 2) or at the 

Sampan Channel site where both occurred (Mann-Whitney U, N=8, p=0.679, biomass data was 

not available for Kahala).  On the other hand, rhizome biomass was much greater in H. 

hawaiiana than H. decipiens (t-test, N=23, 15, p=0.002, p=0.024, Fig. 2) making the overall 

biomass of H. hawaiiana greater per unit area than H. decipiens.  H. hawaiiana rhizome biomass 

was never lower than leaf biomass.  Rhizome biomass was lower than leaf biomass in H. 

decipiens from the Sampan Channel, but higher than leaf biomass in both Waikiki and Wailupe 

samples (Fig. 2).  As expected the leaf biomass of both species increased as leaf density 

increased (Table 1, Fig. 3).  Total biomass was also correlated with leaf biomass and the rhizome 

biomass of H. hawaiiana increased both as leaf density and total biomass increased.  However, 

the rhizome biomass of H. decipiens increased with total biomass but was not related to changes 

in leaf biomass (Table 1).  This indicates rhizome biomass in H. decipiens appears to be 

independent of leaf production and possibly affected by environmental factors other than those 

influencing overall growth of this species.  Because of varying sampling dates, possible seasonal 

differences in seagrass growth needed to be taken into account. Neither the leaf counts of H. 

hawaiiana nor H. decipiens were correlated with the collection date (Fig. 4). 
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Sediments  

 Evaluation of sediments beneath seagrasses and nearby bare areas showed mean grain 

size (phi values) at all sites and among all substrate groups lying within sand as defined by Blott 

& Pye (2001, Table 2).  Different patterns in sediment characteristics, calculated from the 

relative weights of various size classes, reveal site and substrate differences not only in sediment 

mean grain size (phi, note that a larger phi corresponds to smaller mean grain size), the spread of 

sediment sizes around this mean (sorting), the trend of this spread towards larger or smaller grain 

sizes (skewness), and concentration near the mean and effects of extreme sediment sizes 

(kurtosis) allow finer characterization of the seagrass habitat and exploration of the effects of 

Hawaiian seagrasses on their sediments (Table 2).  Gravelly sand was the most common 

substrate description (Table 3, Fig. 5), but the Sampan Channel sediments contained less gravel 

than at all other sites, almost entirely sand with sediments tending to be finer under H. decipiens 

(Fig. 6).  .  Sediments were generally poorly sorted with a tight spread around a sandy size class 

value and only small amounts of gravel or mud.  Only the Wailupe Beach Park sediments and the 

sediments under H. decipiens at the Sampan Channel were moderately sorted with larger 

amounts of gravel and mud.  Sediments tended to have a symmetrical spread around the mean or 

skewness towards gravel with only the H. decipiens sediments of the Sampan Channel and the 

bare sediments of the Sandbar skewing towards mud.  Overall, sediments were clustered near the 

mean with small influence from very large or vary small sediment components (platykurtic).  

The bare sediment of the Sandbar and H. decipiens sediment of Waikiki were both more 

normally distributed (mesokurtic) while the H. hawaiiana sediments at the Sampan Channel and 

bare sediments at the Sampan Channel and Wailupe Beach Park had the majority of sediment 

particles very near the mean with the rest spread more towards very large gravel. 
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Sediment grain size was smaller overall in H. decipiens cores than either H. hawaiiana or 

bare sediments (Table 4).  Site to site, sediment size was smaller in H. decipiens than bare 

sediment at Waikiki and Wailupe and smaller than both H. hawaiiana and bare sediment at the 

Sampan Channel (Fig. 7).  At Wailupe, both H. decipiens and bare samples had very small mean 

grain size.  There was no difference between the overall average size of sediments beneath o H. 

hawaiiana and bare sediments (Table 4), however H. hawaiiana sediments were smaller than at 

the Sandbar and Maunalua Bay 1, and bare sediment was never larger than seagrass sediment at 

the same site (Fig. 7).  Significant correlations were shown between collection date (Fig. 8), 

distance from runoff sources (Fig. 9), and time since the last runoff event (Fig. 10).  However, all 

of these differences can be attributed to the extremely small sediments of Wailupe Beach Park.  

When this site is removed from the analysis, there is no relationship between sediment size and 

any of these variables.  However, removal of this site would also make overall differences 

between H. decipiens and either H. hawaiiana or bare sediment no longer significant even 

though the trend is clear at the two other sites where H. decipiens was sampled (ANOVA, 

p=0.075).  Variation in sediment size distribution was also apparent at several sites.  At the 

Sandbar the sediments of H. hawaiiana were particularly skewed towards gravel compared to 

local bare sediment (Table 5).  The bare sediment of the third Maunalua Bay site was more 

normally distributed than the sediment of H. hawaiiana at that site but both sediments were still 

platykurtic (Table 5).   

Percent organic material was higher overall in sediments from H. decipiens beds than 

than from either H. hawaiiana or bare sediment samples (Table 4).  As with sediment size, this 

was only an across site trend as although H. decipiens sediment had higher organic content than 

local bare sediment at all three sites, this difference was only significant at Wailupe Beach Park 

(Table 5, Fig. 11), where organic content was extremely high even in the bare sediments.  
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Sampling date (Fig. 8), distance to runoff sources (Fig. 9), and time since runoff events (Fig. 10) 

were also correlated with sediment organic content until Wailupe Beach Park is removed after 

which there were no significant correlations with these possibly confounding variables.  There 

was no significant difference in overall sediment organics between H. hawaiiana and bare 

sediment (Table 4), but at the first Maunalua Bay site H. hawaiiana sediment contained more 

organic material than local bare sediment (Table 5). 

Wailupe Beach Park is located near a stream mouth and had experienced a runoff event 

10 days prior to sampling (Ch. 1) which could account for the high local sediment organic 

content seen in comparison to other sites (Fig. 11).  The fine sediments and high organic content 

of the seagrass bed as well as the local bare sediment may have been effects of the particle 

settling and trapping capability of the seagrass.  However, the seagrass was not covered at the 

time of collection, and leaf count was almost identical between Wailupe, Waikiki, and Kahala of 

the previous year (Fig 1).  If a strong runoff event had influenced sediment characteristics, it did 

not seem to affect H. decipiens by the time it was collected suggesting that ting H. decipiens is 

tolerant of these conditions. 

 

Relationship between seagrasses and sediments.   

 Exploration of associations between seagrass and sediment characteristics using 

Pearson’s correlations suggested several possible interactions (Tables 6 and 7).  Higher leaf 

density in H. hawaiiana was significantly associated with more uniform sediment grain sizes 

(Table 7).  The frequency of grain size outliers decreased with increasing leaf biomass for this 

seagrass, but outliers tended to be more extreme, and increasing rhizome and total seagrass 

biomass were associated with sediments skewed towards larger grain sizes.  Sediments under H. 

hawaiiana with larger mean grain size tended to be less uniform, skewed towards smaller sizes, 
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and had more frequent but less extreme outliers.  No relationships were observed between 

organic material in H. hawaiiana beds and seagrass or sediment variables. 

H. decipiens samples revealed different relationships between seagrass and sediment 

variables.  Increased leaf density and biomass were associated with sediments skewed towards 

smaller sizes and there was less organic material in patches of greater leaf density.  Increases in 

rhizome and total biomass were associated with less uniform sediment sizes and higher rhizome 

biomass was also associated with larger, less organically rich sediments.  Like those found 

beneath H. hawaiiana, larger sediments under H. decipiens were less uniform in size but also 

contained less organic material. 

Organic content was lower in bare sediments with larger mean grain size. These larger-

grained sediments were also less uniform in size, being skewed towards smaller sizes, but had 

more frequent but less extreme size outliers (Table 6, Fig. 12).  This trend was heavily 

influenced by Wailupe Beach Park which had both some of the smallest sediments and the most 

organic material of any site.  Bare sediments with higher organic material were more uniform in 

size but, though mean grain sizes were small, they were skewed towards larger sizes.  In H. 

hawaiiana the organic content of the sediment was not correlated with sediment size.  Sediments 

were also more poorly sorted under H. decipiens and in bare sediments with higher percent 

organics (Table 5).  This poor sorting was not seen in H. hawaiiana, however sediments beneath 

H. hawaiiana never fell in the smallest sediment classes observed (Fig. 12).  Smaller, more 

organically rich bare sediments also were more coarsely skewed as the mean size shifted smaller 

with some remaining gravel (Table 5).  This effect was not seen in sediments beneath either 

seagrass. 

 



! 43!

Discussion 

This study revealed distinct differences in growth characteristics between the two 

seagrasses and in sediment characteristics within their beds, as well as differences between 

seagrass sediments and adjacent bare sediments.  Halophila hawaiiana appeared to have a lower 

leaf density than H. decipiens.  Although across all sites this difference was not significant, at 

both sites where the seagrasses occurred together leaf density of H. hawaiiana was significantly 

lower.  However, H. hawaiiana had higher total biomass due almost exclusively to its larger 

rhizome biomass, as there was no significant difference between leaf biomass of the two species.  

This biomass difference indicates that H. hawaiiana has a more robust rhizome system and more 

massive leaves.  The hypothesis that leaf density, leaf biomass, and rhizome biomass would be 

similar between the two seagrass species was rejected as each seagrass displayed distinct 

differences in growth patterns and size. 

Sediment size tended to be smaller within beds of both seagrass species compared to 

surrounding bare sediment.  H. decipiens sediments were smaller than bare sediment overall 

while decreases in sediment size within H. hawaiiana beds was seen at three sites.  Even though 

samples from Wailupe Beach Park exerted a large influence on sediment size trends in H. 

decipiens overall, H. decipiens beds at both Waikiki and the Sandbar had smaller sediments than 

bare sediments and were also smaller-grained than sediments beneath H. hawaiiana.  As no bare 

sediments had significantly larger sizes than seagrasses it can be concluded that Hawaiian 

seagrasses decrease sediment size at least under certain circumstances.  The hypothesis that 

Hawaiian seagrasses reduce sediment size can therefore be accepted for both species.  Reduction 

in sediment size could also affect sediment size distribution resulting in decreasing sorting, 

skewed to smaller or larger size classes, or exhibit changes in the importance of these extreme 
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size classes through changes in kurtosis.  However, few consistent trends of these major 

characteristics were observed.   

There was no overall difference in organic material between sediments from H. 

hawaiiana and bare sediments. Although H. decipiens beds had an overall higher organic content 

than bare sediment, only Wailupe Beach Park showed significance in a site-specific comparison.  

Because each species showed increased organic content from bare sediment at only a single site, 

support for the hypothesis that Hawaiian seagrasses show accumulated organic material was not 

strong.   More sampling is needed to investigate this further as microbial activity associated with 

seagrass beds may play a more significant role in organic material distribution than considered 

here.  

Differences in leaf density and plant biomass for both species were associated with 

particular distributions of sediment characteristics.  Denser patches of H. hawaiiana with more 

biomass tended to occur in more uniform sediments skewed towards larger grain sizes.  Denser 

patches of H. decipiens had sediments skewed towards smaller sizes with higher biomasses 

observed in less uniform sediments.  H. decipiens rhizome biomass also increased in larger 

sediments less rich in organic material while leaf biomass was increased only in sediments with 

less organic material. 

  Increased rhizome biomass is an adaptation seen in other seagrass species that colonize 

course sediments (Fonseca & Bell 1998).  However, the biomass of the rhizomes of H. decipiens 

increased with an increase in grain size while the rhizomes of H. hawaiiana did not (Table 5).  

Within a species, rhizome growth will often increase in response to sediment stresses due to 

larger grain sizes (Fonseca & Bell 1998) which could indicate physical stressors which are 

affecting H. decipiens colonized sites more than H. hawaiiana sites. Changes in rhizome biomass 

could indicate that H. decipiens rhizomes are more adaptive to local sediment and physical 
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characteristics or that it dedicates more energy into rhizome growth in larger sediments.  The 

hypothesis that sediment size is related to Hawaiian seagrass density and biomass is accepted 

with H. hawaiiana appearing to grow better in larger sediments and H. decipiens increasing 

rhizome biomass as sediment size increases. 

However, the full range of sediment sizes either seagrass can tolerate is still unknown and 

the larger rhizome biomass observed for H. hawaiiana in more coarsely skewed sediments might 

indicate a similar response to sediment size as that of H. decipiens.  Other factors such as depth 

and collection time were also variable and could have effects on seagrass biomass.  H. hawaiiana 

did not seem to be affected by depth at the range observed as biomass was similar at the Sampan 

Channel, the deepest at which H. hawaiiana was sampled, compared to Sandbar and Maunalua 

Bay 3 (Fig. 2) which were very shallow and at both sites where H. hawaiiana survives regular 

subaerial exposure (personal observation).  H. decipiens was never found shallow enough to 

receive tidal exposure, and the higher biomass of H. decipiens at the Sampan Channel may 

indicate better growth at depth. 

Although the location where H. decipiens and the observed bare sediments occurred in 

the Sampan Channel are deeper than other sites and its hydrodynamic regime likely promotes 

fine particle settling, the sites where H. decipiens grows at Waikiki and Wailupe also showed 

small grain sizes (Fig. 6).  These sites are at similar depths and likely have similar hydrodynamic 

conditions to other leeward sites.  Distance from shore was another factor that varied among 

sites, but results from H. hawaiiana sediments showed that the size of sediment at the Sandbar 

was very similar to sediment sizes of the Maunalua Bay sites (Fig. 7), suggesting that distance 

from shore is not a primary determining factor.  For both seagrass species, sediments of the 

windward and leeward shores were observed to be very similar. 
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H. decipiens appears to be capable of surviving in areas where sediment organic content 

is particularly high.  Most seagrasses and submerged vegetation grow in sediment with an 

organic content below 5% (Barko & Smart 1983, Koch 2001).  Seagrasses in Hawaii seem to 

adhere to this pattern with the exception of H. decipiens at two sites.  In the Sampan Channel the 

organic content was slightly over 5% while at Wailupe Beach Park the organic content averaged 

over 12%.  Although this is a high value for seagrass, similar values have been reported for 

Zostera marina (Short et al. 1993, Koch 2001).  The sediment organic content was also not 

consistently higher than bare sediment, with only Maunalua Bay 1 and Wailupe Beach Park 

showing elevated organics in seagrass sediments.  In Hawaiian seagrasses sediment organic 

material is likely a property of the location and only mildly affected by the presence of seagrass.  

Elevated sulfides and anoxia associated with high levels of organic decomposition inhibit 

seagrass growth and photosynthetic rates (Goodman et al. 1995, Holmer & Bondgaard 2001) and 

high organic material can inhibit nutrient uptake (Barko & Smart 1986).  Oxygen provided by 

seagrass roots (Koch 2001) may assist in oxidizing these organics.  It is possible that H. 

decipiens may be capable of tolerating these adverse sediment conditions better than H. 

hawaiiana, another topic for further research. 

Although Hawaiian seagrasses do not always reduce sediment grain size from that of 

surrounding bare sediment, seagrass sediment size was smaller at several sites compared to bare 

sediment.  Two of these sites, the Sandbar and Maunalua Bay 1, were habitats for H. hawaiiana 

while the other two, the Sampan Channel and Waikiki, were inhabited by H. decipiens.  

