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The aim of this work was to study the dynamics of Alitta succinea population growth in a tropical estuary. The organisms
were collected in the polyhaline area of Pina Basin, north-eastern Brazil, in lower and shallow subtidal consolidated sub-
strates, from October 2009 to March 2011. Fifteen samples with a size of 0.01 m® were collected every month. A total of
2064 A. succinea individuals were measured for growth analysis, and the measure used was the length from prostomium
to the 25th setiger. Growth parameters were estimated by the frequency-length distribution data from three different func-
tions (i.e. von Bertalanffy, Gompertz and Richards). The differences in the densities of A. succinea were significant between
the months of the dry and the rainy season, with the rain pattern being the factor that most affects the A. succinea life cycle.
According to Akaike information criteria, the von Bertalanffy and Gompertz models were the ones that presented the best fit
with the growth curve of A. succinea for the studied period. Using the Bhattacharya method for the analysis of modal pro-
gression, we identified eight cohorts. The lowest recruitment values were found in July and August 2010, respectively, and the
remaining months had numbers of recruits that were representative of the total population. The growth performance index
(@') found was 2.86. The maximum longevity indicates that specimens of A. succinea live between 586 and 953 d, and the

instantaneous mortality rate (Z) is 1.53 yr .
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INTRODUCTION

Polychaetes are important members of the macrofauna, found
in nearly every marine habitat, from intertidal to the deepest
sediments (Rouse & Pleijel, 2001). They are among the
marine invertebrates with the greatest morphological diver-
sity, which is most likely related to their occurrence in a
wide variety of habitats (Pardo & Amaral, 2006).

The Nereididae family is among the most diverse families
of polychaetes, with over 540 described species in 43 genera
(Hutchings et al., 2000). They are more common in shallow
waters, but occur in a wide range of environments from
deep localities to estuaries, streams, temporary pools of rain-
water and wet terrestrial environments (Wilson, 2000).
There are 91 species of nereidids registered in Brazil, with
40 of these occurring in the north-east (Amaral et al, 2012).

Population studies are essential to understand the pro-
cesses that act on the structure and function of ecosystems.
Dispersion, growth, birth and mortality are processes that
structure populations and indicate the amount of matter
and energy that pass across those populations within the
food web. Studies of the population dynamics of polychaetes
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in Brazil have increased over the past decade, and the follow-
ing species of the Nereididae have been studied: Laeonereis
culveri (= acuta) (Webster, 1879) by Omena & Amaral
(2000) and Floréncio (2000) and Nereis oligohalina (Rioja,
1946) by Pagliosa & Lana (2000).

Alitta succinea Leuckart, 1847 is the senior synonym for
Nereis succinea Frey & Leuckart, 1847; Neanthes (Nereis) suc-
cinea Frey & Leuckart, 1847; Nectoneanthes oxypoda Imajima,
1972; Nereis alatopalpis Wesenberg-Lund, 1949 and
Nectoneanthes alatopalpis Wu et al, 1985. This species is
widely recorded in both northern and southern hemispheres,
both in the Atlantic Ocean and in the Pacific Ocean
(Villalobos-Guerrero, 2012). Alitta succinea, previously was
thought to be a native of the Atlantic coast of the Americas,
(ISSG, 2007). However, it is now suspected that this species
is native to the North Sea (Villalobos-Guerrero, 2012). The
introduction of this species occurs by ships’ ballast water,
due to its fouling on hulls of boats and also as the result of
shellfish culture (Hewitt et al.,, 2004; ISSG, 2007).

Alitta succinea is euryhaline in its salinity tolerance and
occupies a variety of marine and estuarine intertidal to subti-
dal, infaunal and epifaunal habitats, including sand and mud
bottoms, seagrass meadows, rocky benthic areas, mussel and
oyster beds and dock pilings (Craig et al, 2003; Pardo &
Dauer, 2003; Gillet et al, 2011). The mature individuals
leave their protective burrows at night and swim to the
surface to spawn (Carpelan & Linsley, 1961).
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Alitta succinea organisms tolerate a wide range of tempera-
tures, although low temperatures directly affect the growth of
the species because it suppresses feeding (Villalobos-Guerrero,
2012).

In Brazil, there are records of Alitta succinea in the States of
Para, Piaui, Rio Grande do Norte, Sergipe and from Bahia to
the Santa Catarina coast (Amaral et al., 2005). This work pro-
vides the first record of occurrence of this species for the State
of Pernambuco, Brazil.

