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Figure ab. Mean numbers (± 1 SD) of Maretia planulata per 0.1 m3 

at each depth and in both microhabitats. Matching letters 

indicate that the densities are not significantly different at 

the 95% level using Games and Howell multiple 

comparisons test. 
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DISCUSSION 

Preliminary Distribution of Maretia planulata and Metalia dicrana, 

Sediment Analysis and Growth 

The preliminary work demonstrated that the irregular urchin, Maretia 

planulata, is found in greater abundance than Metalia dicrana, within Apra 

Harbor, Guam. Tsuchiya et aI., (1989) studied the distribution of shallow 

subtidal macrobenthic animals at Sichang Island, Thailand (a similar site), and 

showed a different distribution of M. planulata with respect to another infaunal 

irregular urchin, Brissus latecarinatus, and other species found there, including 

Metalia dicrana. Densities of M. planulata at Sichang Island were determined 

to be "extremely low". Only two other species of infaunal echinoids have been 

found throughout the present study. The densities of these two species are 

very low compared to Maretia planulata or Metalia dicrana. Only one indi

vidual of Clypeaster reticulatus has been found and individuals of Fibularia 

ovulum are found primarily near and among the fecal castings of the burrow

forming organism in Apra Harbor. F. ovulum is a very small echinoid «2.0 

mm length) and is therefore unlikely to compete directly with Maretia planulata 

for sediment resources (R. Mooi, pers. comm., California Academy of Sci

ences). 

The site investigated by Tsuchiya et aI., (1989) contained nine species 

of urchins. Six species of urchins overlapped with B. latecarinatus in position 

along the transect and five species were found within the sediment. These 

data suggest that at Sichang Island the greater number of species of infaunal 

echinoderms may affect the densities of both M. planulata and M. dicrana. 
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Sediment size and composition of sediment at both Sichang Island and Apra 

Harbor study sites were found to be similar (Choonhabandit and Tsuchiya 

1989). 

Sediment particle size range is an important regulating factor in the 

distribution of these two species. A correlation was found between depth, 

particle size and population density of both species (Fig. 3). Both Maretia 

planulata, Metalia dicrana and Fibularia ovulum exist within the same general 

habitat, yet differences in the distribution of the three species were found. 

Abundances for these urchins may be regulated by a minimum or maximum 

sediment size, organic content or water depth. Studies have shown that 

sediment size and organic content are generally correlated (Levinton et al. 

1984; Sanders 1968). Feeding efficiency and therefore growth, within the 

sediment, may be differentially affected along the sediment size gradient (Fig. 

4). Differences in morphology (such as spine and/or test morphometrics) and 

energetic requirements may also be an important factor in determining the 

distribution of these two species in the shallower depths. 

Sediment surface irregularities caused by macrobenthic burrowers such 

as B. latecarinatus, M. planulata and M. dicrana have been proposed as 

regulating factors in communities such as Sichang Island (Tsuchiya et al. 

1986) and benthic communities in general (Dayton 1984). M. planulata was 

observed to be more active in disturbing the sediment at the present study site 

than Metalia dicrana or Fibularia ovulum. Metalia dicrana was found to be less 

mobile and inhabited generally deeper areas within the sediment. Individuals 

of Fibularia ovulum were found near the surface of the sediment and generally 

inhabited sediment near the tops of the sediment cones. Bioturbation by these 

three species at Apra Harbor may affect community structure. Organisms that 
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are unable to recruit, because of disturbances produced by the other species, 

have been found to be excluded from similar habitats (Woodin 1976; Roberts, 

Suchanek and Wiseman 1981; Branch and Pringle 1987; Sutherland 1990). 

Figure 5 shows that the day 1 sediment organics for 10, 20 and 30 m 

depth treatments were found to be different along a depth gradient. By day 

60, the sediments had equilibrated and the resulting organic contents were 

approximately the same. In the field, organic content for the three treatments 

were again different along a depth gradient. But after 60 days, these sedi

ments did not reach an equivalent maximum in the amount of organic matter 

per gram of sediment. 

Nowell, Jumars and Eckman (1980) demonstrated how animal tracks 

and fecal pellet production by infaunal residents influenced the entrainment 

velocity of marine sediments: biological activities caused either binding or 

destabilization of marine sediments. These biological effects are quite vari

able and depend on "organism density, sediment composition and the activi

ties of co-inhabitants". A more recent study by Yager et al. (1993) investigated 

enhanced particle deposition to pits. In an experimental flume study, particle 

residence times, particle concentrations and particle fluxes to pits from the 

main flow were all significantly influenced by pit shape/size and flow regime. 

