Document format: TIFF-5.8

Document Destination: ?7%%.777.7%7.777

Document ID: Bulletin of Marine Science

Supplier Hame: Ariel/Windouws

Date Sent: 18-25-85

Hote: Bulletin of HMarine Science {67) 1, 221-233, 20868

Humber of Pages: 13



BULLETIN OF MARINE SCIENCE, 67(1): 221-233, 2000

POPULATION DYNAMICS AND SECONDARY PRODUCTION OF
SCOLELEPIS SQUAMATA (POLYCHAETA: SPIONIDAE) IN AN
EXPOSED SANDY BEACH OF SOUTHERN BRAZIL

José R. B. Souza and Carlos A. Borzone

ABSTRACT

Scolelepis squamata is a common component of sandy beach environments. It is the
most abundant species on some Brazilian intertidal beaches, but little is known about its
population dynamics and secondary production. The distribution, population dynamics
and secondary production of this species on Atami Beach (Southern Brazil) was studied
from February 1992 to February 1993. The organisms were concentrated in a narrow band
along the middle intertidal beach, reaching mean maximum densities 0£ 20,277 m2. Qviger-
ous females were present throughout the year with the highest percentages in February
and August. Two peaks of recruitment were identified, one in April and the other in Octo-
ber. This population produced two identified cohorts during the year. The life span was of
0.66 and 0.49 yrs, and the mortality was 2.52 and 5.52 y™!, for each cohort respectively.
Mean annual biomass was 0.21 g m~? (AFDW), and mean annual production was 0.57 g
m~?y1(AFDW). The P/B ratio was low, 2.70 y™', in particular when compared with spe-
cies of similar life span. Data suggested that this species presented r-strategist character-
istics (sensu McArthur), with a short life span, great reproductive effort, and an opportu-
nistic behavior.

Scolelepis squamata is a common component of sandy beach environments with a
wide geographical distribution. It was been recorded from England, Mediterranean Sea,
North Pacific, North and South Atlantic, South Africa, India and Senegal (Day, 1967,
Bolivar and Lana, 1987). It is, however, possible that this large distribution actually rep-
resents a series of morphologically similar species and the identify of the Brazilian spe-
cies is currently under review (A. Mackie, pers. comm.). The species reaches greatest
abundance on some exposed beaches of North and Southwestern Atlantic coasts
(McDermott, 1983; Knott et al., 1983; Borzone et al., 1996).

This species lives in vertical tubes formed by sand and mucus. Dauer (1983) suggested
that this species was restricted to sediments with a high permeability, necessary for the
maintenance of its respiratory requirements. It collects food particles almost exclusively
above the sediment-water interface with a pair of palps lacking a food groove (Dauer,
1983).

On some Brazilian intertidal beaches S. squamata is the most abundant species, show-
ing a high tolerance to different environmental conditions (Amaral, 1979). Despite this
dominance there have been no previous studies of its population dynamics or production.
Borzone et al. (1996) and Barros (1997) described this organism as characteristic of the
middle intertidal of sandy beaches with great variation in abundance among beaches. The
factors responsible for this variation are poorly understood.

The aim of this study was to investigate the population dynamics and secondary pro-
duction of this species on a southern Brazilian sandy beach, and to examine the factors
controlling its beach-to-beach variations in abundance.
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MATERIALS AND METHODS

