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ABSTRACT: The aim of the present study was to understand how larvae and juveniles of the opportunistic polychaete Capitella sp. I respond to natural sediments with varying biochemical properties.
Muddy sediments of a similar particle size spectrum were collected from 5 sites in Hong Kong along a
pollution gradient of domestic sewage on 4 sampling occasions in both wet and dry seasons. The
sediments were used to study the influence of organic matter quantity and composition (i.e. total
organic carbon [TOC], total nitrogen [TN], chlorophyll a, biopolymeric carbon and enzymatically
hydrolysable amino acid contents) on larval metamorphosis (i.e. habitat selection) and juvenile performance (i.e. growth and survivorship). Organic matter quantity and composition varied with sampling
date and site. Still water multiple-choice experiments showed that larval choice at settlement varied
with spatial and temporal variations in sediment biochemical properties. A series of experiments in the
study also showed that both the quantity and the composition of organic matter affect the attractiveness of substrates to larvae and appear to play a key role in determining larval behavior at the time of
settlement. Further laboratory experiments showed that larvae did not choose to settle on sediments
from sites where juvenile growth was poor and mortality was higher. Our field data indicated that both
larval metamorphosis and juvenile performance patterns observed in this laboratory study partially
corroborate data on the abundance of adult Capitella spp. in the field. Overall, this study suggests that
the field distribution of Capitella sp. I, and consequently species composition in a community, could be
determined by the habitat selection by larvae and early juvenile performance.
KEY WORDS: Capitella sp. I · Larval metamorphosis · Sediment organic matter · Juvenile growth ·
Survival
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The polychaete Capitella sp. I is an opportunistic
deposit feeder found in great abundance in disturbed
or organically enriched sediments and is therefore
often employed as a bioindicator of organic pollution
(Grassle & Grassle 1976). The life cycle of this species
includes a pelagic larval stage and a benthic adult
stage. Over the past several years, its adult growth and
reproductive responses to a variety of environmental
factors have been extensively studied (e.g. Linton &

Taghon 2000 and references therein), but only a few
studies have closely examined its larval metamorphosis (Butman & Grassle 1992, Grassle et al. 1992,
Snelgrove et al. 1993, 2001, Cohen & Pechenik 1999).
Limited studies thus far have demonstrated that larvae
of Capitella sp. I require specific sediment-bound
chemical cues for settlement and metamorphosis.
However, the precise nature of these settlement cues
and the mechanisms involved in the larval settlement
of this ecologically important species remain largely
unknown (Marinelli & Woodin 2004).
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Settlement of the larvae of many marine benthic
invertebrates is either stimulated or inhibited by sediment-bound organic matter (reviewed by Gray 1974,
Pawlik 1992, Snelgrove & Butman 1994, Hadfield &
Paul 2001). For example, Grassle et al. (1992) demonstrated that sediment organic matter probably serves
as a larval settlement triggering cue for Capitella sp. I
(i.e. larvae preferentially settle in organic-rich rather
than in organic-poor sediments). Subsequent studies
have correlated the larval settlement of this species
with sediment organic matter (Cohen & Pechenik
1999, Thiyagarajan et al. 2005). Sediment organic matter not only influences the pre-settlement process, it
also plays a key role in determining post-settlement
performance (e.g. Forbes & Lopez 1990, Tsytsynum et
al. 1990, Bridges et al. 1994, Qian 1994, Linton &
Taghon 2000). It is widely believed that Capitella sp. I
grows and reproduces faster in areas where sediments contain a higher concentration of enzymatically
hydrolyzable amino acids (EHAA) than the threshold
level (Hu et al. 2003). The distribution of species and
consequently the species composition in a community,
thus, are at least partly determined by the species relationship to sedimentary biochemical properties, especially organic matter composition, habitat preference
of larvae with respect to those biochemical properties,
and the subsequent growth response of juveniles in
that habitat. In the literature, however, there are only a
few studies which have examined the relationship
between larval habitat selection and post-settlement
performance (e.g. Stoner et al. 1996). As pointed out by
Marinelli & Woodin (2004), so far only one study has
tested the hypothesis that habitat choice made by
Capitella sp. I larvae is directly related to the nutritional quality of a habitat that supports higher postsettlement performance (Cohen & Pechenik 1999).
The quantity and composition of the sediment
organic matter in shallow coastal waters may vary at
different spatial and temporal scales due to physicochemical processes occurring in the overlying water
layers (e.g. Hung et al. 2000). These spatio-temporal
changes in the sediment may substantially affect larval
metamorphosis at small spatial scales. In addition,
these biochemical changes may also alter the nutritional value of the sediment for deposit-feeding polychaetes (see Gremare et al. 1997, Rossi & Lardicci
2002) and consequently juvenile performance. However, very little is known about spatio-temporal variations in the biochemical composition of sediment
organic matter (Fabiano et al. 1995, Pusceddu et al.
1999), especially in subtropical areas. Furthermore, no
studies have been carried out to link spatio-temporal
variation in the biochemical properties of sediments to
larval habitat selection and juvenile growth, although
such knowledge is important in understanding the link

between the environment, sediment characteristics,
larval ecology and population dynamics of deposit
feeding polychaetes.
In a previous paper we reported the relationship
between spatial changes in the biochemical properties
of the sediment in subtropical Hong Kong waters and
larval habitat selection by Capitella sp. I (Thiayagarajan et al. 2005). To further explore the relationship
between larval habitat selection and sediment biochemical properties, we here examined the influence
of spatio-temporal variation in biochemical properties
of soft sediments on both the larval habitat selection
and juvenile performance of Capitella sp. I. Specifically, sediments from 5 sites in contrasting environments were sampled quarterly in both the wet and dry
seasons in order to study the influence of the organic
matter quantity and composition on larval habitat
selection. Additional experiments were conducted to
test the hypothesis that protein and lipid enrichment
enhance the attractiveness of sediment to settling larvae. The performance of juveniles (both growth and
survivorship) in sediments of varying biochemical
properties was also examined in order to determine
the ability of Capitella sp. I larvae to predict a site suitable for adults.

