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Abstract

Even though Glycymeris longior is a clam widely distributed in the SW Atlantic Ocean, little is known about its biology
and life history. The present study assessed the periodicity of the internal growth increments of G. longior using thin
shell sections. Each internal growth increment was composed of two alternating bands: a translucent band (light-
coloured when viewed with transmitted light) and an opaque band (dark-coloured). Annual formation for each pair
of bands was demonstrated. The formation of the annual growth increments was synchronous among individuals.
Growth was determined from live clams collected at El S6tano, Argentine Sea (age range =29 to 69 years). Accord-
ing to the growth model, G. longior grows fast during the first 5 years of life and then growth becomes slower in later
years; individuals reached 50% and 90% of maximum size at 5 and 13 years of age, respectively. High variability was
found in shell height for the first 10 years: differences up to 5-7 mm among individuals were registered for the first 2
years of age, and up to 11 mm between the ages of 3 and 9 years. The growth performance index phi-prime (¢’) and
the index of growth performance (P) of G. longior were compared with those of other Glycymeris species. Our results

indicate that G. longior is a slow-growing species with a long lifespan (maximum longevity =69 years).
Keywords: Growth increment, Ageing, Glycymerididae, San Matias Gulf

Introduction

Bivalve shells show periodic deposition in the form of
regular external growth rings or internal banding; infor-
mation about the life history of the individual and the
environment in which it lived is preserved in the shells
[1]. The shell is deposited in temporal cycles that can be
daily, seasonal and/or annual [2]. The assessment of such
temporal frequencies is a required step in ageing meth-
ods [3, 4]. Over an annual growth cycle, an annual growth
increment delimited by a growth line is deposited in the
shell [2]. Each growth line represents periods of growth
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cessation and results from seasonal variations triggered
by environmental factors (e.g. temperature, salinity, food
availability), the physiology of the organism (such as
reproductive cycles) or an interaction between them [5].
Clams of the genus Glycymeris are infaunal bivalves
distributed worldwide, from cool-temperature waters
to the tropics [6]. The genus has been studied given its
commercial importance: G. glycymeris is industrially
exploited in the NE Atlantic (annual catches varied from
3000 to 7000 t for the period 1999-2009, [7]); G. numma-
ria and G. pilosa support artisanal exploitation at Medi-
terranean Sea [8]; a small-scale but expanding G. grayana
fishery operates in New South Wales, Australia [9]. Other
species are locally consumed: G. vovan and G. scripta at
the E Central Atlantic [10]; G. ovata in the E Pacific [11];
Tucetona pectunculus (previously assigned to the genus
Glycymeris) and G. reevei at Philippines [12]; etc. Annual
growth increments were confirmed for Glycymeris
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species from NE Atlantic and Mediterranean Sea [e.g.
13-19]. Individual growth was modelled for G. numma-
ria [14], G. bimaculata [17] and G. grayana [9]. Despite
being a diverse genus and worldwide distributed, there
is a gap of information on the life history of glycymerids
from the Southern Hemisphere.

The clam Glycymeris longior (Sowerby 1832) is a com-
mon warm-temperature species of the SW Atlantic
Ocean. It presents a broad continuous geographical dis-
tribution, from Espirito Santo, Brazil (20° 19" S, 40° 20’
W) to San Matias Gulf (SMG), Argentina (41° S, 65° W)
[20, 21]. Recent studies suggest a broader distribution
from Par4, Brazil (00°34/ N, 47°22' W) [22]. At the south-
ern edge of its distribution, G. longior is an abundant spe-
cies in shell assemblages from both Quaternary marine
coastal and modern beaches [23]. At SMG, the species
lives on the NW coast at a site called El Sétano (Fig. 1).
Clams are slightly covered by the sediment (fine and
medium sand) at water depths from 6 to 20 m [20]. Scien-
tific surveys revealed that the population of El Sétano is
spatially restricted to a small area. Also, it was observed
that the clam shells showed several external growth lines
suggesting that they were old individuals [24]. Glycymeris
longior is occasionally harvested at SMG, but biologi-
cal information of the population remains rudimentary
which raised concerns regarding the resilience of its
fringe remaining population.