The littoral region of Paran State (Fig. 1) includes several open Atlantic Ocean beaches. To the
north, Mel Island divides the Paranaguéd Bay estuarine system’s access to the open sea. South of
this, the Leste Coastal Plain comprises one beach along which both the shore profile and sand
structure exhibit considerable change. Atami Beach (25°20°S, 48°05'W), about 10 km south of Mel
Island, is the first major named beach on the Plain. From February 1992 to February 1993, samples
were taken monthly at 16 stations at 15 and 30 m intervals along a transect, from a reference point
at the beginning of the vegetation to a depth of about 3 m (Fig. 2). Triplicate samples were collected
at low tide at each station with an iron core with 25 cm diameter (=0.05 m?) to a depth of 20 cm.
Sand was sieved through a 0.5 mm mesh and organisms fixed in 10% formalin. All organisms in the
samples were identified and counted. Separate samples with a plastic core with 5 cm diameter were
collected nearby for grain size analysis. Statistical parameters of mean, standard deviation (sort-
ing), skewnees and kurtosis were computed according to the Moments Method (Tanner, 1995) and
results expressed as ¢ values. Beach slope, water salinity and temperature in the surf zone, and
wave height and period were measured each month. Beach morphodynamic states were computed
employing the parameters dimensionless fall velocity (€2) of Dean (1973) and surf-scaling (X) of
Guza and Inman (1975) (Wright et al., 1979).

S. squamata abundance were expressed as the mean square-meter density (ind m=) or as linear
abundance (density per meter transect) (ind m™') that is the integral values of square-meter densities
at each station along the extension of the sampled transect (Ansell et al., 1972).

The fifth setiger width of all individuals was measured with a microscope using a calibrated
eyepiece, and used as the length (size) measure. A subsample of 200 individuals was used to obtain
length vs weight relationships. The organisms were pooled into 0.02 mm size classes and dried at
70°C until constant weight to the nearest 0.01 mg. Ash-free dry weight (AFDW) was assessed after
combustion of samples for 6 h at 500°C.

The ELEFAN program (Brey et al., 1988; Gayanilo et al., 1996) was used to estimate growth and
mortality functions from the monthly length measurements in the population (13 length-frequency
samples).

The von Bertalanffy growth function (VBGF) and the seasonal oscillating model of Pauly and
Gaschiitz (1979), as modified by Hoenig and Hanumara (1982, 1990) was used:

Lt=L_|1- e[—-k(t—tO)+(KC/2n)sen(Zn(t—ts))—(KC/Zn)sen(21c(to_ts))]

>

where: L = length at age t; L_ = maximum asymptotic length; k = growth curve parameter; ¢ =
computed age at length zero; C = parameter reflecting the intensity of seasonal oscillation; t, = start
of a sinusoid growth oscillation with respect to t = 0, and WP (Winter Point, which corresponds to
the moment of lowest growth rate during the year cycle) =t_+ 0.5 yr. The growth parameters were
estimated in two steps: (1) preliminary estimates of L_ were obtained by the method of Wetherall
(1986) as modified by Pauly (1986), and (2) this estimated L _ was the used as a ‘seeded’ value for
fitting a growth curve to the length-frequency data—Rn, the ‘goodness of fit’ index of the ELEFAN
I routine. Total mortality Z was calculated by the single negative exponential model, using the
method of length-converted catch curve of the ELEFAN II routine (Gayanilo et al., 1996).
Annual somatic production was calculated by two methods. The first was the mass specific
growth rate method (MSGR) according to Crisp (1984), wich considers the size-frequency distri-
bution, the size growth function and the size-body mass relation. Production was computed by Ps =
Z N, M, G, where N, is the number of individuals in size class i, M, is the mean individual body
mass in size class i and G, is the corresponding mass-specific growth rate obtained from VBGF
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Figure 1. Study area. AT: Atami Beach, CB: Centro Beach, GU: Guaratuba Beach, MA: Mansa
Beach, MC: Monte Carlo Beach, NE: Nereidas Beach, PL: Leste Beach, RE: Real Beach.

parameters. The second method was the size-frequency method (Hynes and Coleman, 1968;
Hamilton, 1969; Benke, 1979; Menzie, 1980) estimated by: P =[ X (n, + n ) (W, W,,))**] i/CPI
where n, is the number of individuals in size class j; (W, W,_,)%? is the mean geometric weight of two
successive length classes, i is the number of length classes, n is the mean number of individuals in
the size class and CPI is the time from hatching to death of the largest size class.