The aim of this work was to study the dynamics of Alitta
succinea population growth from the Pina Basin, a tropical
estuary in north-eastern Brazil.

MATERIALS AND MIETHODS

Sampling sites and data collection

Samples were collected at two points (Figure 1) in the polyha-
line region of the Pina Basin estuary (very polluted environ-
ment): lower intertidal (exposed to air at low tide regime)
and shallow subtidal (permanently submerged), both on a
consolidated substrate. The climate of the study area is classi-
fied according to Koppen’s classification as Tropical Hot and
Humid with autumn and winter rains. It is characterized by
distinct periods of rainfall patterns, with a drought or dry
season that occurs from September to February and a rainy
season from March to August (Santos, 2009).

The measurement of water salinity was performed using a
refractometer (Ningbo Utech International) with precision
1%o (REF201/211/201bp; China), and the water temperature
was measured using a decimal thermometer (Incoterm), pre-
cision 1°C.

Every month, 15 samples were collected over the period
from October 2009 to March 2011 during low tide. At the
first point five samples were collected monthly in each zone
(lower intertidal and shallow subtidal) and at the second
point five samples were collected monthly from the shallow
subtidal zone, because the consolidated substrate occurs
only at these points in this zone. All collections were per-
formed with the aid of a 0.01 m* delimiter.

The samples were stored in plastic bags for later fixation,
sorting and identification in the laboratory. The fixation of
the samples was performed with 4% saline formaldehyde,
and they were preserved with 70% alcohol.

08°03° S

Atlantic
Ocean
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034° 55" W 034° 51" W

Fig. 1. Geographical location of the sampling sites of Alitta succinea
specimens at Pina Basin, Pernambuco, Brazil.
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Morphometric studies

Regressions were performed between several body measure-
ments of Alitta succinea to find the isometric measure that
produced the smallest error in relation to the total length
and included the largest number of animals in the analysis
of growth, because many animals lose body parts in the
process of sample collecting and processing:

(1) Total length of entire individuals x 6th setiger width.

(2) Total length of entire individuals x 13th setiger width.

(3) Total length of entire individuals x length from the pros-
tomium to the 25th setiger.

Population density

The monthly density variation was compared for each site
using the Kruskal-Wallis and Dunn’s a posteriori tests
because the density data were heteroscedastic, even after
transformation.

The comparison of densities between the two sites was per-
formed using ANOVA, with the density data transformed into
Logio (x +1).

The parameters of temperature and salinity were correlated
with the average density of A. succinea by the coefficient r’
Pearson.

Analysis of growth (growth models)

A total of 2064 individuals of Alitta succinea were measured
for growth analysis, and the measure used was the length of
the prostomium to the 25th setiger.

Growth parameters were estimated from the length-
frequency distribution data according to the following steps:
first, separation of modes by the Bhattacharya method
(1967) in the FISAT II software, v. 1.2.2 (Gayanilo et al.,
2005) by size-class (intervals of 1 mm); second, identification
of the growth increment through the ‘linking of means’ tool;
and third, estimation of growth curves from these three differ-
ent functions:

(1) von Bertalanffy (Beverton & Holt, 1957) (VBGEF);
(2) Gompertz (1875, cited in Campana & Jones, 1992) (GGF);
(3) Richards (Richards, 1959) (RGF).

To evaluate the growth curve that best represents the data,
Akaike Information Criteria (AIC) adapted after Akaike
(1974) was used, depending on the likelihood and the
minimum number of parameters of the model using the fol-
lowing equation:

AIC = 21og(6) + 2K

where 6 = a minimum likelihood and K = number of model
parameters. Then was calculated the variation from the smal-
lest value of AIC (4A;) and the importance of each model (W;),
defined as

W; = exp (—0.5A;)100/3A;.

The upper and lower limits (95%) for the confidence inter-
vals of each estimated growth parameter were established
using likelihood and bootstrap analysis, both with 1000 inter-
actions (Hood, 2006).
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The maximum longevity was estimated using the L.
(maximum length) equal to 95% and 99% of L using the
equation proposed by Caillet et al. (2006).

The length - frequency data from various sites were com-
pared using a G test (Zar, 1999), which has a similar distri-
bution to the x> distribution with the same number of
degrees of freedom as the x* test.

The instantaneous mortality rate (Z) was calculated by a
simple negative exponential model with the catch curve con-
verted to the length method (Pauly et al., 1995) in the FISAT II
software (Gayanilo et al, 2005).