In the present study, under the assumption that the
environmental variability affects the growth of G. longior
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clams, we assessed the pattern and periodicity of internal
growth increments in the shells. We analysed the internal
growth pattern of G. longior on shell sections to validate
the periodicity of increment formation with two quali-
tative methods. Then we modelled the growth of indi-
viduals of G. longior and compared it with those of other
species of the genus.

Materials and methods

Study area

The study was carried out at El Sétano, a site located
in the NW coast of SMG, northern Patagonia, Argen-
tina (40° 54’ S, 65° 08’ W; Fig. 1). The SMQG is a semi-
enclosed basin that partially communicates with the
open sea through a shallow sill (60 m depth) that limits
water exchange [25]. Water circulation is dominated by
two eddies: one with a cyclonic gyre in the North and
the other with an anticyclonic gyre in the South. Dur-
ing the austral spring and summer, a thermohaline
front divides the water of the gulf into two masses with
different oceanographic conditions. Warm and saline
waters—poor in nitrate and with dinoflagellate phyto-
plankton—occur north of the front, whereas relatively
cold and less saline waters—similar to the Patagonian
shelf waters, rich in nitrates and diatom phytoplankton—
occur south of the front [26, 27] (Fig. 1). The difference in
temperature between both regions reaches 3 °C in sum-
mer. On the NW coast seawater temperatures range, on
average, from 10.0 °C in winter (August) to 18.2 °C in
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Fig. 1 Map of San Matias Gulf (SMG). a Principal hydrodynamic characteristics of SMG: circle represents the cyclonic gyre dominating the northern
area of the gulf; dash line delimits the thermohaline front; arrows indicate the communication between the gulf and the continental shelf of the
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summer (January) at a depth of 20 m [28]. The chloro-
phyll-a concentrations are characterised by two peaks,
one in austral autumn (April-May) and another one in
spring (September) [29]. The bottom sediment is mainly
sand near the coastline and is gradually mixed with shell
fragments, gravel and mud in deeper zones [30]. The
predominant winds direction is NW, particularly from
autumn to spring (March to November) [31]. Mean
annual precipitation is 275+ 108 mm (1980-2000) [32].

Shell sampling and processing

Between 2011 and 2014 two scientific surveys were car-
ried out in the NW sector of the SMG to assess the epi-
faunal components of the benthic community (surveys
design is presented as Additional file 1: Fig. S1). At each
transect, divers also registered the occurrence of infau-
nal species. A ground of G. longior clam was registered at
the south zone of El Sétano (Fig. 1). Based on this infor-
mation, samples of live Glycymeris longior clams were
monthly collected by SCUBA divers within an area of
4 km? in March 2015 and from June 2015 to August 2016
(N=1558; Additional file 2: Table S1). Divers removed
sediment by hand and randomly collected buried clams.
Samples were not collected in September and December
2015 as well as March 2016 due to weather conditions. In
the laboratory, shell height (H, maximum shell dimension
between the dorsal and the ventral margins of the shell)
and shell length (L, maximum shell dimension between
the anterior and posterior margins of the shell) were
measured with a digital calliper to the nearest 0.01 mm.
Shells were air-dried and weighted (to the nearest 0.1 g)
using a digital balance.

A subsample of shells (n=270) was randomly selected
and left valves were cut along the maximum growth
axis from the umbo to the ventral margin (Fig. 2a) using
a Struers low-speed diamond saw (MOD13, Struers
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Mintom®). The internal section obtained from the first
cut was ground using carborundum sandpaper (500
and 1000 grit) on the Struers LaboPol-5® rotating plat-
form with a variable speed (100-300 rpm). The ground
surface was mounted on a glass slide with cyanoacrylate
and cut again to obtain a thin sections (0.5-0.8 mm).
Subsequently, these thin sections were polished with car-
borundum papers of 1000 and 4000 grit until a uniform
thickness was achieved.

