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Abstract Benthic communities show changes in com-

position and structure across different environmental

characteristics and habitats. However, incorporating spe-

cies biological traits into the analysis can provide a better

understanding of system functioning within habitats. We

compare the functional diversity of macrobenthic com-

munities from a contrasting shallow (15 m) and deep

(50 m) sublittoral soft-sediment habitats in northern Chile,

using biological traits analysis. Our aim was to highlight

the biological characteristics responsible for differences

between habitats and the implications for ecosystem

functioning. Trait analysis showed that the deep habitat

was restricted in providing functionally important biogenic

structure and bioturbation and supports less diverse feed-

ing-related energy pathways. The shallow habitat is char-

acterized by more diverse energy pathways and a higher

potential for matter exchange through bioturbation. We

provide support to the predictions of transfer of energy

from the benthos to upper trophic levels in the shallow,

which is characterized mainly by normoxia and little

organic matter content in the sediment. In the deep habitat,

characterized by hypoxia and more organic matter, energy

appears to be transferred to microbial components. We

suggest that trait analysis should be added to the traditional

approaches based on species diversity, because it provides

indicators of ecosystem stress.

Keywords Ecosystem functioning � Biological traits �
Upwelling � Invertebrates � Fuzzy coding

Introduction

Ecosystem functioning refers to the processes and proper-

ties shaping the energy flow through biotic and abiotic

components of ecosystems (Dı́az and Cabido 2001),

thereby modulating the goods and services provided to

humankind. These processes can be understood as a com-

plex feedback system, where species are adapted to their

physical and chemical environment, while the environment

is constantly modified by species’ biological activities

(Levins and Lewontin 1985). A particular biotic commu-

nity from a given habitat is a reflection of functional

adaptation to the abiotic environment through evolutionary

history (Levins and Lewontin 1985; Odling-Smee et al.

1996; Naeem 2002). Much information on ecosystem

health, stability and persistence has been provided by
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studies examining benthic marine communities diversity

and structure through time (e.g., Pearson and Rosenberg

1978; Collie et al. 2000; Warwick et al. 2002; Arntz et al.

2006; Pagliosa and Rodrigues 2006; Lancellotti and Stotz

2004). However, diversity provides rather limited infor-

mation about ecosystem properties (Dı́az and Cabido 2001)

because it describes only which or how many species are

present in the system, but not their functional relevance.

Measurements of species roles provide a useful alternative

to the more traditional species-based methods. Commonly,

functional approaches classify taxa into trophic groups

(Fauchald et al. 1979; Pagliosa 2005), which indicate, for

instance, the sources of food supply operating in the eco-

system. Likewise, trophic relationships have been used to

model the distribution and efficiency of the energy and

matter flow through benthic systems (Christensen and

Pauly 1993) and the dynamics of biomass change (Ortiz

and Wolff 2002a, b; Taylor et al. 2008). The species roles,

or traits, serve as indicators of the trophic function of the

system.

Although functional groups can integrate a large number

of biological traits, they are often defined by only a small

number of traits (e.g., feeding mechanisms), thus ignoring

other important characteristics. For instance, in the studies

of subtidal rocky communities, sponges, bryozoans,

bivalves and barnacles are often grouped as suspension or

filter feeders (Witman and Dayton 2001). However, these

taxa exhibit different strategies of growth and space colo-

nization: while sponges and bryozoans are colonial species

that occupy space by lateral growth, barnacles and bivalves

mainly depend on gregarious recruitment for space occu-

pation (Jackson 1977; Sebens 1982, 1986). In soft-bottom

habitats, trophic-based studies may overlook key functions,

such as nutrient cycling, that are often biologically driven

(the bioturbatory activities of benthic species affect sedi-

ment geochemistry, see Reise 1985; Levinton 1995; Heip

et al. 2001; Lohrer et al. 2005) and habitat provision

(habitat engineering and bio-construction, see Jones et al.

1994; Meysman et al. 2002; Reise 2002; Lomovasky et al.

2006). In this context, knowledge of multiple aspects of

ecosystem function can be attained by considering as many

functionally important traits as possible (Norling et al.

2007).

