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Summary: The polychaete Capitella sp. A, collected in a NW Mediterranean fish farm (Les Cases d’Alcanar, Tarragona,
Spain), was cultured for the first time under experimental conditions with different organically enriched sediments to study
the differences in development and growth. The species proved to be dioecious and had lecithotrophic development. Sizes
of individuals and duration of the developmental stages varied widely, as in most known species of Capitella. In organically
enriched sediments, the juveniles were seen one day after hatching and immature females (i.e. with yellow ovaries) after 52
days. Females may reach maturity (i.e. show white intra-coelomic oocytes) at about 64 days old, and the species had a life
span of 167 days. According to its development, Capitella sp. A differs from all known lecithotrophic species of the genus.
The results also proved that organically enrichment enhanced growth and survival, whereas lowering food can cause mor-
phological alterations such as reduced size in male genital spines.
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Desarrollo en laboratorio de Capitella sp. A (Annelida: Capitellidae) de una piscifactoria del Mediterraneo NO culti-
vado en diferentes condiciones de enriquecimiento organico

Resumen: El poliqueto Capitella sp. A, procedente de una piscifactoria del Mediterraneo NO (Les Cases d’Alcanar, Tarra-
gona, Espafia), se cultivé por primera vez en condiciones experimentales en sedimentos con diferente contenido organico
con el fin de estudiar su desarrollo y crecimiento. La especie resulté ser dioica, con desarrollo lecitotréfico. El tamafio de los
individuos y la duracién de las etapas del desarrollo variaron ampliamente, como ocurre en la mayoria de especies conocidas
del género. En el sedimento con enriquecimiento organico se observaron juveniles un dia después de la eclosion y hembras
inmaduras (con ovarios amarillos) al cabo de 52 dias. La aparicién de oocitos intracelémicos blancos permitié estimar la
edad de maduracion de las hembras en unos 64 dias, mientras que los adultos sobrevivieron durante 167 dfas. En funcién de
su desarrollo, Capitella sp. A difiere de todas las especies lecitotréficas de Capitella conocidas. Estos resultados también
demuestran que el enriquecimiento orgdnico mejora el crecimiento y la supervivencia, mientras que una escasez de alimento
puede provocar alteraciones morfoldgicas tales como la reduccion en el tamafio de las espinas genitales de los machos.
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INTRODUCTION

The Capitella capitata (Fabricius, 1780) species-
complex (Annelida: Capitellidae) consists of at least 50
non-interbreeding but morphologically similar sibling
species. Among them, about 13 have been described

from laboratory cultures (Blake et al. 2009). The C.
capitata sibling species have been distinguished based
on allozyme and general protein patterns, ecophysi-
ological characteristics and reproductive modes, but
also using genes and, ultimately, classical morpho-
logical characters. However, despite the high num-
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ber of species within the complex, only a few have
been described in detail. Among them are Capitella
sp. I, Capitella sp. la, Capitella sp. 11, Capitella sp.
III and Capitella sp. llla (Grassle and Grassle 1976,
Eckelbarger and Grassle 1983); Capitella sp. 1, Capi-
tella sp. 11 and Capitella cf capitata (Wu et al. 1991);
Capitella sp. 1 (Petraitis 1985); Capitella sp. (George
1984); Capitella Types 1 and 2 (Pearson and Pearson
1991); and Capitella sp. I (recently re-named C. tel-
eta by Blake et al. 2009). Developmental modes (i.e.
planktotrophic, lecithotrophic or direct development,
poecilogony, hermaphroditism, size and duration of the
stages, number of brooded embryos, ciliation in meta-
trochophores) have been used to distinguish some spe-
cies of the complex, which were then named according
to their size or to the collection locality. Among them
are Capitella sp. S (small) and Capitella sp. L (large)
(Gamenick 1997); Capitella sp. M, from Milos in
Greece (Gamenick et al. 1998); Capitella sp. K, from
the Kilmelford salmon farm in Scotland; Capitella sp.
Cm and Capitella sp. Ct, from the Cranford salmon
farm in Ireland (Méndez et al. 2000); Capitella sp. B,
from Barcelona in Spain (Méndez 2002); Capitella sp.
Y, from Estero del Yugo in Mazatlan, Mexico (Méndez
2006); Capitella sp. G, from Galveston in Texas, USA
(Adkins and Schulze 2011); and Capitella sp. A, from
the fish farm Les Cases d’Alcanar, Tarragona, Spain
(Méndez and Barata 2015).

