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ABSTRACT: Temporal changes in the distribution of the serpulid polychaete Ditrupa arietina in the Bay 
of Banyuls-sur-mer were monitored between January 1996 and January 1998. Life-history characteris- 
tics, population dynamics, secondary production and calcification were measured at a permanent site 
between June 1994 and June 1996. Secondary production and calcification were then extrapolated to 
the whole Bay. D. arietina has a 2 yr Me cycle with worms first reproducing when they are 1 yr old. 
Reproduction occurs during spring with several spawning peaks each year. Development is plank- 
totrophic and the duration of the pelagc phase is close to 6 wk. Recruitment does not correlate with 
larval supply due to high mortality rates during the first benthic stage. Mortality follows an exponential 
model. Growth is best described by a logistic model and is almost restricted to the first year of the Me 
cycle. Density significantly decreased between 1996 and 1998. This pattern resulted from a strong 
recruitment in the whole bay during 1994, a weaker recruitment restricted to the deeper part of the bay 
during 1995, and a total absence of recruitment during both 1996 and 1997. Secondary production was 
between 0.4 and 295.9 g DW m-' yr-', and 0.1 and 12.3 g DW m-' yr-', during the June 1994 to June 
1995 and the June 1995 to June 1996 time periods, respectively. Calcification was between 17 and 
11 836 g m-' yr-l, and 2 and 397 g m-' yr", during the June 1994 to June 1995 and the June 1995 to June 
1996 time periods, respectively. Calcification rates calculated for the June 1994 to June 1995 time 
period are the highest ever reported for temperate benthic ecosystems. 
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INTRODUCTION 

The composition of benthic macrofauna associated 
with soft substrates within the Bay of Banyuls-sur-mer 
has undergone major changes over the last -25 yr 
(Gremare et al. 1998b). In sandy bottoms the dominant 
species during the late 1960s, the bivalve Spisula sub- 
truncata and the polychaete Nepthys hombergii, have 
regressed whereas the polychaete Ditrupa arietina 
(0. F. Miiller) has dramatically increased. The latter 
species was not even cited in the initial description of 
benthic communities along the French Catalan coast 
(Guille 1970). It is now the dominant macrofaunal 
species in the sandy bottoms of the Bay of Banyuls-sur- 

'Corresponding author. E-mail: gremare@arago.obs-banyuls.fr 

mer, with adult density reaching more than 3000 ind. 
m-' (Gremare et al. 1998b). Such densities are uncom- 
mon for the Mediterranean Sea, which is oligotrophic 
and where macrobenthos is usually only present at low 
densities (Guille 1970). 

Analysis of the spatial distribution of Ditrupa arietina 
along both the French and the Spanish Catalan coasts 
has shown that the presence of this species is not 
restricted to the Bay of Banyuls-sur-mer. High densi- 
ties have also been found at all of the 8 sites sampled 
along the portion of coast between Barcelona and 
Montpellier since 1989 (Gremare et al. 1998a). Thus, 
the increase of D. arietina in this portion of the Gulf of 
Lions is of regional importance. 

Ditrupa arietina is a tubicolous serpulid polychaete 
with a strong calcareous tusk-shaped tube. The purpose 
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of the present investigation was to quantify both its sec- 
ondary production and calcification. This required the 
assessment of the main life-history characteristics and 
population dynamics. Production and calcification were 
directly measured at a permanent site and then extrap- 
olated to the whole Bay of Banyuls-sur-mer. 

MATERIALS AND METHODS 

Life history, population structure and population 
dynamics. Late oogenesis was assessed by measuring 
100 oocytes in 5 females collected weekly at Stn 1 
(42" 26' 082" N, 03" 08'421" E,  z = 18 m, Fig. 1) between 
March 7 and June 11, 1996. Oocytes from an additional 
female collected on June 18, 1996, were also exam- 
ined. For each female, oocyte diameters were mea- 
sured on the first 100 seen oocytes using an image 
analysis system based on the software Mochaw coupled 
with a light microscope. The presence of competent 
larvae in the water column was assessed between 1993 
and 1996 by monitoring the number of juveniles col- 
lected weekly in the 2 sediment traps moored at Stn 1 
(Gremare et al. 1997). Between May 14 and August 12, 
1997, another site (Stn 2; 42" 29' 302" N, 03" 08'700" E, 
z = 27 m, Fig. 1) was sampled to assess post-metamor- 
phic juvenile mortality. Each week, 3 cores (5.2 cm in 
diameter) were collected by SCUBA divers, fixed in 
4.% formalin and stained with Rose Bengal. Juveniles 
of Ditrupa arietina were extracted from the sediment 
by 10 repeated shakings in 5 1 of tap water and by siev- 
ing on a 40 pm mesh. They were then counted under a 
dissecting microscope. 