One approach attempting such a task is biological traits

analysis (BTA), which uses the occurrence of species’

traits as indicators of aspects of system function. Multi-trait

approaches such as BTA have found use in ecosystem

ecology for describing spatial and temporal patterns of

benthic functioning and their relation to environmental

variability, as well as the functional consequences of

anthropogenic activities (see Norling et al. 2007; Marchini

et al. 2008, Bremner 2008 and references therein; de Bello

et al. 2010). Traits serve as indicators of specific aspects of

ecosystem function (e.g., trophic traits indicate the flow of

energy and carbon through a system), selected on the basis

of published evidence and/or expert judgment. The inclu-

sion of indicators of multiple functions means that BTA

gives a good view of overall function in a system and how

this function may respond to natural or anthropogenic

change.

In this study, we investigated sublittoral benthic com-

munities from Mejillones Bay, in the highly productive

coastal Humboldt Current system off northern Chile

(Escribano 1998; Escribano and Hidalgo 2000; Giraldo

et al. 2002). The system is characterized by the presence of

oxygen minimum zones (OMZ; \0.5 ml O2
-l), because

primary production exceeds bacterial re-mineralization

capacity and organic matter oxidation during its passage

from the water column to the bottom and to the presence of

persistent upwelled oxygen-deficient waters (Barber and

Smith 1981; Tarazona and Arntz 2001; Thiel et al. 2007).

Along the coastal shelf off northern Chile, hypoxic con-

ditions extend from shallow subtidal waters (30 m) to

deeper zones (500 m) (Valdés et al. 2006; Laudien et al.

2007), thus creating a depth stratified environment that

strongly modulates species’ adaptations, community com-

position and structure (Palma et al. 2005; Sellanes et al.

2007). Indeed, it provides an excellent natural scenario to

test predictions about how coastal ecosystems may respond

to the worrying spread of anthropogenic eutrophication and

hypoxia (see review in Diaz and Rosenberg 2008). Off

northern Chile, taxa composition differs substantially

between shallow (\20 m, Laudien et al. 2007) and deep

([50 m, Palma et al. 2005; Quiroga et al. 2005) areas of

the bay as several calcified invertebrates (e.g., mollusks,

echinoderms, cnidarians and crustaceans) are less tolerant

to hypoxia (Levin 2003; Arntz et al. 2006). However, we

have little understanding about how these two habitats

differ in their functioning or, indeed, the functional con-

sequences of hypoxia.

Here, we study the functional traits of macrobenthic

communities in shallow and deep habitats off Mejillones

bay for the first time. As the two habitats represent dif-

fering environmental conditions (shallow, normoxic vs.

deep, hypoxic), it is postulated that functioning should also

differ. In terms of ecosystem functioning, we test predic-

tions proposed by Diaz and Rosenberg (2008) that in

normoxic habitats benthic energy is transferred to higher-

level predators and communities are in advance states of

successional maturity, while in hypoxic conditions energy

flows toward microbes and communities are in early

maturity. The objectives of this study were (1) to describe

the functional trait composition of macrobenthic commu-

nities from these two sites with differing environmental

conditions and (2) to discuss the implications of any dif-

ferences in these traits for benthic ecosystem functioning.
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Materials and methods

Study area and environmental parameters

The macrobenthic community was sampled from two

permanent stations at Punta Chacaya at the northern side of

Mejillones Bay (22� 590S, 70� 200W; Fig. 1). This bay is

characterized by cold upwelled waters, rich in nutrients and

a shallow (0–200 m) poleward flow which enhances water

recirculation inside the bay (Marin et al. 2001; Escribano

et al. 2002). Sea surface temperature ranges between 13.5

and 22�C in winter and summer, respectively (Laudien

et al. 2007). Replicated samples (N = 4) were randomly

taken each month from August 2006 to March 2007 using a

0.1-m2 Van Veen grab. Three grab sediment samples were

washed on a 500-lm mesh screen and the retained biota

transferred to plastic bags and fixed with 10% buffered

formalin containing Rose Bengal (10 mg l-1). In the lab-

oratory, all animals were identified to the lowest taxonomic

level with the help of a binocular stereoscope and relevant

taxonomic literature. Thereafter, biomass of the organisms

was determined by weighing all taxa (mass at 0.01 g pre-

cision) after blotting on filter paper. In order to use size as a

trait, weights were determined separately for individual

taxa (see following section). A fourth sample was taken for

the measurements of total organic matter and particle-size

analysis. Organic matter was calculated as a percentage of

weight loss after burning 10 g of sediment at 550�C for 4 h

in a muffle furnace. Particle-size analysis consisted in

sieving 100 g through geological sieves (from 4 to

0.063 mm) and classified according to the Wentworth scale

(Buchanan 1984). Granulometric parameters values such as

sorting degree, graphic average and graphic asymmetry

were obtained following Folk and Ward (1957). In addi-

tion, at each sampling station, a CTD (Seabird 19) equip-

ped with a Beckman oxygen sensor was used to measure

water temperature, salinity and oxygen content at *0.5 m

above the sea floor. Biogenic structures (e.g., shell pieces)