The C. capitata complex mostly includes opportun-
istic species showing the classical r-strategy that are
considered as worldwide indicators of anthropogenic
organic pollution in marine sediments (e.g. Pearson
and Rosenberg 1978, Méndez et al. 1997, 1998). They
also dominate the assemblages inhabiting organi-
cally enriched sediments around fish farms, where they
reach extremely high densities (e.g. Brown et al. 1987,
Tsutsumi 1987, Méndez et al. 2000).

Although the species of the complex are known
to reproduce through benthic (lecithotrophic) and
free-swimming (planktotrophic) larvae mainly in ex-
perimental conditions, detailed data on the lifespan are
scarce and differ widely according to the individual spe-
cies and their geographic origin (Méndez et al. 2000).
In turn, field and laboratory studies have demonstrated
that growth rates strongly depend on food availability
(Tenore 1977, Forbes and Lopez 1990, Tsutsumi et al.
1990), while lowering food can provoke both larval
and juvenile mortality (Qian and Chia 1994, Méndez
2002).

Females of Capitella often construct brooding
tubes (open along both sides) with faecal materials,
substratum and potential food. Fertilization occurs ei-
ther internally or during spawning (Reish 1980). The
eggs are placed around the inner tube surface, where
they remain until they develop into trochophores
(Tsutsumi and Kikuchi 1984). Females irrigate the
brooding tubes by periodic body undulations and the
trochophores have two small eyes and two ciliary rings
that allow them to move freely inside the tube and then
swim in the water column (Reish 1980). Larvae may
reach the metatrochophore stage either inside the tube
or in the water column. Metatrochophores have 13 seg-

ments and a visible ventral stomodeal concavity that
is not connected with the gut (George 1984). They are
lecithotrophic and thus feed on their own yolk reserves
(Hermans 1979). Some species of the complex may
have two well-defined ciliary rings allowing them to
swim (George 1984, Méndez 2002, 2006), while other
species lack such rings (Warren 1976a, Méndez 1995).
However, their chaetal arrangement always consists of
capillaries in the first three setigers and hooded hooks
in the subsequent ones (Méndez 1995).

Metatrochophores become juveniles after settle-
ment, generally outside the brooding tube. Juveniles
are completely vermiform, have a chaetal arrangement
identical to that of metatrochophores, and the complete
segmentation and the distinction between the thorax
and abdomen are clear (Méndez 1995). As they grow,
the thoracic hooded hooks are gradually replaced by
capillaries until the maximum of seven chaetigers with
capillaries typical in adults (Warren 1976b).

Individuals are considered to be adults, albeit imma-
ture, when showing an elongated prostomium (with or
without eyes) and at least five capillary thoracic chaeti-
gers. At this stage, females contain yellowish ovaries
in the mid-ventral region. Males are mature when they
bear genital spines between the 8" and 9 setigers and
females when they have free-floating, white, intra-
coelomic oocytes (Reish 1980, Méndez 2002). When
they get older, there is an evident change of colour,
from intense red to greyish red (Méndez 2006).

The present study deals with one of the Mediter-
ranean fish farm species of the complex, Capitella sp.
A. The reproduction and development of the species
is known to be affected by the antidepressant fluox-
etine commonly known as Prozac (Méndez and Barata
2015). However, there are some lags in the knowledge
of its development patterns, because a key aspect in
the experimental design and interpretation of the envi-
ronmental stress effects both individual and population
levels. This study is therefore the first description of
the reproductive mode and development of Capitella
sp. A under different organic enrichment conditions, as
well as an attempt to determine whether this informa-
tion may be used to assess its status within the species
complex.

