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ABSTRACT: This paper examines the life history and demography of 3 populations of the polychaete
Ophryotrocha japonica, an alien species that until 2001 had only been reported in harbour environ-
ments along the Asian and American coasts of the Pacific. The populations analysed came from the
Italian harbours of Leghorn and Ravenna, and from the brackish Mar Piccolo of Taranto. The 3 strains
are inter-fertile, both with one another and with their Pacific counterparts, but were nevertheless
found to have morphological, reproductive and demographic differences. In the Leghorn and Taranto
populations there is a sort of sexual dimorphism based on body size that is not present in the Ravenna
strain, while the most important differences concern their reproductive characteristics, with great
variations being observed in their respective fecundity, egg size and reproductive investment. The
differences in life history have very important consequences for the demography and fitness of each
population. In particular, morphometric, reproductive and demographic characteristics set the
Leghorn population apart from the other 2; it reaches sexual maturity more rapidly, lives longer, is
decidedly larger and its population growth rate A is 2.26 wk™!. The Ravenna and Taranto populations
appear to be more alike; their eggs are the same size, they are equally fecund, make a similar repro-
ductive investment and have A-values of 1.82 and 1.83 wk™!, respectively. The marked differences
observed among the 3 populations may depend on the species’ adaptation to different environmen-
tal situations, but could also be the result of independent introductions from different localities or at

different times.
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INTRODUCTION

The most important traits of marine invertebrate
life histories are connected essentially with reproduc-
tion and survival. Timing of development and matu-
ration, number and size of offspring and age- or
stage-specific survival are just some of the aspects of
the individual's life history. Such characteristics are
often closely related, and are the result of interactions
between phylogenetic, physiological and morpho-
logical constraints, and the processes by which the
organisms adapt to the environment in which they
live and reproduce (Giangrande 1997, Brommer
2000). Local adaptation could promote the differentia-
tion of geographically separated populations that may
differ not only in genetic and morphological charac-
teristics, but also in some life-history traits (Grassle &
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Crassle 1974, 1976, Cognetti 1982, 1994, Méndez et
al. 2000).

Organisms have evolved a number of ways of com-
bining life-history characteristics in order to enhance
fitness. The indices most commonly used to express
fitness are the population growth rate A (or the intrinsic
growth rate r = 1n A) and the net reproductive rate R,.
Both indices provide an estimate of population growth
and can be used as indices of fitness, in that, by inte-
grating the different contributions of fecundity and
age-specific survival, they offer synthetic information
that is not available through analysis of an individual's
single parameters. Moreover, A is considered a better
index of fitness than Ry; the most recent demographic
models applied to the study of life histories in fact use
population growth rate A as the main indicator of fitness
(Stearns 1992, Brommer 2000, Caswell 2000, Huey &
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Barrigan 2001, Prevedelli & Simonini 2001a,b). A
method for evaluating the consequences of environ-
mental or biological factors for individual life-history
parameters at population level, combining approaches
that have traditionally been followed separately, is
life-table response experiments (Caswell 2000). This
method has been used to test the effects of environ-
mental parameters, intra-specific density, larval devel-
opment mode, different genetic strains, seasonality,
laboratory rearing and exposure to pollutants in poly-
chaete species such as Streblospio benedicti, Capitella
sp, Ophryotrocha diadema and, more recently, Ophry-
trocha labronica and Dinophilus gyrociliatus (Akesson
1976, Levin et al. 1987, 1996, Hansen et al. 1999, Preve-
delli & Simonini 2001a,b, 2002, Mauri et al. 2002).

Ophryotrocha japonica nomen nudum (Pleijel & Eide
1996) is a gonochoric semi-continuous iteroparous
polychaete belonging to the Dorvilleidae family
colonising harbour and brackish environments. O.
japonica has only recently been reported along the
Italian coasts, but it is widely distributed and abundant
(Simonini 2002). It is an alien species, for until 2001 it
had only been reported in harbour environments along
the Asian and American coasts of the Pacific Ocean
(B. Akesson pers. comm.). No studies regarding the
morphology, life-cycle and -history of O. japonica have
hitherto been published. In this study we investigate
the life-history characteristics of 3 populations of
O. japonica, with the aim of evaluating the existence of
differences in the life-history traits of the 3 strains, and
of performing a demographic analysis to link indi-
vidual to population parameters.

