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Abstract Foundation species are crucial to under-

standing the mechanisms underlying faunal commu-

nity structure. The present study aimed to clarify the

habitat function of empty shells from dead oysters

Saccostrea kegaki for the benthic faunal community of

an intertidal rocky shore. We evaluated whether

macroinvertebrates used the shells as a habitat. Results

demonstrated that limpets (the dominant macroinver-

tebrates at the study site) did so more frequently than

they inhabited live oysters, other sessile organisms, or

rock surfaces. The dead oyster shells successfully

functioned as a refuge from predation and as a nursery

for limpets, because of their structural complexity (the

presence of a depression on the inner side of the shell).

Therefore, our study demonstrates the importance of

dead S. kegaki, a shell-forming foundation species,

and illustrates that the structural complexity of such

species might result in habitat functions upon their

death.

Keywords Foundation species � Habitat function �
Limpet � Oyster � Shelter

Introduction

Foundation species provide habitats for other organ-

isms through creating physical structures (Dayton,

1972; Fonseca et al., 1982). For example, mangroves,

corals, oysters, and seagrasses are well-known foun-

dation species groups inhabited by various marine

communities (Stoner & Lewis, 1985; Ellison &

Farnsworth, 1992; Reaka-Kudla, 1997; Minchinton

& Ross, 1999). Their complex structures (e.g., man-

grove roots, coral branches, and oyster shells) modify

physical phenomena, such as flow velocity and

sedimentation (Fonseca et al., 1982), as well as

provide refuge, feeding grounds, and nurseries. More-

over, they determine species diversity, composition,

and distribution (Hacker & Steneckd, 1990; Taylor &

Cole, 1994; Alvarez-Filip et al., 2009; Fabricius et al.,

2013). Therefore, identifying foundation species or

species groups is crucial to studying the mechanisms

underlying faunal community structure.

The dead bodies of foundation species commonly

serve as habitats. For example, numerous species

inhabit the calcareous branches of dead corals (Head

et al., 2015). When dead foundation species retain

habitat functions, they may support a community

containing similar species composition as the one they
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supported while alive (Hauff & Jack, 2006; Kauffman

& Cole, 2010). This pattern suggests that the species

composition of communities associated with hard-

structured foundation species should be resistant to

disturbances. Although remnant structures are impor-

tant in retaining the habitat functions of foundation

species in marine and terrestrial ecosystems (Brokaw,

1985; Head et al., 2015), little is known about their

exact functions.

Sessile organisms (e.g., oysters, mussels, and

barnacles) are the major foundation species in the

intertidal rocky shores that are ubiquitous from

tropical to boreal regions (Tsuchiya & Nishihira,

1986). Their complex shells provide refuge from

predation (Tsuchiya & Nishihira, 1985). Because

predation is a process that alters species composition

(Menge, 1995), oyster shells may play an important

role in determining community structure. In particular,

sessile organisms with calcified shells are likely to

retain habitat functions because their shells persist

after death (Gutiérrez et al., 2003; Summerhayes

et al., 2009). Nevertheless, dead oyster shells in

intertidal rocky shores have rarely been studied with

the same detail as other shell-forming foundation

species (Tsuchiya & Nishihira, 1985, 1986; Harley &

O’Riley, 2011).

The present study aimed to examine the potential of

empty shells as habitats for the benthic faunal

community of an intertidal rocky shore. We conducted

field observations to evaluate the abundance of

macroinvertebrates inhabiting living and dead sessile

organisms. Following the provision of empty oyster

shells, we then registered the succession of species in

these assemblages. Finally, we assessed the habitat

function of dead oyster shells as refugia, measuring

predation rates of carnivorous snails on limpets

inhabiting dead oyster shells, live oysters, and bare

substrates. The rugosity index was also determined as

a measure of each habitat’s structural complexity.

Materials and methods

Study site

Field surveys were conducted at the intertidal rocky

shore of Nabeta, in southern Izu Peninsula, Shizuoka

Prefecture, Japan (34�400N, 138�560E). At this site, the
main sessile organisms are barnacles Tetraclita

japonica (Pillsbry, 1916), mussels Septifer virgatus

(Wiegmann, 1837), and oysters Saccostrea kegaki

Torigoe & Inaba, 1981 (Appendix 1—Supplementary

Material). This flat rocky shore is subjected to

semidiurnal tides, with a tidal range of 0–1.8 m, and

an annual water temperature ranging from 13 to 26�C.
All field surveys were conducted during ebb tides, in

May 2015.