MATERIALS AND METHODS
Sediment collection site and procedure. The sediment samples for the present study were collected in a
pollution gradient along Victoria Harbor, Hong Kong,
SAR (Fig. 1). The hydrography in the study area varies
at spatio-temporal scales (for details see Shin &
Ellingsen 2004). As a result of freshwater outflow from
the Pearl River on the western side of Victoria Harbor,
an increasing trend in salinity concentration from west
to east occurs during summer (May to September). In
winter, the Kuroshio Current (high salinity and temperature) affects the hydrography in this region. In
addition to these natural events, negative human
impacts due to pollution and sewage discharge are
serious in the study area (see Wong et al. 2000). Therefore, this area was chosen for an investigation of spatio-temporal variation in soft-bottom biochemical characteristics in a heterogeneous marine environment and
their consequent influence on larval metamorphosis
and juvenile performance under laboratory conditions.
Sediment samples from 5 sites along Victoria Harbor
were used in this study. These sites are hereafter
referred to as PC (Peng Chau), VHW (Victoria Harbor
west), VH (Victoria Harbor), VHE (Victoria Harbor
east), and TLC (Tung Lung Chau) (Fig. 1) and all these
sites are located at relatively stable depths (10 to 15 m).
The westernmost site (PC) is heavily affected by the
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Fig. 1. Location of sediment collection sites in Victoria Harbor, Hong Kong.
Procedures for the adult maintenance and
PC: Peng Chau; VHW: Victoria Harbor west; VH: Victoria Harbor; VHE:
Victoria Harbor east; TLC: Tung Lung Chau
larval collection of the study organism
(Capitella sp. I) were described in detail in
Thiyagarajan et al. (2005). Briefly, brooding females
discharge from the Pearl River and the easternmost
(along with their tubes) were isolated in clean dishes
site (TLC) is oceanic. The transition sites, VHW, VH,
and the larvae obtained were transferred into filtered
and VHE are polluted by domestic sewage (raw or priseawater in order to prevent their metamorphosis
marily treated) discharges from some 3.5 million peo(Cohen & Pechenik 1999). Larvae obtained from sevple (Wong et al. 2000). Samples were collected on 4
eral broods (usually from 10 to 20) were combined and
sampling dates: 13 August 2004, 14 December 2004, 17
used for the experiments within 24 h (Butman &
March 2005 and 12 June 2005. On each sampling date
Grassle 1992).
hydrographic data were collected, but will be preExpt 1. Influence of spatio-temporal variation in
sented elsewhere. To obtain surface muds of more or
biochemical properties of sediments on larval habitat
less similar grain size, extra care was taken in selecting
selection. The main goal of this experiment was to
the precise sampling locations within each site. Three
determine the larval preference of Capitella sp. I with
homogenized surface sediment samples (from the top
respect to sediments with varying biochemical proper2 cm) per site and sampling date were collected using
ties. Larval settlement choice (or habitat selection) of
a van Veen grab (0.1 m2). For biochemical analysis and
juvenile performance experiments, sediment samples
5 sediment treatments (corresponding to 5 sites) collected on each sampling date was tested according to
were frozen (–20°C) until used. Chlorophyll a (chl a)
the method of Grassle et al. (1992) in still water
content was determined immediately after sample colmultiple-choice plexiglass chambers (10 × 10 × 2 cm).
lection. For the larval settlement bioassay, fresh samEach chamber accommodated a total of 25 (5 × 5)
ples kept at 4°C were used within 7 d.
1.2 cm diameter by 0.3 cm deep cylindrical compartBiochemical analysis of sediments. The physical
ments made of plexiglass. These compartments were
properties of the sediments were determined in terms
arranged in 5 rows and columns and separated by
of their mean grain size and percent water content
0.5 cm partitions. There were 5 compartment-replicate
(complete data were not shown in the present paper
per sediment treatment in each chamber. The sedisince there was no site × sampling date interaction).
ment samples were placed in the chamber according to
Total organic carbon (TOC) and nitrogen (TN) were
an orthogonal Latin-square design. After adding the
used to quantify the organic matter content. Chl a consediments, chambers were filled with 100 ml of
centration was used as a proxy of microalgal biomass.
0.22 µm filtered seawater (34 ‰) (FSW) and subThe biopolymeric carbon (BPC, i.e. sum of proteins,
sequently a known number of larvae (~200 to 500)
carbohydrates and lipids) and EHAA concentrations
were transferred into the chamber and incubated at
were used to estimate sediment organic matter composition or nutritional value.
24°C in darkness. The number of newly metamorphosed larvae in each compartment was counted after
TOC and TN were determined after acidification
24 h. The experiment was repeated 3 times using larusing a CHNS Perkin Elmer 2400 elemental analyzer.
Guangdong Province

Mirs
Bay

N
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vae obtained from different broods. There were 3
chambers in each repeat serving as 3 replicates. In
total, 36 chambers (4 sampling dates × 3 repeats ×
3 replicates) were used in this experiment. During
each sampling date, larval habitat selection response
showed similar trend among the 3 repeats; therefore,
only the first repeat data were shown in this paper. For
each sampling date, effects of row, column, site (fixed
factors) and replicate (random factor) on the numbers
of metamorphosed larvae were analysed with a replicated Latin-square ANOVA (Grassle et al. 1992). Since
the effects of row, column, and site on larval metamorphosis were not consistent among replicate chambers,
the number of metamorphosed larvae per sediment
treatment in each replicate chamber was analysed separately using a 1-way Latin-square ANOVA. If the site
effect was significant, Tukey’s multiple comparison
tests were used to determine differences among sites in
each replicate chamber.
Expt 2. Larval preference for sediments with different proportions of attractive and unattractive muds.
This experiment set out to test whether larvae could
choose sediment treatments differing in proportions of
attractive and unattractive muds. We tested larval settlement preference in the following 5 treatments: 100,
75, 50, 25 and 0% of attractive mud obtained by mixing
unattractive mud (PC mud from June 2005 cruise) with
different amounts of attractive mud (VH mud from
June 2005 cruise). Larval settlement choice of these 5
sediment treatments was tested in a still water multiple-choice chamber as described in Expt 1.
Expt 3. Larval preference with respect to unattractive PC mud: effect of protein, lipid and carbohydrate
enrichment. The results obtained in Expt 1 indicated
that Capitella sp. I larvae did not show a clear preference for sediments collected at PC over other sites (e.g.
VH mud) regardless of sampling dates. This experiment was therefore designed to evaluate whether larval preference for PC mud would be triggered by either
protein (Expt 3A), lipid (Expt 3B) or carbohydrate (Expt
3C) enrichment. Bovine serum albumin (BSA), tripalmitin and glucose were used to enrich proteins,
lipids and carbohydrates in PC sediment, respectively.
BSA and glucose were dissolved in seawater and mixed
with sediment to obtain the desired enrichment levels,
whereas tripalmitin was dissolved in 2:1 chloroform:
methanol. In Expt 3A, larvae were offered 4 choices:
Neg (PC mud, which served as the negative control),
Neg_0.1 (PC mud enriched with 0.1 mg BSA g–1 DW):
Neg_1 (PC mud enriched with 1 mg BSA g–1 DW) and
Pos (VH mud, which served as the positive control). In
Expt 3B, larvae were offered 4 choices: 1Neg (PC mud,
which served as the first negative control), 2Neg (PC
mud enriched with solvents, which served as the second negative control), Neg_1 (PC mud enriched with

