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ABSTRACT. - A laboratory experiment was performed to evaluate the tempera-
ture-induced variation in the life history traits of Ophryotrocha labronica (Poly-
chaeta). In this species age and size at maturity, survival and fecundity are affected
by temperature. In particular in O. labronica, low temperatures cause a conside-
rable delay in the attainment of sexual maturity, a reduced number of spawnings
and longer intervals between one spawning and the next; fecundity is therefore lo-
wer and the animals generally live longer. At high temperatures, the animals mature
rapidly, spawn very frequently and at shorter intervals; fecundity is high, even
though the animals have a much shorter life span. Temperature determines the age-
specific fecundity and survival patterns and hence the demographic characteristics
of O. labronica; both the net reproductive rate Rp and the population growth rate A
vary in accordance with the temperature, thus demonstrating the importance of en-
vironmental factors in determining not only the reproductive characteristics of the
individual animal but also the fitness of the populations as a whole.

RESUME. - Les effets de la température sur différents parametres démographiques
de la Polychete Ophryotrocha labronica ont été étudiés en conditions contrdlées au
laboratoire. Chez cette espece, 1'dge et la taille a la maturité, la survie et la fécondi-
té sont influencés par la température. Les basses températures entrainent un retard
important de la maturité sexuelle, un nombre réduit de pontes et des intervalles plus
longs entre les pontes, en particulier chez O. labronica ; la fécondité est donc plus
basse et les animaux vivent généralement plus longtemps. A températures élevées,
les animaux atteignent la maturité rapidement, ils pondent plus souvent et a inter-
valles plus courts ; la fécondité est élevée méme si la durée de vie est plus bréve. La
température détermine 1’adge de la maturité et les modalités de survie, et les caracté-
ristiques démographiques de O. labronica ; le taux de reproduction net Ry et le taux
de croissance de la population A varient selon la température, montrant ainsi 1’im-
portance des facteurs de ’environnement dans le déterminisme des caractéristiques
de la reproduction a I’échelle de 'individu, mais aussi a celle de la population et de
’adaptation.

tinuous iteroparous species, which, by definition,
lay small groups of eggs at short intervals of time,
the effects of temperature, and in particular their

The effects of temperature on the survival,
growth, development and reproduction of poly-
chaetes have long been the subject of research
(Bhaud 1988, Yokohama 1988, Prevedelli 1991,
1992, 1994). The role of temperature in the regula-
tion of the reproductive cycles of many annual
iteroparous and semelparous polychaetes with mark-
edly-seasonal and highly-synchronized spawning
patterns is evident and well documented (Neuhoff
1979, Garwood 1980, Olive 1984, Olive et al.
1997, Olive et al. 2000). In the case of semicon-

impact on population levels, have received less at-
tention. In theory, these species reproduce through-
out the year, but in some small-sized species be-
longing to the fouling communities of harbour
environments in temperate regions, marked sea-
sonal variations in population densities have been
observed. It is therefore likely that the tempera-
ture-induced variations on survival and fecundity,
already noted in some small-sized species employ-
ing a semicontinuous, iteroparous reproductive
strategy, may occasion considerable variations in
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population growth rate (Akesson 1976, Chu &
Levin 1989, Levin & Creed 1986, Akesson &
Costlow 1978, 1991).

Ophryotrocha labronica is a semicontinuous
iteroparous and geographically widespread species
belonging to the Dorvilleidae family, colonizing
harbour environments. It is a small-sized worm
with an extremely high reproductive capacity. It
was first described by La Greca & Bacci (1962) as
a proterandric, hermaphroditic species in a popula-
tion from Leghorn, Italy. Subsequently, gonochoric
species collected in the harbours of Leghorn and
Naples, Italy (Akesson 1970, 1972 a, b) and Genoa,
Italy (Premoli et al. 1996) were also described. O.
labronica is particularly suitable for studies on en-
vironmental control of reproduction because it is
easy to breed in laboratory conditions. Moreover,
the animals grow quickly, reach sexual maturity in
a very short time, reproduce a number of times at
intervals of just a few days and produce a large
number of eggs (Akesson 1973). Akesson (1976)
has studied the effects of temperature on the life
cycle of a population of O. labronica, originally
from Leghorn harbour, after breeding in the labora-
tory for about ten years.