During January 1996, and then during October 1996, 
and January 1998,3 surveys were carried out to assess 
the spatial distribution of Ditrupa arietina within the 
Bay of Banyuls-sur-mer. On each of these sampling 
dates, a total of 78 stations (Fig. 1) were sampled with 
a 0.1 m2 Van Veen grab. Two grabs were taken at each 
station. Samples were sieved on a 1 mm mesh, pre- 
served in 4 % formalin and stained with Rose Bengal. 
The specimens of D. arietina were then carefully 
sorted and counted. Those with intact tubes were kept 
for allometric measurements. Tube major axis length 
(MAL) was measured using the image analysis system 
described above. This parameter was-chosen because 
it correlated better with individual dry weight than 
t lhe  ~erimeter and surface.. Individual dry weights 
(DW in mg) were computed by using the following 
allometric relationship: DW = e-8:695MAL2.872 (rZ = 0.958, 
based on 345 living worms), with MAL expressed in 
mm. Tube dry weights (TDW in mg) were also com- 
puted from MAL (mm) by using an equation of the 
same form: TDW = e-4.874MAL2.839 (rZ = 0.962, based on 
246 living worms). 

Population structure and dynamics were monitored 
at Stn 1 between June 1994 and June 1996. This station 
was sampled every other week by SCUBA divers. 
Three 0.1 m2 benthic samples were taken by scraping 
the first 5 cm of sediment and then treated as described 
above. Population structure was assessed through size- 
frequency histograms based on MAL (size interval of 
1 mm). Because of the simplicity of the population 
structure, it was not necessary to use a sophisticated 
computing procedure to separate cohorts. Mortality 
was assessed by monitoring temporal changes in the 
density of the 1994 cohort, and by fitting an exponen- 
tial model. Growth was assessed by monitoring tempo- 
ral changes in the average individual dry weight of 
worms belonging to the 1994 cohort and by fitting a 
logistic model. Densities were monitored at Stn 2 
between December 1996 and January 1998 using the 
same sampling strategy. 

Production and calcification. Production and calcifi- 
cation at Stn 1 were calculated using the increment 
summation technique (Crisp 1971). This procedure 
was carried out both on DW (which can be converted 
into ash-free dry weight by using a conversion factor of 
0.892), and on TDW. Ninety-five % confidence inter- 
vals were computed by generating 500 production (or 
calcification) estimates based on a randomly chosen 
(i.e., among the 3 replicates) density per sampling date 
(Morin et al. 1987). 

We used the results of the January 1996 distribution 
survey together-with the production values' measured' 
at Stn 1 to infer the production of Ditrupa arietina in the 
whole Bay of Banyuls-sur-mer during both the June 
1995 to June 1996 and the June 1994 to June 1995 time 
periods. Due to the existence of a 2 yr life cycle, this re- 
quired the calculation of individual cohort production 
during these 2 time periods. At each of the stations 
sampled during January 1996, the production of the 1994 
cohort during the June 1995 to June 1996 time period 

was computed by using the following equation: 

where is the production of the 1994 cohort at Stn 
1 during the June 1995 to June 1996 time period, Dlgg4 
is the density of the 1994 cohort at the considered site 
during January 1996, and D11gg4 is the density of the 
1994 cohort at Stn 1 during January 1996. 

We used a similar approach for the calculation of the 
production of the 1995 cohort during the June 1995 to 
June 1996 time period (PCSlgg5). However, in this case, 
the production of reference at Stn 1 corresponded to 
the production of the 1994 cohort at Stn 1 during the 
June 1994 to June 1995 time period (p111994), leading to 
the following equation: 
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Fig. 
s h o ~  
The 
tion 

1. Map of the Bay of Banyuls-sur-mer 
wing locations of the sampled stations. 
2 sites (Stns 1 and 2) where popula- 
characteristics have been monitored 

are indicated by open circles 

where DCSIgg5 is the density of the 1995 cohort at the 
considered site during January 1996, and is the 
density of the 1994 cohort at Stn 1 during January 1995. 

Total production estimates during the June 1995 to 
June 1996 time period (TPCslgg5-1996) were then calcu- 
lated by summing the production of the 1994 and 1995 
cohorts during this time period: 

Due to low production during the second year of the 
life cycle (see 'Results'), the contributions of the 1993 
cohort to total productions during the June 1994 to 
June 1995 time period (TPCSlgg4~lgg5) were neglected. 
The production of the1994 cohort during the June 1994 
to June 1995 time period (P'cslgg4) was calculated using 
the following equation: 

p'CS1994 = p'11994 X DCSlC194/D11994'= TpCS1994-1995 
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RESULTS 

Life history, population structure and 
population dynamics 

During late oogenesis, the diameters of coelomic 
oocytes showed a typical bimodal distribution (Fig. 2A). 
This pattern did not result from heterogeneity among 
worms since the 2 classes of oocytes were present in 
most analyzed females. Temporal changes in average 
oocyte diameters recorded during spring 1996 are pre- 
sented in Fig. 2B together with those of the proportion 
of small oocytes (i.e., less than 50 pm in diameter). 
Average oocyte diameters ranged between 48.1 (May 
14) and 75.4 pm (June 18). They showed 2 relative 
minima on April 9 and May 14. These minima corre- 
sponded to the maximal contributions of small oocytes, 
which ranged from 1.0 (June 18) to 47.5% (May 14). 
This pattern is consistent with what would be obtained 
by preferentially spawning large oocytes during 2 con- 
secutive spawnings (Bhaud & Gremare 1991), taking 
place between March 19 and April 9, and between 
May 7 and May 14, respectively. 