MATERIALS AND METHODS

Ophryotrocha japonica. O. japonica is similar to O.
labronica, a typical Mediterranean species, but differs
from it on account of certain characteristics, such as
maximum size, head shape and pigmentation, and
some reproductive traits. Like that of O. labronica, the
head of O. japonica displays 2 short antennae and no
palps, and the right branch of the forceps has a double
apical tooth. The diploid chromosome number is 2n =
6 chromosomes. O. japonica also has some distinctive
features: the adults are frequently more than 5 mm in
length and have a roundish, enlarged head lacking the
transverse strand of pigments between the 2 eyes that
characterises O. labronica. O. japonica lays eggs in
rigid, tubular or ‘spoon-shaped’ masses: males fertilise
the eggs by pseudo-copulation just after spawning.
Both males and females share parental care of the
developing embryos. The larvae of O. japonica hatch
from the egg clusters with 2 to 3 setigers; the larvae of
other species of Ophryotrocha living along Italian coast

hatch without setigers (Simonini 2002). Our specimens
were identified as O. japonica on the basis of their mor-
phological characteristics and of karyological investi-
gations performed with Giemsa staining on developing
embryos (according with the technique outlined by
Jha et al. 1995), and also by crossing them with
standard strains previously classified by Prof. Bertil
Akesson of the University of Goteborg, who maintains
‘the Ophryotrocha gene bank’ (cultures of 18 species of
Ophryotrocha) in his laboratory. The populations used
in this study are inter-fertile, both with one another
and with their Pacific counterparts.

Collection and maintenance. The populations ana-
lysed were collected from the Italian harbours of Leg-
horn and Ravenna and from the brackish Mar Piccolo of
Taranto in November 2000. Samples of fouling material
(consisting mainly of mussels, ascidians, bryozoan and
serpulid polychaetes) were taken by scraping the
wharves and other hard substrates. In all the localities
Ophryotrocha japonica was found together with O.
labronica, each locality yielding more than 60 worms.
After collection, the animals were housed in 10 cm di-
ameter beakers containing ca. 200 ml of artificial 32 psu
seawater, and maintained at 24°C with a 12:12 h
light:dark photoperiod. Twice a week, the animals were
fed with abundant quantities of frozen spinach. The
descendants of these specimens were used to build up
3 laboratory-reared groups, one for each population
being studied, in order to exclude any maternal effects
from the experiments. More details regarding worm
collection and laboratory rearing are reported in Preve-
delli & Zunarelli Vandini (1998) and Simonini (2002).

Description of the experiments. The experiments
started in February 2001. Approximately 30 newly-laid
egg masses from each population were isolated, together
with the parents, in new beakers and checked daily. As
soon as the larvae began to hatch, the parents were re-
moved, thus ensuring that a large number of individuals
of the same age and known date of birth were selected.
The age at maturity was assessed as the period of intra-
tubular development of embryos before larvae were re-
leased. The juveniles were checked every 2 d. Twenty
days after birth, the individuals reach a length of ca. 13
setigerous segments. At this size there is an apparent
dimorphism between males and females in the jaw, and
the developing oocytes are visible through the body wall
of the females; thus, it is possible to distinguish the males
from the females, determine the sex ratio (% of males,
estimated from each initial brood) and proceed to couple
them. As in Ophryotrocha labronica, in O. japonica there
is an apparent dimorphism between males and females
in the jaw, and the developing oocytes are visible
through the body wall of the females.

More than 30 pairs were established for each of the 3
populations of Ophryotrocha japonica. Each pair was
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isolated in a Boveri dish (diameter 4.5 cm, height
2.5 cm) containing ca. 15 ml of 32 psu artificially pre-
pared sea water. The experiment was conducted at
24°C and with a 12:12 h light:dark photoperiod. The
laboratory food consisted of frozen spinach.

The pairs were checked twice a week to see whether
reproduction had occurred. If so, the fecundity and
growth rate were recorded. If the male died, it was re-
placed; if the female died, the pair was eliminated from
the experiment. The age and size of the female at matu-
rity was measured when it laid its first egg mass. The fe-
cundity of each pair was assessed as the number of eggs
produced at each spawning by the female, the number of
spawnings, and the total number of eggs produced by a
female during her lifetime. Once counted, the eggs were
eliminated. The size of the eggs was determined by mea-
suring at least 30 recently spawned eggs of a number of
females for each population (at least 1 egg for each
female). The evening before, the pairs were checked to
make sure that the eggs being measured (developing
embryos) had been laid during the night. The eggs of
Ophryotrocha japonica are not perfectly spherical, so
both the longer and the shorter axes were measured, and
the egg volume (V) was calculated as:

vV = éT[AZB
3

where A is the short radius and B the long radius,
according to Qian & Chia (1991) and Prevedelli &
Zunarelli Vandini (1998).