1 mg tripalmitin g–1 DW) and Pos (VH mud, which
served as the positive control). In Expt 3C, larvae were
offered Neg, Neg_0.1 (PC mud enriched with 0.1 mg
glucose g–1 DW), Neg_1 (PC mud enriched with 1 mg
glucose g–1 DW) and Pos (VH mud, which served as the
positive control). A larval settlement choice assay was
run in a still water multiple-choice chamber. This experiment was designed as a replicated 4 × 4 Latinsquare and run as described in Expt 1.
Expt 4. Influence of spatio-temporal variation in
biochemical properties of sediment on juvenile performance. In this experiment the vulnerability of
newly metamorphosed larvae to spatio-temporal variations in sediment biochemical properties was evaluated under laboratory conditions. We used newly
metamorphosed larvae (i.e. 24 h old early juveniles)
because they were likely to grow quickly and allowed
us to compare changes in growth with respect to sediment treatments among juveniles that originated from
the same batch of larvae. Early juveniles were obtained according to the methods of Tsutsumi et al.
(2001). Briefly, larvae obtained from several broods
(i.e. 10 to 20) were combined and transferred to a dish
containing fine sediment and FSW. After 30 min, all
the unsettled larvae were discarded and juveniles
were held in the same dish until used for the growth
experiment (ca. 24 h later).
Sediment samples used in Expt 1 were also used in
Expt 4. Unlike in Expt 1, samples were frozen at –20°C
until used in August to September 2005. In total, 180
sediment samples were used (3 subsamples × 3 replicates × 4 sampling dates × 5 sites). Samples were
sieved to 125 µm to ensure that most of the particles
were within the ingestible size range for Capitella sp. I
(Foss & Forbes 1997). Wet sediment sample (15 g) was
added to 25 ml plastic containers, which were then
filled with FSW. A total of 25 early juveniles were
added to each container. The water temperature during the entire experimental period was maintained at
24 ± 2°C under continuous darkness. Containers were
gently aerated via tubes with plastic pipette tips suspended 1 cm below the water surface. Three-quarters
of the water in each container was replaced every
other day. At the end of the experiment (10 d), all survivors were counted and growth was determined.
Body volume was used as a measure of juvenile growth
(Foss & Forbes 1997). The worms were videotaped and
the total length and width of the individuals measured.
The body volume of each individual was calculated using the equation V = π (D/2)2 L, where D and L represent the diameter (width) and length of each worm. To
determine the percentage of survival, we counted the
number of living juveniles in each sample, divided by
the total number of juveniles added, and multiplied by
100. The worms were not fed during the experiment.
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Table 1. Sediment water content, mean grain size and heavy metal concenWe used a 2-way ANOVA with samtrations at the study sites. For site abbreviations, see Fig. 1
pling site and date as the fixed factors to
compare changes in juvenile growth
TLC
VHE
VH
VHW
PC
and survival with respect to different
sediment treatments. Data were further
Water content (%)
49–58
51–62
59–65
55–65
50–62
analysed using 1-way ANOVA followed
Grain size (µm)
45–52
49–54
52–75
55–65
48–65
by Tukey’s multiple comparison test to
Metal concentration Cd 0.4–0.9 0.5–0.9 1–1.53 1.1–1.2 1.2–1.3
determine the effect of sampling site on
(µg g–1)a
Cr
48–101 121–133 168–182 84–120 111–120
juvenile performance at fixed levels of
Cu
10–31 50–117 150–182 22–49
23–24
Ni
17–31
24–26
36–41
23–37
40–43
sampling date, and vice versa.
Pb
17–31
15–32
20–47
31–44
30–32
Spatial distribution pattern of CapiZn
48–101 98–133 170–182 84–120 111–120
tella spp. The objective of this experia
Unpubl. data from X. D. Li, The Hong Kong Polytechnic University,
ment was to compare larval preferences
Hong Kong, SAR
with respect to the sediment biochemical properties revealed in our laboratory
findings with the actual distribution and abundance of
The minimum TOC content was recorded at PC
Capitella spp. in the field. The spatial distribution of
(~0.7%) and the maximum was recorded at VHE and
Capitella spp. in the study area was estimated by takVH (~2%) in June 2005 (Fig. 2A). On all 4 sampling
ing replicate samples (n = 4) with a 0.1 m2 van Veen
dates, TOC at PC and VHW was significantly lower
grab at 5 sites (see Fig. 1) in August 2004 and again in
than that at VH. However, there was no clear temporal
December 2004. Samples were sieved on a 0.5 mm
pattern. The TN content varied from ~0.07 to 0.4% and
sieve, and the retained fauna was fixed in 5% boraxshowed seasonality that was characterised by slightly
buffered formalin and stained with 1% Rose Bengal for
higher values in August 2004 than on other sampling
later identification of Capitella spp. One-way ANOVA
dates at each site (Fig. 2B). Noticeably, PC had consisand Tukey’s multiple comparison tests were used to test
tently lower TN values than VH, VHE and VHW
differences in Capitella spp. abundance among sites
(except in August 2004). The chl a values exhibited
(spatial differences) at each sampling date.
clear seasonality, with the highest values in June 2005
followed by March 2005, August 2004 and December
2004 (Fig. 2C).
RESULTS
Concentrations of the 2 main biochemical components that describe the nutritional quality of organic
Spatio-temporal variation in sediment biochemical
matter (i.e. BPC and EHAA) are shown in Fig. 3. Genproperties
erally, the BPC displayed the highest values at TLC,
VHE and VH. The BPC values were in fact signifiMost of the sediment samples used in this study were
cantly lower at both PC and VHW than at other sites
muddy (mean grain size ranged from 45 to 65 µm) with
(except in December 2004, when TLC had similar val49 to 65% water content and were not different
ues to PC and VHW) (Fig. 3A). The EHAA ranged
markedly among 5 sites (Table 1). However, a 2-way
between 0.01 mg g–1 DW at PC in June 2005 and
0.31 mg g–1 DW at VH in June 2005 (Fig. 3B). The
ANOVA analysis revealed that all 5 biochemical sediEHAA concentration of PC sediments was significantly
ment parameters measured, TOC, TN, chl a, BPC and
lower than that of other sites on all 4 sampling dates
EHAA, were significantly different among sites and
except in December 2004, when it was not significantly
sampling dates and there was a significant interaction
different from VHW. There was no clear seasonality,
between these 2 factors (Table 2).
Table 2. Summary of 2-way ANOVA results of total organic carbon (TOC), nitrogen (TN), chlorophyll a (chl a), biopolymeric
carbon (BPC) and enzymatically hydrolizable amino acid (EHAA) data obtained from 4 sampling dates (13 August 2004,
14 December 2004, 17 March 2005 and 12 June 2005). There were 5 sites (TLC, VHE, VH, VHW and PC: for site abbreviations
see Fig. 1) per sampling date. Data were square-root transformed to meet ANOVA assumptions. *p < 0.05, **p < 0.01, ***p < 0.001
Source

df

TOC
MS

Site
Sampling date
Site × Date
Error

4
3
12
80

TN
F

0.093 18.651***
4.651 926.303***
0.018
3.561**
0.005

MS

F

0.039 31.057***
0.055 43.771***
0.007 5.861**
0.001

MS

Chl a
F

0.001 7.001***
0.017 70.217***
0.001 2.053*
0.001

BPC
MS

F

0.617
12.868***
33.1380 691.606***
0.422
8.807***
0.004

EHAA
MS
F
0.094 25.041***
0.002 0.568***
0.018 4.912***
0.003
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A