Temporal changes in the number of new recruits 
found in the sediment traps between 1993 and 1996 
are presented in Fig. 3. New recruits were found 
each year during late spring and early summer, indi- 
cating the presence of competent larvae in the water 
column. Two recruitment peaks occurred during - .- - - -  - -  -~ a - -- - " 
each of these periods. Both the number of recruits- 
and their timing of appearance showed marked dif- 
ferences among years. The highest numbers were 
observed during 1995, with maximal values of up to 
1000 new recruits m-2 wk-l against 150 during 1993 
and 1994 or even only 50 during 1996.   he first 
recruits were generally collect'ed during April and 

their presence in the sediment traps was recorded 
until the end of June (1993) or even the beginning of 
July (1994, 1995 and 1996). During 1996, the 2 peaks 
of abundance of new recruits within the sediment 
traps occurred on April 23 and June 25, respectively 
40 and 52 d after the 2 spawnings hypothesized from 
the analysis of temporal changes in average oocyte 
diameters and contributions of small oocytes (see 
above). 

Temporal changes in the density of post-metamor- 
phic juveniles recorded at station 2 betweenMay 14 
and August 26, 1997, are presented in Fig. 4 together 
with a photograph showing the morphology of the first 
benthic stage. On May 14; the density of post-meta- 
morphic juveniles was 708 X 103 ind m-2. It then rapidly 
declined to 0 by August 5. At this stage, the tube is 
about 2 mm long. It is still exclusively made of mucus 
and is always anchored on sediment grains by a 
mucous thread. 

During January 1996, Ditrupa arietina was present 
at 47 of the sampled stations (Fig. 5). Densities 
ranged from 0 to 3550 ind. m-2. They were maximal 
between 20 and 25 m depth along the axes of the 2 
coves forming the Bay of Banyuls-sur-mer. The popu- 
lation was tightly limited by the 30 m isobath. Flesh 
biomass and calcimass per unit of surface area corre- 
lated positively with density (N = 46, r2 = 0.689 and 
0.676, respectively, p < 0.001 in both cases). Size-fre- 
quency histograms were either unimodal and com- - - --.  - -. 
posed of large individuals or biiiddal" (22 stations) 
(data not shown). During October 1996, D. arletina 
was present at 55 of the sampled stations. Densities 
ranged from 0 to 3000 ind. m-2. They correlated posi- 
tively with biomass and calcimass (N = 51, r2 = 0.840 
and 0.842, respectively, p < 0.001 in both cases). Size- 
frequency histograms were mostly unimodal and 

Oocyte diameter (pm) 

80 

60 - 

40 - 

March April May June 
Date 

+ 
Average oocyte diameter (pm) 

+ 
% of small oocytes (<S0 pm) 

Fir;. 3 Dif~up i )  arietina. $4 Exam- 
ple of size-frequency histogram of 
oocyte diameter during late oogen- 
esis. (B) iemporai changes in the 
average oocyte diameter and in the 
proportion of small oocytes. Dashed 
lines indicate the positions of the 2 
postulated spawnings (see text for 

details) 
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January 1996 October 1996 January 1998 

Banvuls- Ymmm - - m m %  I 

Density of Ditrupa arietina (ind. m-*) 1 ;  0 . 100-500 0 0 0  -2000 
0-100 500-1000 2000-4000 

- ---- . -- -.-" -- - -- 
Rocks Flg 5 Dltrupa arietlna-6lstnbutlon and densltles In ~an~a;~- l996:0c tob~~ 1996 

and January 1998 

not within the 20 to 30 m depth range (Table 1). The 
same trends were found for both flesh biomass and 
calcimass per unit of surface area (Table 1). During 
January 1998, D. arietina was only present at 20 of 
the sampled stations, with densities ranging from 0 to 
25 ind. m-'. The analysis of changes in density with 
time showed a decline of about 100% between Octo- 
ber 1996 and January 1998. 

Temporal changes in adult densities at Stns 1 and 
2 are presented in Fig. 6. On June 6, 1994, the den- 
slty at Stn 1 was close to 20 X 103 ind. m-2. It then 
steadily declined during the period under study. 

. - - - . - . . - . . - . - . . . - - . -. . . . . 
There were only a few -hundred- -worms peYm2 ' 
remaining at Stn 1 by late May and early June 1996. 
Densities at Stn 2 were low. They also tended to 
decrease during the period under study with less 
than 100 ind. m-2 remaining by January 1998. Tem- 
poral changes in biomass at Stns 1 and 2 are also 
presented in Fig. 6. At Stn 1, biomass increased from 
4 to 12 g DW m-2 between June 1994 and June 1995 
and then dropped to almost 0 by the end of the 
period under study. Biomass was low at Stn 2, where 

its temporal changes tightly reflected changes in 
densities, indicating an absence of recruitment and 
subsequent growth during the study period. At both 