The growth performance index (¢') defined by Pauly &
Munro (1984) was used to measure the growth performance
between species.

To measure the recruitment pattern, the individuals that
had up to 5 mm of length from the prostomium to the 25th
setiger were considered recruits because these specimens com-
posed the smaller size-class found throughout the sampling
period.

RESULTS

The relationship between the total length and the length to the
25th setiger showing the best fit with the highest coefficient of
determination (Table 1). This measure was adopted for the
study of growth and to estimate the length from the prosto-
mium to the 25th setiger of juveniles that had less than 25
setigers.

Alitta succinea occurred in all sampling months, with
median densities between 1 and 120 individuals per
0.01 m™ * (Figure 2). Differences between polychaete densities
of the two sampling sites were not significant (F(,; ,,5)= 0.696;
P = o.5). Differences in A. succinea densities were statistically
significant between dry season (December 2009 and January
2010) and rainy season (July and August 2010) (Table 2) for
the two sampling sites, with the lowest average densities
found during the last one (Figure 2).

The monthly variation of density was not significantly cor-
related with the temperature and salinity of the studied area
(r=o0.330 and r = 0.351, respectively).

The sizes structures in the two sampling sites were not sig-
nificantly different (G = 16.27, P = 0.64). For this reason, we
used the frequency-length histogram with the sum of all
samples for the growth analysis.

The resulting growth performance index (') was 2.86.

Using the Bhattacharya method for the analysis of modal
progression, we identified eight cohorts varying from two to

Table 1. Meristics relationships of Alitta succinea collected in the Bacia
do Pina estuary, Pernambuco, Brazil.

Ltotal X W13th set. Ltotal X W6th set.

Ltotal X Lto 25th set.

n 50 50 50
Bo 1.3242 0.0968 0.1174
B. 0.707 0.8003 0.7788
r? 85.89% 55.62% 66.66%
Equation Y = B, XP Y = B,xh Y = B.XxP
P value P < 0.00001 P < 0.00001 P < 0.00001

L, length; W, width; n, sample size; B, B,, constant of model; 7%, coefficient
of determination.
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Fig. 2. Median density (N = 5) of Alitta succinea at Pina Basin, Pernambuco,
Brazil. Vertical bars denote the non-outlier range.

Table 2. Kruskal-Wallis/Dunn analysis showing the months in which
there were significant differences between their respective densities

(gl.= 14.60).
Local Months Zalculated Zeritical P value
# 1 Intertidal December 2009 & July 2010 3.6056  3.126 <0.05
December 2009 & August 2010 3.8305 3.126 <0.05
January 2010 & July 2010 4.0699 3.126 <0.05
January 2010 & August 2010 4.2948  3.126 <0.05
# 1 Subtidal December 2009 & July 2010 3.9248  3.126 <0.05
December 2009 & August 2010 4.2295 3.126 <0.05
January 2010 & July 2010 4.2295 3.126 <0.05
January 2010 & August 2010 4.5342 3.126 <0.05
# 2 Subtidal December 2009 & July 2010 3.1341  3.126 <0.05
December 2009 & August 2010 3.5621 3.126 <0.05
January 2010 & August 2010 3.1413 3.126 <0.05

five modal groups per month; six of these cohorts are found
both in the dry and in the wet season (Figure 3). The lowest
recruitment values, 1.72% and 8.08% were found in July and
August 2010, respectively, and the remaining months had
numbers of recruits that were representative of the total popu-
lation (Figure 4).

After estimating the growth parameters for the three pro-
posed models (Table 3), the AIC was calculated. From this cri-
terion, the von Bertalanfty and Gompertz models presented
the best fits with the growth curve of A. succinea for the
period studied (Table 4) because they showed the lowest
values of AIC.

The von Bertalanffy model was chosen to estimate the
growth parameters because it estimated biological parameters
closer to the observed values. For Lo, k and t,, the upper limits
were 40.23, 3.24 and —0.03, and the lower limits were 7.20,
0.01 and —o0.16, respectively.

The maximum calculated longevity, which was based on
95% and 99% of the value of L.,y indicates that specimens
of Alitta succinea have a lifespan of between 586 and 953 d
(1.6-2.6 yr).

The instantaneous mortality rate (Z) was 1.53 yr .
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Fig. 3. Absolute frequency and the modal groups, identified by Bhattacharya method and selected by the ‘Linking of means’ tool, of Alitta succinea during the

period from October 2009 to March 2011 at Pina Basin, Pernambuco, Brazil.
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Fig. 4. Recruitment pattern of Alitta succinea during the period from October
2009 to March 2011 at Pina Basin, Pernambuco, Brazil.