present in the sediment were also noted. Principal com-

ponent analysis (PCA) was performed to visualize the

patterns of resemblance between habitats. The PCA was

based on Euclidean distances on normalized data

(Xn = X - X/SD) to account for scale differences between

variables. Additionally, variable vectors were superim-

posed to the PCA biplot, and the length and direction of

vectors were assessed to evaluate the contribution of each

environmental variable to each PC.

Biological traits analysis (BTA)

Thirteen biological traits were selected for analysis and

divided into a total of 53 categories, following Bremner

et al. (2003, 2006) (Table 1). The selected traits reflected

species life history, morphology, ecological adaptations

50m 20m 15m 5m

0 10 20 km

S

W

Mejillones bay

Fig. 1 Location of the sampling stations near Punta Chacaya in the north of Mejillones Bay. The gray circles show the shallow (open triangle)

and deep (inverted filled triangle) habitats
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and behavior. Individual taxa were coded for categories of

each trait using a fuzzy-coding procedure (Chevenet et al.

1994). The scoring range of 0 to 3 was used, with 0

meaning no affinity to a trait category and 3 being total

affinity (the complete species trait’s coding is provided as

supplementary data). For instance, the polychaete Dio-

patra chilensis is mostly a carnivore but can occasionally

act as an omnivore, so it was coded 3 (carnivore), 0

(interface feeder), 0 (filter feeder), 0 (surface deposit

feeder), 0 (subsurface deposit feeder), 1 (omnivore) and 0

(commensal/surface deposit feeder) for the trait variable

‘‘feeding strategy’’. Information used for coding was

gathered form relevant literature and the assistance of

experts of the different taxa. Fuzzy correspondence

analysis (FCA) was chosen to evaluate differences in

traits between shallow and deep habitats. This ordination

method uses eigenvalues to reveal differences between

samples, based on the biological traits exhibited by each

species present in each habitat, weighted by their abun-

dance (Chevenet et al. 1994). FCA analysis allows the

identification and visualization of traits contributing to the

differences or similarities between communities in a

biplot (Chevenet et al. 1994). For BTA analyses, a FCA

was performed using 54 trait categories (weighted by

species abundances) and 6 samples belonging to 2 habi-

tats (shallow vs. deep). In this FCA, the significance of

the ordinations was tested using a chi-square statistic

(Vivanco 1999; Quinn and Keough 2002). This analysis

consider an n 9 m matrix Y, with elements Yij, rows YT
i

and columns Y(j) of n observations on m variables

centered on the column means. Then, biplot consists of

two-element vectors aT
i , and bT

j s for the n rows and

m columns, respectively, and whose inner products

approximate the elements (Gabriel 1971, 2002). Thus, the

points in the same vicinity (same quadrants) are used to

determine the association between the categories, allow-

ing a visual examination of the structure or pattern of

these associations (Vivanco 1999).

Table 1 Biological trait variables and categories used to describe

functioning diversity of macrobenthic communities off Punta Chacaya

Trait Category

Size (measured as body

mass [gr])

Small (0.0001–0.01)

Medium–small (0.02–0.1)

Medium–large (0.2–1)

Large ([2)

Longevity (years) 0–3

4–7

8–11

[12

Reproductive mode Asexual reproduction

Sexual reproduction-shed eggs

Sexual reproduction-brood eggs

Propagule dispersal Pelagic dispersal

Benthic dispersal

Body design Soft

Soft-protected (tube/tunic cover)

Hard exoskeleton

Hard shell

Living habitat Tube

Permanent burrow

Temporary burrow

Crevice/hole/under stone

Epizoic/epiphytic

Free

Living location/position Surface

Interface

Infauna: 0–5 cm

Infauna: 6–10 cm

Infauna: [10 cm

Exposure potential Low (infauna or flat interface)