Table 1 .  Probabilities associated to the signed rank tests used 
to compare the density, biomass and calcimass of Ditrupa ari- 
etina in various parts of the Bay of Banyuls-sur-mer during 

both January and October 1996 

All z - z < 2 0 m  z > 2 0 m  

Density 
Whole bay 

- 
0.017 c6ve- --.  - . .0:98g- - - 

<0.001 0.300 
0-.-672-- - -- - 0.827- - -  - -  

South cove 0.006 0.001 0.163 

Biomass 
Whole bay 0.016 <0.001 0.359 
North cove 0.403 1.000 0.424 
South c ~ v e  0.023 0.002 0.528 

Calcimass 
Whole bay 0.014 <0.001 0.291 
North cove 0.438 1.000 0.569 
South cove 0.019 0.003 0.433 
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I o5 
---- Station 1 - - - -  Station 2 
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1994 1995 1996 1997 1998 

Date 

Fig. 6. Ditrupa arietina. Temporal changes in density and bio- 
mass at Stns 1 and 2. Vertical bars are standard deviations 

stations the ratio between calcimass and biomass 
always remained close to 40. Temporal changes in 
calcirnass were thus almost identical to those re- 
corded for biomass. 

Temporal changes in size-frequency distributions at 
Stn 1 are presented in Fig. 7. The June 1, 1994, size- 
frequency histogram differed from all the others, 
since it clearly showed 2 modes in its left tail. How- 
ever, between June 1994 and March 1995, the fre- 
quency histograms were bimodal, which together 
with the existence of a single period of reproduction 
per year (see above), suggests that the population 
comprised 2 cohorts. During this period, the 1994 
recruits (i.e., the smallest worms) accounted for more 
than 95 % of the total population. After March 1995, 
almost all frequency histograms were unimodal as the 
population was nearly exclusively composed of large 
worms. The 1994 cohort was followed until its total 
disappearance in June 1996. Mortality was deduced 
from the density changes of this cohort (Fig. 8). 
Growth and calcification were assessed from temporal 
changes of the average dry weights (i.e., flesh and 
tube) of the worms belonging to the 1994 cohort 
(Fig. 9). Increases in flesh and tube dry weights were 
significant during the first year, and almost zero dur- 

Major Axis length (mm) 

Fig. 7. Ditrupa arietina. Examples of size-frequency histo- 
grams recorded at Stn 1 between June 1994 and June 1996. 
Histograms were selected among the 51 histograms available 

ing the second year. for this period 
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J A O D F A J A O D F A J  
1994 1996 

Date 

Fig. 8. Ditrupa arietina. Mortality curve recorded at Stn 1 
for the 1994 cohort 

Production and calcification 

At Stn 1, the production of the 1994 cohort during the 
June 1994 to June 1996 period was 13.7 g DW m-', with 
13.2 g DW m-2 produced during the June 1994 to June 
1995 time period and 0.5 g DW m-2 produced during the 
June 1995 to June 1996 time period..The corresponding 
.95% confidence intervalswere 11.6-15.5,,11.2-15.2-and- 
-0.2-1.1. The P/B ratio for the June 1994 to June 1995 
time period was 2.9 versus only 0.12 yr-l for the June 
1995 to June 1996tirne period. Calcifications expressed 
in the same way were respectively 541.8, 527.9 and 
13.9 g m-'. Their corresponding confidence intervals 
were 452.3-613.7, 447.7-600.6 and -19.7-40.8. 

Because no recruitment occurred at Stn 1 during 
1995 (i.e., the whole population was composed of indi- 
viduals older than 1 yr during the June 1995 to June 
1996 time period), the total production at Stn 1 during 
that year was immediately deduced from the produc- 
tion of the 1994 cohort. The corresponding P/B ratio 
was 0.12 yr-l. During the June 1994 to June 1995 time 
period, the population at Stn 1 comprised of 2 different 
cohorts (i.e., 1993 and 1994). Total production could 
thus be computed as the sum of the productions of 
these cohorts. The total production during the- June 
1994 to June 1995 time period at Stn 1 was estimated to 
he 1.3.2 g DW m-2. The corresponding calcification was 
527.9 g m-'. The contributions of the 1993 cohort were 
thus negligible for both secondary production and cal- 
cification. The P/B ratio for that year was 2.9 yr-l. 

Secondary production during the June 1995 to June 
1996 t h e  period at the stations sampled during Janu- 
ary 1996 were between 0.1 and 12.3 g DW m-' yr-' 
(Fig. 10). Calcification estimates during the same time 

J A O D F A J A O D F A J  

J A O D F A J A O D F A J  
1994 1996 

Date 

Fig. 9. Ditrupa arietina. Growth curve recorded at Stn 1 for 
the 1994 cohort. (A) Individual dry weight, (B) tube dry weight 

period ranged between 2 and 397 g m-2 yr-' (Fig. 10). 
Both secondary production and calcification were 
maximal at the station showing the highest density. 
Due to the weakness of recruitment during 1995 at 
most stations, these values were rather low when com- 
pared to those obtained during the June 1994 to June 
1995 time period (secondary production between 0.4 
and 295.6 g DW m-' yr-I with an average of 54 g DW 
m-' y f l ,  andcalcification between 17 and 11 836 g m-2 
yr-' with an average of 2179 g m-' yr-l, respectively). 