Validation of annual shell growth periodicity

We validated the annually formation of shell growth
increment through two qualitative methods: the ‘Inter-
val between samples method’ [4] and an adaptation of
the ‘List year method’ [33]. The Interval between samples
method compares samples at regular intervals. This is a
well suited and commonly used method for determin-
ing the season of formation of internal bands in calci-
fied structures by observing their evolution in marginal
zones over time [34]. It is applicable to all range of ages
and can be used to validate periodicity of growth incre-
ments [4]. Thin sections from samples collected in July
2015, January 2016 and July 2016 were observed under
microscope (Nikon Eclipse E200). The edge of the ventral
margin was categorized as opaque or translucent margin,
and expressed in percentages. Association of margin cat-
egory and month was determined by contingency table
analysis.

The List year method is based on the assumption that
the growth in all individuals for a given population is syn-
chronic and if the date of death is known, two or more
shells can be aligned to study the inter-annual variability
[33]. This method consists on the identification of years
with noticeable narrower (or wider) growth increments
than the adjoining growth increments. Those increments
are used as signal years and their presence should be noted
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Fig. 2 Glycymeris longior. a Right valve; line represents the maximum growth axis. b Thick section of shell showing three measurements (dash lines).
c Detail of ventral margin of a shell. Translucent increments (white arrows) and opaque increments (black arrows) are shown. Growth breaks in the
shell surface are marked with (*). DOG: direction of growth
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in most sections. In addition, the number of annual growth
increments among two collection dates should be consist-
ent with the calendar years. We used shells of G. longior
collected at El Sétano in June 2011 (n=4), from the shell
collection of Laboratorio de Investigaciones en Ecologia
Bentoénica (LIEB, CIMAS). Thin sections of the shells were
obtained as described before and compared with samples
from July 2015 (n=5) and January 2016 (n=3). Digital
photomicrographs of the shell portion near the ventral
margin were taken under binocular microscope at 40x
(Nikon Eclipse E200; Nikon camera TV Lens 0.55 x DS).
Microphotographs were assembled precisely to provide a
detailed panorama of the shell. In each photomontage, the
year before the collection date was assigned to the foremost
growth increment (2010, 2014 or 2015). Subsequently,
each year was assigned by counting backwards from the
last increment. Considering that analysed individuals
were older than 30 years (see Additional file 3: Fig. S2) the
method was applied to the last 10 years (2005-2016). Thin
sections were then visually compared to confirm that each
increment was assigned to the correct year of formation.

Growth

Nineteen thin shell sections were photographed under the
microscope (Nikon Eclipse E200; Nikon camera TV Lens
0.55x DS) and photomontages (containing 40 photos
approximately) were created with Photoshop® software.
Each photomontage provided a complete view of the entire
shell section. We measured the distance between the beak
in the umbo and the end of each annual growth increment
in the outer shell surface (Fig. 2b). Repeated measurements
of shell heights for each individual were obtained through-
out the ontogeny using the Image] software (available as
freeware at https://imagej.nih.gov/ij/).

Individual growth profiles were built. Growth parameters
were estimated through fitting a variation of the von Ber-
talanfty Growth Model (VBGM) [35] to each profile using
non-linear mixed-effects models [36]. Growth parameters
of each individual were expressed as the sum of a popula-
tion mean parameter (“fixed effect”) and an individual
deviation (“random effect”) [37].

Growth parameters estimation through mixed-effect
models allows the incorporation of different growth vari-
ability sources to the correlation analysis for grouped data:
(i) between individuals (random effects), and (ii) within-
individuals (random error). The model used for the indi-
vidual growth increments, was given by the equation

Hz’j = (Hso + hooz’) x (1 _ e*(K + ki) x (Agei,/ftoi)) + &ij.