Biopolymeric carbon
(mg C g–1 DW)

2.5

TOC (%)

2.0
1.5
1.0
0.5

TLC
VHE
VH
VHW
PC

25
20
15
10
5

0.40
EHAA (mg g–1 DW)

B

0.4

TN (%)

A

0

0.0
0.5

30

0.3
0.2

B

0.32
0.24
0.16
0.08

0.1
0.00
Aug 04

Chlorophyll a (mg g–1 DW)

0.0
0.16

Dec 04

Mar 05

June 05

Sampling date

C

Fig. 3. Sediment biochemical properties (qualitative measures
of organic matter) in the study area. (A) Biopolymeric carbon;
(B) enzymatically hydrolysable amino acid (EHAA) concentration. Results presented as the mean ± SD of the 3 replicates. Each replicate is the mean of 3 subsamples. See Fig. 1
for site abbreviations

TLC
VHE
VH
VHW
PC

0.12
0.08
0.04
0.00
Aug 04

Dec 04

Mar 05

June 05

Sampling date
Fig. 2. Sediment biochemical properties (quantitative measures of organic matter) in the study area. (A) Total organic
carbon (TOC); (B) total nitrogen (TN); and (C) chlorophyll a
concentration. Results presented as the mean ± SD of 3 replicates. Each replicate is the mean of 3 subsamples. See Fig. 1
for site abbreviations

but the PC sediments in June 2005 had significantly
lower values than those of the other 3 sampling dates
(Fig. 3B). Thus, sediment samples collected in our
study covered a wide range of organic matter quantity
and composition and, therefore, were suitable for the
investigation of possible relationships among sediment
biochemical properties, larval habitat selection behavior and subsequent juvenile performance.

Larval habitat selection (Expt 1)
The actual mean number of metamorphosed larvae
(juveniles) in each sediment treatment and bioassay
chamber is shown in Fig. 4. Statistical analysis of data
showed that the number of metamorphosed larvae differed significantly with respect to site and sampling
date (Table 3). There was a strong interaction between
these 2 factors. Although larval metamorphosis in all

replicate chambers on each sampling date followed a
similar trend (see Table 3), differences in larval metamorphosis within each chamber were analysed using
1-way Latin-square ANOVA. No significant row–column effects were found in this experiment, suggesting
a good experimental precision and uniform sediment
treatment response by larvae (data not shown in Table
3). In August 2004, larval metamorphosis was consistently lower at PC than at other sites (Fig. 4A–C).
However, there was no significant difference in larval

Table 3. Three-way nested Latin-square ANOVA showing
the effect of sampling date (fixed factor; 4 levels: 13 August
2004, 14 December 2004, 17 March 2005 and 12 June 2005),
replicate larval bioassay chamber (random factor, nested with
date; 3 levels: Replicates 1, 2, and 3) and site (fixed factor;
5 levels: TLC, VHE, VH, VHW and PC; for site abbreviations
see Fig. 1) on larval habitat selection. Data were log(x + 1)transformed to meet ANOVA assumptions. Significant values
shown in bold. In most cases, no significant row or column
effect was observed in the larval metamorphosis in each bioassay chamber. Therefore these 2 factors were not included
in the analysis
Source
Site
Sampling date
Replicate (date)
Site × Date
Error

df

MS

F

p

4
3
8
12
2840

7.325
0.385
0.142
0.666
0.084

86.479
4.544
1.679
6.619

< 0.001
< 0.005
< 0.101
< 0.001
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50
F4,12 = 41.83; p < 0.001

A
40

F4,12 = 19.92; p < 0.001

B

F4,12 = 32.78; p < 0.001

C

Aug 04_Rep. 2

Aug 04_Rep. 1

Aug 04_Rep. 3

30
a
a
20

a

a

a

a

10

a
a

ab
b

a

a
b

b

c
0
50
F4,12 = 18.86; p < 0.001

D

Mean number of larvae metamorphosed

40

F4,12 = 6.96; p < 0.01

E

F4,12 = 14.71; p < 0.001

F

Dec 04_Rep. 3

Dec 04_Rep. 2

Dec 04_Rep. 1

a

30

a

a

20

b
b

b

b

10

b

b

b

b

b

c

c

c

0
50
F4,12 = 84.81; p < 0.001

G

Mar 05_Rep. 1

40

a

F4,12 = 18.25; p < 0.001
a
Mar 05_Rep. 2

H

F4,12 = 39.73; p < 0.001

I

Mar 05_Rep. 3

a

a

a

30

a

b

20
b

b
10

c

b

b

c
d

b
0
50
F4,12 = 10.41; p < 0.001

J

F4,12 = 8.91; p < 0.001

K

40

F4,12 = 36.79; p < 0.001

L

June 05_Rep. 2

June 05_Rep. 1

June 05_Rep. 3

a
a

a

30
b

20

b

b

10

b

b

b

b
c

c

c

c

d

0
TLC VHE VH VHW PC

TLC VHE VH VHW PC

TLC VHE

VH VHW PC

Site
Fig. 4. Expt 1. Larval metamorphosis in August 2004 (A to C: Replicates 1 to 3, respectively), December 2004 (D to F), March 2005
(G to I) and June 2005 (J to L). Results presented as the mean ± SD of the 5 compartment-replicates. Results of the Latin-square
ANOVA shown at top of each figure. Mean values that are significantly different according to Tukey’s HSD tests indicated by
different letters above the bar. See Fig. 1 for site abbreviations
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metamorphosis among TLC, VHE, VH and VHW. An
exception was Replicate 1 (Fig. 4A), where larval
metamorphosis was significantly reduced at VHW
compared to the other 3 sites. In both December 2004
and June 2005, significantly more larvae metamorphosed at VH than at other sites (Fig. 4D–F, J–L).
Interestingly, in March 2005, significantly more larvae
metamorphosed at both VH and VHW than at the other
3 sites (Fig. 4G–I). Once again, only a few larvae metamorphosed at PC as compared to the other sites in June
2005. Thus, this experiment clearly demonstrated that
larvae did not prefer PC mud, irrespective of sampling
dates. Also, larval preference for sediment samples
collected from particular sites varied with respect
to sampling dates.

respectively. Larval metamorphosis increased with an
increasing concentration of attractive mud or decreasing concentration of unattractive mud (Fig. 5A–C;
Table 4). In Expt 3A, the larval metamorphosis in both
positive control and the highest protein treatment
(Neg_1) was significantly higher than those in the negative control and the lowest protein treatment
(Neg_0.1) (Fig. 5D–F). In Expt 3B, a significantly
higher number of larvae metamorphosed in lipid treatment (Neg_1) than those in positive control and the 2
negative controls (i.e. Neg and 1Neg were prepared
using seawater and solvent, respectively) (Fig. 5G–I).
In contrast, in Expt 3C, carbohydrate treatments did
not enhance larval metamorphosis compared to Neg,
but the values were significantly lower than those in
the positive control (Fig. 5J–L).