Therefore, compared to smooth flat benthic surfaces, a cone-and-funnel type 

benthos increases particle residence times and increases the surface area to 

which particles can adhere. Mean distance between cones decreases with 

depth (Fig. 7), therefore a greater amount of organic matter may become 

entrained in the deeper depths at the study site (Fig. 5 and Table 1). The data 

also suggested that an optimum pit density can be calculated to estimate a 

theoretical maximum amount of sediment entrainment for a specific benthic 

profile. 
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Sediment Cones and Associations by Maretia planulata, 

Metalia dicrana and Fibularia ovulum 

As relationships between the various biotic factors are quantified, they 

provide a better understanding of organismal interactions at the population, 

community and ecosystem levels. Organismal associations in soft-bottom 

habitats have shown that the feeding mode of one organism may enhance the 

availability of food resources for other organisms (Johnson 1971; Yingst 1976; 

Connell 1983; Aller and Aller 1992). Meyers et al. (1987) demonstrated that 

interstitial meiofauna could be associated with the tubes and burrows of 

macrofaunal tube builders. The study showed how the traditional, simple 2-

layer model of marine sediments (aerobic vs. anaerobic) cannot be used to 

entirely describe the structure of these complex communities. The proposed 

association between the tube builders and the associated meiofauna also 

demonstrates the potential complexity of these interactions (Driscoll 1975). 

The associations between Maretia planulata, Metalia dicrana, Fibularia dicrana 

and the sediment cones are evidence that such associations exist along a 

habitat gradient. 

Densities of urchins for each depth and microhabitat were compared 

and charted from the Games and Howell data (Figs. 8, 8a and 8b). Densities 

for Fibularia ovulum are more similar within the microhabitats. Densities of F. 

ovulum in the cones at 10, 20 and 30 m were found to be not significantly 

different. In addition, densities within the funnels were found to be not signifi

cantly different at the 20 and 30 m depths. Densities for F. ovulum at 30 m 

(cones and funnels) and 20 m cones were also grouped at the 95% level. This 

was the only instance of trans-microhabitat similarity for densities of F. 

ovulum. 
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Games and Howell analysis for Metalia dicrana densities formed two 

distinct groups. Densities at 10m for both the cone and funnel microhabitats 

and densities for both 20 m (cone and funnel) and 30 m (cone and funnel) 

were found to be not significantly different at the 95% level. Results from the 

analysis of Maretia planulata densities were similar to those of Metalia dicrana 

in that depth was more prominent as a grouping factor. Densities for M. 

planulata were found to be not significantly different for both extremes in 

depth, 10m and 30 m, for both the cone and funnel microhabitats. 

Figures 8, 8a and 8b show that there may be habitat specific character

istics that affect the mean densities of each species of urchin. Cone densities 

change significantly with depth (Fig. 7). As cone densities change with depth, 

relative particle flux may also change with depth. With increased numbers of 

cones per unit area, more particles can be removed from the water column 

and remain on the substratum. Field and laboratory experiments also demon

strated that although there are initially significant differences in sediment 

organic content, growth rates for Maretia planulata were not significantly 

different for each of 10, 20 and 30 m depth treatments (Norris 1993). These 

data suggest that these differences in organic content do not statistically 

correspond to increased growth rates for Maretia planulata (Fig. 6). 

Habitat modifications caused by the sediment cones may facilitate the 

assemblages of urchins at the different depths. A positive relationship exists 

between the quantity of organic matter at the deepest habitat depth (30 m) and 

the number of sediment cones per unit area. Mean number of urchins peak 

between 20 and 30 m in depth (Norris 1991) and drops to zero between 35 

and 40 m. At 25 m the habitat may be modified in a way that facilitates the 

existence of a maximum number of urchins (Valderhaug 1984). 
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Abundance and size distribution for Maretia planulata also suggest that 

densities of urchins may playa role in structuring these size classes. Maxi

mum mean size may be differentially influenced at each depth by a combina

tion of urchin density, organic content and sediment size/anoxia (Fig. 4). The 

habitat extremes, 7 and 40 m, may be sufficiently biologically and physically 

unfavorable to support the existence of the larger densities of Maretia 

planulata found at 25 m. Anoxia has been proposed as a potential factor in 

maintaining this distribution pattern (Mangum and Winkle 1973; Rosenburg et 

al. 1991). A shallow anoxic layer translates into less habitable sediment for 

aerobic organisms. The increasing depth to the anoxic layer, that character

izes the sediment in the middle depths, suggests that the larger number of 

urchins may be altering the sediment. The shallower depths have a shallower 

aerobic sediment layer and therefore less habitat space. Grab samples and 

exploratory dives also suggest that the deeper areas of Apra Harbor (40 - 50 

m) are similar to the shallowest habitats (10m) with respect to anoxia and 

densities of urchins. 
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