Hj; represents the height at age j of the individual ;,
H_,, and K represent the average population parameters

of the VBGM (fixed effects); /1, and k; are the random
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effects of population parameters of the VBGM of the
individual, assumed to be normally distributed, with zero
mean and variance—covariance matrix oD, of a 3 x 3
dimension with diagonal elements var (/) and var(k) and
off-diagonal elements given by cov(/, k). The term g; is
the height variability associated with the age j, and rep-
resents the process stochasticity (random error) assumed
to be normally distributed with zero mean and vari-
ance—covariance matrix. The significance of each popula-
tion parameter (fixed effect) was assessed by conditional
F-tests and the significance of individual variability of
each of the model parameters by comparing the AIC [36].
The dependence of sequential observations within-indi-
viduals was evaluated and parameterized using a first-
order auto-regressive function (AR1). The variance of ¢;
was parameterized as a power function of the j (age in
years)

Var(g;) = 0‘82 * 2

The growth performance index phi-prime (¢’) was esti-
mated to compare growth of G. longior with other species
of the genus. The index was calculated by the equation
¢'=log K+2logH,, [38]. Growth parameters K and
H,, from all species were used to calculate the index of
growth performance P = log (k x H3,) [39]. The loga-
rithmic transformations of both variables were plotted in
an ‘auximetric grid’ which graphically represents differ-
ences among species [39].

Results

Analysis of internal growth pattern

The internal shell growth increments were composed
of two alternating increments: a translucent increment
(light-coloured band) and an opaque increment (dark-
coloured band) (Fig. 2b). The translucent increment was
a relatively narrow increment that appears translucent
in shell sections if viewed in transmitted light. The wide
opaque increment was opaque in transmitted light, but
dark brown in hand sample or if viewed in reflected light.
The growth increment widths exponentially declined
towards the ventral margin (Fig. 2b). A growth break
was visible in the shell surface between translucent and
opaque increments (Fig. 2b). Both internal growth incre-
ments were visible in the outer and the inner shell lay-
ers (Fig. 2b). The hinge plate was pale in almost all
specimens.

Validation of annual shell growth periodicity

Annual increment formation in Glycymeris longior was
confirmed by growth increments formed between 2011
and 2015/2016. A total of four growth increments (i.e.
combination of an opaque and a translucent increment)


https://imagej.nih.gov/ij/

Gimenez et al. Helgol Mar Res (2020) 74:2

were counted between 2011 and 2015, and five incre-
ments between 2011 and 2016. We found three distinct
signal years: wide increments were registered in 2007
and 2010, whilst narrow increments were found in 2013
(Fig. 3). No missing annual growth increments were iden-
tified. The margin category was associated with sampling
month (p=0.0002).

The estimated ages of the clams used in this study
ranged between 29 and 69 years, but the samples were
mainly composed of 35-39 years old individuals (Addi-
tional file 3: Fig. S2).

Growth

Growth pattern was similar for all individuals. Shell
height (H) as a function of time (age) showed fast growth
during early life and a slower growth for later years. How-
ever, high variability was found in shell height for the first
ten years: differences up to 5-7 mm among individuals
were registered for the first 2 years of age; differences
up to 11 mm between the ages of 3 and 9 years. The von
Bertalanffy model provided a representation of the indi-
vidual growth profiles (Fig. 4). We selected the full model

2010 2013 2015

2010 2011 2013

2005

2007 |

2007 2008 2009 _ 2010

Fig. 3 Three ventral margins photographed on thick sections of
shells of Glycymeris longior from El Sétano, San Matias Gulf, collected
ina January 2016, b July 2015 and ¢ June 2011. Wide annual
increments were registered in 2007 and 2010 (dark grey bands;
common for all images); narrow increments were found in 2013 (in a

and b). Scale bar: 250 um

Page 5 of 10

with modelling of the variance as a power function of the
expected growth increment. The residuals were serially
correlated (estimated autocorrelation equal to 0.64). For
this model H_, was 39.40 mm (SE=0.34) and k was 0.18
(SE=0.006). According to the model, individuals reached
80% of maximum H at 9 years and 90% at 13 years of age
(Fig. 4).

The ¢’ value and the P value calculated for G. longior
were 2.45 and 4.04, respectively. Table 1 presents growth
parameters for Glycymeris clams. Figure 5 presents the
auximetric grid (Additional file 4: Table S2).