Although H. hawaiiana appears to have a larger rhizome biomass than H. decipiens, the smaller 

sediments beneath the latter seagrass suggest that it may play a larger role in altering sediment 

characteristics.  However, the smaller average sediment size under H. decipiens could be a 

combination of the flow velocity reduction created by the slightly higher number of seagrass 
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blades (Fonseca 1989) and the retention ability of the rhizome mat.  However, the differences 

observed in H. decipiens may also be a factor of the preferred growth habitat.  In Hawaii, this 

species appears to prefer highly disturbed dredged sediments or low lying channels where 

reduction in current velocity due to landscape features could influence the rate ofsmall particle 

collection.  The sediment size under H. decipiens was not always significantly smaller than 

surrounding bare sediment nor was the difference more pronounced than between H. hawaiiana 

and surrounding sediment when considered site-to-site.  If H. decipiens does alter sediment more 

than H. hawaiiana, it was not apparent in this study.   

Casares & Creed (2008) found no difference between sediment characteristics of H. 

decipiens and surrounding bare sediment.  The average sediment grain size at their site was 

roughly twice as large than the average grain size in Hawaii, possibly affecting the growth 

potential of H. decipiens as the average leaf density of H. decipiens in Hawaii was an order of 

magnitude greater than the density in Brazil (Casares & Creed 2008). This large difference in 

growth patterns might suggest that smaller sediment grain size is more suitable for this species.  

Larger sediment size may give H. hawaiiana a competitive advantage over H. decipiens 

in areas less affected by human activities such as dredging and sedimentation from changes in 

land use. Course sediments can obstruct the elongation of seagrasses, especially those with 

fragile rhizomes, inhibiting growth (Koch 2001).  If this is the case, the less robust rhizomes of 

H. decipiens may have a more difficult time elongating in course sediments.   

Sediment phi size was negatively correlated with H. decipiens rhizome biomass so that as 

the sediment size increased, the amount and/or size of the plant rhizomes also increased.  

However, the amount of leaves did not increase with the increasing weight of rhizomes, 

suggesting thating at larger grain sizes H. decipiens appears to invest more energy into rhizome 

formation. In contrast, H. hawaiiana, did not show the same pattern of rhizome increase and leaf 
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count decrease relative to rhizome biomass.  Differences in rhizome growth patterns could be an 

indication of the adaptive ability of H. decipiens to varying sediment grain sizes but may also 

indicate that H. decipiens must invest more energy into rhizome formation in suboptimal 

conditions than H. hawaiiana.  More comprehensive surveys must be conducted to determine if 

H. hawaiiana occurs in smaller sediments, H. decipiens occurs in larger sediments, and the 

increased rhizome biomass associated with coarsely skewed sediments in H. hawaiiana show the 

same degree of rhizome adaptability.  

Each Hawaiian seagrass species displays its own particular growth characteristics and 

sediment preferences.  The growth of H. hawaiiana in course sediments with a robust rhizome 

system may be an adaptation of this species to Hawaiian near-shore habitats that lack large river 

systems capable of depositing higher amounts of fine, organic rich sediments.  H. decipiens 

appears to grow mainly in finer sediments than H. hawaiiana, although morphological variations 

of H. decipiens on a global scale are not well understood, and the growth of H. decipiens  in 

courser sediments (Casares & Creed 2008) could that indicate other environmental factors or 

genetic variability determine sediment preference.  McDermid et al. (2003) reported high 

variability in the morphology of H. hawaiiana as well,  so there may be growth patterns of both 

species in Hawaii that allow adaptation to different habitat conditions. . 

If this study is representative of Hawaiian seagrass growth patterns, partitioning of 

habitats between the two species of seagrass in Hawaii may be occurring.  Partitioning would 

lessen the threat of competitive exclusion by H. decipiens as suggested by Eldridge & Smith 

(2001) and Unabia (2011).  A more significant threat would be the alteration of nearshore habitat 

by human activities such as beach modification, sedimentation from runoff, and dredging.  

Human alteration would explain the occurrence of H. decipiens at the modified Waikiki Beach 

and Wailupe Beach Park as well as the dredged Sampan Channel.  At all these locations H. 
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decipiens may simply be occupying sites that are no longer or never were prime habitat for H. 

hawaiiana.  However, the occurrence of H. decipiens in the course sediments of Brazil (Casares 

& Creed 2008) and the adaptability of its rhizomes in Hawaii may allow it to occupy courser 

sediments currently occupied by H. hawaiiana in the future.   

More research is needed to further explore the habitat differences of these seagrass 

species in Hawaii and to document the full range of habitat types colonized by each species.  

Even if H. decipiens is not a direct competitor with H. hawaiiana, increases in its distribution 

could be a symptom of drastic alteration of nearshore habitats essential for the survival of H. 

hawaiiana.  As an endemic species to Hawaii, it has by definition a very small geographic range 

whereeven small habitat loss could have severe consequences for both the seagrass and any 

organisms that rely upon it for food or habitat.   
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Tables 

Table 1.  Pearson’s correlations between seagrass leaf density, leaf biomass, rhizome biomass, 
and total biomass for H. hawaiiana (Hh) and H. decipiens (Hd) across all sites.  Significant 
correlations are in bold.  Variables marked with an asterisk were natural log transformed. 
 

    Leaf Biomass Rhizome Biomass* Total Biomass* 
    Hh Hd Hh Hd Hh Hd 
           

Pearson's .749 .766 .615 0.058 .701 .556 Leaf 
Density Sig. (2-tailed) <0.001 0.001 0.002 0.837 <0.001 0.031 

           
Pearson's    .524 0.114 .695 .740 Leaf 

Biomass* Sig. (2-tailed)    0.01 0.685 <0.001 0.002 
           

Pearson's       .969 .744 Rhizome 
Biomass* Sig. (2-tailed)       <0.001 0.001 
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Table 2.  Sedim
ent size (phi, φ) m

eans w
ith standard error (H

h – H
alophila haw

aiiana; H
d – H

. decipiens; b – bare sedim
ent). M

ean 
indicates average grain size, sorting describes the spread around the average w

ith sm
aller values having low

er spread, skew
ness 

indicates preferential spread to one side of the average w
ith negative values having a skew

 tow
ards sm

aller sizes, and kurtosis 
indicates w

hether the spread is norm
al (m

esokurtic, 0.9-1.11), has abnorm
ally frequent sm

all variations, (platykurtic, <0.9) or 
infrequent large variations in sedim

ent (leptokurtic, >1.11). 
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Table 3.  Sedim
ent descriptions of values seen in Table 2 by site and substrate based on B
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Table 4.  Results of ANOVA comparing Halophila hawaiiana (Hh), H. decipiens (Hd) and bare 
sediment (b) for each sediment environmental variable across all sites around Oahu.  Bold values 
indicate significance (p>0.05).  Bold values of Fisher’s LSD post-hoc comparisons were 
evaluated for multiple comparison alpha-error using the Holm (1979) procedure.  Variables 
marked with an asterisk were natural log transformed. 
 
       

Environmental Variable df MS F p Fisher's LSD (p) 

       
Hh vs. Hd 0.001 
Hh vs. b 0.382 % Organic* 2 1.00 6.48 0.003 
Hd vs. b 0.007 

       
Hh vs. Hd <0.001 
Hh vs. b 0.601 Φ Mean* 2 2.75 13.41 <0.001 
Hd vs. b <0.001 

       
Hh vs. Hd 0.142 
Hh vs. b 0.691 Φ Sorting 2 0.34 2.25 0.114 
Hd vs. b 0.247 

       
Hh vs. Hd 0.052 
Hh vs. b 0.821 Φ Skewness 2 0.82 1.15 0.322 
Hd vs. b 0.073 

       
Hh vs. Hd 0.413 
Hh vs. b 0.983 Φ Kurtosis* 2 0.42 0.42 0.659 
Hd vs. b 0.413 
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Table 5.  Results of Mann-Whitney U-test comparisons of sediment variables by site between 
Halophila hawaiiana (Hh) or H. decipiens (Hd) and bare sediment (b) and between the two 
seagrass species at the Sampan Channel (Sp).  Blackened values showed no significance 
(p>0.05) and grey values showed no significance when subjected to a multiple-comparison 
Holm-Bonferroni (1979) procedure.  Variables marked with an asterisk were natural log 
transformed.  Environmental data was not collected at Kahala. 
 

Comparison Organic* Mean* Sorting Skewness Kurtosis* 

       
Hh vs. b 0.827 1.000 0.658 0.376 0.376 Sp 
Hd vs. b 0.453 0.008 0.024 0.024 0.024 

Sb Hh vs. b 0.053 0.035 0.053 0.025 0.881 
M1 Hh vs. b 0.047 0.016 0.465 0.917 0.456 
M3 Hh vs. b 0.917 0.833 0.754 0.347 0.028 
Wk Hd vs. b 0.295 0.045 0.251 0.917 0.602 
Wa Hd vs. b 0.009 0.339 0.117 0.076 0.251 

       
Sp Hh vs. Hd 0.093 0.008 0.024 0.024 0.24 
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Table 6.  Pearson’s correlations betw
een seagrass variables and sedim

ent variables for H
. haw
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Table 7. D
escriptions of significant correlations observed in Table 6. 
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Figures 
 

 

Figure 1.  Mean leaf density by site for Halophila hawaiiana (Hh) and H. decipiens (Hd).  Error 
bars represent standard error. 
 

 

Figure 2.  Leaf biomass (black bars) and rhizome biomass (grey bars) means by site for H. 
hawaiiana (Hh) and H. decipiens (Hd).  Error bars represent standard error. 
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Figure 3.  Seagrass leaf density compared to leaf biomass.  Halophila hawaiiana cores are black, 
H. decipiens cores are grey.  Results of Pearson’s correlations and trend lines for each species are 
also displayed. 
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Figure 4.  Leaf densities of Halophila hawaiiana (top) and H. decipiens (bottom) cores by the 
collection date.  R2, p values, and trend lines indicate results of Pearson’s correlations. 
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Figure 5.  Gravel, sand, and mud composition of individual cores based on the sediment 
descriptions of Blott & Pye (2001).  Halophila hawaiiana cores are black, H. decipiens cores are 
grey, and bare sediment cores are white. 
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Figure 6.  Percent sediment distribution across sediment types by site.  Halophila hawaiiana 
sediments are solid lines, H. decipiens sediments are dashed lines, and bare sediments are dotted 
lines.  Because no bare sediment was collected at Maunalua Bay 2, this site is represented with 
Maunalua Bay 1 as a grey line. 
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Figure 7.  Sediment mean phi size calculated for Halophila hawaiiana (black circles), 
H.decipiens (black squres), and bare sediment (white circles) at each site using the program 
GRADISTAT (Blott & Pye 2001).  No bare sediment cores were collected at Maunalua Bay 2.  
Error bars represent standard error.  Sites marked with an asterisk showed significant differences 
(p≤0.05, see Table 5). 
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Figure 8.  Scatterplot of mean sediment size and mean sediment percent organic material for bare 
sediment cores by collection date.  Both sediment variables were natural log transformed.  Error 
bars represent standard error.  R2, p values, and trend lines indicate results of Pearson’s 
correlations.  *The second set of R2 and p values indicate the change in significance with the 
Wailupe data omitted. 
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Figure 9.  Scatterplot of mean sediment size and mean sediment percent organic material for bare 
sediment cores by distance from the nearest freshwater runoff source.  Both sediment variables 
were natural log transformed.  Error bars represent standard error.  R2, p values, and trend lines 
indicate results of Pearson’s correlations.  *The second set of R2 and p values indicate the change 
in significance with the Wailupe data omitted. 
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Figure 10.  Scatterplot of mean sediment size and mean sediment percent organic material for 
bare sediment cores by days since the last peak in stream runoff.  Both sediment variables were 
natural log transformed.  Error bars represent standard error.  R2, p values, and trend lines 
indicate results of Pearson’s correlations.  *The second set of R2 and p values indicate the change 
in significance with the Wailupe data omitted. 
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Figure 11.  Percent organic material in sediments calculated as percent weight lost on ignition for 
Halophila hawaiiana (black circles), H. decipiens (black squares), and bare sediment (white 
circles) means for each site.  No bare sediment cores were collected at Maunalua Bay 2.  Error 
bars represent standard error.  Sites marked with an asterisk showed significant differences 
(p≤0.05, see Table 5).  Organic material data was not collected at Kahala. 
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Figure 12.  Scatter plot of sediment cores comparing sediment grain size (low phi values = larger 
sediments) to the natural log of percent organic content.  Halophila hawaiiana cores are black, 
H. decipiens cores are grey, and bare sediment cores are white.  R2, p values, and trend lines 
indicate results of Pearson’s correlations.  The area between the vertical dashed lines indicates 
the zone of overlap in sediment sizes for the two seagrass species.  *The second set of R2 and p 
values indicate the change in significance with the Wailupe data omitted. 
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Chapter 3:  Hawaiian Seagrass Invertebrate Communities 

Abstract 

Like their counterparts in other areas, Hawaiian seagrasses are engineering species that 

alter the marine benthic environment, create habitat, and a source of biomass for a variety of 

marine organisms.  The objective of this study was to characterize the Hawaiian seagrass 

infaunal invertebrate community and determine if the presence of these seagrasses affect the 

abundance, diversity, richness, or species composition of associated invertebrates by comparing 

invertebrates within core samples beneath seagrass to samples from nearby bare habitat.  The 

seagrass species co-occurred at only two of eight sites sampled.  A total of 66 taxa from 9 phyla 

were with arthropods dominating most sediments followed by annelids.  Neither seagrass species 

showed increased overall invertebrate abundance compared to surrounding bare sediment across 

all sites and there was no consistent trend within individual sites.  Rarefaction revealed, however, 

that richness was higher for both seagrass species at all sites where seagrasses were compared to 

bare sediment and seagrass communities tended to have higher evenness.  Seven taxa were found 

exclusively in H. hawaiiana, six in H. decipiens, six exclusively in seagrass of either species, 

while only a single taxa was found only in bare sediment.  H. hawaiiana also increased the 

abundance of five species at all locations where these species occurred, while nine species found 

beneath H. decipiens showed this trend.  Multivariate analysis revealed a strong influence of 

sediment size as well as relationships between sites based on geographic proximity.  The 

presence of seagrasses appears to support a more even community and often increases diversity, 

but sediment characteristics also strongly influence these communities.   
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Introduction 

Aside from their important role as primary producers in coastal marine ecosystems, 

seagrasses are engineering species that alter their marine benthic environment and provide 

structure that supports a wide variety of organisms (Duarte 2000).  The seagrass habitat created 

by leaves and rhizomes can support epifaunal and infaunal invertebrate communities absent in 

bare sediment (Heck & Wetstone 1977, Lee et al. 2001).  Increased above and below ground 

habitat complexity has long been considered the primary driving force behind the enhancement 

of associated communities (Heck & Wetstone 1977, Leber 1985).  Seagrass leaf surface area 

(Attrill et al. 2000, Parker et al. 2001) and sometimes simply the presence of seagrass (Canion & 

Heck 2009) has been shown to determine invertebrate community composition.  Seagrass leaves 

provide protection from predators (Leber 1985, Main 1987, Canion & Heck 2009) and food for 

herbivores (Duffy et al. 2001, Duffy et al. 2003, Unabia 2011).  They also host a wide diversity 

of epiphytes that are consumed by a variety of epifaunal organisms (Kitting 1984, Kharlamenko 

et al. 2001). 

Seagrass blades directly provide food for several types of megafauna including dugongs 

(Preen 1995, Nakaoka & Aioi 1999) and sea turtles (Russell et al. 2003, Arthur & Balazs 2008, 

Lemons et al. 2011).  Seagrasses also provide food and shelter for various species of fish 

(Livingston 1984, Heck et al. 1989, Jenkins & Hamer 2001, Davenport & Bax 2002, Vizzini et 

al. 2002, Duffy et al. 2003, Alcoverro & Mariani 2004, Di Martino et al. 2007, Vaslet et al. 