Moderate (mound interface)

High (erect interface)

Degree of attachment None

Temporary

Feeding strategy Carnivore

Filter feeders

Interface feeders

Surface deposit feeders

Subsurface deposit feeders

Carnivore/surface deposit feeders

Omnivore/carnivore

Commensalist/surface deposit feeders

Movement method None

Swim

Crawl/creep/climb

Burrow

Jump

Table 1 continued

Trait Category

Mobility Sessile

Motile

Habitat structuration None

Form-settlement/attachment site

Form-shelter

Action-sediment accretion

Action-sediment removal

Traits were chosen following Bremner et al. (2006)
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As long-term studies of benthic community structure in

northern Chile have shown little or no seasonal oscillations,

with main changes associated with interannual climate

variability (e.g., Carrasco 1997; Laudien et al. 2007;

Carrasco and Moreno 2006), an eight-month period was

considered enough to characterize the macrobenthic com-

munity. A preliminary correspondence analysis using

community structure (log-transformed (log (X ? 1))

species abundances) among months within stations showed

no significant differences neither at shallow (v2 = 102.87;

df = 245; P [ 0.99) nor at the deep habitat (v2 = 19.71;

df = 70; P [ 0.99), except by some few species, which

were most abundant in some months (Fig. 2). These anal-

yses confirmed our assumption of no marked seasonality;

thus, monthly samples were pooled. Therefore, the final

analysis was based on total abundances per replicate from
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Fig. 2 Correspondence analysis

ordination plots based on

monthly species abundances

obtained during the months of

study in each habitat. Upper plot

shallow habitat (open triangle),

below deep habitat plot

(inverted filled triangle). Full

scientific names are presented in

Table 3
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each habitat. We justified such grouping because variations

within stations are retained, giving a more informative

comparison between habitats. Statistical analyses were

performed using the software Statistica 6.0.

Results

Stations’ environmental characteristics

Sediments in the shallow station were composed of poorly

sorted fine sand, with moderate excess of gross particles.

Large quantities of broken shells of the scallop Argopecten

purpuratus were usually present, together with mats of the

red algae Rhodymenia corallina. The sediment of the deep

habitat consisted of well-sorted very fine sand with mod-

erate gross excess. Sediments were dark brown/black in

color, exhibiting a sulfur smell, and mats of the giant

benthic bacteria Thioploca spp. were often present. The

content of total organic matter was higher in deep sedi-

ments than in the shallow station. Bottom waters were

warmer and well oxygenated at the shallow station, while

deep waters were comparatively cooler and less oxygen-

ated. Hypoxic conditions (\0.5 ml O2l-1) were registered

three times during November and December 2006 and

January 2007 in the deep habitat. Salinity values did not

show strong fluctuations between habitats during the study

period. Table 2 provides a summary of the environmental

parameters. Figure 3 shows the PCA biplot, in which PC1

accounted for 61.4% of the variability and PC2 a further

19.7%, thus accounting for 81.1% of the environmental

variability between them. The length and direction of the

superimposed variable vectors indicated that PC1 was

weighted with a combination of bottom temperature, dis-

solved oxygen and total organic matter content. Sediment

parameters such as sorting degree and graphic average

were situated in the positive direction of the PC2 axis,

while salinity and graphic asymmetry values increased

toward negative values of this axis. These results suggest

that temperature, oxygen and organic matter are strongly

related to depth, while salinity and granulometric param-

eters did not produce important variation in depth. The

environmental parameters together describe a depth strat-

ified habitat which might influence the composition of

communities and functioning.

Species composition, abundance and biological

traits distributions

In total, 39 species were recorded from both habitats,

comprising diverse phyla such as Polychaeta, Cnidaria,

Crustacea, Echinodermata and Mollusca. A very similar

community composition has been reported at different

Table 2 Summary of the environmental parameters values (mean

and standard deviation) registered in both studied habitats in the

sublittoral zone off Punta Chacaya

Shallow (15 m) Deep (50 m)

X ± SD X ± SD

Temperature (�C) 15.4 ± 0.62 13.0 ± 0.47

Dissolved oxygen (ml O2
-l) 2.6 ± 0.92 0.6 ± 0.27

Total organic matter (%) 1.4 ± 0.24 3.31 ± 0.46

Salinity (PSU) 34.5 ± 0.17 34.8 ± 0.07

Grain size (mm)