Discussion

Age estimation in bivalves is usually based on records
of environmental changes represented in their shells
[1, 2]. A successful interpretation of growth increments
needs an accurate determination of periodicity of their
formation [3, 40]. The methods applied here confirmed
an annual periodicity in the deposition of the G. longior
growth increments. In an annual cycle, G. longior shells
exhibit an alternation of two repeating growth incre-
ments: a relatively narrow translucent increment and
a wide opaque increment. The growth pattern suggests
that the species growths during the whole year in two dif-
ferent growing seasons, which might be related with the
environmental seasonality of the area. Other glycymerids
species also show annual growth patterns (G. bimaculata
[17]; G. glycymeris [13, 16]; G. nummaria [14]; G. van-
hengstumi [41]. Some species even show such pattern in
their fossil material (G. planicostalis) [42].

Seawater temperature is often the main driver and
influences growth direct and/or indirectly. Bio-min-
eralization rate occurs within a thermal threshold and
lower or higher temperatures lead to a slowdown or a
cessation of growth [5]. This results in a discontinuity
in the shell and the formation of annual growth lines.
Many glycymerids present a minimum thermal thresh-
old for shell accretion. As an example, G. glycymeris
slows down or ceases shell growth below 13 °C [16].
Similar thermal limitations were found for G. bimacu-
lata; no shell material is deposited when seawater
temperatures dropped below~12 to 14 °C at Eastern
Adriatic Sea [18]. Similarly, the timing of growth line
formation in G. nummaria [14] coincides with mini-
mum seawater temperature. In the case of G. bimacu-
lata, it was demonstrated that the deposition occurs
in the early spring (>14 °C) [17]. Our results suggest
that G. longior has an extended growing season. Since
seawater temperature at El Sétano oscillates between
10.0 and 18.2 °C [28], it is plausible that G. longior
slows down growth at lower temperatures. In addition,
growth breaks are observed in the shell surface at the
end of the translucent increment (Fig. 2), presumably
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Fig. 4 Individual growth profiles of Glycymeris longior clams (n=19). Observed shell heigth (dots, n =706) and fitted values (line) for the
mixed-effects version of the von Bertalanffy model. Variance was parameterized as a power function of the expected shell heigth. The residuals
were serially correlated

Table 1 Growth parameters and performance indices of Glycymeris genus

Species k (year™) H_, (mm) ¢’ P Location (latitude) Aging method References
G. glycymeris 0.11-0.13 47.5-55 247-252 4.14-4.26 Bay of Saint-Brieuc, France (~48° N) External rings Savina [44]
G. grayana 0.20 543 277 451 Bermagui, Australia (~36°S) Thin shell sections Beaver et al. [9]
G. longior 0.18 394 245 4.04 El Sétano, Argentina (~41°9) Thin shell sections  This study
07 N environmental regimes, however the timing of the
1 A - rayand 3\ formation of each increment cannot be precisely esti-
A G.longior mated using our results. Further studies are needed to
08 establish relationships between environmental param-
) eters and shell growth.
g ' Individual growth curves of G. longior described a
0.9 A Gglycymeris fast growth for the first years of life. Individuals reached
A G glycymeris 50% and 90% of asymptotic size at 5 and 13 years of age,
A A ghicymeris respectively. This growth pattern, also described for G.
1 G glycymerts bimaculata and G. nummaria [14, 17], might provide
3 Log(H..)} >3 60 an advantage in competition for space [43]. Our results
Fig. 5 Auximetric grid for comparison of the index of growth demonstrated synchronic growth among individuals of
performance (P) among Glycymeris species. Savina [44] reported four G. longior for the population of SMG. Clams analyzed
differ.ent gvrovvth parameters forthe G. g/y§ymeris popullativons at Bay in our study were collected in a small area thus were
of Saint-Brieuc, France. Gray lines connecting P values indicate the . . .
same growth performance exposed to the same environmental forcing during

due to lower temperatures. Even though the alternat-
ing coloration of the increments in G. longior suggests
that annual accretion takes place during contrasting

their growth. However, variations in the growth rates
during the first years of life resulted in different maxi-
mum heights among individuals. Height differences
reach up to 11 mm between ages of 3- and 9 years and
up to 5-7 mm in younger ages. The differences among
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individual growth rates might be explained by density
gradient or environmental differences at a micro-spatial
scale. Glycymerids are slow mobile burrowers [6]; they
can move and relocate in the vertical substrata, but the
unspecialized burrowing is inefficient and limits the
horizontal motility. Differences in growth rate among
individuals of the same populations have been also
reported for other glycymerids [14, 17] with differences
up to almost 15 mm in size among individuals of the
same age. Further studies are needed to elucidate spe-
cific mechanisms behind this variability in individual
growth rates.