MATERIALS AND METHODS

Specimens of Capitella sp. A were collected
in June 2012 in a sea bass and goldfish fish farm at
Les Cases d’Alcanar, Tarragona (NW Mediterranean
coast of Spain), located 2500 m offshore (40°32'38"N,
0°33'38"E). The 15 cm superficial layer of the sedi-
ments were collected under the fish cages by SCUBA
diving at 12-13 m depth and kept in a container. Sedi-
ment was sieved through a 0.5 mm mesh and the re-
tained worms were collected with forceps and placed in
a flask with seawater. The sediment consisted mainly
of mud with mussel remains, and the organic matter
content was of 7.762£0.66% (n=2). The accompanying
fauna consisted of a few individuals of other capitel-
lids, as well as some Nereididae, Chaetopteridae and
Lumbrineridae, and isopods.
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The Capitella sp. A specimens were maintained in
stock cultures under laboratory conditions at the De-
partment of Environmental Chemistry, Institute of En-
vironmental Assessment and Water Research (CSIC,
Barcelona). The rearing tanks (20x12 cm) contained
400 g (dry weight) of clean sediment, namely the
experimental sediment, from the beach of Vallcarca,
Sitges (NE Spain), which had previously been dried
(60°C) and sieved to a grain size lower than 250 pm
in diameter and frozen. Each tank also contained 1.5 L
of filtered (<30 um) aerated seawater (salinity 36 psu),
namely the experimental seawater, and was maintained
at 20£1°C in the dark. Animals were fed by adding 0.5
¢ of artificial food per culture weekly. Artificial food
consisted of a mixture of equal parts of commercial
fish food (Wardley*), baby cereal (Milupa) and dried
spinach (Méndez and Barata 2015). The food items
were dried, ground and sieved to less than 250 wm. The
specimens were reared under these conditions for one
month prior to the experiments.

To assess the development of Capitella sp A, two
series of experiments with two different organic en-
richment treatments were conducted. In the first series,
the timing and size of life stages from spawning until
immature adults were followed. In the second series,
the growth of immature adults of unknown age col-
lected directly from the stock cultures was followed.
Results from the two series were pooled to complete
the picture of the species lifespan.

Experimental series 1. Duration, size and
development of early stages

Mature females (with white coelomic oocytes) and
males (bearing genital spines) were sorted from the
stock cultures. Ten couples (5 in each treatment) were
placed in dishes containing 0.5 g of experimental sedi-
ment with different organic matter contents (see details
below) and 7 mL of experimental seawater, and were
maintained at 20£1°C in the dark. The couples were
observed daily under a dissecting microscope (Nikon
SMZ1500, mod. C-DSD230) until fertilization and
brooding tube building, and then also during brood de-
velopment and until hatching. After hatching, females
and males were removed and larvae were maintained
in the same dishes to avoid damage and transport loss-
es. Larvae were observed and measured daily, young
juveniles every 2-3 days, and old juveniles and adults
every 6-7 days. The duration of developmental stages
was recorded for each brood. Experimental sediment
and seawater were replaced weekly.

For size measurements, specimens were photo-
graphed with a camera (Nikon Digital Sight DS-R1)
connected to the dissecting microscope. From each
picture, body length (from prostomium to pygidium)
and area (based on the contour of entire worms) were
calculated using the image analysis software NIS-
Elements AR 3.0. S16, Nikon (Laboratory imaging,
1991€2008). Body volume (V mm?®) was calculated
assuming a cylindrical shape (Forbes et al. 1994) as
V=n A? /4L, where A is the area and L the length of
the worm.

Brooding larvae were measured inside the brood
by transparency when possible (only larvae located in
the tube sections not covered by mud). The number of
individuals within a brood varied from 5 to 15. Meta-
trochophores and juveniles were measured to estimate
the average brood volume. To increase the accuracy
in adult measurements, three observations were per-
formed and averaged to obtain the volume of each
given individual.

Growth rates (mm? day~') were calculated as dif-
ferences in volume between one census day and the
subsequent one, divided by the number of days elapsed
between measurements, and a global estimate was de-
rived from the mean volumes calculated for each brood
analysed.