4 0.4 ± 1.13% 0%

2 2.35 ± 2.82% 0.49 ± 0.35%

1 2.46 ± 1.77% 0.51 ± 0.24%

0.5 3.99 ± 5.16% 1.48 ± 1.37%

0.25 8.88 ± 1.5% 2.98 ± 1.11%

0.125 48.95 ± 1.4% 34.91 ± 4.77%

0.063 17.79 ± 1.54% 50.30 ± 4.07%

\0.063 13.44 ± 1.4% 6.40 ± 3.34%

Graphic average 2.69 ± 0.44 3.06 ± 0.17

Sorting degree 1.01 ± 0.49 0.73 ± 0.1

Graphic asymmetry -0.13 ± 0.13 -0.18 ± 0.08

Biogenic structures Shell pieces,

Rhodymenia
coralline

Thioploca sp. mats

Fig. 3 Principal component analysis biplot from the environmental

parameters recorded during the study period. Shallow (open triangle)

and deep (inverted filled triangle) habitats. Total organic matter

(TOM), dissolved oxygen (O2), temperature (T�), salinity (Sal),

graphic average (GA), sorting degree (SD) and graphic asymmetry

(GAs)
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locations within the bay (e.g., Laudien et al. 2007) and

elsewhere in the northern of Chile coast (e.g., Quiroga et al

1999; Carrasco 1997; Carrasco and Moreno 2006; Moreno

et al. 2008); thus, our study can be considered represen-

tative of sublittoral sediments of this geographic region.