The Glycymeris species showed similar growth perfor-
mance values (P) and the calculated ¢’ displayed a nar-
row range (2.45-2.77). The auxometric grid allows the
definition of taxa by means of their growth parameters;
it has been suggested that such parameters represent the
energetics of a given habitat or niche because is directly
associated to growth performance and hence metabolism
and food consumption [38, 39]. These results are not sur-
prising given that the Glycymerididae family has retained
the same simple shell morphology which suggests a con-
served ecology [6]. The three species compared in the
present study live in similar environments: loose, unsta-
ble sand and gravel; strong hydrodynamics; similar tem-
perature regime [9, 44].

Growth in Glycymeris genus seems to be driven by a
complex combination of environmental factors, espe-
cially for populations that occur in shallow coasts with
highly variable conditions [45]. Growth of G. pilosa was
positively associated with precipitation which increases
coastal runoff and nutrient discharge and results in
enhancement of primary production [45]. Growth of G.
vanhengstumi from NE Atlantic depends on the surface
primary production conditioned by the upward trans-
port of the nutrients fertilizing the photic zone, which
is driven by the late-winter cooling of the sea surface
and ocean mixing [41]. The precipitation regime in the
SMG is typical of a semiarid region (275 mm year ')
[32]. The effect of nutrient discharge in this region is
predominantly driven by the NW winds [46]. In Patago-
nia, dust can be considered a significant source of
NO;~ and Si(OH), that benefits primary productivity
of oligotrophic coastal waters in the SW Atlantic Ocean
[46]. The combination of optimal temperatures and food
availability during the pulses of primary production
might affect growth for G. longior at SMG. There are no
studies regarding the prey items of G. longior but as at El
Sétano it lives buried on the first centimetres of the sedi-
ment, its diet might be similar to other species from the
genus. The main diet items of G. glycymeris in Southern
Brittany, France [47] and G. nummaria in the Adriatic
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Sea [48] are phytoplankton and bacteria associated to
detrital materials on sediments.

It is unlikely that the reproductive cycle affects shell
growth in G. longior. The reproductive cycle of G. lon-
gior is continuous and peaks twice in a year, in autumn
and in late spring (Orrego, personal communication).
This reproductive feature is consistent with an extended
growing season. The El Sétano population has no resting
period, thus a new gametogenetic cycle begins immedi-
ately after spawning events.

Glycymeris longior longevity (up to 69 years) is similar
to the glycymerids from mid-latitudes of the Northern
Hemisphere. Similar longevities were reported for G. gly-
cymeris reported from the Irish Sea (68 years) [15], for G.
glycymeris from the NE Atlantic (70 years) [49] and for G.
pilosa from the Adriatic Sea (69 years) [45]. Glycymeris
longior is part of the group of the most long-lived species
of Argentine Sea. The life-span together with the inter-
annual variability makes Glycymeris longior a potential
species to be used as environmental proxy archive for the
SW Atlantic Ocean. These aspects are currently under
study.