2011).  Many invertebrates utilize seagrass for protection such as blue crabs (Hovel & Lipcius 

2001) and seagrasses can provide ample detritus for small nematodes and other microfauna 

(Stoner 1980, Lee et al. 2001, Parker et al. 2001, Penagos et al. 2008).   

Seagrasses provide habitat both in their leaf canopies (Heck & Wetstone 1977) and 

within their rhizome-stabilized sediments (Fonseca & Fisher 1986).  The drag created by 
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seagrass shoots reduces current velocity, allowing seagrass beds to accumulate sediments 

suspended in the water column (Fonseca & Fisher 1986) and prevent them from resuspending 

(Gacia et al. 1999).  This trapping of particles should reduce s grain size (Koch 2001, Teeter et 

al. 2001) and increase organic content (Koch 2001).  Smaller grain size and higher organic 

matter may alter the sediment oxygen and sulfide concentrations and nutrient availability (Barko 

& Smart 1983, Goodman et al. 1995, Koch 2001, Koch & Erskine 2001) and result in changes to 

associated microbial and infaunal communities. 

The effects of seagrasses on epifaunal communities associated with seagrass leaves are 

more visible than those occurring within the sediments.  However, it has been shown that both 

the abundance and diversity of infaunal invertebrates can be positively affected by the presence 

of seagrass (Connolly 1997, Lee et al. 2006).  The alteration of sediment characteristics may 

attract a different and varied assemblage compared to surrounding bare sediment (Heck et al. 

1995, Penagos et al. 2008).  Increased rhizome biomass and the resulting sediment stabilization 

also contributes to the tendency toward larger and more diverse communities (Posey 1988, Lee 

et al. 2006).  Omnivores and detritivores feeding on seagrass detritus benefit from the increase in 

food availability. (Kharlamenko et al. 2001, Vizzini et al. 2002, Lepoint et al. 2006)  The 

availability of detritus alone does not account for these changes considering high detritus habitats 

such as leaf litter beds do not exhibit the composition and diversity seen in seagrasses (Como et 

al. 2008).  Seagrass detritus can also support a productive microbial community that can 

facilitate assimilation of seagrass detritus into the food chain (Kharlamenko et al. 2001, Lepoint 

et al. 2006).  A combination of factors associated with seagrass sediment organics such as root 

oxygenation, stabilization, (Koch 2001) metabolites released from the roots, root associated 

microbes, and seagrass leaf detritus, considered to be relatively digestible since it contains fewer 
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structural tissues than terrestrial detritus (Benstead et al. 2006), probably work in concert to 

enhance survival. 

Because of the apparent relationship between seagrass leaf surface area and the 

abundance and diversity of invertebrates, the effect of seagrass presence on the associated 

community would likely be far less pronounced in the smaller seagrass species such as Halophila 

hawaiiana and H. decipiens found in Hawaii.  The leaves of species in the genus Halophila are 

orders of magnitude smaller than larger species (Dawes et al. 1995) and might be too small for 

the benefits provided by such plants to significantly influence the fauna (Orth 1992).   In larger 

seagrasses, increases in belowground biomass have been shown to increase infaunal abundance 

(Lee et al. 2001).  Richness and diversity is also enhanced in some species (Como et al. 2008).  

However, abundance, diversity, and richness of infaunal species was found to be greater in the 

Halophila decipiens beds of Brazil than in surrounding bare sediments (Casares & Creed 2008).   

There were also 25 species found exclusively in the seagrass while only 13 species were found 

exclusive to bare sediment (Casares & Creed 2008).  The ability of small seagrass species to alter 

sediment characteristics can be similar to large seagrasses (Fonseca 1989), but even communities 

in sediment that is not significantly so altered can benefit from the presence of these small 

seagrasses (Casares & Creed 2008). 

In Hawaiian seagrass beds both H. decipiens and its endemic congener H. hawaiiana 

seem to be capable of affecting sediment composition in some locations (see Chapter 2).  

However, studies of invertebrate communities in Hawaiian seagrass sediments are lacking.  

Invertebrates associated with sediments in some other communities around the island of Oahu 

have been examined, but most occur in deeper water than the present study.  In deep waters 

(12m) of Kaneohe Bay, macroinvertebrate communities exhibited low diversity when compared 

to other sediments of similar composition and dominance by small polychaetes similar to bare 
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sediment environments high in sedimentary deposits (Smith & Kukert 1996).  On the leeward 

coast of Oahu in Mamala Bay, which includes areas off Honolulu and Waikiki, sand sediments 

were also dominated by polychaetes with invertebrate abundances higher in mid-depth ranges 

(30-69.9m) than either deep (≥70m) or shallow (0-29.2m) sites (Swartz et al. 2004).  Areas with 

scattered rubble showed a larger diversity and abundance than open sand with fewer nematodes 

and more crustaceans, specifically amphipods (McCarthy et al. 1998). 

This study aims to determine whether Hawaiian seagrasses exhibit any of the community 

enhancing effects of seagrasses in other parts of the world. This is the first study to examine 

invertebrate communities of both species of seagrass that occur in Hawaii and contrast them with 

nearby bare sediments.   The importance of coastal ecosystem health to the culture and economy 

of Hawaii makes understanding the diversity and structure of communities supported by 

seagrassses essential to marine conservation efforts.  This chapter explores whether the endemic 

Hawaiian seagrass Halophila hawaiiana and congener H. decipiens affect the invertebrate 

communities associated with their sediments and if so, which seagrass-related habitat parameters 

might be most influential.  It will also compare overall community composition and structure 

with patterns in nearby bare sediments as well as those reported in other locations and sediment 

types.  The following hypotheses were tested: 

1. Seagrasses will exhibit greater invertebrate abundance compared to bare sediment. 

2. Seagrasses will support a more rich and diverse invertebrate assemblage than bare 

sediment. 

3. There will be more invertebrate species exclusively associated with seagrass than 

with bare sediment habitats.   

4. The endemic H. hawaiiana will support a more diverse assemblage of invertebrates 

than H. decipiens. 
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Methods 

Invertebrate meiofauna were quantified from within the same core samples taken from 

seagrasses and adjacent bare areas whose sediments and seagrass parameters were characterized 

in Ch. 2, from eight locations around the island of Oahu, Hawaii, (see Ch. 2 methods).  After 

collection, cores were kept chilled for transport to the lab and were then preserved in 10% 

formalin neutral buffered with monohydrate sodium dihydrogen phosphate and anhydrous 

disodium hydrogen phosphate.  After rinsing, sediments were sieved and invertebrates retained 

on 0.5mm and 0.3mm sieves were separated from the sediment and preserved in 70% ethanol by 

individual core.  Invertebrates retained on the 0.5mm sieve were used for comparison between 

these results and other studies, but to ensure a more complete analysis and catalog of Hawaiian 

seagrass invertebrates all invertebrates larger than 0.3mm were characterized.  Invertebrates were 

identified to the lowest possible taxa and counted.  Keys used for identification are listed in 

Table 1. 

To test whether invertebrate abundances were different between seagrasses and/or bare 

sediments, density (individuals/m2) was calculated for each species.  To test whether seagrasses 

support a more diverse invertebrate assemblage than bare sediments and whether communities 

within H. hawaiiana have greater diversity than H. decipiens, the number of species was counted 

(richness) and both Shannon’s (H’, Log 2), and Pielou’s Evenness (J’) diversity indices were 

calculated for each core.  Rarefaction (Sanders 1968) was also used to graphically represent 

species richness in order to evaluate whether the observed richness should be expected based on 

sample size and observed abundances.  To further explore patterns of invertebrate community 

differences the rates of occurrence in each habitat, exclusivity to substrate, and trends of 

abundance across substrates were examined for each invertebrate species. Shannon’s Diversity, 
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Pielou’s Evenness, and a hierarchical cluster analysis using Bray-Curtis Similarity percentages 

was performed using Biodiversity Pro software (McAleece et al. 1997).   

Because of potential interactions between environmental variables as discussed in 

Chapter 2, use of ANOVA to compare substrate types overall was not optimal.  Instead, 

comparisons were made with a series of Mann-Whitney U-Tests examining density, richness, 

diversity, and evenness between seagrass, bare sediment, and each seagrass species at sites where 

they co-occurred.  U-tests were also performed for each individual invertebrate species at each 

site.   Abundance values for all species were square root transformed to achieve a normal 

distribution due to the high abundance of the species Leptochelia dubia and several others.  A 

series of Pearson’s correlations were performed between the four invertebrate variables and leaf 

biomass, rhizome biomass, total seagrass biomass, leaf count, and sediment mean phi value to 

look for associations between these environmental variables and the invertebrate community. 

Invertebrate community variables were tested for relationships with leaf count, leaf 

biomass, rhizome biomass, total seagrass biomass, sediment percent organic material, and 

sediment mean phi using Non-metric Multidimensional Scaling (NMDS) multidimensional 

analysis through the program PC-ORD (McCune & Grace 2002).  NMDS was chosen as the 

large amount of zero values present in the data set makes it more reliable than other ordination 

procedures such as PCA (McCune & Grace 2002).  PC-ORD performs a Pearson’s r correlation 

to determine any relationships between environmental variables selected and the ordination 

dimensions and also uses Kendall’s Tau to rank and determine which variables are most 

important in structuring points along each dimension (McCune & Grace 2002, see also:  Rich et 

al. 2003, Boyle et al. 2006, Keeling et al. 2006, Pyron et al. 2009).  The squared value of r 

expresses the amount of variation explained by each dimension and individual variable.  

Abundances were square root transformed.  ANOVA with Fisher’s LSD post hoc tests were used 
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to test for differences between sites and substrates on all three-ordination axes.  Multiple 

comparison alpha error of the post-hoc tests was accounted for using the Holm (1979) method.  

All statistical analysis, unless otherwise noted, was performed using SPSS statistical analysis 

software.  Bray-Curtis index of similarity was used to evaluate site-related similarities. 

The community variables may be influenced by other physical environmental variables 

interacting with sediments or disturbance events, and these variables were examined for possible 

influences on community variables.  As with the sediment and seagrass data (Chapter 2), 

invertebrate communities can be influenced by a variety of spatial and temporal variables such as 

complex effects of waves, and terrestrial runoff.  These can create complications to the use of 

ANOVA and Pearson’s Correlations in comparing differences between invertebrate communities 

across sites.  To rule out the possible influence of confounding variables on these data, patterns 

related to seasonal sampling, spatial and temporal influences of freshwater stream discharge, and 

large wave events during the sampling period were examined using the bare sediment cores as 

controls.  Distance to the nearest stream mouth was determined for each site using satellite 

imagery and days since the last discharge event was recorded for each site using data from the 

United States Geological Survey (2011, see Ch. 1 for data visualization).  Time in days since 

wave events for the windward and leeward coasts was obtained from the Scripps Coastal Data 

Information Program (2011, see Ch. 1 for data visualization).  Pearson’s Correlations were used 

to determine if changes in sampling date, distance to the nearest runoff source, and days since the 

last runoff event showed relationships with invertebrate abundance, richness, diversity, and 

evenness in the bare sediments.  Mann-Whitney U-tests were used to determine if there was a 

difference between these variables between Windward or Leeward sites. 
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Results 

Species abundance 

Understanding the number and types of taxa and the abundances they reach within 

seagrass habitats is an essential first component of describing these communities.  A total of 

3680 individuals representing 66 taxa from 9 phyla were found in all collected sediments (Table 

2).  Abundances varied between sites and substrates but seemed to be independent of sampling 

date (Fig. 1), distance from runoff sources (Fig. 2), and time since previous runoff events (Fig. 

3).  Site-specific variations and the disproportionate influence of a few species resulted in no 

overall differences in abundance between substrates (Table 3).  The highest abundance of 

invertebrates was found in bare sediments off Wailupe Beach Park with 45,938 individuals/m-2 

of the tanaid crustacean Leptochelia dubia accounting for 34,122 individuals/m-2 or 74.3% of the 

total.  Arthropods dominated the abundance at all sites and substrates except the bare sediments 

of Waikiki (Fig. 4).  The lowest abundance in a substrate was found in the Halophila decipiens 

patch in the Sampan Channel with 4,686 individuals/m-2 with no L. dubia.  In Kaneohe Bay, bare 

sediment at the sandbar held significantly higher total invertebrate abundance than beneath H. 

hawaiiana at that site, and bare sediment from the Sampan Channel also appeared to have a 

higher abundance than both seagrass species, although this difference was not significant when 

corrected for alpha error (Table 4, Fig. 5).  The difference between seagrass and bare sediment 

was greater at Waikiki than at any other site and, contrary to the greater abundances seen in bare 

sediments at the previously mentioned sites, H. decipiens had a greater invertebrate abundance. 

 

Invertebrate richness 

More species were found in seagrasses than in bare sediment core samples.  Although 

identification of all taxa to species level was not practical for the purposes of this study, the 
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lowest taxonomic level is used in all analyses likely resulting in a lower actual species count. 

Species numbered 53 in H. hawaiiana cores (n=28, 1.89 species/core), 46 in H. decipiens cores 

(n=20, 2.3 species/core), and 47 in bare sediment cores (n=26, 1.81 species/core).  There were 

also differences in the distribution of species within the habitats sampled.  Only a single species 

was limited to bare sediment, but 19 species were found exclusively in seagrass.  Normalized by 

sampling intensity this is a tenfold difference in species exclusivity (0.04 species/bare sediment 

core, 0.40 species/seagrass core).  Of the 19 species found exclusively in seagrass, 7 were 

restricted to H. hawaiiana and 6 to H. decipiens (Table 5).  

 Only 5 species were found in at least one substrate at every site.  These well-represented 

species included capitellid polychaetes, the polychaete Lumbrineris dentate, cumacean 

arthropods, the tanaid Munna acarina, and myodocopid ostracods.  Three of these were 

taxonomic groups for which further identification was unavailable for this study, so if more than 

one species is actually included in these taxa, individual species may have been less widespread.  

The other two species are pantropical detritivores. 

Distance from the nearest runoff source did not appear to affect the pattern of richness 

(Fig. 2) however both sampling date (Fig. 1) and time since the last runoff event (Fig. 3) 

correlated with site richness.  This effect was likely due to the influence of the species rich cores 

of Maunalua Bay 3, as no other community metric correlated with sampling date or runoff 

events.  However, even ruling out confounding influence, no overall differences in richness 

between seagrass species and bare sediments were observed (Table 3). The H. decipiens 

sediments of Waikiki and Wailupe Beach Park were the only locations were species count was 

significantly different in seagrass sediments compared to local bare sediments (Table 4) and at 

both locations species count was higher in seagrass. 
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Differences in sampling intensity and site-specific abundances make simple species-

count alone a relatively poor metric to compare richness between sites, so rarefaction curves 

(Sanders 1968) were calculated.  Using this method, both species of seagrass show higher 

species richness compared to bare sediment at most sites (Fig. 6).  Halophila hawaiiana at the 

Sandbar and Maunalua Bay 3 were ranked 1st and 2nd respectively on the rarefaction plot.  H. 

hawaiiana at the Sandbar showed the largest difference in rank from bare sediment as Sandbar 

bare sediments ranked last (17th) overall.  Maunalua Bay 3 also ranked higher than its bare 

sediment which ranked 5th.  H. decipiens at Waikiki ranked 3rd and H. hawaiiana at Maunalua 

Bay 1 ranked 4th with each of the bare sediments at these sites ranking lower (6th and 9th 

respectively).  H. decipiens at Wailupe Beach park also ranked higher than the local bare 

sediment (7th and 16th respectively) and was the first seagrass location to be ranked lower than 

bare sediment (at both Maunalua Bay 3 and Waikiki).  Both species of seagrass at Kahala had 

similar expected number of species but the sediments of H. hawaiiana achieved this with fewer 

sampled individuals resulting in H. hawaiiana ranking 10th and H. decipiens ranking 14th, 

although no conclusions can be drawn from this result.  At the Sampan Channel where all three 

substrates were sampled, H. decipiens ranked 12th, bare sediment 13th, and H. hawaiiana 15th.  