In this experimental series, two organic enrichment
treatments were tested. Animals for both treatments
were kept under the same conditions (including the
respective addition of artificial food) from coupling,
during hatching and until death. Moreover, as lecitho-
trophic larvae do not feed, it was assumed that larval
growth was independent of the organic enrichment
treatments.

a) “Organically enriched”. The sediment was
obtained from Els Alfacs Bay, one of the bays from
the Ebro Delta facing Les Cases d’Alcanar. The or-
ganic content was 8.23+0.16% (n=3) and it was sieved
through a 250 wm pore size mesh. An amount of 0.001
g (dry weight) of artificial food was added weekly to
each dish (Méndez 2002) until the worms became ju-
veniles. Growth was recorded for larvae and juveniles
of broods 3, 4 and 5 and the treatment lasted until the
worms’ death (79 days).

b) “Natural sediment”. This treatment used ex-
perimental sediment (organic content of 1.57+0.013%,
n=3). Growth was recorded for individuals of broods 1
and 2, and the treatment lasted until the worms’ death
(22 days).

Experimental series 2. Adult size and development

Prior to the experiments, two stock cultures of
worms were reared in aquarium tanks (8x17 cm) with
100 g (dry weight) of sediments from Els Alfacs Bay
and Vallcarca, respectively (treated as the experimen-
tal sediment) and 1 L of aerated experimental seawater,
maintained at 20%1°C in the dark. Artificial food (0.5 g
per culture) was added weekly, with different compo-
nents in the two cultures (see below for details). After
one month, 0.5-g portions of sediment from each stock
culture were frozen until they were used in the experi-
mental treatments and the worms were transferred to
6-cm-diameter dishes for growth analyses. The worms’
volume was calculated as in Experimental series 1.

For the experimental treatments, immature adults
in different developmental stages (but at least initially
boring five thoracic chaetigers with capillaries) were
sorted and placed individually in dishes. Development
stages were identified by the number of thoracic seti-
gers bearing capillaries (five to seven chaetigers), by
the presence of white or yellow coelomic oocytes (fe-
males) and genital spines (males) and by the grey col-
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Table 1. — Duration and size of the observed developmental stages of Capitella sp A during experimental series 1.

Developmental stages Volume range (mm?) Mean+SD (mm?)  Age (days) N Number of broods

Treatment 1a) Organically enriched
Females after hatching (1st generation) 1.043-4.376 2.580+1.681 3 3
Metatrochophores inside broods 0.003-0.005 0.004+0.001 -1 9 1
Swimming metatrochophores 0.003-0.006 0.005+0.001 1to3 26 3
Settling metatrochophores 0.005 0.005+0.000 3t04 10 1
Transparent juveniles 0.009-0.016 0.014+0.002 2to 13 135 3
3 chaetigers with capillaries 0.009-0.016 0.014+0.002 1to 12 132 3
Yellowish juveniles 0.007-0.021 0.015+0.004 7 to 30 142 3
4 chaetigers with capillaries 0.008-0.132 0.021+0.028 7to32 147 3
Pinky juveniles 0.105-0.160 0.132+0.039 32 2 1
5 chaetigers with capillaries 0.457-0.596 0.526+0.098 37t052 11 1
Red adults 0.457-1.378 0.841+0.342 37to 79 29 1
6 chaetigers with capillaries 0.710-1.024 0.867+0.221 59 to 66 13 1
Yellow ovaries 0.583-1.378 0.967+0.322 52to 79 23 1
Lack of eyes 0.583-1.378 0.967+0.322 52t0 79 23 1
7 chaetigers with capillaries 1.137-1.378 1.258+0.171 72t0 79 5 1

Treatment 1b) Natural sediment
Females after hatching (1st generation) 2.262-5.735 3.999+2.456 2 2
Swimming metatrochophores 0.003-0.009 0.006+0.003 1 3 2
Transparent juveniles 0.003-0.014 0.010+0.004 1toll 91 2
3 chaetigers with capillaries 0.003-0.014 0.010+0.003 1to 15 122 2
Yellowish juveniles 0.003-0.012 0.008+0.004 9to22 72 1
4 chaetigers with capillaries 0.003-0.007 0.005+0.003 19 to 22 27 1

our typical of old specimens. Each dish contained 0.5
g of sediment from the respective stock cultures and 7
mL of experimental seawater, and was maintained at
20£1°C in the dark. Growth rates were estimated as
in experimental series 1, but the global estimate was
derived from the mean volumes calculated for each
measured individual.