DISCUSSION 

Life history 

The monitoring of new recruits within the sediment 
trap clearly shows that Ditrupa arietina exhibits a non- 
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Fig. 10. Ditrupa arietina. Spatial 
distribution of (A) secondary 
production (g DW m-' yr-') and 
(B) calcification (g m-' yr-l) in 
the Bay of Banyuls-sur-mer dur- 
ing the June 1995 to June 1996 

time period 

Production Calcification 

03"OB'E 

Secondary production (g DW m-2 yr-l) 

I 500111 I 

A 
Cities 

Rocks 

continuous reproduction with 1 extended breeding 
period per year. In addition, there are several lines of 
evidence suggesting that individual females spawn 
several times during that period. First, the size-fre- 
quency histograms of oocytes were bimodal just prior 
the onset of reproduction. Second, temporal changes in 
average oocyte diameter and in the proportion of small 
oocytes showed 2 marked changes (probably associ- 
ated to spawning) during the 1996 breeding season. 
Thlrd, there were consistently several peaks of recruit- 
ment within the sediment traps during the 4 years 
under study. Fourth, the portion of the size-frequency 
histograms of benthic populations regarding the new 
recruits was clearly bimodal just after the end of the 
1994 breeding season. 

The average oocyte diameter of gravid female was 
close to 60 pm. It is in good agreement with those 
already reported for other serpulids (Wisely 1958, Hill 
1967, Crisp 1977). Rullier (1955) reported the presence 
of oocytes of different sizes in the coelom of Mer- 
cierella enigmatica gravid females. Hill (1967) and 
Straughan (1972) reported the occurrence of several 

Calcification (g m-? y r ' )  

0-100 200-300 >400 

Cities 

Rocks 

spawning and settlement peaks for the same species 
in both the Lagos Lagoon (Nigeria) and the Brisbane 
River. Both authors attributed those peaks to a quick 
reproduction immediately following settlement as indi- 
cated by the negative correlation h k i n g  the lag be- 
tween spawning and settlement peaks and water tem- 
perature (Straughan 1972). The occurrence of several 
generations per year in M. enigmatica is however 
largely dependent on high-water temperature accord- 
ing to Dixon (1981), who reported a single generation 
per year in the Thames estuary. During the present 
study, we were not able to find any worms reproducing 
before they were at least 1 yr old. 

Daly (1978) reported the existence of an extended 
spawning period associated with several spawnings 
per female in a North Sea population of Spirorbis 
spirorbis. This pattern is thus very close to that ob- 
served during the present study. However, in this spe- 
cies, oocytes are large (maximal diameter of 250 pm 
compared to 90 pm for Ditrupa arietina) and embryos 
are incubated in mucous threads, whereas in D. ari- 
etina, development is planktotrophic (F.C. & E.J. 
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unpubl.) such as is the common rule in serpulids 
(RuUier 1955, Wisely 1958, Hill 1967, Crisp 1977, Schel- 
tema et al. 1981, Young & Chia i982). More generally, 
extended spawning periods and fractionated spawn- 
i n g ~  have often been related to incubation via a con- 
straint hypothesis (Gremare 1986). According to this 
hypothesis, there is a physical (e.g., space) or chemical 
(gas diffusion) limitation of the number of embryos that 
can be brooded. Such limitations tend to reduce repro- 
ductive output and thus minimize advantages linked to 
a decrease of larval mortality. This may explain why 
sophisticated oogenesis mechanisms have evolved in 
brooding species to allow for the existence of several 
spawnings during each breeding season. In this sense, 
it is interesting to point out that extended breeding 
season including several spawning peaks per individ- 
ual female can also be found in closely related 'brood- 
ers' and 'broadcast breeders' such as Spirorbis spiror- 
bis and Ditrupa anetina. 

The analysis of temporal changes in average oocyte 
diameter and in the contribution of 'small' oocytes 
suggested the existence of 2 different spawnings dur- 
ing 1996. The comparison of these data with the 
peaks of recruitment found within the sediment traps 
shows the existence of a 6 wk time lag. When col- 
lected within the traps, the tubes of the newly settled 
worms were about 5 mm long. The literature data 
regarding growth rates of early serpulid juveniles 

-(Qian & Pec$enikL998), together with the sampli,ng -- 
periodicity of the traps, suggest that these worms 
settled less than 1 wk before collection. The duration 
of the larval life of Ditrupa arietina is thus probably 
close to 6 wk. Most of the existing data regarding 
the duration of larval life in other serpulids are based 
on laboratory rearing experiments. Larval lifespan 
is negatively affected by temperature (Scheltema et 
al. 1981). It ranges between a few days for Ser- 
pula vermicularis (Young & Chia 1982) and Hydroides 
dianthus (Scheltema et al. 1981), and 3 to 6 wk 
for Mercierella enigma tica (Rullier 1955, Hill 1967, 
Straughan 1972). Our results are thus in good agree- 
ment with those reported for M. enigrnatica. 