However, short rarefaction curves preclude drawing conclusions from these ranks.  The Sampan 

Channel ranks were among the lowest but fewer cores sampled may mask possible richness.  

Finally, Maunalua Bay 2 was ranked 8th but no bare substrate was taken for comparison.  

Although H. hawaiiana had higher richness at some sites they were not uniformly greater than 

values for H. decipiens but both species showed higher richness compared to bare sediments. 

 



! 82!

Invertebrate diversity indices   

To further examine the influence of habitat on metrics of diversity, Shannon’s Index was 

calculated to factor the evenness of species distribution into substrate comparisons.  There was 

no overall difference between Shannon’s Diversity of samples from seagrasses or bare substrates 

(Table 4) and there appeared to be no effect relating to sampling date (Fig. 1), distance from 

runoff sources (Fig. 2), or time since previous runoff events (Fig. 3).  The only significant 

differences in Shannon’s Diversity between H. hawaiiana and bare sediment was at the sandbar 

and in H. decipiens and bare sediment at Waikiki (Table 4, Fig. 7).  At both Kahala and the 

Sampan Channel where seagrasses occurred together there was no apparent difference in 

diversity between the species. 

Pielou’s Evenness was calculated to further explore differences in evenness depending on 

substrate and to determine if a few species dominate community structure.  Overall evenness was 

greater in H. hawaiiana than bare sediment while no difference was observed between H. 

hawaiiana and H. decipiens or H. decipiens and bare sediment (Table 4).  Overall evenness did 

not appear to be affected by sampling date (Fig. 1), distance to runoff sources (Fig. 2), or time 

since previous runoff events (Fig. 3).  At the Kaneohe Sandbar, evenness was greater in seagrass 

than in bare sediments (Table 5, Fig. 8).  H. decipiens had greater evenness than bare sediment 

and H. hawaiiana in the Sampan Channel but neither of these was significant when corrected for 

multi-test alpha error due to the three sediment comparison at that site (Table 4).  The H. 

decipiens sediments of Waikiki were the only seagrass sediments that showed lower evenness 

than bare sediment (Fig. 8). 

Several relationships between invertebrate and seagrass habitat variables were observed 

(Table 6).  Both the abundance and richness of invertebrate species decreased with increasing 

leaf biomass (Fig. 9).  However, only invertebrate abundance was negatively correlated with leaf 
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density while richness showed no correlation (Fig. 9).  Species evenness was positively 

correlated with both leaf biomass and density indicating invertebrate abundances are more 

evenly spread across invertebrate species occurring in seagrass beds, especially at increasing 

seagrass densities (Fig. 9).  Although this study cannot directly attribute this effect to seagrass, 

invertebrate communities appear to be more even when conditions are met for seagrass to grow 

in high densities.  Decreasing sediment grain size (larger phi value) was associated with 

decreases in the richness and diversity of invertebrates (Fig. 10).  Increasing values of sediment 

organic material showed a positive relationship with abundance but negatively correlated with 

diversity and evenness of the invertebrate communities (Fig. 11).   

 

Community composition 

As mentioned above, many sediment samples were dominated by particular invertebrate 

species.  The tanaid L. dubia accounted for 39% of all individuals found overall.  At the Sampan 

Channel, Sandbar, Wailupe Beach Park, and Kahala this species alone comprised a larger 

proportion of individuals than any other non-arthropod phyla (Table 7 & Fig. 12).  At 9 locations 

and substrates L. dubia was the most abundant invertebrate and most of those abundances ranked 

as the largest of any invertebrate at any site (Table 7 & Fig. 12).   This animal was most common 

in bare sediments (top three abundance ranks) though it also occurred in seagrass cores (Fig. 10).  

Capitellids, a group of annelid worms, were also frequently ranked among the top three most 

abundant organisms.  The amphipod Eriopsella upolu was highly abundant in sediments of 

Maunalua Bay and Kahala, while the amphipod Ericthonius brasilliensis dominated the bare 

sediments of the Sampan Channel and at several sites their abundances were an order of 

magnitude larger than the next most abundant species (Table 7 & Fig. 13).   



! 84!

The patterns of abundance of several invertebrate taxa seemed to indicate a preference for 

a particular substrate (Table 8).  Of the taxa occupying both H. hawaiiana and bare sediment, 5 

always occurred in greater abundance in H. hawaiiana while 10 taxa occurred at greater 

abundance in bare sediment.  Several of these taxa including Leptochelia dubia and Ericthonius 

brasilliensis were common in many bare sediments.  Of the invertebrate taxa occurring both in 

H. decipiens and bare sediment, 9 were always at greater abundance in H. decipiens and only 6 

in bare sediment.  When comparing the two seagrass habitats, 3 taxa were consistently more 

abundant in H. hawaiiana and 4 seemed to prefer H. decipiens.   

Several species exhibited unique patterns.  When comparing species that occurred in all 

substrate types Ericthonius brasiliensis always occurred in greater abundance in bare sediment 

(Table 8).  Smaragdia bryanae was one of the only species that always occurred in greater 

abundance in Halophila hawaiiana than any other substrate because it did not occur in any other 

substrate.  Munna acarina was unusual in always occurring in greater abundance in Halophila 

hawaiiana but also in lower abundance in H. decipiens than in bare sediments.  However, the 

abundance of this species was not significantly different between sediments beneath the two 

seagrass species at either site where the seagrass species occurred together.  The rare species 

Phoronis psammophilia was also relatively abundant in H. hawaiiana and the bare sediments of 

the Sampan Channel compared to either H. decipiens or other sites. 

 

Community structure and site comparisons 

Multivariate analysis of relationships between invertebrate community structure and 

seagrass and sediment characteristics using NMDS revealed geographic and sediment-related 

patterns as well as site-to-site differences.   Variation found in the invertebrate community and 

habitat parameters could best be described with a three dimensional solution.  Stress for this 
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ordination, which indicates the degree to which the data strays from the generated solution, was 

11.485, a value significantly lower than the stress generated in 50 Monte Carlo randomizations 

(p=0.0196).    The first two dimensions each correlated significantly with an environmental 

variable: the mean of sediment phi size was strongly related with the first dimension and percent 

sediment organic matter with the second (Table 9, Fig. 14).  These two dimensions together 

explained 67.3% of the variability based on the R2 between the distance in the ordination space 

and distance in the original space (McCune & Grace 2002) with the addition of the third 

dimension explaining a total of 91%.  Grain size correlated with the third dimension, but with an 

R2 of 0.148 the variability explained by this factor alone was too low to be considered a primary 

influence. 

No site groupings had clean separation indicating overlapping community and 

environmental structures.  H. hawaiiana cores at the Sandbar clustered closely with H. 

hawaiiana and H. decipiens cores from the Sampan Channel and also with bare sediments from 

Wailupe Beach Park (Fig. 12).   These sites were separated along the first dimension from the H. 

decipiens cores of Waikiki with a positive ordination and the seagrass as well as bare cores of the 

three Maunalua Bay sites with a negative ordination.  Correlation of this dimension with 

sediment grain size suggests that this environmental factor strongly influenced this separation.  

Cores from Wailupe Beach Park had a high positive ordination on the second dimension 

separating them from all other cores.  The third Maunalua Bay site also separated along this 

dimension from the first and second Maunalua Bay sites.  These separations along the second 

dimension were most likely influenced by higher sediment organic content.  Clusters along the 

first two axes were therefore comprised of the first and second Maunalua Bay sites, the third 

Maunalua Bay site, Seagrasses of the Sampan Channel with bare sediments of Waikiki, and 

Wailupe Beach Park. 
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When the third dimension was added, additional separation was achieved between several 

of the bare sediment cores of the Sampan Channel but little other separation was apparent (Fig. 

15).  Region or site specific similarity was seen by then examining the ANOVA analysis 

comparing sites against each other along each axis. The core samples from the first and second 

Maunalua Bay sites did not separate on any axis (Fig. 16), and the same was true for the Sampan 

Channel sites, Waikiki bare sediment cores, and the H. hawaiiana cores of the Sandbar.  

However, samples from Wailupe Beach Park were strongly similar to those from the bare 

sediments of the Sandbar. 

Determination of the similarity of overlapping sites in the NMDS analysis using Bray-

Curtis Similarity showed the degree to which each of the sites were related to each other and 

how homogeneous the community was within each site.  Kaneohe Bay sites showed the largest 

variability in community composition with most sites and substrates grouping at less than 50% 

Bray-Curtis similarity (Fig. 17).  Maunalua Bay 1 & 2 sites were very similar and grouped 

together with Kahala.  These sites overlapped with Maunalua Bay 3 that then overlapped with 

Waikiki as the sites and individual cores became more dissimilar.  Wailupe Beach Park cores 

were highly variable and individual cores had similarities to cores from every other site.  This 

indicates a strong relationship between the communities of Maunalua Bay, the nearby Wailupe 

Beach Park, and to a lesser extent the other south shore site of Waikiki.  Kaneohe Bay sites were 

not only highly dissimilar from the south shore sites, but also highly variable both within the bay 

and within individual sites.  When sites were analyzed together by their respective coasts there 

were no differences between leeward and windward sites in abundance or richness of all cores 

(Mann-Whitney U-tests, p=0.201, p=0.243 respectively) while leeward sediments tended to have 

higher diversity and evenness (Mann-Whitney U-tests, p=0.007, p=0.004 respectively) indicating 

important community differences between the two observed shorelines. 
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Discussion 

Infaunal abundance  

Seagrasses in Hawaii appear to form a distinct habitat that harbors different communities of 

organisms compared to nearby bare sediments.  However, overall invertebrate abundance was 

not highly affected by the type of substrate.  Overall abundances showed no trend while only a 

single site, the Sandbar, showed higher abundance in bare sediment and a single site, Waikiki, 

showed higher abundance in seagrass.  Abundances also appeared higher in bare sediments of 

the Sampan Channel but these results were not significant.  The hypothesis that seagrasses in 

Hawaii would increase invertebrate abundances compared to bare sediments was therefore 

rejected. 

Other seagrasses have been shown to consistently increase invertebrate abundance (Heck 

& Wetstone 1977, Attrill et al. 2000) however, fine sediments such as mud (Heck et al. 1995),  

increased disturbance, or low environmental stability (Blanchet et al. 2004) can result in higher 

abundances of hardy or opportunistic species at the expense of richness and diversity.  

Stabilization of habitat by seagrasses could therefore mitigate disturbance-related factors that 

may influence abundance within the beds.  The inconsistency of the directionality of abundance 

differences in this study suggests that factors beyond substrate type influence abundance 

patterns. 

Surprisingly, invertebrate abundances in Hawaiian seagrasses and sediments in general 

were more than an order of magnitude higher than those found associated with H. decipiens in 

Brazil (Casares & Creed 2008).  Leaf density was also higher, from 5000 leaves/m-2 to25000 

leaves/m2 in this study compared to 2000 leaves/m-2 in Brazil.  Invertebrate abundance found in 

Hawaiian seagrass habitats was comparable to numbers associated with sediments in areas 
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inhabited by larger species of seagrasses in other areas (Connolly 1997, Lee et al. 2001, Table 8).  

The lack of increased invertebrate abundances in Hawaiian seagrasses as well as higher 

abundances in some bare sediment samples indicates a higher latent abundance of invertebrates 

in Hawaii sediments.  This is supported by the extremely high densities exhibited in studies of 

other Hawaii sites (Table 10) at Kaneohe Bay (Smith & Kukert 1996, Demopoulos 2004), 

Mamala Bay (Swartz et al. 2004), and Waikiki (McCarthy et al. 1998). 

 

Infaunal richness and diversity 

When comparing Hawaiian seagrass habitats and bare sediments in general, patterns of 

richness and diversity are obscured by the large differences between sites.  Richness and 

diversity both decreased in sediments with smaller grain sizes and diversity and evenness 

decreased in sediments with high concentrations of organic material.  These correlations were 

highly influenced by several extremely abundant species such as Leptochelia dubia and 

Ericthonius brasiliensis, which occurred in extremely high abundances in bare sediments, 

especially in Kaneohe Bay and the fine sediments of Wailupe Beach Park.  Both of these 

omnivorous detritivore species likely find abundant food sources in the increased organic 

material found in the small-grained bare sediments at these sites.  These small, organic rich 

sediments are likely the result of settled particles from disturbances and periodic large terrestrial 

input events collecting within channels.  Site location and local physical factors are the most 

important drivers of these communities. 

The strongest separation of invertebrate community structure was observed between the 

sites on the Leeward shore and the sites in Kaneohe Bay.  Invertebrate distributions in Halophila 

hawaiiana sites in Maunalua Bay were very similar to each other and also similar to H. decipiens 

sites in Waikiki and Wailupe Beach Park.  Based on multivariate analysis, the separation of the 
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Leeward sites from the Kaneohe Bay sites seems to be driven by differences in sediment size, 

leaf density, organic material, or a combination of these.  Community composition of all 

substrates in the Sampan Channel was highly determined by these factors and H. decipiens 

communities across the island seemed to be strongly organized by physical structure.  The 

Sandbar and Waikiki exhibited higher diversity and evenness within the seagrass beds 

demonstrating that nearby bare sediments dominated by a few species of detritivores such as 

Leptochelia dubia can mute the community effects of the other species and skew diversity.  

Blanchet et al. (2004) observed site related differences in Arcachon Bay, France, were based on 

disturbance, temperature, and salinity regimes.  However, the importance of disturbance appears 

to be minimal in the time period observed.  Other community and hydrologic factors not 

examined here may be unique to each location and drive differences in community structure. 

Although examining the overall dataset leads to few strong conclusions, there were 

overall indications of the role of seagrasses in structuring the invertebrate community.  Increases 

in leaf biomass and leaf density were associated with decreases in abundance and increases in 

evenness.  Areas of lower leaf density were therefore more similar to bare sediments with 

disproportionately large abundances of certain invertebrate species.  The negative correlation of 

richness with seagrass leaf biomass may also hint at an increased number of species in areas with 

less seagrass where mixing between bare sediment and seagrass communities occurs.  This may 

represent a significant community change occurring rapidly at the transitional point between 

seagrasses and bare sediments where changes in community pressures such as predation have 

been shown to occur (Canion & Heck 2009).   

Not all sites showed direct increases in richness or diversity within seagrass beds (Table 

4).  However, rarefaction revealed that, in general, seagrasses have a greater invertebrate 

richness than their corresponding bare sediments and the richest sites tend to be beneath 
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Halophila hawaiiana.  H. hawaiiana dominated the first three ranks and seagrasses showed 

higher rarefaction curves than bare sediment at all sites except the Sampan Channel were data 

was inconclusive.  The increased evenness and corresponding decrease in the influence of highly 

abundant species within seagrasses, combined with the one-sided community richness increase in 

both H. hawaiiana and H. decipiens revealed through rarefaction, supports accepting the 

hypothesis that Hawaiian seagrasses increase the richness and diversity of local sediments.   