Habitat use survey

Individuals were counted from each macroinverte-

brate species inhabiting live and dead oysters, barna-

cles, mussels, and random bare surfaces (included as

the control). Surveyed areas within each habitat were 5

cm 9 5 cm (n = 60 per habitat), similar to the areas

occupied by a single sessile individual. To guarantee

independence, each habitat was separated by 1 m. The

number of individuals per species per cm2 (i.e., abun-

dance) was calculated; macroinvertebrate abundances

on and within biogenic habitats were compared to

define habitat use patterns. In addition, the develop-

mental stage of limpets (the most dominant taxon) was

determined; individuals \8 mm were classified as

juveniles, whereas[8 mm were classified as adults

(Fletcher, 1984; Chambers & Mcquaid, 1994).

Differences in habitat use patterns were evaluated

with the Steel–Dwass test, a non-parametric multiple

comparisons analysis (Morley, 1982). The test com-

pared overall average abundances between habitats

and the abundance of several species between habitats.

All statistical analyses were performed in R version

3.3.0 (R Core Team 2016).

Community composition and succession

of macroinvertebrate species in empty oyster shells

Succession was evaluated through comparing commu-

nity species composition and abundance at 1, 2, 7, 30,

60, 120, 150, and 210 days after the empty shells were

provided. According to our survey, S. kegaki were the

most common habitat. Thus, 40 individuals were

sacrificed to count the number of inhabited shells and

individuals of each associated species, after oyster top

shells and flesh were removed at the study site. Species

abundance on the dead oyster shells (determined under

‘‘Habitat use survey’’) was set as the control.

The Steel–Dwass test was used to compare the

average abundances between species inhabiting dead
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oyster shells across the various days post-shell provi-

sion. The degree of similarity in species composition

between periods was calculated with the Chao simi-

larity coefficient, based on the individual numbers per

species per period. The resultant similarity matrix was

subjected to cluster analysis using group-average

linkage.

Predation rates and rugosity per habitat

To assess the function of dead oyster shells as a shelter

from predation, 45 of the dominant predator Reishia

clavigera (Küster, 1960) and 60 Cellana nigrolineata

(Reeve, 1854) were collected from the study site in

December 2015. All individuals of both species were

similar in size (less than 1.0 cm shell length in C.

nigrolineata and 3:0� 0:5 cm shell height in R.

clavigera) to prevent ontogenetic prey preference.

Additionally, to prevent seasonal prey preference,

sample collection and investigation were performed

after the spawning season. Five predator (R. clavigera)

and five prey (C. nigrolineata) individuals were

distributed through nine perforated plastic cups

(height, 4 cm; diameter, 8 cm), submerged in a plastic

tank (50 cm 9 30 cm 9 10 cm) with continually

flowing seawater. Each set of three cups corresponded

to a different treatment. In one set, the lower part of an

oyster shell was glued to the cup bottom using epoxy

putty (Dead Oyster Shell). In the second set, the upper

parts (lids) were glued to the bottom (Lidded Oyster

Shell). The third set contained only a layer of epoxy

putty at the bottom (Rock Surface). The number of

prey individuals was counted on the seventh day of the

experiment. Five individuals were placed into another

set of Rock Surface cups to evaluate how epoxy putty

affected limpet mortality. Again, the Steel–Dwass test

was used to examine predation rates upon limpets

(n/day/predator) across treatments.

To determine the structural complexity of dead

oyster shells as a habitat, we compared their rugosity

indices with those of living oyster shells and bare rock

surfaces. Depression surface (Tr) and shell length (Tt)

were measured in 40 habitats (live and dead oyster

shells, plus 5 cm 9 5 cm areas on bare rock surfaces),

separated by more than 30 cm to guarantee indepen-

dence. Measurements were taken in June 2015, using a

string with a centimeter scale. The rugosity index (Ri)

was defined as follows:

Ri ¼ Tr=Tt;

Ri ¼ 1 denoted a flat surface, and Ri increased with

increasing roughness (Trudgill, 1988). To analyze

structural complexity, the mean and median rugosity

indices across habitats were compared with the Steel–

Dwass test.