During the period under study, population size-fre- 
quency histograms were either bimodal or unimodal 
a n d  always largely dominated by the 1994 recruits. 
Mortality followed an exponential~"mode1 whereas 
growth was best described by.using a logistic model 
and became almost zero after the first year. This last 
pattern complicates the determination of the lifespan, 
since the occurrence of bimodal size-frequency histo- 
grams did not necessarily imply the existence of ,only 2 
year classes. The analysis of temporal changes in den- 
sity at Stn 1 allows this difficulty to be overcome. Dur- 
ing the period under study, this station was largely 
dominated by the 1994 recruits, which were almost all 

dead 2 yr after their settlement, thereby suggesting the 
existence of a 2 yr lifespan. Most of the studies regard- 
ing serpulid life history have focussed on develop- 
ment. To our knowledge, there is thus no available 
data on the lifespan of serpulinae. Nevertheless, the 
value found during the present study is close to the 
16 mo already reported for the spirorbid Spirorbis 
spirorbis by Daly (1978). 

Recruitment did not correlate with the abundance of 
larvae in the water column as crudely assessed by the 
number of new recruits collected in the sediment traps 
moored at Stn 1. During 1994, larval supply was low 
(less than 150 recruits m-' wk-l within the sediment 
traps) but recruitment was strong. By contrast, during 
1995, 'larval supply' was high (occasionally more than 
1000 recruits m-' wk-l within the sediment traps) 
whereas, recruitment was much weaker and restricted 
to the deeper part of the bay. In spite of the presence 
of competent larvae within the water column during 
1996, efficient recruitment within the bay was rest- 
ricted to only 5 out of the 78 sampled stations with no 
new recruits at both Stn 1 (no change in density) and 2 
(constancy of individual dry weight). In addition, tem- 
poral changes of post-metamorphic juvenile density 
recorded at Stn 2 during the spring of 1997 showed 
that, in spite of the absence of effective recruitment, 
high settlement rates immediately followed by drastic 
mortality rates took place at this station. In this sense, 
and as in m_a_ny other benthic invertebrates (see Gos- . . - - - . . - - - - - - L - > - - - - - 
selin & Qian 1997 for review), the first benthic stages of 
Ditrupa arietina appear critical in controlling changes 
in adult density. 

Secondary production 

To our knowledge, this is the first quantitative study 
on secondary production and calcification in a serpulid 
polychaete. Due to the instability in population struc- 
ture and the limitation of growth to the first year of the 
lifespan, secondary production was highly variable 
from year to year. The differences in productivity of 
Ditrupa arietina between the 2 years of our study were 
mainly due to differences in recruitment as already 
observed by Sarda et al. (1995) for Marenzelleria 
viridis. At Stn 1 ,  recruitment was strong i n  W94 and 
almost zero in 1995. Consequently, the annual sec- 
ondary production of Ditrupa anetina was of 13.2 g 
DW m-2 yr-' during the June 1994 to June 1995 time 
period versus only 0.5 g DW m-' yr-l during the June 
1995 to June 1996 time period. 

During a previous study, we reported on the het- 
erogeneity of Ditrupa anetina population structure at 
a small spatial scale (Gremare et al. 1998a). This het- 
erogeneity was confirmed by the results of the pre- 
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sent study. Density at Stn 1 during January 1996 was 
low. Secondary production during the June 1994 to 
June 1995 time period was thus much higher at other 
stations. Our estimates of secondary production dur- 
ing this period were between 0.4 and 295.6 g DW 
m-' yr-' depending on stations (with an average of 
54.5 g DW m-' yr-l). We are well aware that these 
estimates are only crude because: (1) they are partly 
deduced from differences in densities recorded at the 
end of the lifespan, and (2) they assume that mortal- 
ity and growth rates were constant all over the bay. 
We nevertheless believe that they provide a reason- 
able idea of the level of secondary production in the 
whole bay. 

These values can be compared with those already 
available for other polychaetes. A major difficulty in 
doing so is the heterogeneity in the methods used 
to assess secondary production (Medernach & Gre- 
mare 1999). When considering only direct methods 
(Table 2), our June 1994 to June 1995 production 
estimate at Stn 1 clearly falls in the upper range of 
Literature values. Ditrupa arietina ranks 6th out of 22 
species when production is based on dry weight 
(maximum of 66.1 g DW m-' yr-' for Nereis diversi- 
color, Gillet 1986), and 4th out of 35 species when 
production is based on ash-free dry weight (maxi- 
mum of 113 g AFDW m-' yr-' for Scolelepis gaucha, 
Santos 1994). Although not obtained by direct meth- 
ods (see above), our estimations of secondary pro- 
duction within the whole bay during the June 1994 
to June 1995 time period would be by far the highest 
available regarding polychaetes. 

Such a high level of production seems primarily 
related to high biomass per unit of surface area. 
Indeed, Ditrupa arietina P/B ratio (2.9 yr-l) is close to 
the values given by Sanders (1956) for long lived ben- 
thic species and is not in the upper range of literature 
data. Ditrupa arietina ranks 22nd out of 51 species for 
P/B ratios (maximum of 12.92 yr-' for Scolelepis gaucha, 
Santos 1994). 