Thirty-six species from all phyla were recorded in the

shallow normoxic habitat, while in the deep hypoxic hab-

itat eleven species were registered, representing mainly

Polychaeta (Table 3). Eight species were present in both

habitats (Nepthys ferruginea, Haploscoloplos chilensis,

Magelona phyllisae, Aricidea pigmentata, Halosydna sp.,

Ampelisca sp., and Nassarius gayi). The species Prionospio

peruana, Spiophanes bombix and Nuculeana cunata were

recorded exclusively in the deep hypoxic habitat. The

major difference in terms of taxa composition between

habitats was the lack of Cnidaria, Crustacea, Echinorder-

mata and Mollusca in the deep habitat (Table 3). In the

shallow normoxic habitat, the most abundant species were

Table 3 List of species and

abundance (ind/m-2) recorded

during the study

Values are the mean and

standard deviation of the species

recorded in both studied habitats

Phylum Family Species Shallow Deep

Polychaeta Nephtyidae Nephtys ferruginea 9.67 ± 3.06 139 ± 65.21

Onuphidae Diopatra chilensis 29.67 ± 5.69 0

Orbiniidae Haploscoloplos chilensis 2.33 ± 3.21 105.33 ± 57.1

Magelonidae Magelona phyllisae 0.33 ± 0.58 1,578 ± 523.54

Paraonidae Aricidea pigmentata 0.33 ± 0.58 72.33 ± 37.63

Polynoidae Halosydna sp. 59 ± 11.36 0.67 ± 1.115

Spionidae Paraprionospio pinnata 16 ± 12.29 2,024.67 ± 447.92

Spionidae Prionospio peruana 0 510.33 ± 183.65

Spionidae Spiophanes bombyx 0 309 ± 109.23

Cnidaria Sagartiidae Anthothoe sp. 1,580.67 ± 470.1 0

Actinostolidae Antholoba achates 1.33 ± 1.53 0

Crustacea Ampeliscidae Ampelisca sp. 28.67 ± 28.29 4 ± 4

Phoxocephalidae Heterophoxus sp. 19.67 ± 13.43 0

Aoridae Aora typica 89 ± 30.30 0

Platyischnopidae Eudevenopus gracilipes 9.67 ± 5.51 0

Alpheidae Betaeus truncatus 51.67 ± 17.67 0

Paguridae Pagurus villosus 85 ± 43 0

Paguridae Pagurus perlatus 89 ± 77.32 0

Xanthidae Pilumnoides perlatus 5.67 ± 3.06 0

Platyxanthidae Platyxanthus cokeri 76.33 ± 35.13 0

Porcellanidae Petrolisthes desmaresti 23.67 ± 31.94 0

Hippolytidae Latreutes antiborealis 3.67 ± 2.08 0

Pinnotheridae Pinnixa transversalis 1.33 ± 1.53 0

Pinnotheridae Pinnixa valdiviensis 4.67 ± 1.15 0

Cancridae Cancer sp. 11.67 ± 2.52 0

Echinodermata Ophiactidae Ophiactis sp. 6 ± 2 0

Asterinidae Patiria chilensis 0.67 ± 0.58 0

Mollusca Chitonidae Chiton cumingsi 8 ± 6.08 0

Buccinidae Aeneator fontanei 2.67 ± 3.06 0

Columbellidae Mitrella unifasciata 1,347.67 ± 75.14 0

Nassariidae Nassarius gayi 128.67 ± 13.28 23.33 ± 7.77

Cancellaridae Cancellaria buccinoides 6.33 ± 4.51 0

Ranellidae Priene rude 60.33 ± 18.9 0

Ranellidae Priene scabrum 20.67 ± 8.08 0

Olividae Oliva peruviana 2.67 ± 2.52 0

Naticidae Polinices uber 2 ± 1.73 0

Muricidae Xanthochorus cassidiformis 0.67 ± 1.15 0

Nuculanidae Nuculana cuneata 0 862 ± 214.3

Nuculinae Linucula pisum 3.33 ± 3.06 0
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(in decreasing order) as follows: Anthothoe sp., Mitrella

unifasciata, Nassarius gayi, Pagurus perlatus, Platyxan-

thus cokeri and Halosydna sp., while Paraprionospio pin-

nata, Magelona phyllisae, Nuculana cuneata, Prionospio

peruana and Nepthys ferruginea numerically dominated in

the deep habitat (Table 3). Simple FCA analysis (6 samples

vs. 53 trait categories) (see Table 1) showed significant

trait differences between habitats (total inertia = 0.192;

v2 = 1,391.1; df = 280, P \ 0.001). Individual plots

allowed an easy visualization of the differences between

trait categories (Fig. 4a, b). Traits values associated with

the shallow normoxic habitat were large and medium

(size), 8–11 and [12 years (longevity), sexual-shed eggs

(reproduction), soft, hard-exoskeleton and hard-shell (body

design), temporary burrow, free, epizoic/epiphytic, crevice/

hole/under stone (living habitat), surface (living location),

high, escape, moderate (exposure potential), omnivore/

carnivore (feeding strategy), jump, swim, crawl/creep/limb

(movement method), motile (mobility), shelter, attachment

site and sediment accretion (habitat provision). Traits

associated exclusively with the deep hypoxic habitat were

small (size), 0–3 years (longevity), asexual (reproduction),

soft (body design), soft-protected (body design), permanent

burrow and tube (living habitat), infauna (living location),

low (exposure potential), filter feeders, subsurface deposit

feeders (feeding strategy), burrow (movement method),

sessile (mobility), sediment removal (habitat structuration).

No significant association was found in the categories

corresponding to propagule dispersal.

Discussion

This study indicates that the functional composition of

macrobenthic invertebrate communities from shallow and

deep sublittoral habitats off Mejillones Bay differs, thus

suggesting differences in ecosystem properties and func-

tioning. Differences in the relative proportions of func-

tional traits between these habitats are in line with the

habitat templet and environmental filtering concepts, which

state that the environment dictates community assembly

through selection of specific species traits (Southwood

1977; Townsend and Hildrew 1994; Townsend et al. 1997).

In our studied system, the differences in traits are the

reflection of the gradient in community structure influenced

by environmental parameters such as depth, dissolved

Fig. 4 Ordination of the biological trait categories obtained from the fuzzy correspondence analysis. Shallow (open triangle) and deep (inverted
filled triangle) habitats
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oxygen, organic matter content, bottom temperature and

the presence of biogenic structures. In this sense, traits

analysis succeeds in showing a disturbed versus less-dis-

turbed situation between habitats in relation to oxygen

status. Traits such as ‘‘small size’’, ‘‘short-lived’’ ‘‘bur-

rowing’’ and ‘‘infauna’’ were associated with the deep

hypoxic habitat, rather than the shallow normoxic site.

These traits were common in areas disturbed by trawl

fisheries (e.g., Tillin et al. 2006; Kenchington et al. 2007).