In this experimental series, the two organic enrich-
ment treatments were:

a) “Organically enriched”. This treatment used
sediment from the Els Alfacs Bay stock culture. The
worms were fed with artificial food. The organic con-
tent was 7.3+0.26%. The worms were observed and
measured weekly, and the sediment and seawater were
also replaced weekly. The duration of this treatment
was 29 days.

b) “Non-organically enriched”. This treatment used
sediment from the Vallcarca stock culture. Worms
were fed with artificial food without baby cereals. The
organic content was 2.0+0.01%. The worms were ob-
served and measured every 10 days, and sediments and
seawater were replaced in parallel. For logistic reasons,
the worms were measured only on days 1 and 10; how-
ever, the experiment was kept until the worms’ death
(58 days) for developmental stage timing.

RESULTS
Experimental series 1

The duration of each developmental stage was
highly variable (Table 1). Fertilization and brooding
tube building occurred only in five couples out of the
original ten (three in treatment la and two in 1b) be-
tween 6 and 20 days after the experimental onset. Body
volumes of brooding females ranged from 1.04 to 5.74
mm? (3.15+1.88 mm? on average; n=5).

In both treatments, Capitella sp. A showed lec-
ithotrophic development, as all hatched larvae were
metatrochophores, and juveniles occurred one day

after hatching. No mature adults were observed dur-
ing the course of this experimental series. Sizes and
timing differed between the two treatments. The juve-
niles from treatment la reached the stage with seven
setigers bearing capillary chaetae and survived for 79
days, while those from treatment 1b reached the yel-
lowish stage, with only four chaetigers with capillaries,
and survived only for 15 to 22 days, depending on the
brood (Table 1).

In treatment 1a, ciliated metatrochophores hatched at
day 1 and swam actively in the water column for about
3-4 days before settling. They swam close to the bottom,
describing circular and slow movements. Swimming
and settling metatrochophores, as well as juveniles, oc-
curred simultaneously in the dishes (Table 1).

In all broods from the two treatments, juveniles
were observed at day 1. They were vermiform shape
and had a complete segmentation, clear distinction
between thorax and abdomen, two small eyes, at least
three setigers with capillary chaetae, and transparent
bodies. The number of thoracic chaetigers bearing
capillaries increased with time from day 7, although
this was generally delayed in worms from treatment 1b
(Table 1). Most juveniles remained transparent until
day 13 and started to become yellowish from day 7 to
30. Only worms in treatment la developed until the
pink stage (day 32), showing some haemoglobin spots,
and became fully red due to haemoglobin production
on day 37 (Table 1). Immature females with mid-body
yellowish ovaries occurred on day 52; they also lacked
eyes and had seven (notopodial) and six (neuropodial)
chaetigers with capillaries (Table 1).

In treatment la, brooding metatrochophores could
be seen only in brood 5 (considered as day O in Fig.
1B), measuring 0.004+0.005 mm?® (n=10). Metatro-
chophore volume varied among broods (Fig. 1B) and
larval growth could not be adjusted to any model. The
mean growth rate was 0.000+0.003 mm? day~! (n=5).
Juveniles from brood 3 had negative growth (Fig. 1C),
which may have been responsible for the observed bias
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Fig. 1. — Average volume=SD of individuals of Capitella sp. A over time during the experimental series 1. A, juveniles reared in the “natural

sediment” treatment 1b (broods 1 and 2); B, metatrochophores in the “organically enriched sediment” treatment 1a (broods 3 to 5); C, juveniles

in the “organically enriched sediment” treatment la (broods 3 to 5); D, juveniles and immature adults in the “organically enriched sediment”

treatment la (brood 5) (In B, metatrochophores inside broods; Swi, swimming metatrochophores; Set, settling metatrochophores; J, juveniles;
TA, immature adults).