For simplicity, egg size was calculated as the arith-
metic mean between the longer and the shorter axes.
Growth rate was recorded by counting the number of
setigerous segments: the size of the adult was assessed
by referring to the maximum size that the female and
initial male of each pair reached during their lives. The
males used to replace the initial ones when they died
were not considered. The experiment continued until
all females had died.

Data analysis. The differences in life-history char-
acteristics of the 3 populations were assessed by
ANOVA. When ANOVA was significant, an a posteri-
ori LSD test was performed. The reproductive invest-
ment was obtained by multiplying individual fecundity
by the egg volume. Age-specific survivorship and
fecundity schedules of females were obtained for each
population examined. These life-table data were used
to build a complete age-classified population model
and the relative projection matrices (Leslie matrices),
using a projection interval of 1 wk. Since this spe-
cies exhibits a semi-continuous reproductive mode,
the survival probabilities (P;) appearing on the sub-
diagonal were calculated as:

Ly + Ly

Pj =
Ly + Iy

and the age-specific fecundity (F;) in the first row
as:

F = (Iola)"? 5

where I;) is survivorship from zygote to age i and m;
is the average number of female offspring per female
in age class 1 (Caswell 2000).

The finite population growth rate A was calculated as
the dominant eigenvalue of each matrix. The stable
age distribution is given by the corresponding right
eigenvector (w) and the reproductive value distribu-
tion by the corresponding left eigenvector (v). The sen-
sitivities of A to changes in the matrix entries P; and F;
(sp, and s, respectively) were calculated according to
Caswell (2000):

s _ oA _ W;V,
p = — = 11
! 0P, <w,v>

s _ 0N Wiy
e = — = A
! 0F; <wW,v>

where <w,v> denotes the scalar product between the
stable age composition and the reproductive value.

Sensitivity is determined by the life history of the
organism as described by P; and F,. However, since
survivorship and fecundity are measured on different
scales, the absolute values of the sensitivities of differ-
ent parameters cannot readily be compared. To over-
come this difficulty, the measure of relative sensitivity,
known as elasticity (e,), was calculated:

where a denotes the life-history trait P; or F; under
consideration (Levin et al. 1987, Caswell 2000).

The difference in A of each population was de-
composed into contributions from each of the age-
specific survivorship and fecundity terms using the
techniques outlined by Caswell (2000). Let A© and A(@
denote the values of A for Populations ¢ and d, respec-
tively. Then:

= € 2@ = ﬂ

AN = A9 =X = ngau 2a;

Each term in the summation is the contribution of the

difference in the matrix entry a; of Population ¢ with

respect to d on AA. In this way it was possible (1) to

identify the life-history traits that were most responsi-

ble for the difference between the A-values of the

2 populations and (2) to compare the contribution of

each trait to the AX between the 2 populations.
We also calculated the life expectancy:
L+L+1+..1,
Io

e = 05+
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the net reproductive rate:
i

R, = Y E[]P
i

Jj=1

-

and the generation time:
. i1
T = 2 B[]

> Al E

Statistical analysis of the demographic data was per-
formed by resampling methods. The 95% CIs of the
parameters under consideration were estimated by the
percentile method, based on 2000 bootstrap-generated
estimates (Levin et al. 1996, Caswell 2000). Permuta-
tion tests were used to highlight significant differences
in the demographic parameters of the population con-
sidered (Levin et al. 1996).

RESULTS
Life cycle

In all the populations studied, the sex ratio was 1:1,
both parents shared parental care for the developing
embryos, the larvae hatched with 2 to 3 setigerous
segments and the age at hatching was very similar
(7 to 8 d) (Table 1).

The other life-history characteristics differed. The
individuals from Leghorn matured after only 34.9 d,
those from Taranto after 44.2 d and those from
Ravenna after 50.8 d (Table 1). The mean life spans
also differed: individuals from Leghorn survived from
a minimum of 68 to a maximum of 297 d, with a mean
of 217 d; those from Taranto survived from 88 to 279 d
with a mean of 196 d; those from Ravenna survived
from 133 to 223 d with a mean of 174 d (Table 1).