Calcification 

Calcification results both in the sequestration of car- 
bon as calcium carbonate and in the transformation of 
dissolved bicarbonates into dissolved CO2 (Frankig- 
noulle et al. 1994). Its contribution to the functioning of 
tropical marine ecosystems has been extensively stud- 
ied, due to the importance of coral reefs at these lati- 
tudes (Buddemeier 1996, Boucher et al. 1998, Gattuso 
et al. 1998). On the other hand, this process has been 
largely overlooked in temperate waters (Migne et al. 
1998). During the present study, calcification ranged 
from 1 to 397 g m-' yr-' for the June 1995 to June 1996 

time period. Because recruitment was exceptionally 
high in 1994, and due to the Limitation of calcifica- 
tion to the first year of the lifespan, calcification was 
much higher during 1994 to 1995 (i.e., between 17 and 
11 836 g m-' yr-l). 

In spite of differences in methodologies, these data 
can be compared with those of the literature regarding 
temperate ecosystems (latitude >2O0, Collins 1986) 
(Table 3). The average calcification recorded during 
1995 to 1996 (48 g m-' yr-l) is of the same order of mag- 
nitude as those collected in South Florida by Moore 
(1972) or in West Ireland by Bosence (1980). It is clearly 
in the lower range of literature data. On the other 
hand, the average calcification recorded during 
1994-95 is about twice higher than the highest value 
reported so far (1278 g m-' yr-l for a Californian site by 
Smith 1972). Such a calcification rate is even non 
negligible when compared to those of major calcifying 
systems such as corals. In such systems, calcification 
can reach as much as 12400 g m-' yr-l. However, the 
average value when considering the whole reef is 
probably closer to 1100 g m-' yr-' (Migne et al. 1998). 
In this sense, and in spite of the instability of Ditrupa 
arietina population dynamics, our results suggest that 
calcification should be included in biogeochernical 
models describing carbon fluxes in temperate benthic 
ecosystems more often. 

Wilson (1979) suggested that Ditrupa arietina may 
account for as much as 50% of shell gravels on the 
outer Scottish shelf. Another interesting point related 
to calcification is the fate of the calcimass produced by 
Ditrupa arietina. The number of empty tubes in the 
Bay of Banyuls-sur-mer is rather low when compared 
to that expected by combining the density of living ani- 
mals and the mortality pattern. Smith (1972) also 
reported a lack of carbonate accumulation in Californ- 
ian sediments in spite of high calcification rates. Smith 
(1972) suggested that 'CaC03 was mechanically re- 
moved from its place of formation to adjacent basins 
where it partially or completely dissolves'. In support 
of this, we found high numbers of empty tubes at sev- 
eral stations located along the shelf break of the Gulf 
of Lions with depths ranging from 500 to 1000 m 
(Amouroux & Gremare pers. obs.), whereas living D. 
arietina are usually restricted to depths less than 30 m 
(Gremare et al. 1998b). These tubes are thus indicative 
of a transfer to the deep sea where their dissolution is 
enhanced. 

Acknowledgements. We thank Cecile Fauvelot, Gregory 
Beaudouin and Herve Levano, together with several other 
students for their help during both field and laboratory work. 
We also thank Aline Migne and co-authors for kindly giving 
us access to some of their unpublished data. This research 
was partly funded by the METROMED EEC project and the 
'LEA des Sciences de la Mer'. 



182 Mar Ecol Prog Ser 199: 171-184, 2000 

Table 2. Compilation of literature data regarding direct estimations of secondary production in polychaetes 

Species Locality P 
(g DW m-' yr-') (g 

. P 
I AFDW m-' yr. 

Amastigos caperatus New York Bight 
Ammotrpane aulogaster Northumberland 
Ampharete acutifrons Lynher River 

Lynher River 
Arenicola marina Grevelingen Estuary 
Aricidea catherinae New York Bight 
Aricidea jefreyssi Sippewissett Salt Marsh 
Capitella capita ta Southampton Water 
Caulleriella caputesocis Southampton Water 
Chaetozone setosa Northumberland 
Ceratonereis erythraeensis Berg River Estuary 
Ceratonereis keiskana Berg River Estuary 
Ditrupa arietina Bay of Banyuls- 

sur-mer, Stn 1 
Glycera alba Camarthen Bay 
Glycera dibranchiata New York Bight 
Glycera rouxii Northumberland 
Harmothoe lunulata Bristol Channel 
Harmothoe sarsi Northern Baltic Proper 
Heteromastus filiformis Northumberland 
Jasmineira elegans Bristol Channel 
Lagis koreni Swansea Bay 

Seine Estuary 
Leitoscoloplos fragilis Sippewissett Salt Marsh 
Lummbrineris acicularum New York Bight 
Lum brineris fragilis Northumberland 

Oslofjord 
Magelona papillicornis Camarthen Bay 
Manayunkia aestuarina Forth Estuary 
Marenzelleria viridis Sippewissett Salt Marsh 
Melinna palmata Southampton Water 
Nainereis laeviga ta Acquatina Lagoon 
Neanthes arenaceodonta Sippewissett Salt Marsh 
Neanthes succinea Sippewissett Salt Marsh 
Neanthes virens Thames Estuary 
Nephtys australiensis Westernport Bay 
Nephtys horn bergii Lynher River 