 The observed difference in evenness was driven by domination of communities at all 

sites by arthropods, particularly the tanaids and amphipods, but annelids also made up a large 

proportion of the community.  Annelids most commonly dominate other seagrass habitats (Bell 

et al. 1993, Heck et al. 1995, Connolly 1997, Lee et al. 2001, Blanchet et al. 2004, Vonk et al. 

2010).  However, amphipods dominate some seagrasses communities (Stoner 1980) and tend to 

increase as annelids decrease, particularly beneath seagrass (Connolly 1997, Lee et al. 2001).  

Some Hawaiian sediments, both on the leeward coast (Swartz et al. 2004) and Kaneohe Bay 

(Demopoulos 2004) exhibit annelid dominance.  However, in a concurrent study, Longernecker 

et al. (2011) showed a species composition in Maunalua Bay seagrasses similar to this study in 

amphipod dominance.  Stoner (1980) observed a similar pattern of species dominance and 

increased evenness in Zostera marina in the Florida Panhandle.  Because the tanaid L. dubia was 

so dominant and is cryptogenic and possibly invasive (Coles et al. 2002), the lack of dominance 

of this species within Hawaiian seagrasses beds could be considered a potential ecological 

benefit favoring native invertebrate species. 

Although bare sediments contained large numbers of species, and diversity was 

comparable between seagrass and bare sediments in some locations, seagrasses seem to provide 

habitats for some species not normally found in bare sediment.  Species found only in seagrasses 

amounted to 28.8% of the total with 10.6% found only in H. hawaiiana and 9.1% found only in 
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H. decipiens.  This difference is greater than what is seen in communities associated with some 

larger seagrass species such as Zostera japonica (Lee et al. 2001).   

Seagrasses also appeared to increase the abundances of several species and harbored 

many unique species.  H. decipiens always increased the abundance of 9 different species and H. 

hawaiiana always increased the abundance of 5 species.  Both seagrasses always increased the 

abundance of the acorn worm Ptychodera flava, a relatively large subsurface deposit-feeder.  

Smaragdia bryanae, as expected, was only found within the Halophila hawaiiana beds 

supporting the idea that this species feeds exclusively on H. hawaiiana (Unabia 1984, 2011).  Six 

other taxa were found exclusively in H. hawaiiana, a pattern seen in other seagrasses (Lee et al. 

2001).  Another species, the well-represented tanaid Munna acarina, occurred in both seagrasses 

but always occurred in higher abundance in Halophila hawaiiana than either H. decipiens at the 

Sampan Channel, the same abundance in the two seagrasses at Kahala, and always in greater 

abundance than nearby bare sediments.  This pattern indicate a preference of this species to 

utilize Halophila hawaiiana and/or an inability of this species to utilize H. decipiens.  If true, the 

prevalence of this species in Kahala sediments may decline if the seagrass species continue to 

transition. 

However, Halophila hawaiiana did not appear to have a significantly more diverse 

community than H. decipiens.  There was no overall difference between richness or diversity, 

and rarefaction revealed that both species have increased richness compared to bare sediments.  

Although H. hawaiiana held the highest ranks on the rarefaction plot, differences in community 

composition based on site cannot be disregarded.  The similar pattern of unique species and 

species-specific abundance trends also reveals very similar community changes.  The obligate 

status of Smaragdia bryanae, the trend of Munna acarina, and the presence of other taxa 

exclusively in H. hawaiiana may indicate that H. hawaiiana supports a different community, 



! 92!

however small, than H. decipiens, but the overall evidence presented here rejects the hypothesis 

that H. hawaiiana has an increased diversity compared to H. decipiens. 

Unfortunately, the prevalence of gastropods was not well represented in this study.  The 

preservation and separation techniques used made it difficult to determine whether shells had 

contained living gastropods at the time of collection, so they were not counted.  Gastropods can 

represent a large proportion of seagrass invertebrates (Heck et al. 1995, Como et al. 2008) and 

can even be the dominant group in some locations (Blanchet et al. 2004).  Hawaiian sediments 

can support large numbers of gastropods (Swartz et al. 2004) and several species such as 

Cerithium zebrum, Tricolia variabilis, and others are abundant in some areas of Maunalua Bay 

(Longenecker et al. 2011) where they likely inhabit the leaves and sediment surface. However, 

the proportion of gastropods found in seagrasses was still much smaller than amphipods in this 

study.  These species could be considered epifauna, but the small size of Halophila species 

would make differentiation between epifauna and infauna difficult with the collection methods 

used here. 

 These small Hawaiian seagrasses showed a surprising diversity of organisms and a large 

abundance compared to some other seagrass communities.  Although epifauna were not 

specifically targeted, their prevalence on these small species is likely to be low (Vonk et al. 

2010).  The small and intermittent patches of these seagrasses likely create microhabitats which 

attract specialist species as well as species already common in surrounding sediments.  This 

would contribute to their positive effects on the invertebrate communities (McNeill & 

Fairweather 1993).  Community composition of Hawaiian seagrasses is also highly variable and 

cannot be predicted by any single variable like leaf density or biomass.  The environmental 

variability seen in Hawaiian nearshore waters is an extremely important factor in determining 

community composition and confounds our ability to develop a unified description of Hawaiian 
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seagrass habitat.  Faunal diversity does appear to be generally greater in seagrass than in bare 

sediment, but these differences are far from universal or uniform and represent only single time 

period. 

Because there is little difference between the two species of seagrass in abundance, 

richness, diversity, or unique species, it is likely that most invertebrate species found in seagrass 

communities in Hawaii are not seagrass specialists or that the seagrasses perform functionally 

equivalent environmental roles.  Besides the snail Smaragdia bryanae, most invertebrates living 

in the seagrasses are likely attracted more by alteration of sediment characteristics, changes in 

organic material, increases in habitat surface area, or some combination of these factors.  

However, the unique pattern of distribution of Munna acarina may indicate preferential 

utilization by species other than Smaragdia bryanae.  The similarities of the effects of H. 

decipiens on invertebrate communities to H. hawaiiana may indicate a net positive effect of H. 

decipiens on some Hawaiian nearshore sediments as opposed to a harmful invasive role.  In sites 

where H. hawaiiana does not occur, H. decipiens may attract a variety of species from 

surrounding habitats that could not have survived in the bare sediment (Posey 1988).  However, 

similar seagrass species often perform functionally redundant services to benthic communities 

and changes in seagrass community structure or the presence of multiple similar species has little 

effect on the invertebrate community (Duarte 2000).  Increases in the number of seagrass species 

does not tend to affect communities when the species are similar (Heck & Wetstone 1977, Parker 

et al. 2001).  The change in grain size or habitat heterogeneity caused by other seagrass-

associated organisms such as macroalgae and epiphytes can be far more important (Penagos et 

al. 2008).  Consistent with this idea, where both Hawaiian species occur there is no large 

increase in invertebrate richness or diversity and the communities harbored by each species are 
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similar indicating similar functional roles.  However, any H. hawaiiana dependent species would 

not survive the transition if H. hawaiiana were competitively displaced by H. decipiens. 

 Further study is needed to fully explain the variability of seagrass habitats both around 

Oahu and around the other Hawaiian Islands.  Causative factors for the environmental 

preferences of each species need to be determined in order to understand if Hawaiian seagrasses 

more strongly shape the benthic environment or whether their distribution is more determined by 

it.  Further knowledge of seagrass habitats in Hawaii will improve our understanding not only of 

the species in question but of the complex habitats found in nearshore Hawaiian waters. 
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Tables 

Table 1.  Keys used for invertebrate identification listed by taxa they identify.   
 

Taxa Citation 

  
Amphopoda (Arthropoda) (Barnard 1971) 

Pycnogonida (Child 1979) 
Ostracoda (Kornicker 1976) 

Isopoda (including Tanaidae) (Miller 1940, 1941) 
Phoronida (Emig & Bailey-Brock 1987) 
Sipuncula (Edmonds 1987) 
Annelida (Bailey-Brock 1987) 
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Table 2.  List of invertebrates found in Hawaiian seagrass sediments and nearby bare sediment 
with taxonomy.  The site at which each taxon is found is indicated with an “X”. 
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Table 3.  ANOVA results for community variables compared between H. hawaiiana, H. 
decipiens, and bare sediment across all sites.  Significant values are in bold.  *Abundances were 
natural log transformed.  Halophila hawaiiana had a significantly greater evenness than bare 
substrate (Fisher’s LSD with Holm correction, p=0.014) but no other differences in evenness 
were observed. 
 

Community Variable df MS F p 

     

Abundance* 2 1.33 1.92 0.154 

     

Richness 2 6.04 0.40 0.674 

     

Diversity (H') 2 1.43 2.43 0.095 

     

Evenness (J') 2 0.13 3.36 0.04 

 
 
 
Table 4. Results of Mann-Whitney U-test comparisons of community variables by site between 
Halophila hawaiiana (Hh) or H. decipiens (Hd) and bare sediment (b) and between the two 
seagrass species at the Sampan Channel (Sp).  Blackened values showed no significance 
(p>0.05) and grey values showed no significance when subjected to a multiple-comparison Holm 
(1979) procedure.  Invertebrate abundances were square root transformed. 
 
      

Comparison Abundance Richness Diversity Evenness 

      
Hh vs. b 0.046 0.121 0.513 0.275 Sp 
Hd vs. b 0.024 0.051 0.297 0.025 

Sb Hh vs. b 0.025 0.069 0.025 0.025 
P1 Hh vs. b 0.347 0.916 0.917 0.754 
P3 Hh vs. b 0.834 0.599 0.917 0.465 
Wk Hd vs. b 0.009 0.009 0.028 0.047 
Wa Hd vs. b 0.347 0.015 0.076 0.076 

      
Sp Hh vs. Hd 0.174 0.749 0.295 0.025 
K Hh vs. Hd 0.095 0.548 0.222 0.056 
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Table 5.  Invertebrate taxa occurring exclusively within a single seagrass species, exclusively 
within seagrass, or exclusively in bare sediment. 
 

H. hawaiiana only H. decipiens only Seagrass only Bare sediment only 

    
Amphliochidae sp. B Oligochaeta sp. B Cirriformia spp. Cirratulidae sp. A 

Elasmopus spp. Spionidae sp. A Lumbrineridae sp. A  
Amphipoda sp. A Eursiroides diplonyx Polydora spp.  

Isopoda sp. A Photis spp. Paragrubia vorax  
Smaragdia bryanae Phoxichillidiidae sp. A Carida spp.  
Aspidosiphon spp. Sipuncula sp. C Nemertea spp.  

Sipuncula sp. B    
 
 
 
 
Table 6.  Results of Pearson’s correlations between environmental variables and community 
variables.  Significant correlations are marked in bold.  Seagrass variables marked with an 
asterisk were natural log transformed.  Invertebrate abundance was square root transformed. 
 
 
       

    Leaf 
Biomass 

Rhizome 
Biomass* Leaf Density Phi Mean* % Organic* 

       
Pearson's Corr. -0.491 -0.226 -0.462 -0.061 0.306 Abundance 
Sig. (2-tailed) 0.002 0.172 0.001 0.631 0.014 

       
Pearson's Corr. -0.325 0.158 -0.205 -0.424 -0.078 Richness 
Sig. (2-tailed) 0.046 0.342 0.161 <0.001 0.538 

       
Pearson's Corr. 0.034 0.306 0.164 -0.386 -0.344 Diversity (H') 
Sig. (2-tailed) 0.84 0.061 0.265 0.002 0.005 

       
Pearson's Corr. 0.497 0.206 0.52 -0.138 -0.356 Evenness (J') 
Sig. (2-tailed) 0.002 0.214 <0.001 0.278 0.004 
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 Table 7.  The three m
ost abundant species at each site for H

alophila haw
aiiana (H

h) and/or H
. decipiens (H

d) w
here they occur and 

bare sedim
ent (b) including m

ean abundances of each species at that site w
ith standard error. 

 

First
A
bundance

S
econd

A
bundance

Third
A
bundance

H
h

Phoronis psam
m

ophila
3735 ±

 449
C
apitellidae spp.

849 ±
 170

C
um

acea spp.
679 ±

 170
H

d
O

ligochaeta sp. B
917 ±

 191
C
opepoda spp.

917 ±
 297

O
ligochaeta sp. A

815 ±
 306

b
Ericthonius brasiliensis

27332 ±
 13686

C
opepoda spp.

1867 ±
 1619

A
m

phliochidae sp. A
1019 ±

 1019

H
h

Typosyllis spp.
1120 ±

 796
Jassa lilipuna

1019 ±
 534

M
esochaetopterus sagittarius

713 ±
 260

b
Leptochelia dubia

38706 ±
 8527

C
ladocopa sp. B

*
679 ±

 170
C
opepoda spp.

679 ±
 679

H
h

Leptochelia dubia
14464 ±

 1970
Eriopisella upolu

2139 ±
 519

C
apitellidae spp.

1935 ±
 611

b
Leptochelia dubia

16807 ±
 2474

C
apitellidae spp.

5806 ±
 3252

Eriopisella upolu
4380 ±

 1353

M
2

H
h

Leptochelia dubia
12936 ±

 3758
C
apitellidae spp.

8454 ±
 2370

Eriopisella upolu
5195 ±

 972

H
h

Eriopisella upolu
6519 ±

 2308
C
apitellidae spp.

4176 ±
 2151

A
psuedes tropicalis

2445 ±
 727

b
Eriopisella upolu

7843 ±
 1647

C
um

acea spp.
3158 ±

 1417
M

esochaetopterus sagittarius
3056 ±

 837

H
d

M
ydocopida sp. A

6213 ±
 945

C
um

acea spp.
5602 ±

 2685
Exogone spp.

3769 ±
 615

b
C
apitellidae spp.

1324 ±
 549

M
esochaetopterus sagittarius

1222 ±
 846

Eriopisella upolu
713 ±

 381

H
d

Leptochelia dubia
19964 ±

 8668
S
yllidae sp. B

4176 ±
 2251

S
yllidae sp. C

2852 ±
 2852

b
Leptochelia dubia

34123 ±
 8160

S
yllidae sp. B

4380 ±
 3891

C
apitellidae spp.

2546 ±
 720

H
h

Leptochelia dubia
6621 ±

 1485
C
apitellidae spp.

1324 ±
 444

Exogone spp.
1324 ±

 594
H

d
Leptochelia dubia

16094 ±
 3567

C
apitellidae spp.

917 ±
 374

A
rm

andia interm
edia

815 ±
 260

*tied w
ith C

irratulus spp. and A
psuedes tropicalis

S
ite

S
p

S
b

W
aK M
1

M
3

W
k
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Table 8.  List of species whose abundance was always o significantly greater in a particular 
substrate at all sites at which they occurred.  Tables are divided into three site groupings based 
on where the seagrasses were found:  Halophila hawaiiana, H. decipiens, and co-occurrence of 
both species.  Comparisons are between the two substrates listed in each table.  
 
  

Sandbar, Sampan Channel, Maunalua Bay 1 & 3 
H. hawaiiana Bare 

  
Munna acarina Mesochaetopterus sagittarius 
Isopoda sp. B Cirratulus spp. 
Ptychodera flava Lumbrineris dentata 
Phoronis psammophila Lumbrineris heteropoda 
Smaragdia bryanae Exogone spp. 
 Ericthonius brasiliensis 
 Leptochelia dubia 
 Apsuedes tropicalis 
 Cladocopa sp. B 
 Bivalva spp. 
  