Published data (Borzone et al., 1996; 1998) from seven other beaches with the same sample
design were used, along with the results from Atami Beach, to correlate winter and summer values
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Figure 2. Beach profile scheme with sample stations at Atami Beach. MHT and MLT: mean high
and low tide levels, respectively.

of S. squamata abundance and dominance (numbers of S. squamata individuals over the total
macrobenthic individuals sampled multiplied by 100) with their associated station granulometric
characteristics and the two morphodynamic indices (€2, X). For this, a Principal Component Analy-
sis was performed using a correlation matrix from standardized data of the following variables:
maximum and mean square-meter density, lineal abundance, dominance, sediment parameters of
mean grain size, sorting, asymmetry and kurtosis, and ‘omega’ and ‘surf scaling parameters’
morphodynamic indices. The season when data samples were collected, expressed as winter (0) or
summer (1), was also included as a variable into the analysis.
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Figure 3. Monthly variation of Scolelepis squamata abundance (linear abundances on 300 m transect)
at Atami Beach from February 1992 to February 1993.
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Figure 4. Distribution of Scolelepis squamata (annual mean square-meter density, n = 13 months)
throughout the profile at Atami Beach.
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Atami beach presented a modal dissipative morphodynamic state with a mean omega
(Q) value of 7.34 (n = 12, SD = 3.38). The high mean value of the surf scaling parameter
(2), 228 (n =12, SD = 142) indicate highly dissipative conditions for all the observations
(Borzone and Souza, 1997). The beach showed a gentle slope (about 1°), and sediment
was composed of fine to very fine sands, with an average of 2.9 ¢ at the beach face. The
water temperatures of the surf zone ranged from a low of 15°C in July 1992 to a high of
29°C in January 1993.

Peak abundances of S. squamata at this beach occurred in July 1992 and February
1993, with 318,735 and 91,680 m™, respectively (Fig. 3). The organisms were concen-
trated in a narrow band in the middle intertidal beach reaching mean maximal densities of
20,277 m? (Fig. 4).
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Figure 5. Proportion of females with oocytes in the Scolelepis squamata population at Atami Beach
from February 1992 to February 1993.
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Figure 6. Growth curves of Scolelepis squamata at Atami Beach, plotted over size-frequency data
(Length = fifth setiger width in mm; frequency data as percent samples). The growth parameters for

each cohort are L_=0.70 mm, K = 2.6, C = 1.00, WP = 0.70 (solid line) and L_ = 0.705 mm, K =
3.5, C=0.85, WP = 0.25 (dotted line).

Full ovigerous females, defined as those in which the coelomic cavities in all or most of
the segments in the reproductive region of their bodies were full of cocytes (Joyner, 1962),
were present throughout the year with peaks in February and August (Fig. 5). In these
females, oocytes diameter (longed axis) ranged from 90 to 150 pum.

Length-frequency distribution indicated two main recruitment periods, one from April
to May and the other from October to December (Fig. 6). Growth parameters were ob-
tained for these two cohorts, the first resulted in L_= 0.70 mm, K =2.6, C=1.00, WP =
0.70 (Rn = 0.28); and the second in L_=0.705 mm, K =3.5,C=0.85, WP =0.25 (Rn =
0.29). The life span was of 0.66 and 0.49 yrs, and the mortality was 2.52 and 5.52 y,
respectively.

The values of production estimated by MSGR method were lower than the size-fre-
quency method for the two principal cohorts (Table 1). Mean annual biomass was 0.21 g
m?. An annual production of 0.57 g m™ y~! was obtained from the mean of the four
described values of production with a final P/B ratio of 2.70 y~'.

S. squamata showed a dominance greater than 60% at six of the eight beaches ana-
lyzed. The exceptions were Mansa Beach (13 and 18%) and Real Beach where this spe-
cies did not occur (Table 2). This last beach, excluded from the numerical analysis, was
characterized by coarse sand, showing a sedimentological limitation to S. squamata dis-
tribution. PCA results indicated that first two components explain 69% of total variation.
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2.6, 2:L_=0.705m
method (Pa) and MS(
in class j (individuals
each class. G, = mass

L Nj M
021 190 0.0%
023 322 008
025 580 0.0t
027 1260 0.0
029 2748 0.0
031 2596  0.0¢
033 3480 0.I(
035 4254 O
037 5574 0.1
039 10241  O.I
041 6111 0.1
043 7225 0.1
045 10030 0.
047 11544 0.1
049 149.83 02
0.51 103.06 0.2
053 6820 02
0.55 4630 02
0.57 8074 02
0.59 3390 02
061 983 02
063 912 03
065 544 03
067 544 0.