Size of females at maturity, mean size of adult
females and also mean size of adult males were differ-
ent (Table 1). In the Leghorn population there was a
marked sexual dimorphism, females being much big-

ger than males (ANOVA: df = 61, F= 108, p < 0.001).
This dimorphism was also present in the Taranto
group, albeit to a lesser degree (ANOVA: df = 61, F =
140, p < 0.001), while in the Ravenna population the
2 sexes were the same size (ANOVA: df = 67, F = 2.46,
p = 0.122).

Reproduction

Reproductive characteristics of Ophryotrocha japonica
varied among populations. The differences regarded
the number of broods, time between broods, the num-
ber of eggs in each brood, size of the eggs, fecundity
and the reproductive investment.

Females from Leghorn and Taranto in their life span
laid, on average, 8.8 and 8.6 egg tubes, respectively,
while Ravenna females only laid 5.7 (Table 2). There
were also very marked differences in the number of re-
productive events within each population; Leghorn fe-
males spawn from 2 to 15 times, Taranto females from 2
to 17 times and Ravenna females from 3 to 13 times.

Frequency of spawning differed among the 3 popu-
lations. Females from Leghorn spawned about every
19 d, while females from Taranto and Ravenna spawn-
ed at intervals of ca. 15 d (Table 2).

The number of eggs laid at each varied greatly in the
3 populations. The most fecund was the Leghorn pop-
ulation, the tubes containing on average 205 eggs,
with a minimum of 12 and a maximum of 560. Taranto
females spawned fewer eggs, each egg tube contain-
ing on average 85 eggs, with a minimum of 15 and a
maximum of 192. Ravenna females generally laid more
eggs at each reproductive event, each egg tube con-
taining on average 135 eggs, with a minimum of 16
and a maximum of 310 (Table 2).

The size of eggs was also different among pop-
ulations. Females from Leghorn laid eggs measuring
147 pm, while females from Ravenna and Taranto pro-
duced eggs with a mean diameter of 158 and 159 pm,
respectively (Table 2).

Table 1. Ophryotrocha japonica. Life-cycle traits of the 3 populations studied (mean + 2 SE), with ANOVA and LSD test of the
differences among populations. ss = number of setigerous segments. Age at maturity and life-span refer to females

Population Statistics

Leghorn (L) Taranto (T) Ravenna (R) ANOVA LSD
Age at hatching (d) 7.50 = 1.12 8.17+ 1.4 7.83 + 0.96 df =91; F=0.74; p=0.480 -
Age at maturity (d) 34.94 +1.26 4417 +1.92 50.76 = 0.98 df =94; F=131; p <0.001 LTR
Life span (d) 217 £ 22 196 + 18 173+ 10 df =94; F=6.5; p=0.002 LTR
Sex ratio (% of males) 49.0+2.4 48.6 £2.5 49.8 £2.2 df =91; F=0.254; p =0.776 -
Size of female at maturity (ss) 17.1 +0.4 174+04 186 £0.4 df =94; F=21.0; p<0.001 LTR
Size of adult female (ss) 27.2+1.2 22.6 +0.6 224 +0.6 df =94; F=38.5; p<0.001 LTR
Size of adult male (ss) 19.7 £ 0.6 182+04 21.7+04 df =94; F=46.0; p <0.001 LTR
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Table 2. Ophryotrocha japonica. Reproductive characteristics of the 3 populations studied (mean + 2 SE), with ANOVA and LSD
tests of the differences among populations. Size of egg was derived from the mean between the longer and the shorter axes

——— Population Statistics ————

Leghorn (L) Taranto (T) Ravenna (R) ANOVA LSD
Age at hatching (d) 7.50 + 1.12 8.17+1.4 7.83 £ 0.96 df =91; F=0.74; p = 0.480 -
Spawnings (tubes) 8.8x14 8.6 1.2 57+0.6 df =94; F=11.1; p< 0.001 LTR
Frequency of spawning (d) 18.8+ 1.0 152+0.8 152+1.2 df =94; F=184,; p<0.001 LTR
Number of eggs per brood 205 + 14 85+0.4 135+ 8 df =94; F=152; p<0.001 LTR
Size of eggs (pm) 147 + 2 159 +2 158 + 4 df =99; F=28.5; p<0.001 LTR
Fecundity (eggs per female) 1796 + 314 755 + 138 772 + 148 df =94; F=30.7, p <0.001 LTR
Reproductive investment 5.68 3.02 3.07