Larval habitat selection (Expts 2 and 3)
Relationship between sediment biochemical
properties and larval habitat selection

In Expts 2 and 3, sediment treatments had significant
effects on larval metamorphosis (Table 4). Unlike in
Expt 1, larval metamorphosis followed a similar pattern in all 3 replicate bioassay chambers within each
experiment. There was significantly higher and lower
larval metamorphosis in positive (100% attractive
mud) and in negative (0% attractive mud) controls,

Larval metamorphosis data in Expt 1 were used to
measure the relationship between sediment biochemical properties and larval metamorphosis. In sediments,
TOC, TN and EHAA concentrations demonstrated a
positive influence on larval metamorphosis (Spearman’s rank-correlation tests, rS = 0.67,
0.59 and 0.72 for TOC, TN and EHAA,
Table 4. Results of ANOVAs and Tukey’s tests showing the effect of sediment
treatments and replicate larval settlement bioassay chambers on larval preferrespectively; n = 20, p < 0.05). On the
ence to different treatments in Expts 2 and 3. In Tukey’s test results, values are
other hand, sediment chl a and BPC
arranged from left to right in descending order and those not significantly differcontents did not have significant relaent (p > 0.05) are connected by lines. Pos: positive control (100% attractive mud);
tionship with larval metamorphosis (rS
T1–T3: Treatments 1–3 (75, 50, and 25% attractive mud); Neg: negative control
(0% attractive mud); for other abbreviations see Fig. 5. Cochran’s C-test for ho= 0.21, and 0.31 for chl a and BPC,
mogeneity was not always significant (p > 0.05). Data were log(x + 1)-transformed
respectively; n = 20, p > 0.05).
to meet ANOVA assumptions. T: treatment; RC: replicate chambers. Significant
p-values are shown in bold
Source

df

MS

F

Expt 2: Mixture
T
4
2.581 141.1960
RC
2
0.015
0.831
T × RC
8
0.018
1.354
Error
52
0.013
Expt 3A: Protein
T
3
2.888 91.291
RC
2
0.001
0.015
T × RC
6
0.031
1.395
Error
30
0.022
Expt 3B: Lipid
T
3
1.457 406.3340
RC
2
0.014
4.099
T × RC
6
0.003
0.032
Error
30
0.011
Expt 3C: Carbohydrate
T
3
0.659 24.847
RC
2
0.133
5.030
T × RC
6
0.026
1.181
Error
30
0.022

p

Juvenile performance (Expt 4)

Tukey’s test results

< 0.001<
0.471
0.239

Pos
––––

T3
–––

T2
–––

< 0.001<
0.985
0.299

Pos
Neg_1
––––––––––––––

Neg_0.1
Neg
––––––––– ––––

< 0.001<
0.075
0.921

Neg_1
–––––––

2Neg
–––––

< 0.001<
0.052
0.343

Pos
––––

Pos
––––

T1
–––

Neg
––––

1Neg
––––––

Neg_1
Neg_0.1
Neg
––––––––––––––––––––––––––

Fig. 6 shows the mean percent mortality and final body volume of juvenile Capitella sp. I after 10 d post-settlement in sediment samples collected
from 5 sites on 4 sampling dates. Both
juvenile mortality and body growth
differed significantly among sampling
sites and dates (Table 5). The interaction effect was significant. Between
the 2 factors, sites caused a higher
variation in both juvenile mortality
and growth than sampling dates, as
indicated by the MS values in Table 5.
Irrespective of sampling dates, the
percent mortality increased gradually
from sediments collected in eastern
(TLC) to western sites (PC), but only
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Lipid_Rep. 3
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40
30
20
10
0
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Carbohydrate_Rep. 1
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40
30
20
10
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Neg Neg_0.1 Neg_1 Pos
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Treatment
Fig. 5. Larval metamorphosis in Expts 2 and 3. (A to C) (Expt 2). Larvae had 5 choices: 0% (Neg, negative control), 25% (T1,
Treatment 1), 50% (T2, Treatment 2), 75% (T3, Treatment 3), and 100% (Pos, positive control) attractive mud obtained by mixing
unattractive mud (PC [Peng Chau] mud) with different amounts of attractive mud (VH [Victoria Harbor] mud). (D to F) (Expt 3A).
Larvae were offered 4 choices: Neg (PC mud: negative control), Neg_0.1 (PC mud with 0.1 mg BSA g–1 DW), Neg_1 (PC mud with
1 mg BSA g–1 DW) and Pos (VH mud: positive control). (G to H) (Expt 3B). Larvae were offered 4 choices: 1Neg (PC mud: first negative control), 2Neg (PC mud with solvent control), Neg_1 (PC mud with 1 mg tripalmitin g–1 DW) and Pos (positive control). (J to
L) (Expt 3C). Larvae were offered 4 choices: Neg (PC mud: negative control), Neg_0.1 (PC mud with 0.1 mg glucose g–1 DW),
Neg_1 (PC mud with 1 mg glucose g–1 DW) and Pos. Results presented as the mean ± SD of the 5 compartment-replicates
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100

the PC values were significantly higher than the other
sites (see Fig. 6A, Table 6). At each of the sites tested,
there was no obvious difference in percent juvenile
mortality among sampling dates (Table 6).
Juvenile growth was significantly higher at TLC,
VH, VHW and VH in August, December, March and
June, respectively (Fig. 6B, Table 6). In August 2004
there was no difference in growth among VHW, VHE
and VH. In December 2004 growth was significantly
higher at VHE and TLC than at VHW and PC.
Although the lowest growth was recorded at PC on all
4 sampling dates, the values were significant only in
August 2004 and March 2005. At TLC, growth was significantly higher in August 2004 than on the other
dates. Importantly, there was no significant difference
in growth among the 4 sampling dates at PC (Table 6).

A

Mortality (%)

80

60

40

20

0

Final body volume (mm3)

200

B

Relationship between sediment biochemical
properties and juvenile performance

TLC
VHE
VH
VHW
PC

150

The sediment TOC and EHAA concentrations
showed a significant negative (rS = –0.55, and –0.53 for
TOC and EHAA, respectively; n = 20, p < 0.05) and positive (rS = 0.51, and 0.72 for TOC and EHAA, respectively; n = 20, p < 0.05) relationship with juvenile mortality and growth, respectively. However, the relationship
between sediment TN, chl a and BPC concentrations and
juvenile mortality or growth was not significant.