  

Sampan Channel, Waikiki, & Wailupe Beach Park 
H. decipiens Bare 

  
Oligochaeta sp. A Lumbrineris heteropoda 
Armandia intermedia Ericthonius brasiliensis 
Exogone spp. Cumacea spp. 
Gammaropsis spp. Munna acarina 
Photis spp. Cladocopa sp. B 
Copepoda spp. Bivalva spp. 
Microasteropteron youngi  
Mydocopida sp. A  
Ptychodera flava  
  
  

Sampan Channel & Kahala 
H. hawaiiana H. decipiens 

  
Capitellidae spp. Oligochaeta sp. A 
Cumacea spp. Armandia intermedia 
Phoronis psammophila Leptochelia dubia 
Smaragdia bryanae Microasteropteron youngi 
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Table 9.  Pearson’s Correlations comparing the three Nonmetric Multidimensional Scaling axes 
and environmental variables of seagrasses and sediments.  Correlations indicate the relative 
influence of a particular environmental variable on site ordination along each axis.  
Environmental variables with strong influences (R2 > 0.2) are in bold. 
 

Variable Dimension 1 Dimension 2 Dimension 3 

    
Leaf Density 0.076 0.045 0.063 
Leaf Biomass 0.03 0.041 0.024 
Rhizome Biomass 0.001 0.093 0.019 
Percent Organic 0.029 0.306 0.001 
Substrate Type 0.027 0.032 0.003 
Sediment Size (φ) 0.341 0.098 0.148 

 
 
 
 
 
  
Table 10.  Invertebrate abundances in seagrasses and bare sediments from selected studies.  
Values for this study are computed excluding invertebrates smaller than 500µm to allow direct 
comparison. 
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Figures 
 

 

 
Figure 1.  Correlations of square root transformed abundance, richness, diversity, and evenness 
of bare sediment cores by the collection date.  Results of Pearson’s correlations and trend lines 
for each community metric are displayed.  High richness Maunalua Bay 3 cores are circled to 
show their disproportionate effect on the richness correlation. 
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Figure 2.  Correlations of square root transformed abundance, richness, diversity, and evenness 
of bare sediment cores by the distance to the nearest freshwater runoff source.  Results of 
Pearson’s correlations and trend lines for each community metric are displayed. 
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Figure 3.  Correlations of square root transformed abundance, richness, diversity, and evenness 
of bare sediment cores by the days since the last runoff event.  Results of Pearson’s correlations 
and trend lines for each community metric are displayed.  High richness in Maunalua Bay 3 
cores is circled to indicate their large effect on the richness correlation. 
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Figure 4. Proportion of annelids, arthropods, and other groups by site and substrate.  Sp = Sam

pan C
hannel, Sb = Sandbar, M

1, M
2, 

M
3 = M

aunalua B
ay, W

k = W
aikiki, W

a = W
ailupe B

each Park, K
 = K

ahala, H
h = H

alophila haw
aiiana, H

d = H
. decipiens, b = bare 

sedim
ent. 
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Figure 5.  Invertebrate abundance m
eans for seagrass species and bare sedim

ent for each site w
ith notations of significant differences.   

* indicates significance of p<0.05, (M
ann-W

hitney U
-test).  Error bars represent standard error.  B

are sedim
ent of the Sam

pan 
C

hannel w
as significantly greater until corrected for alpha error. 
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  Figure 6.  R
arefaction curves for all sites and substrates.  Each line represents pooled values from

 each site/substrate group.  Specific 
site/substrate groups are m

arked on the plot.  Solid lines indicate H
alophila haw

aiiana locations, dashed lines indicate H
. decipiens 

locations, and dotted lines indicate bare sedim
ent locations. 
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Figure 7.  Invertebrate diversity (Shannon’s D
iversity) m

eans for seagrass species and bare sedim
ent for each site w

ith notations of 
significant differences.  * indicates significance of p<0.05 (M

ann-W
hitney U

-test).  Error bars represent standard error. 
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Figure 8.  Invertebrate evenness (Pielou’s) m
eans for seagrass species and bare sedim

ent for each site w
ith notations of significant 

differences.  * indicates significance of p<0.05 (M
ann-W

hitney U
-test).  Error bars represent standard error. 
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Figure 9.  Scatterplots of cores comparing leaf density and biomass to abundance and evenness 
of invertebrates.  Each point indicates a single core.  Cores are from both seagrass species. 
*Abundances were square root transformed where noted.
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Figure 10.  Scatterplots of cores comparing sediment grain size to richness and evenness of 
invertebrates.  Each point indicates a single core.  Cores are from all collected sediments. 
Abundances were square root transformed.
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Figure 11.  Scatterplots of cores comparing sediment organic content to abundance, diversity, 
and evenness.  Each point indicates a single core.  Cores are from all collected sediments.  
Abundances were square root transformed. 
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Figure 12.  Invertebrate species w
ith greatest rank abundances.  Each chart contains first, second, or third highest ranked invertebrates 

by m
ean abundance from

 each site ordered by greatest m
ean abundance across all sites.  Labels indicate site and H

alophila haw
aiiana 

(H
h), H

. decipiens (H
d), or bare sedim

ent (b) origins w
ith nam

e of taxa at that rank.  Error bars represent standard error. 
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 Figure 13.  R

elative m
ean abundances of first, second, and third m

ost abundant invertebrate taxa at each site for H
alophila haw

aiiana 
(H

h), H
. decipiens (H

d), and bare sedim
ent (b).  For taxa nam

es see Table 5.  Error bars represent standard error.
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Figure 14.  Vectors indicating direction and strength of correlating environmental variables for 
each ordination axis.  Correlations of R2≥0.2 are labeled.  Label indicates strong influencing 
variables on site ordinal values for that axis.  
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Figure 15.  Ordination of cores against the first/second and first/third NMDS axes.  Black 
symbols indicate Halophila hawaiiana cores, grey indicate H. decipiens cores, and empty 
indicate bare sediment. 
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Figure 16.  Diagram of ANOVA comparisons of NMDS axes between sites and substrates.  The 
number indicates on how many axes no significant difference in ordination was detected 
(p>0.05).  Sites with a value of 3 will be most similar while sites with a value of 0 will be most 
dissimilar.  Site codes are listed with substrate codes for Halophila hawaiiana (Hh), Halophila 
decipiens (Hd), and bare sediment (b) 
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Figure 17.  Dendrogram of the cluster analysis of macrofauna from all sites and substrates.  The 
Bray-Curtis similarity index was used to order the data.  Lines indicate ranges for sites or site 
groups, dotted portions indicate cores not within the labeled group. 
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Appendix A.  Mean abundance of taxa by site and substrate (individuals/m2). 
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Chapter 4:  Stable Isotopic Analysis 

Abstract 

Seagrasses are primary producers providing energy to a variety of organisms including 

turtles, fish, and invertebrates.  Seagrasses provide food directly to grazers and indirectly through 

detritus.  Stable isotopic analysis has identified seagrass contributions to pelagic and coastal food 

chains and particularly to local sediment communities.  Samples from Halophila hawaiiana, 

epiphytes, and algae were taken for isotopic analysis from Maunalua Bay on Oahu, HI, and 

compared to isotopic values of invertebrates found associated with seagrass to determine what, if 

any, energy is provided by Hawaiian seagrasses to the local food chain using the distribution of 

three isotopes (δ13C, δ34S, and δ15N)..   Values for particulate organic matter (POM) were taken 

from the literature, andsamples of H. decipiens were taken from a nearby site  (Kahala) for 

comparison to H. hawaiiana.  H. hawaiiana and the other producer sources local invertebrates 

Seagrasses were enriched in δ13C compared to other local producers while δ34S separated 

epiphytes and algae.  δ15N values were more homogenous.  Producer isotopic profiles were used 

to calculate possible percent contributions to invertebrates.  The snail Smaragdia bryanae, 

reported to be an obligate herbivore on  Halophila hawaiiana, was the only species to show 

isotopic values indicating a possible 100% diet of seagrasses.  The nudibranch Stylocheilus 

striatus had values similar to its reported food source of Lyngbya majuscula.  Six invertebrates 

tested from the infaunal community had values closer to algae and epiphytes, with seagrasses 

contributing from zero to a maximum of 50%.  POM contributed the most to the deposit feeding 

Mesochaetopterus sagittarius.  Organisms within seagrass sediments appear to rely primarily on 

local micro and macro algae with smaller but significant contributions from seagrasses and 

POM. 
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Introduction 

Seagrasses have been shown to influence the structure of benthic invertebrate 

communities within seagrass habitats, often increasing the diversity of organisms, the 

abundances of species, or both (Heck & Wetstone 1977, Lee et al. 2001, Connolly et al. 2004, 

Como et al. 2008).  These effects have been documented not only for the larger seagrasses but 

also small species similar to those found in the Hawaiian archipelago (Casares & Creed 2008).  

Often the connection between the seagrass and the invertebrate community is primarily physical 

with seagrasses providing habitat, stabilizing sediment (Attrill et al. 2000, Lee et al. 2001), or 

creating a supporting structure for epiphytes (Kharlamenko et al. 2001).  The presence of 

seagrass as shelter may lower the risk of predation for associated fauna (Hovel & Lipcius 2001, 

Canion & Heck 2009). 

Seagrasses also serve as a food source for a wide range of associated and transient 

organisms (Kharlamenko et al. 2001, Benstead et al. 2006, Olsen et al. 2010, Lemons et al. 

2011).  Seagrasses are consumed both by direct grazing of megafauna, invertebrate grazers 

(Unabia 1984, Kharlamenko et al. 2001, Russell et al. 2003, Unabia 2011), and detritivores 

through decomposing biomass (Lepoint et al. 2006).  Seagrasses contribute a large amount to the 

diet of green sea turtles (Chelonia mydas) in California with an estimated 26% of their diet 

(Lemons et al. 2011) but, seagrass generally represent 2-3% of the diet of turtles in Hawaii, 

except in Kaneohe Bay where seagrasses consistently contribute 5% to over 50% of the diet 

(Arthur & Balazs 2008).  The gastropod Smaragdia bryanae is likely an obligate herbivore on 

Halophila hawaiiana (Unabia 2011).  Benstead et al. (2006) found that in Micronesia the 

invertebrate communities in individual estuaries derived between 8% and 47% of their nutrients 
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from seagrass sources and the seagrass contributions to individual species was as high as 88% in 

some cases. 

The stable isotope method begins with the determination of isotopic composition of a 

particular element within an organism and comparing it to a standard of known isotopic 

composition.  The three elements most commonly used in ecological studies are carbon, 

nitrogen, and sulfur.  The abundance of heavy isotopes in natural standards, such as the carbon in 

Vienna PeeDee Belemnite (VPDB), is low with only 1.124% 13C, 0.368% 15N, and 34S 4.501% 

34S (Kendall & Caldwell 1998).  The isotopic composition is reported as the ratio of the amount 

of heavy isotopes to light isotopes in a sample compared to that of the standard.  This is 

expressed as the δ value, or the parts-per-thousand differences (‰) in isotope ratios of a sample 

as compared to universal standard for each isotope and calculated using the formula (Peterson & 

Fry 1987): 

 

(X is δ13C, δ15N, or δ34S, and R is the corresponding ratio of heavy to light isotopes).  Higher δ 

values indicate a larger proportion of heavy to light isotope or “enrichment.”  Lower δ value 

indicate a smaller proportion of the heavy to light isotope or “depletion” (Peterson & Fry 1987).   

Very small changes in actual isotope concentration of 0.11%, 0.04%, and 0.44% for 13C, 15N, and 

34S respectively, result in changes of 100‰ in δ13C, δ15N, or δ34S (Peterson & Fry 1987) which 

is greater than most observed ecosystem ranges. 

Each isotope experiences fractionation related to certain energetic processes.  Different 

photosynthetic mechanisms produce varying amounts of fractionation and therefore δ13C 

(Abelson & Hoering 1961, Benedict et al. 1980).  For example, C3 photosynthetic plants 

typically produce a depleted δ13C signature while C4 produce an enriched δ13C signature due to 
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the reduced photorespiration and CO2 sequestration facilitated by the specialized chemical 

pathways and anatomy of bundle-sheath cells (Bender 1971).  Although seagrasses use C3 

photosynthesis (Andrews & Abel 1979) they tend to have an enriched δ13C compared to other C3 

plants due to a closed pool of inorganic carbon associated with their leaves resulting from low 

photorespiration likely caused by membrane and water resistances to CO2 diffusion (Benedict et 

al. 1980). 

Differential uptake during digestion and excretion of animals and bacteria affects δ15N 

and to a lesser extent δ13C (Vander Zanden & Rasmussen 2001, Post 2002).   δ34S is affected by 

geological origin of sulfur (Peterson & Fry 1987) and fractionation of sulfur species by bacteria 

(Kaplan & Rittenberg 1964, Canfield 2001, Detmers et al. 2001).  The use of stable isotopes to 

analyze food webs and trophic structure is becoming increasingly prevalent as changes in stable 

isotope concentrations are often strongly linked to feeding and trophic interactions (Peterson & 

Fry 1987, Vander Zanden & Rasmussen 2001, Davenport & Bax 2002, Olive et al. 2003, 

Demopoulos et al. 2007). 

  After fixation in primary producers or bacterial decomposers both δ13C and δ34S are 

highly conserved throughout trophic transfer (Peterson & Fry 1987), therefore carbon and sulfur 

are most useful for the determination of sources of these isotopes in higher trophic levels.  In 

marine environments, separation between producers is often at least 5‰ for δ13C, δ34S, or both 

(Benstead et al. 2006).   Although most studies assume carbon to be completely conserved 

throughout the food web, δ13C has been shown to have an average δ13C enrichment of 0.4‰ 

(McCutchan et al. 2003) to 0.9‰ per trophic level (Vander Zanden & Rasmussen 2001).  

Although significant, enrichment is likely less important than isotopic differences due to 

interspecies variability and isotopic separation between producer types (Vander Zanden & 

Rasmussen 2001). 
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Differentiating between organic matter originating from seagrasses and other coastal 

primary producers using carbon isotopes is possible due to the different isotopic signatures of 

seagrasses (Loneragan et al. 1997, Davenport & Bax 2002, Vizzini et al. 2002, Benstead et al. 

2006).  The method of photosynthesis is the primary factor determining δ13C with some of most 

predictable distinctions occurring between C3 (-6‰ – -20‰) and C4 (-22‰ – -34‰) 

photosynthetic systems (Bender 1971, Smith & Epstein 1971).  However, species-specific 

physiology also affects δ13C.  Woody plants such as mangroves and fibrous plants such as 

emergent estuarine grasses contain more refractory, or  stable and unreactive, organic carbon that 

is highly depleted in 13C (Benstead et al. 2006).  Therefore, increased concentrations of structural 

elements such as lignocelluloses in mangroves create a depleted δ13C signature (Lepoint et al. 

2003).  Like these woody species, seagrasses have cellulose walls and abundant structural fibers 

that resist decomposition.  Seagrass epiphytes and other algae should have more labile organic 

carbon that may be more enriched in δ13C than seagrass, although the precise difference is  

variable (Benstead et al. 2006).  Seagrasses tend to have an enriched δ13C compared to other 

plants using C3 photosynthesis because of a closed CO2 system and low photorespiration likely 

caused by membrane and water resistances to CO2 diffusion (Benedict et al. 1980). 