We investigated the effects of three temperature
regimes on a population of O. labronica collected
in Genoa harbour to understand the relationship be-
tween temperature and the animals’ life history
characteristics. Our objectives were to compare the
survivorship and reproductive activity of O.
labronica at different temperatures; to evaluate en-
vironment-induced variation in life history traits
such as: age and size at first reproduction, age-spe-
cific survival, age-specific fecundity and brood
size; to perform a demographic analysis to link the
individual life history traits to population levels.

MATERIALS AND METHODS

Collection and maintenance: The population analy-
zed in this experiment came from the harbour of Genoa.
The experiment was performed with recently collected
specimens. After collection the animals were housed in
10 cm diameter, 5 cm tall beakers containing approxima-
tely 200 ml of artificial 35 psu seawater and maintained
at a constant temperature of 24 °C in a L:D 12:12 photo-
period. Twice a week, the animals were fed with Tetra-
min, an artificial food for aquarium fish, slightly in
excess of the appetite. The nutritional characteristics of
this food are reported in Prevedelli and Zunarelli Vandi-
ni (1998). Newly laid egg masses were transferred toge-
ther with the female to three new beakers, one for each
of tested temperature and placed at 15°C, 22 °C and
30 °C respectively. As soon as the larvae began to hatch,
the females were removed, thus ensuring that a large
number of individuals of the same age and a known date
of birth were selected.

Description of the experiment: The experiment was
carried out on couples of one male and one female. In O.
labronica sex can be clearly distinguished; in fact there
is an apparent dimorphism between males and females in
the jaw, and the oocytes are visible through the body
wall in females with 13-14 setigerous segments. Each
couple was placed in a 4.5 cm diameter beaker contai-
ning 10 ml of artificial 35 psu seawater. The effects of
each temperature were assessed on 20 couples. Food was
given twice a week. Couples were checked twice a week
to see whether reproduction had occurred. If so, the fe-
cundity and growth rate were recorded. If a male died,
he was replaced by a young individual of known age,
while if the female died, the couple was eliminated from
the experiment. The fecundity of each couple was asses-
sed as: (1) the number of eggs produced at each spaw-
ning by the female, (2) the number of spawnings, and (3)
the total number of eggs produced by a female during its
lifetime. Growth rate was recorded by counting the num-
ber of setigerous segments.

Data analysis: The effects of temperature on life his-
tory characteristics were assessed by analysis of va-
riance (ANOVA) or the non-parametric Kruskal-Wallis
test. Age-specific survivorship and fecundity schedules
were obtained for each examined temperature. These life
tables data were used to build a complete age-classified
population model and the relative projection matrices
(Leslie matrices), using a projection interval of 1 week.
Since this species exhibits semicontinuous reproductive
mode (births occur continuously over the time interval),
the survival probabilities (P;) appearing on the subdiago-
nal were calculated as:

D= I(n- |)+1m
: l(ll+l(l’7|5
and the age-specific fecundity (F;) in the first row as:
Jim, tPm, )
F, =(1¢mlm)”- 7 :

where [;) is survivorship from zygote to age i and m; is
the average number of offspring female per female in
age class i (Caswell 1989).

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 eigen-
vector (w) and the reproductive value distribution by the
corresponding left eigenvector (v). The sensitivities of A
to changes in the matrix entries P; and F; were calculated
according to Caswell (1989, 2000):

oA Wy,
b — e R
K0P <w,v>
al wfvi-o-l
s_=_=_—__-_“
AgF <wivs

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

The sensitivity is determined by the life history of the
organism as described by P; and F,. However since sur-
vivorship and fecundity are measured on different sca-
les, absolute values of sensitivities cannot readily be
compared among different parameters. To overcome this
difficulty the measure of relative sensitivity, know as
elasticity, was calculated:
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a
eﬂ' =xs(i
where a denotes the considered life history trait P; or F;
(de Kroon er al 1986).

The effect of each treatment on A, was decomposed
into contributions from each of the age-specific survi-
vorship and fecundity terms using the techniques outli-
ned by Caswell (1989). Let A(c) and A(d) denote the
values of A for treatment ¢ and d, respectively. Then:

Al:xd_xda_zzAauaa

Each term in the summation is the contribution of the
difference in the matrix entry a;; of treatment ¢ respect to
d on AA. In this way it was possible a) to identify the
life-history traits that were most responsible for the ef-
fects of treatment on A and b) to compare the contribu-
tion of each trait to the AX between two treatments.