Results

Habitat use survey

Macroinvertebrate use rates of live or dead oyster

shells varied from 0 to 65.88% (Table 1). We could not

determine habitat use rates on dead S. virgatus because

they were washed away in the current. Dead S. kegaki

shells were the most common habitat (Steel–Dwass,

P\ 0.05; Fig. 1), with nearly all studied macroinver-

tebrate species (Table 1) present in them (22/23

species). The primary inhabitants were limpets (Steel–

Dwass, P\ 0.05; Table 1), accounting for 57% of all

counted organisms from dead oyster shells. In fact,

some limpet species, along with mussels, muricid

snails, and sea anemones, were found exclusively in

dead oyster shells. All limpets observed were classi-

fied as juveniles (\5 mm).

Community composition and succession

of macroinvertebrate species in empty oyster shells

Average macroinvertebrate and limpet numbers asso-

ciated with each experimental period (±SD, n ¼ 40

per period) were shown in Appendix 2—Supplemen-

tary Material. We observed no significant interspecific

differences in the average number of individuals

inhabiting empty oyster shells (Steel–Dwass,

P[ 0:05). Cluster analysis showed that communities

could be divided into two major groups (per observa-

tion interval) that exhibit 50% dissimilarity (Fig. 2).

Group I consisted of invertebrates detected during the

initial (up to 30 days post-habitat provision) and the

end of the experiment (210 days). Group II consisted

of invertebrates from 60 days post-habitat provision

until 150 days post-experiment start. Additionally,

three distinct groups with 30% dissimilarity in their

community composition were apparent: one during

the experiment’s first week, another on days 30 and

120, and third on days 60, 120, and 150.
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Predation rates and rugosity per habitat

The predation rates of C. nigrolineata in each habitat

were as follows: Dead Oyster Shell, 0.27 ± 0.12/day/

predator; Lidded Oyster Shell, 0.80 ± 0/day/predator;

Rock Surface with predators, 0.73 ± 0.12/day/preda-

tor; and Rock Surface without predators, 0/day/

predator (Fig. 3). None of the limpets died in the

‘‘Rock Surface without predators’’ treatment; thus, the

epoxy putty did not appear to significantly affect

limpet mortality. The predation rate of C. nigrolineata

in the ‘‘Dead Oyster Shell’’ group was significantly

lower than in the ‘‘Lidded Oyster Shell’’ and ‘‘Rock

Surface with predators’’ groups (Steel–Dwass,

P\ 0.05).

The mean and median values of the rugosity index

calculated for each habitat were as follows: Dead

Oyster Shell, 1.33 ± 0.19, 1.3; Live Oyster Shell,

1.04 ± 0.06, 1.0; and Rock Surface, 1.20 ± 0.32, 1.0

(Fig. 4). The rugosity index of dead oyster shells was

higher than that of any of the other habitat (Steel–

Dwass, P\ 0.05), likely due to a surface covered with

depressions.

Discussion

Along the studied intertidal rocky shore, more

macroinvertebrate species were found in dead oyster

shells than in living oyster shells or bare rocks.

Moreover, dead oyster shells were an effective refuge

from predation for limpets. As all counted individuals
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(Steel–Dwass, P[ 0:05)
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were juveniles, this habitat may also serve as a

nursery.

Although living oysters are thought to be an

important habitat in many regions, e.g., Minchinton

& Ross (1999), dead S. kegaki shells comprised the

most used habitat in this study. In addition, some

species exclusively occupied dead oyster shells,

including limpets, mussels, barnacles, and sea ane-

mones, with limpets being dominant (Table 1). Graz-

ing by limpets can alter micro- and macroalgae

abundance and community structure directly or indi-

rectly (Jenkins & Hartnoll, 2001; Jenkins et al., 2001;

Wada et al., 2013), for instance, by interfering with the

settlement of sessile organisms (Menge et al., 2010).

Therefore, by dominating dead oyster shells, limpets

could constitute an important factor determining

species composition along the intertidal rocky shore.

A similar pattern has been reported in other oyster

communities (Miller & Carefoot, 1989; Tuckwell &

Nol, 1997; Minchinton & Ross, 1999), suggesting that

limpets may selectively use dead oyster shells.