100

50

Spatial distribution of Capitella spp.

0
Aug 04

Dec 04

Mar 05

June 05

Sampling date
Fig. 6. Expt 4. (A) Juvenile mortality and (B) growth after 10 d
post-settlement in sediment samples collected from 5 field
sites (See Fig. 1 for site abbreviations) on 4 sampling dates
(August 2004, December 2004, March 2005 and June 2005).
Results presented as the mean ± SD of 5 compartmentreplicates

In August 2004 Capitella spp. was found at all sites
except at PC (Fig. 7A). Both VH and VHW had similar
densities that were significantly higher than at TLC.
The lowest density was found at VHE. In December
2004 the highest density was found at VH, followed by
TLC, VHW and VHE (Fig. 7B). The lowest density was
found at PC.

DISCUSSION
Table 5. Two-way ANOVA showing the effect of site (fixed
factor; 5 levels: TLC, VHE, VH, VHW and PC; for site abbreviations see Fig. 1), sampling date (fixed factor; 4 levels: August
2004, December 2004, March 2005 and June 2005) and their
interaction on the juvenile mortality and growth. **p < 0.01
Source

df

Juvenile mortality
MS
F

Juvenile growth
MS
F

Site
4
Sampling date 3
Site × Date
12
Error
40

75.825 236.123**
38.185 118.909**
5.545
17.259**
0.321

87.795 544.228**
30.254 187.54**
22.036 136.598**
0.161

Sediment biochemical properties
Considerable spatio-temporal heterogeneity of
organic matter content and composition was clearly
evident in the study area due to natural and anthropogenic activities in overlying waters and in the sediment itself. For example, the quantitative attributes of
sediment organic matter such as TOC ranged from
~0.7 to 2%, TN from ~0.07 to 0.4%, and chl a from
~0.01 to 0.12 mg g–1 DW. Similarly, the qualitative
attributes of sediment organic matter, liable BPC and

1.1ns

20.2

3, 8
3, 8
3, 8

VH

VHW

PC

3, 8

VHE

3.9ns

57.8

86.3

81.1

20.7

63.1

15.9

3, 8

TLC

33.5

2067.1

4,10

Sampling
date

61.5*

14.6

1575.8

4,10

17 Mar 2005

12 June 2005

4.3*
1.3ns
6.6*

18.8
65.1
8.6

80.1*

116.1*

80.2*

27.7
21.9

2229.1
2550.1

4,10
4,10

13 Aug 2004

14 Dec 2004

Site

F
VHW ––––––––––––––––––––––––––––
VH
TLC VHE
–––––––––––––––––
VHW VH
VHE TLC
–––––––– –––––––––––––––––––
––––––––––––––––
VH
VHW VHE TLC
––––––––––––––––––––––––––––
––––––––––––––––––––
VH
VHW VHE TLC
––––––––––––––––––––––––––––––––––––––––

Aug Mar
Jul
Dec
––––––––––––––––––––––––––––––––––––––
Mar
Aug
Dec
Jul
–––––––––––––––––––––––––––––––––––––––
Mar
Jul
Aug
Dec
––––––––––––––––––––––––––––
––––––––––––––––
Dec
Aug
Mar
Jul
––––––––––––––––––––––––––––––––––––––
Aug Dec
Jul
Mar
–––––––––––––––––
–––––––––––––––––––––––––––

PC
––––
PC
––––
PC
––––
PC
––––

Juvenile mortality
Tukey’s test

Date/Site

ANOVA results
MSeffect
MSerror

Effect of

df

11.6*
38.2*
37.8*
168.8*

15.1
8.9
107.4
91.1
5.6

176.2
343.8
4069.3
15387.1
14.9

VHW VHE VH ––––
PC
–––––––––––––––––––––––––––
VHE
TLC VHW PC
––––––––––––––––– ––––––––––––––
VH
TLC VHE PC
––––
–––––––––––––––– ––––
VHE
VHW TLC PC
–––––– ––––––––––––––––––––––––

Aug
Mar
Jul
Dec
–––––– –––––––––––––––––––––––––––
Jul
Dec
Mar
Aug
–––––– ––––––––––––––––––––––––––––
Dec
Mar
Jul
Aug
–––––
––––––––––––––––– ––––––
Mar
Jul
Aug
Dec
–––––
–––––––––––––––––––––––––––
Jul
Mar
Aug
Dec
––––––––––––––––––––––––––––––––––––––

TLC
––––––
VH
–––––
VHW
–––––––
VH
––––

Abundance of Capitella spp. (ind. m–2 )

2.6ns

21.9*

46.4

1020.7

11909.3 107.3 110.9*

21.3*
256.3*

10.6
18.2

227.8

Juvenile growth
Tukey’s test

4669.1

ANOVA results
MS effect MS error
F

Table 6. Summary of 1-way ANOVAs and Tukey’s test results on juvenile mortality and growth among 4 sampling dates (13 August 2004, 14 December 2004, 17 March 2005
and 12 June 2005) and 5 sites (TLC, VHE, VH, VHW and PC; for site abbreviations, see Fig.1) at each levels of date and site, respectively. In the Tukey’s test results, mean
values are arranged from left to right in descending order and those not significantly different are joined by an underline. Data were square-root transformed to satisfy the
assumption of homogeneity of variance. The effect of sampling date was judged at the more conservative probability of 0.01 because variance was heterogeneous
(Cochran’s C-test, p < 0.05). *p < 0.05; nsp > 0.05
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F4,10 = 34.76, p < 0.05

a

200

150

b
ab

50
c
d

0
0

December 2004

200
F4,10 = 18.07, p < 0.05

150

a

b

c

0
d

Site

VHW
PC

Fig. 7. Abundance of Capitella spp. at 5 field sites (see Fig. 1
for site abbreviations) in the study area during (A) August
2004 and (B) December 2004. Results presented as the mean
± SD of 4 replicate samples. Results of ANOVA shown at the
top of each figure. Mean values that are significantly different
in Tukey’s HSD tests indicated by different letters above
the bar

EHAA concentrations, varied from ~0.5 to 18 mg C g–1
DW and ~0.01 to 0.32 mg g–1 DW, respectively. Such
large spatio-temporal variation in biochemical properties of surface sediment is not unusual in near shore
benthic environments and has been reported previously from different shores (Fabiano et al. 1995 and
references therein), but there has been no available
information on the biochemical composition of organic
matters in the study area, the vicinity of Victoria Harbor, Hong Kong. Therefore, the interesting part of our
biochemical data was that significant spatio-temporal
differences were not only reflected in the amount of
organic matter (e.g. TOC and TN), but also in the nutritional quality or composition of organic matter (e.g.
BPC and EHAA). The main aim of the present study
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was not to correlate the overlying water quality and
the biochemical properties of sediments (which will be
addressed elsewhere). Instead, we used these sediment samples to study the relationship between sediment biochemical properties, larval metamorphosis
and juvenile performance in Capitella sp. I.