(mm? eggs per female)

Table 3. Ophryotrocha japonica. Demographic parameters of the 3 populations studied (with upper and lower 95% bootstrap CIs),
and results of permutation test of differences among populations

Population ——— Permutation test
Leghorn (L) Taranto (T) Ravenna (R) General On pairs
Life expectancy e (wk) 24.6 26.3 23.4 p =0.146 -
(19.9-28.9) (22.7-29.2) (21.1-25.4)
Net reproductive rate R, (female descendants per female) 706 349 361 p < 0.001 LTR
(544-874)  (281-421)  (300-432)
Generation time T (wk) 16.1 154 12.6 p <0.001 LTR
(15.1-17.1)  (14.1-16.9) (115-13.8)
Population growth rate A (wk1) 2.26 1.83 182 p < 0.001 LTR
(2.17-2.35) (1.79-1.87) (1.79-1.85)
The females from Leghorn exhibited a mean overall a) Leghorn
fecundity greater than that of the females from Taranto [t ST Taranto

and Ravenna, whose fecundity levels were very simi-
lar. A female from Leghorn laid on average 1796 eggs,
while those from Taranto and Ravenna laid an average
of 755 and 772 eggs, respectively (Table 2).

In all 3 populations the reproductive investment was
very high, albeit very different. The Leghorn popula-
tion produced 5.6 mm? of eggs, which was almost twice
that produced by the populations from Taranto and
Ravenna (Table 2).

Demography

The age-specific survival curves of the 3 populations
are shown in Fig. la. In the Leghorn population, the
percentage of hatching was ca. 80 %, while in those
from Ravenna and Taranto it was 94 %. In the Leghorn
population, survival was greater than 60 % until the
Week 27, when it began to decline very slowly. The
survival curves of the populations from Taranto and
Ravenna were very similar until the Week 24; there-
after, survival of the Ravenna population decreased
much more rapidly than that of the Taranto population.
The maximum life span was 39 wk in the population

Survivorship %
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Fig. 1. Ophryotrocha japonica. (a) Survival- and (b) fecundity-
curves of females in the 3 populations studied
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Fig. 2. Ophryotrocha japonica. Elasticity of (a) age-specific
survival and (b) fecundity in the 3 populations studied

from Taranto and 31 wk in that from Ravenna. The
age-specific fecundity pattern is presented in Fig. 1b.
Daily average fecundity showed different patterns in
the 3 populations. The Leghorn population started
laying in the 4th wk, the Taranto population in the
5th wk and the Ravenna population in the 6th wk. The
Leghorn population was also the most fecund; starting
from the 4th wk, its fecundity increased to reach a
maximum of 78 eggs female™* wk™! in the 13th wk,
after which it began to decline very gradually and in
an irreqgular manner. The reproductive period of the
Leghorn females was very long, many of them contin-
uing to spawn until they died. In the Ravenna popula-
tion, fecundity peaked in the 9th wk (53 eggs female™
wk!) and the reproductive period ended around the
Week 26. The Taranto population was the least fecund,
maximum fecundity was 28 eggs™' female ' wk, corre-
sponding to the 7th wk of life. The females stopped
reproducing after 34 wk.

Life expectancy at birth (€°), generation time (T), net
reproductive rate (Ry) and the population growth rate
(A) of the 3 strains of Ophryotrocha japonica are
reported in Table 3. €” was similar in all popula-
tions (permutation test: p = 0.146). The longest life
expectancy (26.3 wk) was calculated for the Taranto
population, the shortest (23.4 wk) for the Ravenna
population. R, was significantly different in the 3 pop-

ulations. The Ry-value was highest in the Leghorn
strain (R, = 706), the Ravenna and Taranto populations
scoring 349 and 361, respectively. Also, T was different
in the 3 populations: in the Ravenna strain, the gen-
eration time (T = 12.6 wk) was shorter than those
recorded for the Taranto (T'=15.4 wk) and the Leghorn
strains (T = 16.1 wk). Population growth rate A was
significantly different in the 3 groups. The A-value
calculated for the Leghorn population (A = 2.26 wk™1)
was higher than those obtained for Ravenna (A =
1.82 wk!) and Taranto (A = 1.83 wk™1).