A previous study suggested that the settlement of

sessile organisms on a particular surface provides

more attachment area (Gutiérrez et al., 2003). Since

the number of inhabitants increased from live to dead

shells, we found clear evidence of oysters acquiring

habitat function after death. This improved habitat

function of dead oyster shells occurs because they

have no lids, and the underside of the shell has a larger

area than the lid. Thus, these shells exhibit greater

species abundance and richness than other habitat

options. However, bare rock surfaces have even more

surface area than dead oyster shells, yet very few

macroinvertebrates attached to them (Table 1). This

outcome suggests that factors specifically provided by

dead oyster shells and other sessile organisms

(e.g., predation refuge) might be more important than

large attachment areas. For example, dead corals

continue to support abundant and diverse fish popula-

tions, as long as the complex structure of their

calcareous branches persists (Lindahl &Marcus, 2001).

Limpet predation rates when attached to dead

oyster shells were lower than rates on lidded (living)

oyster shells (Fig. 4). Moreover, the rugosity index of

dead oyster shells was the highest among all habitats

(Fig. 3), an outcome observed when the shell lid was

detached post-death, exposing the inner depression.

Thus, these results imply that dead oyster shells act as

refuge from predation, and that this habitat function is

likely attributable to the depressions on their inner

surfaces. Indeed, because limpets attach firmly to

depressions as their primary escape mechanism, dead

oyster shells are more suitable habitats than bare rock

or other, flatter surfaces (Lam, 2002). Although

previous studies have suggested that only the complex

structures of foundation species groups such as corals

and mangroves are maintained beyond their lifetime

(Ellison & Farnsworth, 1992; Head et al., 2015), our

results showed that the shells of sessile organisms can

increase in complexity and thus are also maintained

after death (Tsuchiya & Nishihira, 1985, 1986;

Minchinton & Ross, 1999). Though our results are

promising, we should note that the present results were

demonstrated only in the lab and with a limited sample

size. However, these data will serve as a baseline for

further research, including field enclosure experiments

to verify findings under artificial conditions.

Our succession experiment demonstrated that

limpets were among the main pioneer species. After

empty shells were provided, limpets were dominant

during the initial experimental period (one to seven

days), and remained so throughout the subsequent
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Fig. 4 Rugosity index of each habitat (n ¼ 30).DO dead oyster

shell, LO living oyster shell, RS bare rock surface. Each box

represents an interquartile range, and the horizontal line within

the box indicates the median. The whiskers extend to the lowest

and highest values, below and above the first and third quartiles,

respectively, excluding outliers. Circles represent outliers

between 1.5 and 3.0 times the interquartile range. Dead oyster

shells had the most complex structure among studied habitats

(Steel–Dwass, P\ 0.05)
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ones. We had originally expected succession in dead

oyster shells to take a long time, because limpets are

competitive, bulldozing through competing sessile

species and directly interfering with their settlement

(Menge et al., 2010). However, our results suggest

that succession only spans approximately one month.

Specifically, within 30 days after shell provision,

sampled communities were contained within the same

50% dissimilarity cluster (Fig. 2), whereas those

sampled after 30 days were contained in another 50%

dissimilarity cluster. This succession rate is higher

than the six-month period reported for barnacle and

mussel beds (Dürr & Wahl, 2004). Such disparities

could be attributed to competitive exclusion. Domi-

nant juvenile limpets grazed on other juvenile sessile

organisms attempting to colonize the same habitat,

affecting faunal community alternation. Conse-

quently, limpets bulldozing is the likely factor driving

community development patterns on oyster shells.

The species composition survey and the succession

experiment demonstrated that all individuals belong-

ing to Patelloida spp. andCellana spp. inhabiting dead

oyster shells were juveniles. At least for the studied

limpets, dead oyster shells thus seem to be important

nursery grounds. Both nursery and predation refuge

are the same functions of tidal pools for limpets (Heck,

1997; Delany et al., 1998; Heck et al., 2003).

Together, current and previous results suggest that

habitats acting as a refuge from predation might

contribute to high juvenile survival rates in nurseries.

The lack of adult limpets could be attributed to oyster

shell size, which were insufficient for adult use as a

predation refuge; Cellana spp. and Patelloida spp.

shells typically grow larger than 2 cm, or around the

length of an oyster shell (Iwasaki, 1993; Liu &

Morton, 1998).