The community of the shallow habitat was characterized by

traits such as ‘‘large-sized’’, ‘‘long-lived epifauna’’ which,

in the context of trawling and dredging activities, are

associated with un-impacted or low-impact conditions

(Thrush and Dayton 2002). The preponderance of specific

biological traits in impacted habitats is a major concern

because it may signify an important degree of habitat

homogenization and thus symptoms of low biodiversity. In

the same line, our BTA supports the predictions by Diaz

and Rosenberg (2008) regarding successional maturity.

The shallow station resembled advanced successional

states with typical K-strategy species characteristics that

are found in normoxic conditions, while at the deep and

often hypoxic station, species traits were similar to

r-strategy characteristics and thus in early states of

successional development (Diaz and Rosenberg 2008).

The biogenic structure observed in the samples pro-

vides another important difference between habitats.

Biotic structures can provide habitat for other species

(e.g., shell litter, the filamentous red algae and the giant

filamentous bacteria Thioploca sp.), therefore potentially

enhancing the bottom surface complexity and thus having

implications on functioning. The red algae Rhodymenia

corallina was found in the shallow habitat. Algae fix

carbon from the environment and serve as food for con-

sumers but they can also serve as a refuge and settlement

substrate for epifaunal organisms. Furthermore, Rhody-

menia corallina inserts their rhizoids inside the bottom

contributing to spatial sediment stability. In the deep

habitat, Thioploca sp. can develop large sheaths and

trichomes inserted 5 cm into the sediment but also pro-

truding from the surface (Jørgensen and Gallardo, 1999).

As Thioploca sp. may reach high biomass levels (1 kg per

m2 wet mass, Arntz et al. 2006, Pacheco unpublished

data), this giant bacteria may play a significant role in

sediment stability. In hypoxic soft bottoms off northern

Chile, the oxidation of the rich organic matter produces

hydrogen sulfide, which is utilized by Thioploca sp. in the

denitrification process during anaerobic respiration

(Ferdelman et al. 1997; Jørgensen and Gallardo 1999).

The sulfur bacteria thus have the capability to detoxify

the surface sediment by taking up most of the toxic

hydrogen sulfide, which may facilitate life of aerobic

species under hypoxic conditions (Arntz et al. 2006).

Traits reflecting the species capability of habitat modi-

fication through their activities (i.e., bioturbation) also

provide interesting insights about ecosystem functioning.

In the shallow habitat, species inhabited the shallowest

layer of the sediment, the surface, or settled on biogenic

hard structures (e.g., shells pieces). In addition, they

formed temporary burrows, were motile and able to dis-

place themselves by several manners (e.g., jumping,

swimming, crawling, creeping and climbing) and were

capable of sediment accretion. These traits together with

the predominant large size suggested activities in which the

sediment surface is permanently disrupted. This may con-

tribute to the increase in the rate of particle exchange

between the water column and sediment (e.g., Sandnes

et al. 2000) influencing the interchange of matter in ben-

thic-pelagic coupling and biogeochemical cycles (Lohrer

et al. 2004). In the same line, species thriving in the deep

habitat removed sediment were infaunal, sessile (in the

sense of limited displacement), burrowers or small in size.

These traits suggest that there is a potential for water

penetration into the sediment surface which may provide

organic matter to lower sediment layers where it can be

decomposed and also incorporate oxygen in the sediment.

However, as there is little oxygen in the bottom water, it

may be argued that this type of bioturbation is not so

important for ecosystem functioning. Gutiérrez et al.

(2000) found that bioturbation potential of macrobenthic

communities under hypoxia during intense upwelling

condition is rather weak and only improves with oxygen-

ation events during El Niño conditions. Nonetheless, the

contribution of bioturbators may help the aerobic func-

tioning at some level even in hypoxia.

Biological trait analysis, as shown here, does not char-

acterize the food web itself, as this requires the analysis of

several other biotic (i.e., micro-, meio- and mega-fauna)

and abiotic (i.e., nutrients) components. Rather, it provides

insights into the interactions between different species and

their food sources. Feeding traits also suggest differences

in functioning. In the shallow habitat, the presence of

carnivores, commensalist/surface deposit feeders, surface

deposit feeders and omnivores/carnivores indicate diverse

food sources. In the deep habitat, the presence of subsur-

face deposit feeders and interface feeders suggests that the

main food source is the organic matter suspended in

the water column and deposited in the sediment. As the

method of capture and supply of food for macrobenthic

species differ in both habitats, the energy flux might have

distinct pathways within both systems. According to

Ulanowicz (1986, 1997), the more feeding traits (i.e., more

sources of food) are detected, the more diverse pathways of

energy and matter cycling are expected. There may be

interdependency for food resources between species in the

shallow habitat, in comparison with the deep habitat that
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seems to be dependent of the external input of food.