The elasticity patterns of A in response to variations
in survival and age-specific fecundity in the 3 popula-
tions are shown in Fig. 2. In all groups, the elasticity of
A in response to variations in survival was greater than
that in response to variations in fecundity. Elasticity
curves were shifted more towards the juvenile age-
classes in the Leghorn population than in the other 2,
because the former reached maturity sooner and had a
higher growth rate. In all cases, the period in which the
population growth rate was influenced by the varia-
tions in survival and fecundity was limited to the first
9 to 12 wk of life.

Decomposition analysis of the differences in A
showed that the contributions of the different life-
history traits, in terms of survival and age-specific
fecundity, to the differences in fitness varied among
the 3 populations (Fig. 3). The Leghorn-strain popula-
tion growth rate was higher than the other 2. This dif-
ference depended, above all, on the early attainment
of sexual maturity and, to a lesser extent, on its greater
fecundity. In particular, the contributions of enhanced
fecundity during the first reproductive events were
only partially limited by juvenile survival that, in the
Leghorn population, was lower than in the other 2
(Fig. 3a,b). On the other hand, there were no signifi-
cant differences between the growth rates of the
Taranto and Ravenna populations. Decomposition
analysis showed that the reproductive advantage of
the Taranto population in the 5th and 6th wk of life
was counterbalanced by the greater fecundity of the
Ravenna population in the subsequent period (Fig. 3c).

DISCUSSION

The main life-history traits in the studied populations
of Ophryotrocha japonica differed. There were mor-
phological differences concerning a sort of sexual
dimorphism based on body size in both the Leghorn
and Taranto populations, but not in that from Ravenna.
The most important differences, however, concerned
the reproductive characteristics. Indeed, fecundity,
defined both as the total number of eggs laid on aver-
age by each female and the number of reproductive
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events, varied greatly among populations: the Leghorn
strain, which was the longest lived, recorded the
highest number of broods, even though the inter-
vals between successive broods were, on average, the
longest.

The diameter of the eggs also varied, the eggs in the
Leghorn population being smaller than those in the
other 2. Since egg size for a given species is believed to
be relatively constant and egg quality is correlated to
egg size, egg size is probably the most frequently
reported life-history character for marine invertebrates
(Begon 1985, Levin et al. 1991, Qian & Chia 1991,
Stearns 1992). However, it has been observed that egg
size can vary in response to variations in environ-
mental parameters in the case of copepods (Brambilla
1982), echinoderms (Turner & Lawrence 1979, Thomp-
son 1982) and polychaetes (Qian & Chia 1991, Preve-
delli & Zunarelli Vandini 1998). Differences in egg
size under comparable environmental conditions have
been observed in populations of Dinophilus gyrocilia-
tus, an opportunistic polychaete which, like almost all
the species of the genus Ophryotrocha, colonises har-
bour environments (Simonini & Prevedelli 2003a,b). In
O. japonica, there was a correlation between the num-
ber of eggs produced and their size: the Leghorn pop-
ulation, which is the most fecund, produces smaller
eggs than the other 2. The Taranto and Ravenna popu-
lations, which produce eggs of the same size, had com-
parable fecundity. There was a trade-off between the
number and the size of the oocytes (Begon 1985,
Stearns 1992), which was highlighted by the compari-
son among populations. Also, some experimental
studies on organisms belonging to various taxa such as
bivalves, polychaetes and frogs have demonstrated
correlations between egg size and the survival or
growth rate of the offspring (Kraeuter et al. 1982, Levin
et al. 1987, Williamson & Bull 1989). In the case of
O. japonica, there would appear to be a correlation
between egg size and the number of larvae hatching;
indeed, the Leghorn population, which produces the
smallest eggs, had a lower hatching rate.

Morphometric and reproductive characteristics set
the Leghorn population differed from the other 2; it
reached sexual maturity more rapidly, lived longer and
was decidedly larger. All these characteristics con-
tributed to determine its greater fecundity. The great
fecundity of the Leghorn population was not correlated
only with reduced egg size; the reproductive invest-
ment of this strain was in fact almost twice that of the
other 2 strains. The Taranto and Ravenna populations
appeared to be more alike; their eggs were the same
size, they were equally fecund and they made a similar
reproductive investment. The differences between
these 2 strains essentially concerned the number of
eggs laid at each reproductive event. The Ravenna

population reproduced less often but produced a
larger number of eggs at each spawning, whereas the
Taranto population laid a smaller number of eggs but
in more frequent reproductive episodes. In these
2 populations there appeared to be a trade-off between
present and future reproductive events (Hirshfield &
Tinkle 1975, Stearns 1992).