In the present study, the succession experiment

started just after the limpet settlement season (Delany

et al., 1998). Thus, the experimental results should

reflect the juvenile limpets’ use of if dead oyster shells

as a nursery. Indeed, juvenile limpets dominated

communities. The lack of juveniles from other sessile

organisms may be that they were too small for field

observation. Moreover, their settlement seasons

(Menge et al., 2010) were not taken into consideration

here. Future studies will likely observe greater num-

bers of species such as mussels and sea anemones if

the experiment period is extended to include the settle

seasons of various organisms.

In conclusion, dead oyster shells were crucial

habitats functions for the benthic faunal community

along an intertidal rocky shore, highlighting oysters as

foundation species that acquire additional habitat

functions upon death. It was also apparent that the

habitat functions of dead species may be overlooked if

the living organisms (e.g., oysters, mussels, and

barnacles) are not already being used as habitats

(Tsuchiya & Nishihira, 1985; Minchinton & Ross,

1999). Therefore, researchers should focus on both

living and dead foundation species to clearly under-

stand the effects of their habitat functions on the

associated communities.
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Dürr, S. & M. Wahl, 2004. Isolated and combined impacts of

blue mussels (Mytilus edulis) and barnacles (Balanus

improvisus) on structure and diversity of a fouling com-

munity. Journal of Experimental Marine Biology and

Ecology 306: 181–195.

Delany, J., A. Myers & D. Mcgrath, 1998. Recruitment, immi-

gration and population structure of two coexisting limpet

species in mid-shore tidepools, on the West Coast of Ire-

land. Journal of Experimental Marine Biology and Ecology

221: 221–230.

Ellison, M. & J. Farnsworth, 1992. The ecology of Belizean

mangrove-root fouling communities: patterns of epibiont

distribution and abundance, and effects on root growth.

Hydrobiologia 247: 87–98.

Fabricius, E., G. De’ath, S. Noonan & S. Uthicke, 2013. Eco-

logical effects of ocean acidification and habitat com-

plexity on reef-associated macroinvertebrate communities.

Proceedings of the Royal Society B 281: 20132479.

Hydrobiologia (2017) 790:225–232 231

123



Fletcher, J., 1984. Intraspecific variation in the population

dynamics and growth of the limpet, Cellana tramoserica.

Oecologia 63: 110–121.

Fonseca, S., S. Fisher, C. Zieman &W. Thayer, 1982. Influence

of the seagrass, Zostera marina L., on current flow. Estu-

arine, Coastal and Shelf Science 15: 351–364.

Gutiérrez, L., G. Jones, L. Strayer & O. Iribarne, 2003. Mollusks

as ecosystem engineers: the role of shell production in

aquatic habitats. OIKOS 101: 79–90.

Hacker, S. & R. Steneckd, 1990. Habitat architecture and the

abundance and body-size-dependent habitat selection of a

phytal amphipod on JSTOR. Ecology 71: 2269–2285.

Harley, D. & L. O’Riley, 2011. Non-linear density-dependent

effects of an intertidal ecosystem engineer. Oecologia 166:

531–541.

Hauff, R. & E. Jack, 2006. Tracking human disturbance in

mangroves: estimating harvest rates on a micronesian

island. Wetlands Ecology and Management 14: 95–105.

Head, E., B. Bonsall, H. Koldewey, S. Pratchett, M. Speight &

D. Rogers, 2015. High prevalence of obligate coral-

dwelling decapods on dead corals in the Chagos Archipe-

lago, central Indian Ocean. Coral Reefs 34: 905–915.

Heck, K., 1997. The nursery role of seagrass beds. Gulf of

Mexico Science 1: 50–54.

Heck, K., G. Hays & R. Orth, 2003. Critical evaluation of the

nursery role hypothesis for seagrass meadows. Marine

Ecology Progress Series 253: 123–136.

Iwasaki, K., 1993. Analyses of limpet defense and predator

offense in the field. Marine Biology 116: 277–289.

Jenkins, R. & G. Hartnoll, 2001. Food supply, grazing activity

and growth rate in the limpet Patella vulgata L.: a com-

parison between exposed and sheltered shores. Journal of

Experimental Marine Biology and Ecology 258: 123–139.

Jenkins, S., F. Arenas, J. Arrontes, J. Bussell, J. Castro, R.

Coleman, S. Hawkins, S. Kay, B. Martı́nez, J. Oliveros, M.