Table 3. Growth parameters of three tested models: von Bertalanffy
(VBGEF), Gompertz (GGF) and Richards (RGF).

Model
VBGF GGF RGF
Growth parameters Lo = 20.89 Loo = 19.46 Lo, = 18.89
K=1.68 K=-272 X=5.79
to = — 0.08 a=1.55 b=1.66
m = 0.63

Lo, asymptotic length; k, growth constant, on a daily basis; t,, age in the
length; L, 0; K/, a, b and m are model constants.

DISCUSSION

The size estimation of polychaete worms is a fundamental
question in studies of population ecology, secondary pro-
duction and morphometric analysis. To determine the

Table 4. Analysis of the Akaike information criterion curves for von
Bertalanffy (VBGF), Gompertz (GGF) and Richards (RGF).

Model

VBGF GGF RGF
AIC 9.65 9.65 11.66
A; 0.00 0.00 2.01
wW; 36.60 36.54 13.64

A,, variation from the smallest value of AIC; W,, importance of each
model.

https://doi.org/10.1017/50025315413000854 Published online by Cambridge University Press

cohorts and age groups of the populations of invertebrates,
the total length, biomass and some hard appendages
(mandibles and teeth) are frequently measured. This type
of study, which requires the analysis of large numbers of
specimens representing all size-classes, is sometimes diffi-
cult because of the occurrence of mechanical breaks and
autotomy during sampling and processing (Desrosiers
et al., 1988).

Several morphometric studies have been performed with
other nereidid species to identify the measure that has the
highest fit with total length. Omena & Amaral (2001) con-
cluded that, for Laeonereis culveri, measurement of the
setiger width provides a better estimation of the body size
than partial length measurements, and the width of the 6th
setiger presented the greatest correlation coefficient. Martin
& Bastida (2006) found for the same species a greater corre-
lation between the width of the first setiger and total length.
Pagliosa & Lana (2000) found similar results to this present
study for Nereis oligohalina, with the greatest correlation
between the length of the prostomium to the 25th setiger
and the total length.

The monthly variation of Alitta succinea density, with
lower densities in the rainy season, has not been characterized
as a seasonal pattern because temporal replicates (two years of
sampling) have been lacking. However, our results indicate
that the increased rain common in months of the rainy
season is associated with the recruitment pattern because
the lowest numbers of recruits in the population occur in
the months with higher rainfall, which is the predominant
factor that affects the life cycle of the A. succinea population
in the studied environment. In this environment, we did not
find well-defined seasons as in other locations further from
the equator, and there is a division of the annual dry season
(low rainfall) and rainy season (higher rainfall).

Laeonereis culveri had the highest density in the summer
months on a beach in south-eastern Brazil (Sio Paulo), and
the authors suggested that the longer photoperiod, higher
average temperatures and greater food availability may have
influenced the change in population density (Omena &
Amaral, 2000). Based on analysis of the Laeonereis culveri
population from Rio de la Plata, Martin & Bastida (2006)
suggested that large population densities coincide with the
period of highest recruitment rate (when a large number of
juveniles are incorporated into the population). However,
this pattern cannot be applied to the Alitta succinea popu-
lation in this present study because recruitment occurs
throughout the whole year and is reduced only in the rainy
months, which corroborates the idea presented above,
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Table 5. Growth parameters obtained and calculated from four different studies for comparison with the present work.

Species Cohort L k ¢ z Author

Nereis oligohalina autumn 22 4.5 3.34 5.66 Pagliosa & Lana, 2000
Nereis oligohalina winter 18 4.5 3.16 5.73 Pagliosa & Lana, 2000
Nereis oligohalina spring 20 4 3.20 8.61 Pagliosa & Lana, 2000
Nereis oligohalina summer 18 4 3.11 6.63 Pagliosa & Lana, 2000
Laeonereis acuta 1.70 1.29 9.57 2.22 Floréncio, 2000
Laeonereis acuta summer 1.54 2.2 0.72 Omena & Amaral, 2002
Laeonereis acuta autumn 1.56 1.4 0.53 Omena & Amaral, 2002
Laeonereis culveri autumn 1.57 2 0.69 Martin & Bastida, 2006
Laeonereis culveri spring 1.67 3.3 0.96 Martin & Bastida, 2006
Laeonereis culveri autumn 1.51 1.8 0.61 Martin & Bastida, 2006
Laeonereis culveri spring 1.65 3.1 0.93 Martin & Bastida, 2006
Alitta succinea 20.89 1.68 2.86 1.53 Present study

Lo, maximum length; k, growth constant; ¢, growth performance index; Z, instantaneous mortality.

suggesting that rainfall is an important external factor control-
ling the population of this species in the Pina Basin region.