Lynher River 
Southampton Water 

Nephtys picta New York Bight 
Nereis diversicolor Ythan Estuary 

Bou Regreg 
Loire Estuary 
Stiffkey Salt Marsh 

Owenia f usiformis Seine Estuary 
PO River 

Paraprionospio sp. B Suo Nada 
Pectinaria californensis Puget Sound 
Pectinaria koreni Colwyn Bay 
Perinereis aibuhitensis Youngjong Island 
Pherusa affinis New York Bight 
Polydora ligni Sippewissett Salt Marsh 
Polydora quadrilobata Grevelingen Estuary 
Prionospio caspersi PO River 

PO River 
Schistomeringos caeca New York Bight 
Scololepis ga ucha Patos Lagoon 
Sigalion mathildae Camarthen Bay 
Spiophanes b o m b ~ x  Camarthen Bay 

New York Bight 
Spiophanes kroyeri Northumberland 
Streblospio benedicti Sippewissett Salt Marsh 

Sippewissett Salt Marsh 
SyLlis armillaris Bristol Channel 
Terebellides stroemi Westernport Bay 
7haryx annulosus New York Bight 
Tharyx marioni Camarthen Bay 

P/B Source 
.'l 

1.31-2.31 Steimle et al. (1990) 
Buchanan & Warwick (1974) 

5.5 Warwick & Price (1975) 
4-5.47 Price & Warwick (1980) 
0.95 Wolf & DeWolf (1977) 

1.77-2.46 Steimle et al. (1990) 
3.68 Sarda et al. (1995) 

3.26-11.6 Oyenekan (1983) 
0.83-7.02 Oyenekan (1987) 

Buchanan & Warwick (1974) 
1.90 Kaletja (1992) 
1.84 Kaletja (1992) 

0.12-2.90 Present study 

0.97 Warwick et al. (1978) 
1.44-1.72 Steimle et al. (1990) 

Buchanan & Warwick (1974) 
2.0 George & Warwick (1985) 

0.61-3.36 Cederwall (1977) 
Buchanan & Warwick (1974) 

0.4 George & Warwick (1985) 
2.08 Warwick & George (1980) 
3.07 Elkaim & Irlinger (1987) 

4.74-7.85 Sarda et al. (1995) . 
2.22-2.38 Steimle et al. (1990) 

1.34 Buchanan & Warwick (1974) 
0.826 Valderhaug (1985) 
1.1 Warwick et al. (1978) 
2.34 Bagheri & MacLusky (1982) 
6.1 Sarda et al. (1995) 
2.19 Oyenekan (1988) 

1.40-2.80 Ambrogi et al. (1995) 
4.79 Sarda et al. (1995) 
3.89 Sarda et al. (1995) 
1.6 Kay & Brafield (1973) 
0.38 Robertson (1979) 
1.9 Warwick & Price (1975) 

0.81-1.42 Price & Warwick (1980) 
1.6-2.9 Oyenekan (1986) 

0.42-0.80 Stelmle et al. (1990) 
2.5 Chambers & Milne (1975) 

3.9-4.6 GiUet (1986) 
2.2 GiUet (1990) 
1.2 Nithart (1998) 

0.75-1.55 M6nard et al. (1989) 
2.98-3.61 Ambrogi et al. (1995) 
1.20-2.01 Tamai (1985) 
3.3-5.5 Nichols (1975) 

7.3 Nicolaidou (1983) 
3.2 Choi & Lee (1997) 

1.32-3.19 Steimle et al. (1990) 
3.06 Sarda & Martin (1993) 

1.5-8.2 Lambeck & Valentijn (1987) 
4.09 Ambrogi (1990) 
6.02 Ambrogi et al. (1993) 

0.57-1.24 Steimle et al. (T990) - 

12.92 Santos (1994) 
0.44 Warwick et al. (1978) 
4.86 Warwick et al. (1978) 

0.70-1.24 Steimle et al. (1990) 
Buchanan & Warwick (1974) 

5.4 Sarda & Martin (1993) 
2.7-3.03 Sarda et al. (1995) 

0.5 George & Warwick (1985) 
2.31 Robertson (1979) 

1.04-1.23 Steimle et al. (1990) 
0.79 Warwick et al. (1978) 



Medernach et al.: Population dynamics and calcification in Ditrupa arietina 183 

Table 3. Literature data regarding calcification in temperate ecosystems. WC: whole community 

Location Environment or species Calcification (g m-' yr-') Source 
Min. Max. Mean 

South Florida Zone A (WC) - - 3 8 Moore (1972) 
Zone B (WC) - - 45 
lntertidal mud area (WC) - 1000 309 

South California Bud Rock (WC) 86 915 382 Smith (1972) 
Pelican Point (WC) 68 4409 1278 
Naples Reef (WC) 927 927 927 

West Ireland Bank (WC) 3 7 462 188 Bosence (1980) 
Muddy algal gravels (WC) 4 144 30 I 

I West Scotland Modiolus-Brachiopod (WC) - - 330 Collins (1986) 1 
English Channel Ophiothrix fragiLis - - 682 Migne et al. (1998) 

NW Mediterranean Ditrupa arietina 1994-95 17 11836 2180 Present study 
Ditrupa arietina 1995-96 2 3 97 4 8 
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