Larval habitat selection
A series of laboratory experiments conducted in the
present study demonstrated that larvae of Capitella sp.
I could discriminate between substrates based on their
biochemical properties, especially between organic
matter content and composition. The discriminative larval behavior observed in our study may be inferred to
some extent from previous studies. For instance, larvae
of Capitella sp. I preferentially choose where to settle
and where to metamorphose based on substratum characteristics such as grain size (muddy substratum preferred over sand; Grassle et al. 1992), carbon content
(organic-rich sediments preferred: Butman & Grassle
1992), organic matter composition (nitrogen-rich sediments preferred: Thiyagarajan et al. 2005), hydrogen
sulfide (serves as a larval settlement cue: Cuomo 1985)
and oxygen concentrations (low ammonium and oxygen habitat preferred: Marinelli & Woodin 2004). Although the role of hydrodynamics on larval habitat selection was not examined in the present study, larval
reaction to hydrodynamics can substantially alter larval
substratum selection behavior not only in Capitella sp. I
(e.g. Snelgrove et al. 1993) but also in other invertebrates (barnacles: Mullineaux & Garland 1993, Qian
et al. 1999; abalone: Boxshall 2000; sabellariid polychaetes: Pawlik & Butman 1993; oysters: Turner et al.
1994; seruplid polychaetes: Qian et al. 2000).
In Expt 1 of the present study, larvae did not show a
preference for PC mud compared to the other 4 sites
(Fig. 4). This was the case on all 4 sampling dates, suggesting that seasonal variations in the sediment biochemical properties at PC did not alter its unattractiveness to larvae. The unattractiveness of PC mud is
probably not related to sediment physical characters,
i.e. grain size distribution and water content, as these
parameters were not significantly different from those
at the other sites. In a previous study, we speculated
that heavy metal pollution of PC mud might have
inhibited larval metamorphosis at this site (Thiyagarajan et al. 2005). However, in the present study (see
Table 1) there was no sign of heavy metal pollution at
PC in comparison to the other sites. On the other hand,
the overlying water at PC had higher concentrations of
persistent organic pollutants such as PCB than at the
other sites (Fong et al. unpubl. data). The Pearl River
Estuary is likely to be a major source of PCB at the

western side of Hong Kong (Wurla et al. 2006). The
role of organic pollutants on the larval metamorphosis
of this species has not yet been determined, but
organic pollutants display a moderately negative effect
on larval metamorphosis in another polychaete worm,
Streblospio benedicti (Chandler et al. 1997).
An alternative explanation for the unattractiveness
of PC mud may be that the low quantity or poor quality
of organic matter might have repelled the larvae, i.e.
this site had a significantly lower amount of all 6 biochemical parameters measured than VH (except the
chl a level in August 2004). This argument was supported by our additional experiments. In Expt 3 the
PC mud was enriched with proteins, carbohydrates or
lipids and then offered to the larvae. Interestingly, protein and lipid enrichment treatments attracted significantly more larvae than the control (natural PC mud)
(see Fig. 5D–I), suggesting that the unattractive factor
for larvae may be related to organic matter rather than
to the organic pollutants. Similarly, the unattractive
property of PC mud was masked by attractive factors
from VH mud in a concentration-dependent manner
(Fig. 5A–C). The authors’ unpublished data showed
that if lipids were removed from the PC mud (by
extraction), it attracted more larvae than the VH mud.
Moreover, if lipids from the PC and VH muds were
swapped, a higher number of larvae metamorphosed
at PC than at VH. Among different types of lipids,
unsaturated fatty acids serve as effective inducers of
larval metamorphosis in polychaetes (Pawlik &
Faulkner 1986, Biggers & Laufer 1996), but lipid types
that inhibit polychaete larval metamorphosis have not
yet been identified.
In our study, larvae preferred VH over the other sites
on 2 out of 4 sampling dates (December 2004 and June
2005). Although all 6 biochemical properties measured
at VH were not dramatically different from those at
the other 3 sites (VHW, VHE and TLC) (see Fig. 2 & 3),
we expected a higher larval metamorphosis at VH
because both VH and VHE received a substantial
amount of raw sewage in the past, especially before
the implementation of the Harbor Area Treatment
(HAT) scheme in 2002 (EPD 2005). Our expectation
was based on the fact that Capitella sp. I is a primary
colonizer of organically enriched sediments in coastal
areas throughout the world (Grassle & Grassle 1976).
Although the reason why they are associated with
organically enriched sediments has remained unclear
(Levin et al. 1996), the presence of excessive hydrogen
sulfide (accompanied by reduced oxygen availability)
in enriched sediments (i.e. VH mud) might be an
attractive factor. In contrast, VHE mud did not attract
more larvae than VH mud on 3 out of 4 sampling dates,
and such a trend is difficult to explain without
further study.
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Our results also showed a shift in larval preference
with respect to sampling dates. For instance, a higher
number of larvae metamorphosed in VHW mud in
March 2005 than at other sites, except VH. On the
other hand, only few larvae metamorphosed at VHW
in December 2004 and June 2005. This shift in larval
response to VHW mud with respect to sampling dates
could be partially explained by the biochemical parameters measured in this study. In March 2005, protein
content (both TN and EHAA) sharply increased at
VHW as compared to the 3 other sampling dates. Proteins are indicators of an easily biodegradable fraction
of organic matter and of food quality since they reflect
specific availabilities of amino acids (Gremare et al.
1997). Although it looks like both the quantity and the
composition of organic matter serve as larval metamorphosis cues, sediment –larval interaction represents a
complex process and might be the result of multiple
cues (Butman 1987). For instance, larvae of polychaetes are able to distinguish between different species of bacteria present in sediment and thus seem to
be able to select habitats containing favourable species
of bacteria (Gray 1966, 1974). Our study, however, was
not designed to examine the precise relationship
between particular biochemical features (or settlement
cues) of sediments and larval metamorphosis (or juvenile performance). As we had expected from natural
field samples, sediments used in the present study varied with respect to more than one biochemical factor at
a time. Experimental manipulations of possible sedimentary larval settlement cues such as EHAA, protein
and lipid components might help to elucidate the precise relationship between sedimentary cues and larval
metamorphosis. The larval settlement pattern observed in our study may also have been influenced by
many factors other than the biochemical properties of
the sediment, i.e. larvae could have simply ignored
some sites or been repelled by some sites, or larvae
could have been killed and quickly decomposed
before we made an observation. Larval preference
with respect to bacteria present in the sediment samples, as previously found for archiannelids, copepods,
polychaetes and gastropods (reviewed in Gary 1974),
could also be responsible for the larval settlement pattern observed in our study, and experiments are underway to assess this possibility.