Compared to other vascular coastal producers such as emergent grasses or mangroves, 

seagrass carbon is less refractory and can potentially contribute heavily to the overall organic 

carbon of the local community (Benstead et al. 2006).  Seagrass detritus is the primary 

contributor of carbon to the sediments below medium density Thalassia testudinum beds in the 

Bahamas (Hu & Burdige 2007).  In Micronesian sediments, the minimum percentage 

contribution of organic matter by seagrasses (Enhalus acoroides and Thalassia hemprichii), 

seagrass epiphytes, and phytoplankton to a variety of consumers was on average 29%, 15%, and 

27% respectively (Benstead et al. 2006).  Thalassia and Enhalus spp. are larger and structurally 
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more complex than the Halophila spp. found in Hawaii.  However, the isotopic signatures of the 

small seagrasses typical of the genus Halophila such as H. ovalis are similar enough that they are 

often indistinguishable from other larger seagrass species (Loneragan et al. 1997, Melville & 

Connolly 2005). 

Sulfur isotopes (δ34S) are similar to carbon in that they are highly conserved throughout 

the food web.  Although a trophic shift of up to 0.5‰ has been observed, the effect of this shift is 

not significantly different from zero when variability is taken into consideration (McCutchan et 

al. 2003) and is dwarfed by δ34S ranges in different producers which can exceed 25‰ (Benstead 

et al. 2006).  Compared to δ13C, δ34S has greater variability within each producer species but also 

shows on average a greater distance between various producers (Connolly et al. 2004) making 

δ34S often the best of the three elements at separating sources.  δ34S had fewer statistically 

indistinguishable sources when used alone and also separated sources at all but the smallest gap 

distances when used with other isotopes (Connolly et al. 2004). 

The main sources of sulfur for estuarine and coastal ecosystems are sulfates in the 

oceanic water column (δ34S = +21‰), sulfides in the sediments formed through anaerobic 

decomposition (fractionation of 2‰ to 42‰ from original source), groundwater sulfates (-10‰ – 

+10‰), and rainwater sulfates (+13‰, primarily affects emergent or intertidal vegetation) (Fry 

et al. 1982, Detmers et al. 2001).  The isotopic signature of each source is usually distinguishable 

but overlap occurs depending on location.  Because different producers utilize different sulfur 

sources, terrestrial producers such as saltmarsh plants will typically be more depleted than 

phytoplankton, algae, and seagrasses utilizing seawater sulfate (Peterson et al. 1986, Benstead et 

al. 2006). 

Nitrogen isotopes (δ15N) can also be used to determine source contributions, however 

they are the least conserved of the three elements (McCutchan et al. 2003).  The single most 
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significant microbial depletion of nitrogen isotopes is typically the result of fixation of 

atmospheric N2 by organisms such as marine cyanobacteria (Wada & Hattori 1976, Carpenter et 

al. 1997).  No other microbial process depletes δ15N in natural systems.  On the other hand, δ15N 

becomes enriched each time it is digested and assimilated into animal tissue because of the 

preferential excretion of the lighter nitrogen isotope (Peterson & Fry 1987).  The average 

enrichment of δ15N can be as low as 2.0‰ (McCutchan et al. 2003) but is more often reported 

between 3.0 and 3.4‰ (Kling et al. 1992, Vander Zanden & Rasmussen 2001, Post 2002, Olive 

et al. 2003).  However, other factors including method of excretion and diet composition can 

result in even less enrichment in some species (Vanderklift & Posnsard 2003). 

δ15N also has the lowest observed range of variation as well as the smallest average 

distance between values of all three elements across all primary producers (Connolly et al. 2004).  

The variability of δ15N within an individual producer species falls between the more variable 

δ34S and the more constant δ13C.  Because of the large and highly variable fractionation between 

trophic levels and the low range of producer values, δ15N results are the most difficult to 

interpret and the least useful for independently determining source contributions.  However, 

combined with δ13C and/or δ34S, δ15N can add another dimension of separation and break ties 

that may occur when determining sources using one or both of the other elements.  Because of 

this trophic enrichment δ15N is readily used to attempt to determine trophic relationships within a 

food web (Vander Zanden & Rasmussen 1999, 2001, Post 2002, Olive et al. 2003, Layman et al. 

2007). 

Large species of seagrasses contribute substantially to coastal ecosystems worldwide.  

The considerable amount of biomass they produce likely encourages the adaptation of organisms 

to feeding on this abundant energy source.  The small stature of Hawaiian seagrasses would 

seemingly make less significant contributions.  However, the endemic nature of Halophila 



! 137!

hawaiiana, the isolation of the Hawaii islands, and the presence of at least one obligate herbivore 

Smaragdia bryanae suggests that it is a likely source of energy for fauna living within its beds.  

To examine the importance of seagrasses in Hawaii’s ecosystems, several hypotheses were 

tested: 

1. The snail Smaragdia bryanae, believed to be an obligate herbivore of H. hawaiiana, 

will have isotope values indicating this seagrass is its only food source. 

2. Invertebrates occurring frequently and/or in high abundance within H. hawaiiana 

beds will have isotope values indicating seagrass as a primary isotope source. 

 

Methods 

In order to evaluate the important food sources of seagrass ecosystems in Hawaii, a 

variety of local producers were collected.  All samples were taken between June and August of 

2009 and the same time period of 2010 to reduce temporal variation.  Grab samples of seagrass 

and algae were taken from the Maunalua Bay 1 site and samples of Halophila decipiens were 

taken from the Sampan Channel.  The seagrass samples were rinsed in distilled water and the 

leaves were carefully scraped with a razor blade to remove epiphytes for separate analysis.  Algal 

samples were carefully separated and rinsed to remove all invertebrates and epiphytes.  Small 

invertebrates were collected from Maunalua Bay 1 using core samples (see Ch. 3).  Two 

nudibranch species, Chelidonura hirundinina and Stylocheilus striatus were observed frequently 

near seagrasses at Maunalua Bay and were collected separately for analysis.  The gastropod 

Smaragdia bryanae did not occur enough in core samples to obtain adequate biomass and so was 

collected separately.  All other invertebrate species were selected from the core samples based on 

their abundance or high biomass.  Due to the required sample dry weights of 0.3-0.4mg and 4-

6mg, small invertebrates had to be pooled into groups of 10-100.  Larger specimens were 
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carefully dissected to remove stomach contents and homogenized.  Gastropods with carbonate 

shells were either removed from their shells or the internal shells were dissected and removed. 

All specimens were cleaned using distilled water and dried at 60°C to a constant weight 

(24-48 hours) and homogenized using a mortar and pestle.  For ease of sample preparation, a 

single sample was sent for C and N analysis.  These samples could not be acidified as 

acidification can affect nitrogen values (Bunn et al. 1995).  Special care was taken to remove any 

carbonate material to avoid inorganic carbon skewing the results.  Several samples were acidified 

using 1M HCl and tested separately.  No significant difference in carbon was found between 

these samples and unacidified samples (Paired t-test, p>0.05) while δ15N decreased between 1‰ 

and 2‰.  Samples were weighed on a microbalance and placed in tin capsules. 

Samples for C and N analysis were sent to the SOEST Isotope Biogeochemistry 

Laboratory at the University of Hawaii and analyzed using a Costech ECS 4010 Elemental 

Combustion System with a Zero Blank Autosampler interfaced to a Thermo-Finnegan DeltaXP 

stable-isotope-ratio mass spectrometer via a Thermo-Finnigan MAT ConFlo IV interface.  

Carbon in the samples was referenced to Vienna PeeDee Belemnite (VPDB) and nitrogen was 

referenced to atmospheric N2.  Samples for S analysis were sent to the Colorado Plateau Stable 

Isotope Laboratory at the University of Northern Arizona an analyzed in continuous-flow mode 

using a Thermo-Finnigan Deltaplus Advantage gas isotope-ratio mass spectrometer interfaced 

with a Costech Analytical ECS4010 elemental analyzer. Data were normalized using 6 

internationally accepted isotope standards (IAEA S1, S2, S3, SO5, SO6, and NBS 127). 

Plankton and particulate organic matter (POM) samples were not taken to conserve 

analysis funding for replicates of other samples.  An offshore δ13C value of around -22‰ is 

expected in equatorial latitudes (Goericke & Fry 1994) with only minor variations throughout the 

tropics (Gruber et al. 1999).  More enriched values of -20‰ inshore and -19.5‰ offshore have 
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been reported for δ13C off the coast of the Island of Hawaii (Hobson et al. 2007).  Enriched 

values have also been observed off the southern shore of Oahu ranging between -21‰ and -20‰ 

at 7 out of 9 sites with two single sample outliers between -20‰ and -18.5‰ (Parnell 2001).  

δ15N values for phytoplankton are typically around 4.5‰ (Mullin et al. 1984).  The most 

depleted δ15N values reported in Hawaii are about 3.5‰ (Laws et al. 1999, Parnell 2001, Hobson 

et al. 2007) with the most enriched values reported varying from 4.5‰ (Parnell 2001) to 5.5‰ 

(Hobson et al. 2007) to a high of 7‰ (Laws et al. 1999).  In this study values for POM were set 

at -21.5‰ for δ13C and 4.5‰ for δ15N based on recent values reported by Demopoulos (2007).  

The POM value for δ34S was set at 19.5‰, calculated by subtracting the average sulfur 

fractionation by phytoplankton of 1.5‰ from the value of 21‰ for seawater sulfate (Trust & Fry 

1992).  Standards similar to these have been used to estimate values for POM when collection is 

impractical (Benstead et al. 2006).  δ13C values for invertebrate core samples preserved in 

formalin were adjusted by -1.65‰ based on Sarakinos et al. (2002). 

One-way ANOVA with Fisher’s LSD post hoc tests modified to account for alpha error 

using the Holm (1979) method was used to determine if there were differences between the three 

isotopic ratios of producer types.  The multisource mixing model program IsoSource (v. 1.3.1, 

(Phillips & Gregg 2003) was used to calculate the range of possible percent contributions of each 

producer source to the various fauna isotope values.  Source increment was set at 1% and 

tolerance at 0.1% based on previous studies (Benstead et al. 2006, Demopoulos et al. 2007). 

Mixing models used to determine original isotope source contributions require that the 

isotopic values for all consumers analyzed fall within an area of feasible contribution.  This area 

is easily represented by a polygon connecting the producer source values plotted against one 

another with each isotope representing one axis on the graph (Phillips & Gregg 2003).  If all 

producer sources are represented and invertebrate consumer δ15N values are adjusted for trophic 
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fractionation then it should be impossible for consumers to show isotopic values outside of this 

range.  The mean values of the four producer sources in this study did not completely enclose all 

faunal values observed.  However, the total range of producer isotopic values contributing to the 

system extended beyond the means and could therefore consumer values could appear anywhere 

within this range. 

To correct for the actual possible contribution range based on the samples collected the 

range of producers were extended.  The δ13C and δ34S values for seagrass were set to the 

producer max and min respectively.  This shift could result in lower than expected contributions 

of this source using the mixing model but would extend the polygon to all possible values 

achievable on a 100% seagrass diet.  The δ34S value for epiphytes was set to the producer min to 

allow similar enclosure and the mean was used for δ13C.  The algae group was split into two 

categories, algae group 1 and algae group 2, both using the max value of the group for δ34S while 

the group min was used for algae group 1 δ13C and the group max was used for algae group 2 

δ13C.  This arrangement enclosed all faunal values and accounted for all possible 100% source 

contributions (Fig. 1). 

Invertebrate δ15N values were adjusted based on trophic fractionation seen in similar 

organisms and/or feeding guilds (Vander Zanden & Rasmussen 2001). The carnivorous 

Chelidonura hirundinina was adjusted by -3.5‰.  The detritivores/omnivores Apsuedes 

tropicalis, Eriopsisella upolu, and Leptochelia dubia were adjusted by -3‰. The deposit feeders 

Mesochaetopterus sagittarius and Ptychodera flava were adjusted by -2‰ The herbivores 

Chelidonura hirudinia and Smaragdia bryanae were assumed to have the least trophic 

fractionation at -1‰.  These values were confirmed using the recent work of Demopoulos et al. 

(2007) in Kaneohe Bay. 
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Results 

Producers 

Algae and epiphytes had a wide range of δ13C values from -17.4‰ to -10.5‰ but were 

on average more enriched at -11.57±0.26‰ with no significant difference between any species. 

Seagrass values fell between -8.2‰ -5.5‰ and averaged -7±0.26‰.  Both species were 

significantly enriched compared to all algae species.  Reported values for POM the most 

depleted at -21.5‰.  Although only a single reported value was used and therefore it could not 

be included in the ANOVA, this value fell well outside of the range and standard error of any 

group (table 1). 

ANOVA revealed that producers had distinct isotopic signatures for both δ13C and δ34S 

(table 2).  The results of the ANOVA on nitrogen values indicated no significant differences 

within all producer types and therefore δ15N could not be used in the IsoSource analysis.  

Halophila hawaiiana and H.decipiens did not have distinguishable isotopic signatures for any 

isotope (table 3), but δ13C values for both seagrass species separated from all the algae species.  

δ34S also separated seagrasses from algae except for the species Caulerpa taxifolia and also 

seagrass epiphytes.  Epiphytes did not separate from any other algae for δ13C but did separate 

from all other algae species for δ34S except C. taxifolia.  C. taxifolia also separated from 

Gracillaria saliconia and Lyngbya majuscula for δ34S.  No other significant differences in 

isotope separation were detected for algae. 

Based on δ13C, producers could be separated into three groupings.  ANOVA revealed 

distinct δ13C enrichment of seagrass compared to algae and the reported values for POM were 

well outside the standard error of any other source.  δ34S revealed epiphytes were depleted 

compared to the other algae species with the exception of C. taxifolia.  However, the δ34S 

separation of epiphytes and C. taxifolia was obscured by the wide range of values observed in 
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the epiphytes.  Because macroalgae and epiphytic microalgae are dissimilar in structure and the 

types of invertebrates likely to consume them are correspondingly dissimilar, they are not 

considered within the epiphyte group for the IsoSource analysis. 

To further ensure no misidentification of epiphytes as a source instead of C. taxifolia, and 

to enclose all invertebrate signatures within the mixing model, the minimum δ34S value was used 

for epiphytes in IsoSource (fig 1).  The mean value reported for seagrasses also did not enclose 

all values for Smaragdia bryanae.  However, the possible range of seagrass values did enclose 

all of these points, and so the most enriched δ13C values and most depleted δ34S values were used 

for the seagrass point in IsoSource.  The final IsoSource adjustment was to split the algae into 

two groups.  The wide range of observed δ13C values that could be consumed was obscured 

when a simple mean was used.  To ensure all invertebrate points were enclosed, the algae were 

split into two groups along the δ13C axis.  These groupings do not represent specific taxonomic 

divisions of algae but instead represent two end members of the possible δ13C values that were 

available for the invertebrates to consume. 

 

Invertebrates 

The omnivores Apsuedes tropicalis, a tanaid, and Eriopsisella upolu, a gammarid 

amphipod, had average δ13C and δ34S signatures which fell within the observed range of 

epiphytes (fig. 2).  A. tropicalis also falls within  the narrow range of Caulerpa taxifolia.  The 

average δ13C and δ34S for the tanaid Leptochelia dubia and the acorn worm Ptychodera flava   

fell within or near the ranges of the macroalgae and the cyanobacteria Lyngbya majuscula.  All 

of these invertebrates had average trophic enrichment-adjusted δ15N (TE-adjusted δ15N) falling 

within the overlapping ranges of the various algae. Only a single sample of Chelidonura 

hirundinina returned a clear enough signature and this was within the range of epiphytes as well. 
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The surface deposit feeding annelid Mesochaetopterus sagittarius had an average δ13C 

consistent with Avrainvillea amadelpha and Gracillaria salicornia.  However, the average δ34S 

was much more depleted than either of these algae.  This is more consistent with POM, 

epiphytes, or seagrass, although the δ13C of seagrass is far more enriched.  The average adjusted 

δ15N for M. sagittarius was slightly more depleted than the lowest reported POM values but 

consistent with various algae. 