toward low mean volumes (Table 1). Juveniles’ growth
in broods 4 and 5 could be adjusted to the power func-
tion volume=0.0046age’*?* (r=0.662; p<0.001; n=22),
with mean growth rates of 0.005+£0.011 mm? day!
(n=19). Growth of immature adults was described by
the power function volume=0.0001age*!2!6 (r=0.991;
p<0.001; n=5), with mean growth rates of 0.029+£0.011
mm? day~! (n=4) (Fig. 1D).

In treatment 1b, juveniles’ growth was nega-
tive (Fig. 1A) and followed the exponential function
volume=0.0122¢e0041age  (r=0.565; n=15; p<0.005),
with mean growth rates of 0.000+0.003 mm? day!
(n=12). However, the few data available did not allow
larval growth to be estimated.

Experimental series 2

Volume measurements of worms periodically ob-
served in the treatments of experimental series 2 were

highly variable (Table 2). In treatment 2a, no males
or old individuals were observed and female sexual
structures occurred in almost all individuals. Mortal-
ity was not observed. Growth rates varied between
—-0.26 and 0.06 mm’ day! (mean —0.03+£0.09 mm3
day~!; n=24). New adults from the treatment 2a stock
culture were selected and their known stages were
also measured. These worms had evident sexual char-
acters and included an immature female with yellow
ovaries (2.87+0.23 mm?), a female with white coe-
lomic oocytes (7.33+0.36 mm?), a red-grey old female
(3.23+£0.01 mm?), a very old grey female (2.15+0.13
mm?), and two males (4.24+0.23 and 2.89+0.07 mm?).

In treatment 2b, both the worm’s volume and the
duration of their developmental stages varied widely
(Table 2). The time from the first appearance of the
stage with seven chaetigers with capillaries to the de-
velopment of white coelomic oocytes ranged between
11 and 57 days (about 53 days on average after the pres-
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Table 2. — Volumes of immature adults selected from the stock cultures of the experimental series 2 and time elapsed from the stage of five
chaetigers with capillaries.

Developmental stages Volume range (mm?) Mean+SD (mm?) N Time (days)
Treatment 2a Organically enriched
5 chaetigers with capillaries 0.887-4.591 2.209+1.437 6
Yellow ovaries 0.694-1.395 1.044+0.496 2 8-22
White coelomic oocytes 0.889-2.229 1.416+0.715 3 8-29
Treatment 2b Non-organically enriched
5 chaetigers with capillaries 0.393-0.933 0.601+0.291 3
6 chaetigers with capillaries 0.207-3.442 1.616+1.403 5 9-12
7 chaetigers with capillaries 0.387-3.551 1.557+0.717 21 18-24
Yellow ovaries 0.207-3.442 1.342+0.901 14 6-32
White coelomic oocytes - - - about 53
Genital spines - - about 25

ence of specimens with five chaetigers with capillar-
ies). The first observations of specimens having seven
setigers with capillaries was most often simultaneous
to that of genital spines, but sometimes the former ap-
peared 12 days before (about 25 days on average after
the presence of specimens with five chaetigers with
capillaries). The change from intense red to greyish red
specimens began to be evident from 23 to 58 days after
the presence of seven setigers with capillaries (about
60 days on average after the presence of specimens
with five chaetigers with capillaries).

During treatment 2b, only three males bearing 7 of
18 chaetigers with capillaries were observed, of which
only two could be measured: one of them measured
5.42+0.31 mm? after being selected from the stock
culture, but was reduced to 3.39+0.11 mm? ten days
after the start of the experiment. The other one meas-
ured 2.31+0.14 mm? after ten days. The genital spines
of these three males were smaller than those of males
from the stock cultures of treatment 2a.

Growth rates ranged between —(0.03 and —0.23
mm? day~! (-0.08+0.05 mm? day~!, on average; n=18).
Death occurred 10 to 88 days after the first observation
of specimens with seven chaetigers with capillaries.