Juvenile performance
Several studies have documented the growth of
Capitella sp. I in response to sediment organic matter
(both quality and quantity) (reviewed by Snelgrove &
Butman 1994). This study reports, for the first time, the
growth response of juveniles to natural variations in
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organic matter in surface sediments. In our study,
> 65% of juveniles died within a period of 10 d postsettlement in sediment samples collected from PC,
regardless of sampling dates, as opposed to low mortality (< 25%) during the same period and under the
same culture conditions in sediment samples collected
from other sites (e.g. TLC, VHE, VH and VHW). PC
sediments differed from the other sites in that they had
lower concentrations of TOC, TN and EHAA, and it
may well be that the organic matter content (both in
terms of quality and quantity) in the PC samples,
despite seasonal variations, might be lower than the
threshold level needed to support the survival of juvenile worms under our culture conditions. Adults, particularly early juveniles, are highly sensitive to food
shortages (Tsutsumi et al. 2001). Although organic
pollutant levels were not measured in this study, others
have reported higher concentrations of several persistent organic pollutants (POP) in the waters at PC
than at the other sites (J. Fong, P. K. S. Shin, R. R. S. Wu
unpubl. data). The POP can reduce the growth of
Capitella sp. I by as much as 50% (Bridges et al. 1994,
Foss & Forbes 1997). Therefore, the observed high
mortality of the juveniles at PC cannot be exclusively
linked to organic matter.
In the present study, we recorded remarkable variation in juvenile growth with respect to sites within each
sampling date and vice versa. For example, in August
2004, TLC supported higher growth than other sites.
But in December 2004 and June 2005, juvenile worms
grew faster at VH. Notably, in March 2005, worms
attained dramatically higher growth at VHW than at
other sites. As an exception, juveniles grew more
slowly at PC regardless of sampling dates. Among different measures of organic matter quality, the biometric
technique used by Mayer et al. (1995), EHAA concentration, was suggested to be one of the best indicators of
the nutritional quality of sediment for benthic organisms (Linton & Taghon 2000). Although it appears that
spatio-temporal variations in the biochemical properties of the sediment (e.g. protein content) played a key
role in producing the observed variation in juvenile
growth among different sediment samples, this variation cannot solely be explained by the organic matter
content (i.e. TOC) and composition (i.e. EHAA concentrations) alone because there was no significant temporal variation in EHAA concentrations at either TLC or
VH, and juveniles grew larger at TLC only in August
2004. Similarly, juveniles grew significantly larger at
VH on only 3 out of 4 sampling dates. Thus, it seems
juvenile performance of Capitella sp. I was controlled
by factors other than those measured in this study. For
instance, as previously discussed, persistent organic
pollutants may also have played a potential role in
reducing their growth performance, especially at PC.
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Additionally, site-specific growth of chemoautotrophic
bacteria during the experimental period may have confounded our results. Juveniles of this species can utilize
carbon sources produced by chemoautotrophic bacteria
(Tsutsumi et al. 2001). For instance, sediment samples
from VH had a higher level of sulfide than those from
the other sites (Thiyagarajan et al. 2005), which might
have promoted the growth of chemoautotrophic bacteria
and, in turn, the growth of juveniles. Nevertheless, our
results along with those from several previous studies
(Gremare et al. 1988, Forbes & Lopez 1990, Bridges et
al. 1994) clearly demonstrate that sediment protein content is one of the key components of growth regulators
in Capitella sp. I. This was the case in other polychaetes
as well (e.g. Rossi & Lardicci 2002). In fact, juvenile
growth not only depends on protein content but also on
the source of protein (Linton & Taghon 2000), a topic of
investigation which was not addressed in this study.

Can larvae assess the quality of the habitat prior to
their settlement?
Planktonic larvae of sessile marine invertebrates
presumably maximize their chances of good postsettlement performance by responding to habitatspecific cues, as settlement in a preferred habitat
should provide them with shelter and food during the
vulnerable juvenile life-history phase (reviewed in
Pawlik 1992, Olafsson et al. 1994, Snelgrove & Butman
1994, Gosselin & Qian 1996). To date, these concepts
are supported by a wide variety of organisms that
include crabs (Stevens 2003), sea anemones (Sebens
1982), mussels (Petersen 1984), gastropods (Stoner et
al. 1996), limpets (McGee & Targett 1989) and clams
(Snelgrove et al. 1998). The same line of reasoning is
supported by the present study, where Capitella sp. I
showed a specific preference for a substrate that is
closely linked to its juvenile requirements. For
instance, larvae did not choose to settle and metamorphose in PC mud, where juvenile growth was poor and
mortality was substantially higher. Instead, they
choose to metamorphose on substrates where juveniles
grew faster and experienced less mortality, e.g. in VH
mud in December 2004 and June 2005, and in VH and
VHW mud in March 2005. However, larvae belonging
to this species did not make the right choice on every
occassion. For example, their larvae did not settle on
substrates with a high portion of organic matter (possibly with higher levels of hydrogen sulfide) that would
have supported higher juvenile growth (Cohen &
Pechenik 1999). Nevertheless, the current study presents evidence to support the hypothesis that larvae of
Capitella sp. I can choose a habitat that supports
higher post-settlement growth and survivorship.

Ecological implications
A high degree of spatial variability was evident in
the abundance of Capitella spp. in the study area (see
Fig. 7). They were found at extremely low densities at
PC, while relatively higher densities were found at
VH, where pollution by sewage discharge is clearly
evident. This striking spatial distribution pattern might
be a result of the following processes: (1) pre-settlement, (2) settlement and metamorphosis, and (3) postsettlement growth and survival. In this study, the presettlement processes such as larval availability were
not measured in the study area. Also, Capitella spp.
has several sibling species and the proportion of
Capitella sp. I in that complex in our study area is not
yet known . Nevertheless, both the larval metamorphosis and juvenile performance (both growth and survival) pattern observed in our laboratory study correlated well with patterns of adult Capitella spp.
distribution in the field, with the lowest abundance,
metamorphosis, juvenile growth and survival at PC.
Previous studies have pointed out the importance of
larval habitat selection and post-settlement performance in determining the distribution of adult Capitella sp. populations (Butman 1987).The present
study suggests, therefore, that the distribution of this
species and possibly the species composition in macrobenthic communities are at least partly determined by
the habitat preferences of larvae as well as by differential juvenile growth and mortality.

CONCLUSIONS
This study demonstrated for the first time a link
between the biochemical properties of sediment, larval
metamorphosis and juvenile growth performance in
the opportunistic polychaete Capitella sp. I under laboratory conditions. Our results also demonstrated that
larval metamorphosis can vary among sites of contrasting environments and these may have a close bearing
upon the resultant spatial distribution of benthos.
However, our conclusions must be viewed with caution
since soft-bottom environments in the field are highly
complex and confounded by hydrodynamics and intraand interspecific interactions, which may also affect
larval metamorphosis and subsequent juvenile performance.
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