It has been stated that the dynamic of fringe popula-
tions (near the distribution limits of the species) fluc-
tuates due to the factors that determine the geographic
distributional limit of the species [50]. Age estimation of
G. longior collected at El Sétano were restricted to few
and old year classes. From this observation two hypoth-
eses arise:

i. The population of El Sotano is isolated and sup-
ported by sporadic pulses of recruitment. At the
limit of its geographical distribution, a popula-
tion might have lower opportunities for a success-
ful recruitment due to environmental constrains.
However, this effect can be buffered through the
longevity of the individuals. Periodic success-
ful recruitments that result in one or a few year-
classes population have already been observed in
other bivalve species at SMG. The clam Amiantis
purpurata is a warm-temperate water species liv-
ing at SMG@ as a fringe population at the southern
edge of its geographical distribution. Only two his-
torical successful recruitments at SMG occurred in
1979 and in 1980 [51]. Our results suggest that A.
purpurata and G. longior populations recruited in
the same years. A geographical coherence in settle-
ment among populations located within the same
region is generally considered as an indication of
external forcing at a large-geographic scale [52].

ii. Recruitment takes place in other patches. A spatial
segregation among age classes is plausible given
that bivalve populations are often structured into



Gimenez et al. Helgol Mar Res (2020) 74:2

metapopulations [53]. According to this hypoth-
esis, in the neighboring area there would be other
patches with different age composition and inter-
connected by larval dispersion. Indeed, a small
population constituted by young clams (< 30 years)
was documented inside the San Antonio Bay [54].
However, this population disappeared; at pre-
sent, only small-empty shells remain buried in life
positioning (Doldan, unpublished data). Further
exploratory surveys—specific for infaunal species-
are needed.

Recruitment is a complex process determined by
numerous factors operating and interacting on multiple
time and spatial scales in several environments [55-57].
Such context implies considerations at wide temporal
scales. In paleontological studies, populations of G. lon-
gior have been found inside San Antonio Bay (S. Bayer,
personal communication). Also, shells deposits on the
NW of the SMG intertidal zone suggest that the species
was abundant during the mid-Holocene, when the sea
level rose and a temperature increased. The subsequent
post-glacial cooling period generated a northward dis-
placement of the geographical distribution of several
warm species. However, some warm-temperate water
living species, such as Arenicola brasiliensis (Polychaeta)
(58], Hippocampus sp. (Pisces) [59] and A. purpurata [60]
remained geographically restricted to the San Antonio
Bay. These relictual populations survived probably due to
the summer warm temperatures (18.2 °C in average) [28]
that allow successful reproduction and survival of criti-
cal life stages [60]. The population of G. longior might be
also a relic which persistence relies on sporadic recruit-
ment pulses that succeed only when specific hydrological
and thermal conditions concur. Geomorphological char-
acteristics of San Antonio Bay—low slope of the beach
and high tidal amplitude — might favour higher summer
temperatures that are suitable for the species. Restricted
water circulation in the NW of the SMG is verified in the
retention of larval patches of bivalves of the area such as
A. purpurata [51] and Ostrea puelchana [61]. This could
also be the case for G. longior.

Our results lead to new questions about the factors that
determine the dynamics of G. longior populations (e.g.
environmental factors, density dependence, predation
upon the reproductive stock, human disturbance) and the
temporal and spatial scales at which they operate. Even
when harvest is occasional, a clam population with spo-
radic pulses of recruitment and slow individual growth
brings up concerns regarding its management and con-
servation. Future studies that include reproduction,
diet, larval recognition, and benthic surveys to describe
spatial distribution and density gradients are needed to
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understand the dynamics of populations of G. longior and
to report their conservation and management.

Conclusion

The present study successfully estimated age and growth
of Glycymeris longior. We assessed the periodicity of
the internal growth increments in thin sections of shell.
Each growth increment was composed of two alternating
bands and an annual formation for each pair of bands was
demonstrated. According to the growth model, G. longior
grows fast during the first 5 years of life and then growth
slows down in the later years (maximum longevity of
69 years). The growth performance index phi-prime (¢')
and the index of growth performance (P) of G. longior
showed similarities with those of other Glycymeris spe-
cies. This result is in concordance with the simple shell
morphology and conserved ecology of the Glycymeridi-
dae family. The individuals analyzed in this study belong
to the population at the southern limit of distribution of
the species; it is plausible that the environmental factors
that determine the geographic range might also affect
the growth performance at this latitude. Future studies
should assess growth patterns throughout the distribu-
tion range in order to test heterogeneity among popula-
tions. The slow growth and great longevity suggest that
G. longior is vulnerable, an aspect that must be taken into
account if a fishery starts operating.
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