We also calculated the expectation of life:
mshy

e’=05+
IO
the net reproductive rate:
i-1
R=2F]1p
i =1

and the generation time:
ZJILZ,
I o
zl er—l J

RESULTS

Life history traits

Many traits in the life history of O. labronica
vary in relation to temperature. In particular, sig-
nificant differences have been recorded in the ani-
mals’ age and size at maturity, in the number of
spawnings occurring during the lifetime of a fe-
male, in the maximum size reached by both males
and females, in fecundity, in the number of eggs
laid in each cluster and in the time elapsing be-
tween one spawning and the next. The mean values
(£2 SE), minima and maxima are reported in Table
I. Generally speaking, the animals maintained at
15 °C are slower to reach maturity, spawn less fre-
quently and tend to be smaller and less fecund, al-
though the number of eggs contained in each clus-
ter is greater, on average, than at the other
temperatures. The animals maintained at 30 °C, on
the other hand, quickly reach sexual maturity, are
quite the biggest and most fecund and spawn at
brief intervals of time; the number of eggs in each
cluster is between that found at the other tempera-
tures and the number of spawnings is lower than at
20uE;

Table I. — Summary of the life history characteristics of
O. labronica at tested temperatures.

Size at maturity (s.s.) Age at maturity (days)
15°C 22°C 30°C 15°C 22°C 30°C
Mean 16.6 14.8 15.8 56.7 304 22.7
2*ES 0.7 0.5 0.6 22 1.8 2.0
Min. 14 14 14 5 24 18
Max. 18 17 17 64 35 28
n 10 17 12 10 17 12
7 12.6 30.6
P 0.002 <0.001
Number of spawnings Maximum female's size (s.s.)
15°C 225 30°C e 22°C 30°C
Mean 3.0 7.6 6.2 18.0 18.2 19.4
2*ES 0.5 1.0 L5 0.9 0.6 1.9
Min. 2 3 3 15 16 17
Max. 4 10 11 20 20 25
n 10 17 12 10 17 12
e 20.7 0.1
p <0.001 0.947
Maximum male's size (s.s.) Fecundity (eggs/female)
13°C 22°C 30°C 3¢ 22°C 30°C
Mean 13.9 14.9 15.9 868.3 942.1 1089.4
2*ES 0.6 0.5 0.8 168.8 109.9 3445
Min. 13 12 13 567 312 276
Max. 16 16 18 1335 1202 2215
n 10 17 12 10 17 12
P 13.5 1.5
P 0.001 0.467
Eggs/sleeve Interval between spawnings
15%C 225C 30°C 15°e 22°¢ 30°C
Mean 289.4 125.1 176.7 26.1 13.2 8.7
2*ES 313 10.3 234 4.0 0.7 0.8
Min. 120 23 28 16 7 4
Max. 440 255 387 58 26 19
n 30 128 74 20 111 62
F 56 111.8
P <0.001 <0.001

Age-specific survival and fecundity

The survival and fecundity graphs are shown in
Fig. 1. The survival graphs are very different at the
three temperatures assayed. In particular, survival
is highest at 15 °C with about 90% of the animals
surviving until the 14th week; thereafter, the ani-
mals very gradually begin to die, the longest-lived
continuing to survive until the 24th week. At 22 °C
the curve is much more linear, but here too the lon-
gest-lived survive for 24 weeks. At 30 °C, on the
other hand, the survival pattern is very different: as
early as the 2nd week only 60% of the animals are
still alive, while from the 8th week onwards there
is a sharp drop in the survival rate, the longest-
lived surviving only until the 17th week.

Fecundity patterns are very different at the dif-
ferent temperatures. The differences relate not only
to the total number of eggs produced by one female
but also to the time elapsing between spawning and
hatching, between birth and the first spawning and



176 PREVEDELLI D, SIMONINI R

to the span of fecund life, factors which obviously
determine overall fecundity. The displacement of
the age-specific fecundity curves is due to the time
required for the animals to reach sexual maturity,
which varies greatly between temperatures. The an-
imals kept at 15 °C reach sexual maturity at the
7th week and stop reproducing at the 20th week of
life. During this period the fecundity curve pres-
ents three well-spaced and progressively lower
peaks. At 22 °C the pattern is very different: the
animals start spawning from the 3rd week and, at
least in its first part, the curve does not present
very pronounced peaks. At 30 °C the pattern is
again quite different: at this temperature the ani-
mals reach sexual maturity earlier and soon begin
to lay a large number of eggs; also, the fecundity
curve is characterized by three peaks that are much
higher and closer together than those observed at
15 0E