Likewise, our results also support the prediction the ben-

thos in normoxic conditions—as seen in our shallow hab-

itat—may transfer energy to mobile predators, while in the

deep and hypoxic habitat, energy is mainly transferred to

microbes (Diaz and Rosenberg 2008).

Analysis of traits related to reproduction, propagule

dispersal and attachment permit, to some degree, infer-

ences about the transport of matter within and between

systems. For example, pelagic dispersion was represented

in both habitats, suggesting that the supply of propagules

via the water column is an important form of matter export

that contributes to bentho-pelagic coupling in both systems.

It is worth noting that both habitats supported traits sug-

gesting input of matter within the benthic habitat. This can

be seen in the benthic dispersion and shedding eggs traits in

the shallow habitat, while the asexual trait may perform

this function in the deep habitat. The asexual reproduction

trait was accounted for by the autotomy capacity detected

in the polychaete assemblage from the deep habitat.

To our knowledge, this is the first attempt to evaluate

functional composition in sublittoral soft-bottom macro-

benthic communities of the Chilean coast. There is a

growing concern about the spread of anthropogenically

created hypoxic–anoxic areas leading to a considerable

reduction in benthic biomass (Diaz and Rosenberg 2008).

Our study area is hypoxic due to the combination of nat-

urally high productivity and oxygen-depleted waters of the

upwelling system, which can be enhanced by the nutrient

inputs produced in coastal cities. Considering that the main

benthic fisheries resources are captured from a shallow and

narrow benthic fringe (Thiel et al. 2007), it could be pre-

dicted that an increase in hypoxic areas could negatively

impact this ecosystem service, even in natural hypoxic

systems. Functioning would also be affected; our results

show there is little overlap in traits between the habitats,

implying that functioning cannot be maintained in the same

way after changes in species composition. It is worthy to

note that in other benthic systems, trawling and dredging

fisheries have severely impacted sea floor organisms,

leading to drastic changes in structural and functional

diversity (Thrush and Dayton 2002; Tillin et al. 2006;

Kenchington et al. 2007). In the system studied here,

benthic resources (e.g., scallops, snails, limpets, clams and

octopus) are caught selectively by divers, which is much

less harmful than intensive bottom trawling. However, a

single diver can eliminate target species from large areas,

potentially altering functioning. For example, Langton and

Robinson (1990) found that the decline of 70% of scallops

and 20–30% of burrowing anemones and fan worms caused

by scallop fishing induced a shift in the sediment from

organic-rich silty sand to sandy gravel with shell hash.

Hence, single or few species removal can have important

changes in functioning and should not be overlooked (see

also Graham et al. 2006). Likewise, we have described

functioning from two sampling stations based on taxa

which were representative from similar habitats in other

areas in this region. Due to the sampling restriction to these

two sites, we likely missed some species and their contri-

bution to the functioning that could be obtained by

enhancing the spatial replication. Including several sam-

pling sites is therefore recommended when conducting this

type of studies.

The Humboldt Current system is subject to the

occurrence of El Niño Southern Oscillation, which can

induce either drastic or subtle changes in soft-bottom

benthic diversity and community structure (Arntz et al.

2006). For hypoxic habitats off central Peru and northern

Chile taxa, diversity tends to increase during El Niño

events, as a result of improved conditions brought about

by increments of dissolved oxygen and temperature

(Tarazona et al. 1988a, b, 1996; Moreno et al. 2008).

These diversity changes are thought to be a consequence

of ecological succession to more mature stages (Tarazona

et al. 1988a, b, 1996; Thatje et al. 2008). Furthermore,

changes in bottom water dissolved oxygen and organic

matter in the sediment during El Niño 1997–1998 have

lead to variations in the bioturbation potential of macro-

benthos off central Chile (Gutiérrez et al. 2000). There-

fore, we predict that functional diversity will change in

hypoxic habitats during El Niño events, as conditions

become more similar to those of normoxic areas. Studies

conducted during and after El Niño events will confirm

whether these expectations are realized and information

gleaned from such studies can lead to a better under-

standing of the behavior of marine ecosystem processes

during climate variability.
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