DISCUSSION

The reproductive strategies of the C. capitata spe-
cies complex vary widely among sibling species and
geographical regions (Méndez et al. 2000). Capitella
sp. A was revealed to be a dioecious species with lec-
ithotrophic development and shows a wide variability
in size and in duration of the different developmental
stages, as previously reported for other species of the
complex (Méndez et al. 2000, Méndez 2002, 2006).
Experimental series 1 demonstrated that juveniles al-
ready occurred one day after hatching, while immature
females with yellow ovaries occurred at 52 days. The
combination of results obtained in treatments la and
2a (i.e. organically enriched) show that it took 45 days
(on average) to attain the five chaetigers with capil-
laries stage and 19 days from the specimens with five
chaetigers with capillaries to those with white intra-
coelomic oocytes, so age at maturity was estimated to
be approximately 64 days.

Lecithotrophic development is common among the
worldwide species of the Capitella complex (Méndez
et al. 2000, Méndez 2002, 2006). Benthic larvae are
advantageous when local resources are abundant (Pear-

son and Pearson 1991) and retention of larvae inside
the brood tubes can favour the rapid build-up of a
population in situations where food supply is not limit-
ing and dispersal to new areas is therefore not essential
(George 1984). Accordingly, a poor dispersal ability of
benthic larvae allowing it to proliferate in small areas
such as a fish farm seems to be a good strategy to en-
hance survival of the local population.

These results are consistent with the known data
on the life history of the C. capitata species complex.
Capitella sp. A clearly differs from all other lecitho-
trophic species around the world (Table 3). Despite
the lack of molecular analyses, the results presented
here based on the developmental characteristics and
on some morphologic characters strongly support the
hypothesis that Capitella sp. A has not been formally
described to date. Moreover, though previous studies
demonstrate that Capitella sp. 1 (Petraitis 1985, Pech-
enik and Cerulli 1991 and Blake et al. 2009, as C. teleta,
among others), Capitella sp. 1lla (Grassle and Grassle
1976, Eckelbarger and Grassle 1983) and Capitella sp.
Y (Méndez 2006) have lecithotrophic development,
they can certainly be discarded as close relatives of
Capitella sp. A because they are hermaphrodites.

The length of brooding females of Capitella sp. A,
11.1to 15.6 mm (12.94+1.81 mm on average; n=5), at-
tained the same order of magnitude as in Capitella Type
1 from West Scotland (from 8 to 25 mm; Pearson and
Pearson 1991). However, the metatrochophore lengths
differ considerably: 0.39 to 0.56 mm (0.44+0.07 mm on
average) vs. 1.14 to 3.45 mm, respectively. Moreover,
our species can also be distinguished from Capitella
sp. from Vancouver, Canada (Quian and Chia 1992) by
the duration of the metatrochophore stage, 1-4 days vs.
ca. 24 h, respectively.

Capitella cf. capitata has a life cycle of 9 months at
Elba Island, Italy (Lardicci and Ceccherelli 1994), and
C. capitata from Plymouth, England, has a life span
of one year (Warren 1976a). In contrast, the maximum
survival time of Capitella sp. A was estimated as 167
days (maximum 79 days to reach the seven setigers
with capillary chaetae in treatment la plus 88 days
after this stage in treatment 2b, when the maximum
mortality was registered). Also, the metatrochophore
stage lasted from a few hours to one day in the Ital-
ian population, and the length of the brooding females
in the English population was 23 to 50 mm, while in
Capitella sp. A the metatrochophore stage can last for
four days and the average female length is 12.94 mm.
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Table 3. — Differences between Capitella sp. A and the other lecithotrophic species studied around the world (M, metatrochophores; references
in text).