Demography

The weekly record of survival and fecundity of
O. labronica has enabled us to draw up life tables
and to calculate all the demographic parameters re-
lating to the three temperatures assayed, as fol-
lows: net reproductive rate (R,), generation time
(T), expectation of life at birth (e?) and the popula-
tion growth rate per time unit (A). The values of the
demographic parameters at the different tempera-

100% -

survivorship (1, %)

20% -

0% +— — ‘w—r T
01234567 8 91011121314151617 18 1920212223 24
age (weeks)

fecundity (m )
TR

8

0 . . SR -
01234667 8 910111213 14151617 181920 21 22 23 24
age (weeks)

Fig. - 1. a, Survival (L) and b, fecundity (m,) in worms
maintained at the tested temperatures.

tures are reported in Table II. The net reproductive
rate varies considerably with temperature; it is
higher at the lowest temperature (R, = 540.76 at
15 °C) and gradually drops as the temperature in-
creases (R, = 425.80 at 30 °C). Expectation of life
at birth also varies greatly with temperature, being
decidedly higher at 15 °C and gradually shortening
as the temperature increases until, at 30 °C, it is
less than half that recorded at 15 °C. Generation
time is higher at the lower temperatures: the differ-
ences between 15 °C and 22 °C are fairly modest,
while at 30 °C it is much lower. The population
growth rate is extremely susceptible to tempera-
ture: the lowest value (A=1.87) is found at 15 °C
and the highest value (A=3.44) at 30 °C. The elas-
ticity of A dependent on the variations in age-spe-
cific survival and fecundity is illustrated in Fig. 2
a, b. The elasticity patterns appear more biased to
younger age classes at higher temperature because
the reduction of the age at maturity; moreover the
population growth rate observed at 30 °C seems to
be more sensitive to variation in fecundity than at
lower temperatures. Thus, the period during which
the population growth rate is affected by variations
in survival rate and fecundity gradually shortens as
the temperature rises; while at 15 °C the elasticity
values do not reduce to zero until after the tenth
week, at 30 °C they do so as early as the fourth
week of life. The contributions made by the varia-
tions in age-specific survival and fecundity to the
differences in A are set out in Fig. 3 a, b. The dif-
ferences between 30 °C and 22 °C are due to the
greater fecundity among the first age groups of the
animals kept at 30 °C; the higher survival rate, al-
beit slight, of the animals kept at 22 °C being an
advantage only in the first week of life. The differ-
ences between 22 °C and 15 °C are also due essen-
tially to fecundity, and in particular to the greater
fecundity, from the second week, of the animals
kept at 22 °C.

DISCUSSION

In Ophryotrocha labronica, as in many other
species of marine invertebrates, numerous traits of

Table II. — Values of demographic parameters in worms
maintained at the three tested temperatures.

15°C 22°C 30°C
A 1.95 2.84 4.09
r 0.66 1.04 1.40
Ry 540.76 491.80 425.80
e 17.59 13.86 6.75
T 11.66 10.25 7.01
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Fig. 2. — Elasticity of a, age-specific survivorship (P)
and b, age-specific fecundity (F) in worms maintained at
the tested temperatures.

their life history vary in accordance with environ-
mental factors. Temperature in particular deter-
mines not only the age at maturity but also survival
and fecundity, with very important consequences
for the demography and fitness of the species. The
influence of environmental factors on many phases
of the life cycle has been demonstrated in numer-
ous species of opportunistic polychaetes character-
ized by a short life cycle, rapid growth, speedy sex-
ual development and continuous or semi-
continuous reproduction (Akesson 1976, Akesson
& Costlow 1991, Chu & Levin 1986, Gremare et
al. 1988, Gremare et al. 1989 a, b, Levin & Creed
1986, Qian 1984, Qian & Chia 1991, 1992, Tenore
& Chesney 1985, Prevedelli & Zunarelli Vandini
1998, 1999, Prevedelli & Simonini 2000). In the
case of O. labronica, low temperatures cause a
considerable delay in the attainment of sexual ma-
turity, a reduced number of spawnings and longer
intervals between one spawning and the next; fe-
cundity is therefore low on the whole, even though
each cluster averages a greater number of eggs and

a 30°Cvs 22°C

07 4
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0,5
04 8
03 :
02
0,14+
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-0,1 /
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03/
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......
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b 22°Cvs 15°C
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Fig. 3. — Decomposition analysis of temperature effects.
Contribution of age-specific survivorship (P) and age-
specific fecundity (F) to the differences in population
growth rate (A): a, 30 °C versus 22 °C; b, 22 °C versus
il B