Both of the herbivores tested fell within the range of a specific producer.  The nudibranch 

Stylocheilus striatus had average δ13C, δ34S, and adjusted δ15N values which were all within or 

near the range of the cyanobacteria Lyngbya majuscula.  The gastropod Smaragdia bryanae had 

an average δ13C and δ34S that fell completely within the range of seagrass and were distant from 

any other producer source.  The average adjusted δ15N for S. bryanae was also within the 

observed range for seagrass.  

The primary isotope contribution for Ptychodera flava appear to come from the Algae 1 

group with a minimum of 31±14% and a maximum of 74±2% (Table 2). Algae 2 provided a 

large contribution to Leptochelia dubia with a minimum of 34±22% and a maximum of 59±14%.  

L. dubia also received a large contribution from Algae 1 with a minimum of 16±16% and a 

maximum of 45±20%.  The contributions for Apsuedes tropicalis, Chelidonura hirudinia, and 

Eriopsisella sechelensis were spread more evenly across all producer groups. 

Smaragdia bryanae isotope values indicated the most seagrass contribution with as much 

as 89±1% attributed to seagrass and at least 69±2% contribution.  In comparison, the maximum 

contribution of seagrass to all other species fell below 40% contribution from seagrass. Algae 2 

provided the primary source for Stylocheilus striatus with a minimum of 77±8% and a maximum 

of 92±5%. This algal source point was also the closest to the values for Lyngbya majuscula.  

Because of the adjustments made to the producer endpoints to ensure enclosure of all 
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invertebrate samples, these numbers cannot be taken as exact representations of the contributions 

of each source and instead must be viewed as revealing the relative importance of each source to 

the invertebrates. 

 

Discussion 

Producer Carbon 

The δ13C values for Halophila spp. in Hawaii were slightly enriched compared to mean 

values reported by McMillan et al. (1980), but the ranges overlap and the differences are not 

unexpected considering the worldwide variability they reported (-7.7 to -12.4‰).  All δ13C 

values reported in this study also fall within reported values for other seagrass species and 

enriched values of -6.7 to -7.8‰ occur in similar studies (Kharlamenko et al. 2001, Davenport & 

Bax 2002).  The enriched δ13C values seen in seagrasses are likely the result of the low rate of 

photorespiration and therefore high CO2 retention seen in seagrasses which is uncharacteristic for 

a plant using C3 photosynthesis (Benedict et al. 1980).  The diminutive size and high rate of 

growth and turnover (Herbert 1986, Josselyn et al. 1986) leading to low amounts of refractory 

structural carbon may also play a role in enriching 13C in Hawaiian seagrasses, but whether 

physiology plays a role in seagrass isotope signatures is still unknown. 

Algae values were similar but some were slightly enriched compared to the range of -

18.3‰ to -13.9 reported in Kaneohe Bay (Demopoulos et al. 2007).  The range of δ13C for 

epiphytes was completely within the range -22.9 to -7.9‰ reported by Benstead et al. (2006) and 

also included -13.5‰ as reported by (Kharlamenko et al. 2001).  Even the lowest δ13C of POM 

observed in Hawaii of -18.5‰ was outside the range of all other primary producers. 
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Producer Sulfur 

The narrow range of δ34S values observed may indicate a relatively homogenous sulfur 

source pool for all the examined primary producers.  This source pool is likely derived from 

oceanic sulfate based on the standard range of values for oceanic δ34S (Peterson & Fry 1987).  

Even with a small range, the sulfur pattern of depletion from algae to epiphytes to seagrass has 

been observed elsewhere (Moncreiff & Sullivan 2001).  However, larger seagrasses tend to be 

far more depleted in 34S due to deep root penetration into sediments where there is typically a 

high reserve of reduced sulfides (Frederiksen et al. 2008).  The relative enrichment of the 

diminutive Hawaiian seagrasses may be an effect of their extremely shallow root structure failing 

to penetrate deep into anoxic sediments or a small amount of sulfide absorption by their roots.  

This same effect may be seen in the depletion of 34S in Caulerpa taxifolia that also has a shallow 

system of root-like holdfasts but does not appear to be affected by sediment sulfate reduction 

(Chisholm & Moulin 2003). 

 

Producer Nitrogen 

 Nitrogen values did not show any significant difference in separation for any primary 

producer but observed δ15N were similar to those seen in other studies.  Seagrass had δ15N values 

similar to Enhalus acoroides (1.9‰, Loneragan et al. 1997) and Posidonia oceanica (2.8‰, 

Vizzini et al. 2002).  The cyanobacteria Lyngbya majuscula was depleted compared to 10.5‰ 

reported in Taiwain (Lin et al. 2007) and all other algae species had δ15N mean values less 

enriched than the lowest value of 5.9‰ reported in Kaneohe Bay (Demopoulos et al. 2007) but 

within the ranges seen at other locations (Loneragan et al. 1997, Vizzini et al. 2002) 
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Invertebrates 

As expected, all three-isotope values of Smaragdia bryanae were closer to seagrass than 

any other organism  (Fig. 2).  Although the IsoSource results indicate S. bryanae could be 

receiving contributions from other sources, this is unlikely due to the specialization observed by 

(Unabia 1984, 2011).  This can be attributed to the adjustment of the seagrass values used in 

IsoSource to compensate for faunal signatures falling outside of the source polygon when the 

seagrass mean was used.  Even though S. bryanae did not fall directly on the mean value, all 

δ13C, δ15N, and δ34S values for this species fell within the observed range of seagrass.  This 

observation may indicate an underrepresentation of a source contribution when considering 

single-source specialist herbivores.  This confirms the first hypothesis, as S. bryanae appears to 

consume exclusively seagrass. 

The isotope values for the herbivore Stylocheilus striatus fell primarily near the values of 

algae group 2.  This group is influenced by cyanobacteria such as Lyngbya majuscula, which 

have been observed being consumed by Stylocheilus striatus in captivity (Cruz-Rivera & Paul 

2002, Unabia personal communication).  The average signatures for all three isotopes of 

Stylocheilus striatus also fell within the ranges of Lyngbya majuscula.  The proximity of 

Stylocheilus striatus and Smaragdia bryanae isotopic values to those producers for which they 

each have a strong feeding preference is evidence that the isotopic procedures used in this study 

were effective. 

The high contribution of POM to Mesochaetopterus sagittarius is expected for a surface 

deposit feeder as suspended particulates are more likely to accumulate on the upper levels of the 

substrate.  The relative depletion in 34S is likely a result of the consumption of decomposing 

epiphytes, sediment microalgae, or decomposer microorganisms as well.  If the sedimentary 

algae is diatomaceous, a common contributor to seagrass food webs (Lebreton et al. 2011), it 



! 147!

would likely have an isotopic signature similar to Hawaiian seagrass epiphytes which also seem 

to be dominated by diatoms (personal observation, Unabia personal communication). Apsuedes 

tropicalis and Eriopsisella upolu likely have a similar diet but are more enriched in 13C and 

depleted in 15N indicating they are either less influenced by POM or possibly more influenced by 

seagrasses. 

In contrast, the deposit feeding Ptychodera flava and omnivore/detritivore Leptochelia 

dubia both have distinct 13C enrichment consistent with a diet of macroalgae or Lyngbya. 

Ptychodera flava and Leptochelia dubia have feeding modes similar to Mesochaetopterus 

sagittarius and Apsuedes tropicalis respectively and yet they appear to consume food sources 

with depleted δ15N and δ34S signatures.   This could indicate niche food source partitioning 

amongst scavengers in Hawaiian seagrass beds to avoid direct competition.  Mesochaetopterus 

sagittarius and Ptychodera flava are also enriched in 15N compared to the other invertebrates 

within their feeding guilds.  This may be a result of consuming more bacteria and animal detritus 

than the other omnivores that may feed more directly on  plant material.  Aside from Smaragdia 

bryanae, n invertebrate showed a high proportion of likely seagrass contribution so the second 

hypothesis was rejected. 

Although several feeding tendencies of invertebrates have been revealed, serious 

limitations on this method exist based on the techniques used.  First, the use of δ34S isotopic 

analysis requires an extremely large sample weight compared to the weights of most 

invertebrates found in seagrass beds.  Even pooling individuals from all cores in a site and 

substrate did not provide enough dry biomass to analyze most species.  In addition, this 

limitation also did not allow for a comparison between seagrass species or seagrass and bare 

sediment as the same invertebrates were not found in great enough abundance in all groups to 

provide even a single sample let alone replicates.  Caution must also be taken in the 
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interpretation of IsoSource as variability within sources and isotope residence times cannot be 

fully predicted and comparisons to a single source value, means or any other value, may not 

represent the availability of all isotope values (Phillips & Gregg 2003, Benstead et al. 2006). 

Although for the purposes of this paper a comprehensive isotopic survey could not be 

completed, the methods employed here have proved to be feasible in separating primary 

producers contributing energy to seagrass bed fauna and comparing these values to the isotope 

values of the consumers in the associated invertebrate community.  Expansion on this study is 

warranted, testing a larger number of species and larger sample sizes.  Sediment organic material 

should also be examined to determine the origin of organic material within the seagrass beds. 
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T
ables 

 Table 1.  Isotope values by species and producer m
eans, producers populate the top of the table w

hile consum
ers are at the bottom

.  
Each Isotope is separated and m

eans and ranges are reported for each along w
ith the num

ber of sam
ples processed.  Pooled values for 

seagrass and algae are also provided.  R
eported values are used for PO

M
. 

 

 
   



! 161!

Table 2.  ANOVA results comparing all producer species except Spyridia filamentosa (which 
had only a single sample) for each isotope. 
 
 
Environmental Variable df MS F p 

     
δ13C 7 37.83 9.305 <0.001 
δ15N 7 4.282 1.599 0.193 
δ34S 7 2.777 18.808 <0.001 

 
 
Table 3.  Results of Fisher’s LSD for all comparisons of producers in the ANOVA, corrected 
using the Holm (1979) method. 
 
 

  

Av
er

ai
nv

ill
ea

 
am

ad
el

ph
a 

C
au

le
rp

a 
ta

xi
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lia
 

Ep
ip

hy
te
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G
ra

ci
lla
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sa
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ni

a 

H
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op
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la
 d

ec
ip

ie
ns

 

H
al

op
hi

la
 h

aw
ai

ia
na

 

Ly
ng

by
a 

m
aj

us
cu

la
 

δ13C 0.134 0.611 0.661 0.425 0.004 0.001 0.889 Acanthophora 
spicifera δ34S 0.416 0.131 0.001 0.298 0.002 <0.001 0.54 

         
δ13C  0.433 0.053 0.64 <0.001 <0.001 0.176 Averainvillea 

amadelpha δ34S  0.032 <0.001 0.748 <0.001 <0.001 0.837 
         

δ13C   0.371 0.788 0.003 0.001 0.701 Caulerpa 
taxifolia δ34S   0.066 0.026 0.072 0.001 0.046 

         
δ13C    0.239 0.01 0.004 0.564 

Epiphytes 
δ34S    <0.001 0.89 0.09 <0.001 

         
δ13C     0.001 <0.001 0.499 Gracillaria 

salicornia δ34S     <0.001 <0.001 0.615 
         

δ13C      0.589 0.003 Halophila 
decipiens δ34S      0.187 <0.001 

         
δ13C       0.001 Halophila 

hawaiiana δ34S       <0.001 
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Table 4.  M
in and m

ax possible percent contributions for all invertebrate species tested w
ith standard error.  V

alues w
ere determ

ined 
by C

 and S isotope distributions of invertebrates and producers using the isotope m
ixing m

odel softw
are IsoSource. 
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Figures 
                           Figure 1.  D

istribution of producers and fauna against δ
13C

 and δ
34S.  Points w

ith error bars are m
ean values for each producer w

ith 
standard error w

hile individual sm
all points are individual invertebrate sam

ples.  N
o error is reported for PO

M
 as it is based on 

reported values.  Polygon indicates area enclosed by values chosen for use in IsoSource. 
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Figure 2.  Producer ranges and consumer means for three isotopes.  Boxes enclose the area 
within the minimum and maximum observed values for each producer (Ac=Acanthophora 
spicifera, Av=Avrainvillia amaldelpha, C=Caulerpa taxifolia, E=Epiphytes, G=Gracillaria 
salicornia, L=Lyngbya majuscula, S=Seagrass).  Points indicate consumer means (1=Apsuedes 
tropicalis, 2=Chelidonura hirundinina, 3=Eriopsisella upolu, 4=Leptochelia dubia, 
5=Mesochaetopterus sagittarius, 6=Ptychodera flava, 7=Smaragdia bryanae, 8=Stylocheilus 
striatus) with bars as standard error.  Algal δ15N signatures were grouped and dotted lines 
indicated placement of algal species within the group for visualization of overlap.  Some δ13C 
averages differ slightly between graphs due to several missing δ15N or δ34S values for 
individuals.  Error bars represent standard error.
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 Figure 3.  M
ean estim

ated m
inim

um
 and m

axim
um

 percent contributions of the five sources on each of the invertebrate species tested 
as calculated using IsoSource.  Solid indicates m

inim
um

 %
 contribution, em

pty indicates m
axim

um
 %

 contribution, error bars 
represent standard error. 
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Closing Comments and Future Research 

 

Although Hawaiian seagrasses provide essential habitat for Smaragdia bryanae and 

possibly to Munna acarina which was found extensively within the beds of this species, the 

effects of these seagrasses on benthic habitats and invertebrate communities are still not well 

understood.  Although the beds appear to alter the benthic environment in some cases and can 

alter the composition of the invertebrate community, these changes not consistent across all 

Hawaiian seagrass beds which makes comparative sampling studies difficult at best.  Intersite 

variability is perhaps a far stronger structuring factor of these ecosystems. 

Halophila decipiens appears to have a greater effect on sediment characteristics than H. 

hawaiiana as it more consistently grows in sediments that differ in organic content and grain 

structure than surrounding sediments.  Although the effect of H. hawaiiana on sediment 

composition was not strong in this study, examples of mounding due to seagrass sediment 

retention have been observed in several locations.  Sediment characteristics and organic material 

need to be examined at smaller spatial scales within sites to mitigate the effects of intersite 

variability.  Closer attention needs to be paid to the source of organic material in the sediments 

through more detailed isotopic analysis of this material and sediment pore waters. 

Invertebrate communities also need to be examined on a finer spatial scale.  The 

exclusive grazing of Smaragdia bryanae and the exclusivity of some species found in this paper 

may indicate invertebrate associations beyond what we currently understand.  A detailed 

examination of specific sites and the origins of various invertebrate species (native, invasive, 

endemic, pantropical, etc.) may reveal more dependant relationships and coevolutionary 

associations.  
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Many of the effects of the small seagrasses of the Hawaiian Islands may be far subtler 

than the spatial resolution of this study could reveal.  However, we now have a better 

understanding of the invertebrate communities associated with these seagrasses, the habitats in 

which they grow, and the large amount of site-dependent variability represented.  The endemic 

nature of Halophila hawaiiana and Smaragdia bryanae already present a conservation concern 

due to their limited geographic range.  Further study of these seagrasses may also prove 

important to the conservation efforts taking place in Maunalua Bay, and other locations, towards 

removing invasive macroalgae species.  The newly cleared habitat could allow for the expansion 

of these seagrasses into ranges previously occupied before human development of the Hawaiian 

Islands. 

 