Capitella species Locality Fer?;ll;)s 1ze l\gnsg)e M gil;r;lstion Ciliated M Hermaphrodites (Snlllf)\rlllﬁ;zl)
Capitella sp. A Casas d’Alcanar 11.1-15.6 0.39-0.56 1-4 yes no 5.6
Capitella sp. 1 USA, Japan yes

Capitella sp. 11la USA yes

Capitella sp. Y Mazatlan yes

Capitella type 1 West Scotland 8-25 1.14-3.45 no

Capitella sp. Vancouver 1 no

C. cf. capitata Elba <1 no 9

C. capitata Plymouth 23-50 no 12

C. capitata Barcelona no

The metatrochophores of a population of C. capitata
from Barcelona observed inside the brood tubes meas-
ured about 0.44 mm (Méndez 1995), which matches
the larval length of Capitella sp. A. However, the
metatrochophores from Barcelona lacked ciliary rings,
which were present in Capitella sp. A larvae (personal
observations). Another species from Barcelona, Capi-
tella sp. B, has the ability to hatch trochophore and me-
tatrochophore larvae non-simultaneously from single
brood tubes, indicating that it is a poecilogonic species
(Méndez 2002), which definitively is not the case of
Capitella sp. A.

Developmental stages are among the main factors
affecting growth in Capitella spp. (Linke-Gamenick
et al. 2000), and Capitella sp. A is no exception, since
juvenile growth was more affected than adult growth
by scarcity of food. The growth of members of the
Capitella species complex depends strongly on envi-
ronmental food availability (Tenore 1977, Tsutsumi
et al. 1990, Linton and Taghun 2000), as confirmed
here by the results of experimental series 1. Ac-
cordingly, the juveniles and immature adults reared
in the organic-enriched sediment (treatment la) had
positive growth rates, whereas they were negative in
juveniles from the natural sediment (treatment 1b).
In addition, transparent and yellowish juveniles with
three, four (experimental series 1) and five (experi-
mental series 2) chaetigers with capillaries reared in
the organic enriched sediment (treatments la and
2a) had greater volumes than their respective stages
reared in the natural (treatment 1b) and non-enriched
sediment (treatment 2b) ones, respectively. Growth
in Capitella sp. slows down when food becomes
limited (Qian and Chia 1992), as happened with the
juveniles in treatment 1b, who reached the various
developmental stages later than those in treatment
la. Moreover, maturity in worms exposed to the non-
enriched treatment (2b) was delayed in comparison
with those in the organic enriched treatment (2a) of
the experimental series 2 (34 vs. 15 days on average,
respectively).

Juveniles reared in the non-enriched treatment (1b
and 2b) died at an earlier stage of development than
those in enriched treatments (la and 2a). Also, a high
juvenile mortality due to lack of food occurred, as in
Capitella sp. B, which did not reach the adult stage
when reared in natural sediments (Méndez 2002).

The reduced size of genital spines of the three
Capitella sp. A males reared in non-enriched treatment

2b may be attributable to the lack of food. Such small
genital spines could have important reproductive dis-
advantages, as they may not be strong enough to hold
females during mating.

Previous to experimental settings, sediment han-
dling for the selection of experimental individuals
from the stock cultures revealed the absence of brood-
ing females inside their tubes, which only contained
some broods with developing embryos inside. This led
us to design experimental series 1, in which couples
were placed in dishes to allow fecundation and the
subsequent production of brooding tubes. This lack
of brooding females in the stock cultures has never
been observed in other Capitella species maintained
in laboratory cultures by Méndez et al. (2000) with
five Capitella species, Méndez (2002) with Capitella
sp. B or Méndez (2006) with Capitella sp. Y. Perhaps
Capitella sp. A brooding females suffer stress dur-
ing sediment handling, causing them to abandon the
brood tube.

This study provides the first detailed observations
on the reproductive biology of Capitella sp. A. The
clear and consistent differences in developmental
modes and reproductive structures of Capitella sp.
A allow us to conclude that it does not belong to any
of the known C. capitata sibling species worldwide.
Despite its conclusive character, this study does not
provide enough data to formally describe the species
as a new one. Molecular techniques and fine morpho-
logical analyses could provide further evidences and
this will certainly be an interesting approach for future
studies. Finally, detailed evidence is also provided on
the influence of the different levels of organic matter
on growth, timing, survival and morphology in this
species, key information that will be essential for any
further ecological study and for the design of experi-
ments with live worms of Capitella sp. A.
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