the animals generally live longer. At high tempera-
tures, on the other hand, the animals mature
rapidly, spawn very frequently, fecundity is there-
fore high, even though the animals have a much
shorter life span. The greater and earlier mortality
of adults at 30 °C could be related to the greater fe-
cundity seen at this temperature. The greater en-
ergy allocated to the production of gametes may be
the reason for the shorter lifespan. In iteroparous
species, there is a “trade-off” between fecundity
and the survival of each single individual: those an-
imals which allocate high levels of energy to ger-
minal tissues potentially risk lower soma survival
(Pianka & Parker 1975, Taylor 1991, Stearns
1992). This “trade-off” has been also observed in
the small polychaetes Dinophilus gyrociliatus
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(Akesson & Costlow 1991, Prevedelli & Zunarelli
Vandini 1999). Temperature determines the age-
specific fecundity and survival patterns and hence
the demographic characteristics of O. labronica,
both the net reproductive rate R, and the population
growth rate A vary in accordance with the tempera-
ture, thus demonstrating the importance of environ-
mental factors in determining not only the repro-
ductive characteristics of the individual animal but
also the fitness of the populations as a whole. In
O. labronica temperature determines overall fecun-
dity, and fecundity in the early weeks of life in par-
ticular; at 30 °C, from the second week of life, the
animals begin to lay a large number of eggs, which
has a very strong influence on the demography of
the species. According to current theory, and in the
light of the experimental studies carried out so far,
it is the first spawnings that have the most impact
on the population growth rate (Cole 1954,
Lewontin 1965, Akesson 1982, Stearns 1992). As
early as 1976, }xkesson, who studied the effects of
temperature on the life cycle of O. labronica, had
hypothesized, on the basis of overall fecundity,
that the maximum growth potential of the popula-
tion could be achieved at high temperatures. The
population growth rate varies with temperature in
another  congeneric  species, Ophryotrocha
diadema. In this species the A values are 2.86 at
30%¢ and 2.96 at 35%o of salinity at 21°C but rise to
3.48 at 30%c and 4.32 at 35%c at the temperature of
25°C. These values increase further if the animals
are fed on the protein-rich food, Tetramin, rather
than on spinach (Akesson 1982). In the case of D.
gyrociliatus as well, the values are markedly
higher in animals fed on Tetramin rather than on
spinach (Prevedelli & Simonini in press).

The data reported show that not only tempera-
ture but also salinity and diet influence the demo-
graphic characteristics of the populations. In the
other species of polychaetes whose demography
has been studied hitherto the values of the basic re-
production rate R, as well as of the growth rate A
are decidedly lower, even if one takes into account
all the cases of opportunistic species; the A values
in populations of Streblospio benedicti, Polydora
ligni and Capitella capitata, for example range
from a minimum of 1.205 to a maximum 1.381
(Levin et al. 1987). The differences between these
species and O. labronica, 0. diadema and D.
gyrociliatus mainly concern the body size. S.
benedicti, P. ligni and C. capitata are much bigger
(10-20 mm) than either D. gyrociliatus, which is
the smallest species of all, being only 0.8 mm long,
or O. labronica and O. diadema, which are at most
4 mm long. The R, and A values of O. labronica
are greater than those of typically opportunistic
species, which are by definition r-strategists
(Grassle & Grassle 1974). This feature, which is
shared by D. gyrociliatus and O. diadema, is very
probably due to the animals’ small size. Body size
constitutes a very important morphological con-

straint and is capable of determining many charac-
teristics of their life histories. A small-sized body
does not allow for the simultaneous production of a
large number of gametes or, as a consequence, for
the development of semelparity, since a single
spawning does not produce enough offspring to
maintain the population (Akesson 1982). Like all
small-sized species, O. labronica has therefore
evolved a semi-continuous iteroparous strategy, di-
rect development, frequent spawnings and systems
that guarantee the safety of the eggs (Fauchald
1983, Olive et al. 1984).

The populations living in harbour environments
display marked variations in size owing to the great
variability of certain environmental factors, such as
temperature, salinity and turbidity, and to the re-
lease of pollutants connected with harbour activi-
ties. The great potential for population growth ex-
hibited by O. labronica in favourable conditions
accounts for the variations in population density
observed in natural environments and can be inter-
preted as an adaptive strategy against environmen-
tal stress and unpredictability that permits the colo-
nization of highly-selective habitats.
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