CPI1 = 0.656;i=2
CPI2 = 0.487;i=2

R-mode graph she
eter, and abundan
mean grain size d
biological variabl
measures (maxir
the analysis exhil
dimensional spac
sures when used

sure because its v




lata
for

tof

eS¢

na-

pe-
vas

SOUZA‘AND BORZONE: POPULATION DYNAMICS OF SCOLELEPIS 227

Table 1: Secondary production estimation for the two principal cohorts (1: L_ = 0.70 mm, K =
2.6; 2:L_=0.705 mm, K = 3.5) of Scolelepis squamata at Atami Beach using the size frequency
method (Pa) and MSGR (Pb). L =width of 5° setiger in mm,; N = average number of individuals
in class j (individuals m; M = AFDW of individuals belongmg to class j; M, = production of
each class. G, = mass-specific growth rate.

L Nj M, N+N+l (M *M_) M, Biomass Gl Pbl G2 Pb2
021 190 005 0.09 1044 091 1420 1.24
023 322 005  -1.32 005  -006 017 914 158 1244 215
025 580 006  -2.58 006  -0.15 036 805 290 1096 395
027 1260 007  -6.80 007  -045 089 7.3 636 970 866
029 2748 008  -14.88 007 -112 220 633 1393 862 1898
031 2596 0.9 1.52 0.08 013 233 563 1313 768 1791
033 3480 0.0  -884 009  -084 348 502 1747 684 23.84
035 4254 011  -7.74 010  -081 471 447 2108 611 2878
037 5574 012 -1321 012  -153 679 399 2711 545 37.05
039 10241 0.3  -46.66 0.13  -595 1366 356 4860 4.87 6648
041 6111 014 4130 0.14 575 889 3.6 2812 433 3851
043 7225 016 -11.14 015  -1.69 1140 281 3204 385 4393
045 10030 017  -28.04 016  —4.60 1712 249 4256 3.41 5843
047 11544 018  -15.14 018 268 2123 219 4650 301 6395
049 14983 020  -34.39 0.19 656 2961 192 5678 264 7826
051 103.06 021 4677 020 9.57 2182 167 3637 230 5025
053 6820 023 34586 0.22 7.63 1543 143 2214 199 30.68
0.55 4630 024  21.90 0.23 511 1116 122 1362 170 1895
0.57 8074 026  -34.44 025  -856 2070 102 2112 143 29.53
059 3390 027  46.84 026 1237 922 083 7.69 117 10.83
061 983 029 2407 0.28 674 283 066 187 094 266
063 912 030 0.71 0.30 021 278 050 138 072 199
065 544 032 3.68 031 115 175 034 060 051 0.89
0.67 544 035 0.00 033 000 184 020 037 031 058
13.64 21048 464.25 638.48
CPI1 = 0.656; i = 24 Pal = (i/CPI) T ML Pal = 672.28 mgm?y
CPI2 = 0.487; i = 24 Pa2 = (i/CPI) £ ML Pa2 = 499.09 mg m?y™

R-mode graph showed that dominance was highly correlated with mean grain size diam-
eter, and abundance measures was highly correlated with morphodynamics indices and
mean grain size diameter. The season showed a poor correlation with other physical and
biological variables except for kurtosis sediment values (Fig. 7). The three abundance
measures (maximal and mean square-meter density and lineal abundance) included into
the analysis exhibit a strong correlation occupying practically the same place in the bi-
dimensional space. This result indicate that no differences existed between these mea-
sures when used for comparative purpose. The square meter was a more adequate mea-
sure because its widespread usage.
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Table 2. Scolelepis squamata values of dominance (D), maximal and mean square meter density
(6M and 8m), lineal abundanqe (La) and sediment parameters of mean grain size (Md), sorting