Roberts, S. Sousa, R. Thompson & R. Hartnoll, 2001.

European-scale analysis of seasonal variability in limpet

grazing activity and microalgal abundance. Marine Ecol-

ogy Progress Series 211: 193–203.

Kauffman, J. & T. Cole, 2010. Micronesian mangrove forest

structure and tree responses to a severe typhoon. Wetlands

30: 1077–1084.

Lam, K., 2002. Escape responses of intertidal gastropods on a

subtropical rocky shore in Hong Kong. Journal of Mol-

luscan Studies 68: 297–306.

Lindahl, U. & C. Marcus, 2001. The 1997/1998 mass mortality

of corals: effects on fish communities on a Tanzanian coral

reef. Marine Pollution Bulletin 42: 127–131.

Liu, J. & B. Morton, 1998. The impacts of pollution on the

growth, reproduction and population structure of Hong

Kong limpets. Marine Pollution Bulletin 36: 152–158.

Menge, A., M. Foley, J. Pamplin, G. Murphy & C. Pennington,

2010. Supply-side ecology, barnacle recruitment, and

rocky intertidal community dynamics: do settlement sur-

face and limpet disturbance matter? Journal of Experi-

mental Marine Biology and Ecology 392: 160–175.

Menge, B., 1995. Indirect effects in marine rocky intertidal

interaction webs: patterns and importance. Ecological

Monographs 65: 21–74.

Miller, K. & T. Carefoot, 1989. The role of spatial and size

refuges in the interaction between juvenile barnacles and

grazing limpets. Journal of Experimental Marine Biology

and Ecology 134: 157–174.

Minchinton, T. & P. Ross, 1999. Oysters as habitat for limpets in

a temperate mangrove forest. Australian Journal of Ecol-

ogy 24: 157–170.

Morley, C., 1982. A simulation study of the powers of three

multiple comparison statistics. Austrian Journal of Statis-

tics 24: 201–210.

Reaka-Kudla, M., 1997. The global biodiversity of coral reefs: a

comparison with rain forests. In Biodiversity II: Under-

standing and Protecting Our Biological Resources. Henry

Press, Washington: 83–108.

Stoner, W. & G. Lewis, 1985. The influence of quantitative and

qualitative aspects of habitat complexity in tropical sea-

grass meadows. Journal of Experimental Marine Biology

and Ecology 94: 19–40.

Summerhayes, S. A., M. J. Bishop, A. Leigh & B. P. Kelaher,

2009. Effects of oyster death and shell disarticulation on

associated communities of epibiota. Journal of Experi-

mental Marine Biology and Ecology 379: 60–67.

Taylor, B. & G. Cole, 1994. Mobile epifauna on subtidal brown

seaweeds in northeastern New Zealand. Marine Ecology

Progress Series 115: 271–282.

Trudgill, S., 1988. Integrated geomorphological and ecological

studies on rocky shores in southern Britain. Field Studies 7:

239–279.

Tsuchiya,M.&M.Nishihira, 1985. Islands ofMytilus as a habitat

for small intertidal animals: effect of island size on com-

munity structure.MarineEcology Progress Series 25: 71–81.

Tsuchiya, M. & M. Nishihira, 1986. Islands ofMytilus edulis as

a habitat for small intertidal animals: effect of Mytilus age

structure on the species composition of the associated

fauna and community organization. Marine Ecology Pro-

gress Series 31: 171–178.

Tuckwell, J. & E. Nol, 1997. Foraging behaviour of American

oystercatchers in response to declining prey densities.

Canadian Journal of Zoology 75: 170–181.

Wada, Y., K. Iwasaki & Y. Yusa, 2013. Changes in algal

community structure via density- and trait-mediated indi-

rect interactions in a marine ecosystem. Ecology 94:

2567–2574.

232 Hydrobiologia (2017) 790:225–232

123


	Effects of dead oyster shells as a habitat for the benthic faunal community along rocky shore regions
	Abstract
	Introduction
	Materials and methods
	Study site
	Habitat use survey
	Community composition and succession of macroinvertebrate species in empty oyster shells
	Predation rates and rugosity per habitat

	Results
	Habitat use survey
	Community composition and succession of macroinvertebrate species in empty oyster shells
	Predation rates and rugosity per habitat

	Discussion
	Acknowledgements
	References