Besides the correlations between rainfall, low densities and
low recruitment of A. succinea, the processes that may be
influencing the population are not yet clear, which may be
top-down or bottom-up. The population characteristics
(rapid growth and continuous breeding) and the studied
environment (the subtidal margin, where food is generally
not a limiting resource) did not produce very high densities
suggesting that top-down factors may control the population,
such as predation or perturbation caused by harvesting of
the bivalve Mytella charruana Orbigny, 1842, abundant in
the same area and which A. succinea lives associated with.
On the other hand, the less proportion of recruits during
the rainy season suggests the existence of a bottom-up
control of the polychaete population, probably due to a
higher mortality during a larval stage or just after the recruit-
ment. The abundance of Alitta succinea in the Danube - Black
Sea Canal seems to be influenced especially by the recruitment
of juveniles and by the development of clusters of bivalve mol-
luscs, a bottom-up control (Gillet ef al., 2011).

The identification of eight cohorts with overlap between
them and high recruit percentages indicate that the A. succi-
nea recruitment period is continuous, which could be due to
the stability of the water temperature in tropical environments
because they have little oscillation independent of season,
unlike that which occurs in temperate environments. This
fact may explain the big difference in number of cohorts
when compared to results reached by Gillet et al. (2011)—
only three cohorts per year, with no overlap between them
for an Alitta succinea population from a temperate environ-
ment that suffers a wide variation in water temperature,
between 1 and 28.5°C.

Most nereidids exhibit continuous recruitment, as in Nereis
diversicolor Miiller, 1776 (Gillet, 1990), Laeonereis culveri
(Floréncio, 2000; Omena & Amaral, 2000), Nereis oligohalina
(Pagliosa & Lana, 2000). The smallest numbers of recruits,
found in July and August 2010, coincided with the wettest
months of the rainy season.

The growth parameters of the von Bertalanffy’s model are
appropriate for the dataset obtained from the study area.
However, the estuary suffers a strong human impact due to
scraping of the substrate to collect bivalves, leading to
depletion of A. succinea specimens of greater lengths. Thus,
the parameters are found for a population that is suffering
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from a strong anthropogenic impact. The value of k for A. suc-
cinea is considered low compared to that found by Pagliosa &
Lana (2000) (Table 5) for Nereis oligohalina. The low k value is
most likely due to the depletion of larger specimens (more
than 15 mm from the prostomium to the 25th setiger).

The mortality rate found was relatively low compared to
other studies, even with the negative impact of bivalve harvest-
ing, demonstrating that this activity does not affect the entire
population, resulting in a fast recovery.

According to Pauly & Munro (1984), closely related species
have similar values of ¢', and each taxon must have a particu-
lar distribution of values that are different from other taxa and
can be expressed by the average value. Comparing the ¢’ value
found in this study with those of other species estimated from
their respective growth parameters, we found that A. succinea
has a value closer to the estimated values for Nereis oligohalina
(Pagliosa & Lana, 2000) than the values from the species
Laeonereis culveri (Floréncio, 2000; Omena & Amaral, 2000;
Martin & Bastida, 2006). This result is observed because,
among these compared species, A. succinea belongs to a
genus that is phylogenetically more related to Nereis, thus cor-
roborating the initial assumption of Pauly & Munro (1984).

The growth and longevity rates identified for the A. succi-
nea population are consistent with those of other species with
an r-demographic strategy, among which we found individ-
uals with shorter life spans and high growth rates.
Additionally, due to this strategy, many offspring are pro-
duced; consequently, their numbers are nearly uniform
during all months of the year, except for the two wettest
months of the rainy season (July and August), when there is
a reduction in the recruitment rate.

Finally, we note that, although the studied population
suffers anthropogenic impacts, this study represents well the
life cycle of Alitta succinea. This species is highly representa-
tive of estuarine fauna, both locally and in several other places
around the world, and it easily adapts to degraded and anthro-
pogenic environments; therefore it could serve as a bioindica-
tor species for tropical polluted estuaries.
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