(o), skewnees (Sk), kurtosis (Kg), and 'omega’ (€2) and 'surf scaling parametérs‘ (%) Distributi £S
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Discussion

Distribution of S. squamata at Atami Beach showed a dense band in the mid-intertidal
region, although its occurrence extended over the intertidal and subtidal stations sampled.
This distribution pattern was found at others Parana’s open beaches (Souza and Gianuca,
1995; Borzone et al., 1996; Barros, 1997). This species was generally dominant in the
intertidal region, except for its seaward movement in winter in a temperate beach of New
Jersey (McDermott, 1983). The factors that regulate this distribution are unknown.

We identified two cohorts during the probably continuous season of reproduction. One
cohort started in the beginning of the recruitment period in April and the other cohort in
the final of the other recruitment period in December. The lag between maximum occur-
rences of ovigerous females and recruitment of principal cohorts could be related to the
duration of larval development and to selectivity of the used mesh (0.5 mm). The cohort
recruited in April presented a longer life span and a slow growth rate beginning in Au-
gust, and the cohort recruited in December presented a shorter life span and a slow growth
rate beginning in March.. The winter point of the seasonal oscillating growth model for
each cohort coincided with peaks of reproduction. Moreover, the greater reproductive
effort of the last cohort, that reproduced in February and August, may explain its shorter
life span. Santos (1994) also found difference in growth parameters between cohorts for
Scolelepis gaucha at Cassino Beach, Southern Brazil. However, this author related this
difference to seasonal morphological variation of the beach profile or beach
morphodynamics.

Secondary production values for species of the Family Spionidae ranged from 0.08 to
8.06 gAFDW m? and from 3.0 to 60.5 gDW m2 showing a great variation among species
and within species (Table 3). Santos (1994) found a spatial variation of production for
Scolelepis gaucha from four sandy beaches located at 2, 8, 26 and 76 km, respectively,
south of the outlet of Patos Lagoon, Southern Brazil. This variation was related to the
stability of sediment deposits in the intertidal zone during the recruitment periods.
Prionospio caspersi showed a temporal variation in secondary production between two
consecutive years that was attributed to environmental stress (Ambrogi, 1990; Ambrogi
et al. 1993). On the other hand, the differences in production of Marenzelleria viridis
between 2 yrs were due largely to differences in successful recruitment. In the first year,
the cold weather could cause a high mortality in sediment, where M. viridis is the first
species that settles after sandy organic sediments thaw in late winter and could readily
have exploited newly available sediments (Sarda et al., 1995).

Inter-annual variations of abundance were observed in Atami between February 1992
and February 1993. Souza and Gianuca (1995) and Shimizu (1991, 1997) also found
inter-annual differences in abundance of S. squamata in other Brazilian beaches. These
variations where related to a successful recruitment. Consequently, intra-annual varia-
tions in abundance may be explained by the successful recruitment of more than one
annual cohort.

Data of S. squamata abundance collected during winter and summertime at other eight
beaches showed that abundance was not always maximum during winter as was the case
at Atami beach. S. squamata peaks of abundance appeared to be related to sediment and
morphodynamic characteristics. High values of omega and surf scaling parameters, de-
termined by dissipative conditions, together with high values of ¢ mean grain size oc-
curred in winter on some beaches and in summertime on others. The intra-annual varia-
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tions of abundance related to sediment affinities point to an opportunistic behavior in S.
squamata.

In addition, the P/B ratio estimated for S. squamata at Atami Beach was the highest
when compared with other macrofaunal species of this beach (Souza,1998), although is
in the lower range of published values for spionids (Table 3). In general, Spionid polycha-
etes showed high P/B ratios and short life span (about 1 yr) which could suggest an op-
portunistic behavior for all the group.
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