In many species of marine invertebrates, and of poly-
chaetes in particular, differences have been observed
in fecundity, not only of the individual, but also of the
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Fig. 3. Ophryotrocha japonica. Decomposition analysis of the
differences in population growth rate, AA, of the 3 populations
studied
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population as a whole, and these differences have
been ascribed to differences in environmental parame-
ters, particularly temperature and diet (Qian & Chia
1991, Qian 1994, Prevedelli & Zunarelli Vandini 1998,
1999, Simonini & Prevedelli 2003a,b). In the present
study, however, all 3 populations were kept under the
same experimental conditions, and so the differences
observed cannot be attributed to environmental fac-
tors. Differences in reproduction have been described
in populations of the congeneric species, Ophryo-
trocha labronica, which Bacci (1978) has defined as
sexual races. In geographically separate populations of
this species, reproductive isolation on an ethological
basis is also observed (Lanfranco & Rolando 1981).

Differences in life-history characteristics had very
important consequences for the demography and fit-
ness of the populations. In the 3 strains of Ophryo-
trocha japonica, net growth rate R, and population
growth rate A, which are the indices of fitness most
commonly used in evolutionary ecology, were in
agreement: the highest Ry,- and A-values were ob-
served for the Leghorn population. The values of Ry,
like those of A, are also very similar in the Taranto and
Ravenna populations.

The A-values obtained for Ophryotrocha japonica
are very similar to those calculated for O. diadema
(Akesson 1982) and O. labronica (Prevedelli & Simo-
nini 2001b), but decidedly higher than those of all the
other opportunistic polychaetes characterised by a
short lifespan, high fecundity and semi-continuous
reproduction (Grassle & Grassle 1974, Prevedelli &
Simonini 2002). Decomposition analysis shows that the
differences in A among populations were due not to
differences in survival, which was very similar in all
populations during the first 10 wk of life, but mainly to
differences in fecundity. The demographic advantage
of the Leghorn population depended on its greater
fecundity during the early weeks of life. Shortening of
the age at maturity afforded a far greater advantage
than high fecundity, in accordance with all the studies
on demography of opportunistic polychaetes (Lewon-
tin 1965, Levin et al. 1986, 1996, Prevedelli & Simonini
2002). Comparison between the Taranto and Ravenna
populations, which had very similar A-values, showed
that the reproductive advantage gained by the Taranto
strain in the early weeks of life was counterbalanced
by the greater fecundity of the Ravenna population
thereafter.

We do not believe it possible that Ophryotrocha
japonica is a cosmopolitan species that has evaded
previous surveys, for all species of Ophryotrocha found
along the Italian coasts have been the object of inten-
sive research, at both the morphological and repro-
ductive level, since the 1960s (La Greca & Bacci 1962,
Robotti 1979, Lanfranco & Rolando 1981, Rolando 1982,

Premoli & Sella 1995, Prevedelli & Zunarelli Vandini
1998). The wide distribution of O. japonica in lagoons
and harbours, together with some characteristics of its
life cycle, suggest that this species has been recently
introduced either through maritime traffic or following
the importation of species used in aquaculture. Com-
parison of the 3 populations of O. japonica highlights
major differences in their biological cycle, life history
and demography. The extreme selectivity of the har-
bour and lagoon environments may have led to frag-
mentation of the species into differentiated popula-
tions adapted to prevailing conditions in the different
localities. This process might be supported by the
considerable geographical distance among the pop-
ulations studied and by the scant dispersal ability of
O. japonica. Jurss et al. (1999) ascribed the differences
between populations or siblings of the alien species
Marenzelleria sp. to different colonising events. The
marked differences observed among the 3 populations
of O. japonica may therefore depend on the species’
adaptation to different environmental situations, but
could also be the result of independent introductions
from different localities or at different times.
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Appendix 1. Ophryotrocha japonica. Life-table values and population-projection matrix elements of the 3 populations studied.
1,: probability of surviving from birth to beginning of age class x; m,: expected number of offspring for a female in age class x;
F: age-specific fecundity at age i; P;: survival probabilities at age i

Age (wk) —— Leghorn —— — Taranto Ravenna
X Ix my Pi E Ix my Pi E lx my Pi E
0 1.000 - 0.889 0 1.000 - 0.968 0 1.000 - 0.972 0
1 0.846 0 0.969 0 0.969 0 0.984 0 0.972 0 0.985 0
2 0.795 0 1.000 0 0.937 0 1.000 0 0.944 0 1.000 0
3 0.795 0 1.000 12.74 0.937 0 1.000 0 0.944 0 1.000 0
4 0.795 27.71  1.000 25.64 0.937 0 1.000 2.20 0.944 0 1.000 0
5 0.795 28.05 1.000 14.91 0.937 4.47 1.000 10.00 0.944 0 1.000 1.11
6 0.795 4.37 1.000 18.10 0.937 15.85 1.000 21.74 0.944 225 1.000 22.40
7 0.795 34.98 1.000 26.44 0.937 28.32  1.000 21.18 0.944 43.19 1.000 34.14
8 0.795 22.50 0.968 27.80 0.937 14.72  1.000 18.86 0.944 26.06 1.000 38.85
9 0.795 39.21  0.967 42.30 0.937 23.62  1.000 22.77 0.944 52.75 1.000 46.15
10 0.745 54.59  1.000 55.51 0.937 22.65 1.000 21.67 0.944 40.85 1.000 37.20
11 0.745 66.10  1.000 60.81 0.937 21.38 0.983 20.27 0.944 34.60 1.000 34.16
12 0.744 66.12  1.000 66.16 0.937 20.13  0.983 23.17 0.944 34.68 1.000 37.61
13 0.744 77.72  1.000 69.58 0.906 27.36  0.965 23.42 0944 4160 1.000 30.33
14 0.744 73.55 1.000 51.71 0.906 20.95 0.964 22.36 0.944 19.93 1.000 18.55
15 0.744 38.88 0.983 38.37 0.844 2539 1.000 19.60 0.944 1771 1.000 12.17
16 0.744 4533  0.982 34.48 0.844 14.44  1.000 16.32 0.944 6.97 1.000 11.98
17 0.718 30.18  1.000 38.05 0.844 18.72  1.000 18.66 0.944 17.34 0971 11.78
18 0.718 52.55  0.964 34.26 0.844 19.19 0.963 18.62 0.944 6.76  0.924 6.81
19 0.718 22.75 0.944 33.47 0.844 19.37 0.961 17.52 0.889 7.62 0.934 6.48
20 0.667 52.96  0.980 41.91 0.781 16.88  1.000 14.67 0.806 5.90 0912 6.26
21 0.641 38.92  1.000 37.65 0.781 12.92  0.980 12.10 0.778 7.45 0.827 6.88
22 0.641 42.94 0.980 22.47 0.781 11.90 0.918 13.14 0.667 7.87 0.814 5.68
23 0.641 6.04  0.980 172.72 0.750 16.12 0911 12.14 0.528 447 0.829 10.01
24 0.615 33.17 1.000 26.82 0.656 9.38 0.976 7.80 0.444 19.09 0.862 9.41
25 0.615 25.15 1.000 20.58 0.625 6.62 0.875 10.53 0.361 0 0.880 0
26 0.615 19.60  0.958 20.43 0.625 16.87 0.857 9.57 0.333 0 0.909 0.67
27 0.615 2590 0.935 21.24 0.469 3.00 0.933 6.80 0.278 1.50 0.900 4.29
28 0.564 21.70  0.953 14.76 0.469 11.60  0.893 10.98 0.278 8.00 0.778 7.20
29 0.538 10.90 0.951 11.58 0.406 12.00  0.920 7.64 0.222 8.50 0.571 4.19
30 0.513 15.00 0.923 8.66 0.375 3.83 0.956 4.99 0.167 0 0.250 2.62
31 0.487 4.16  0.889 3.78 0.344 6.59  1.000 3.24 0.056 2125 O 10.48
32 0.436 4.56 0.875 3.46 0.344 0.00 0.727 2.94 0 0
33 0.385 3.40 0.893 1.56 0.344 8.23  0.562 7.90
34 0.333 0.00  0.960 4.43 0.156 13.90 0.889 6.84
35 0.308 10.04 0.875 6.11 0.125 0 1.000 0
36 0.308 3.71  0.667 1.71 0.125 0 0.875 0
37 0.231 0.00 0.643 8.52 0.125 0 0.571 0
38 0.128 28.80 0.889 13.25 0.094 0 0.250 0
39 0.103 4525 0.875 20.81 0.031 0 0 0
40 0.103 38.63 0.571 17.76 0 0
41 0.077 68.50  0.250 31.51
42 0.026 0 0 0
43 0 0
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