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Abstract: Growth is one of the key processes in the dynamic of exploited resources, since it provides part of 
the information required for structured population models. Growth of mangrove cockle, Anadara tuberculosa 
was estimated through length-based methods (ELEFAN I y NSLCA) and using diverse shell length intervals 
(SLI). The variability of L∞, k and phi prime (Φ’) estimates and the effect of each sample were quantified by 
jackknife techniques. Results showed the same L∞ estimates from ELEFAN I and NSLCA across each SLI used, 
and all L∞ were within the expected range. On the contrary, k estimates differed between methods. Jackknife 
estimations uncovered the tendency of ELEFAN I to overestimate k with increases in SLI, and allowed the iden-
tification of differences in uncertainty (PE and CV) between both methods. The average values of Φ’ derived 
from NSCLA1.5 and length-age sources were similar and corresponded to ranges reported by other authors. 
Estimates of L∞, k and Φ’ from NSCLA1.5 were 85.97mm, 0.124/year and 2.953 with jackknife and 86.36mm 
de L∞, 0.110/year de k and 2.914 de Φ’ without jackknife, respectively. Based on the observed evidence and 
according to the biology of the species, NSCLA is suggested to be used with jackknife and a SLI of 1.5mm as 
an ad hoc approach to estimate the growth parameters of mangrove cockle. Rev. Biol. Trop. 59 (1): 159-170. 
Epub 2011 March 01.
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Growth is one of the key processes in 
the dynamic of exploited resources, since it 
provides part of the information required for 
structured population models (e.g. size or age).  
Hence, the estimation of growth parameters 
is an important topic of study. In the case of 
bivalves, according to Bayne (1965) and Urban 
(2002), the von Bertalanffy growth model 
(VBGM) is valid to represent the growth pat-
tern of the adult stage of many bivalves.

One of the approximations widely used 
during the past two decades to estimate the 
VBGM parameters (L∞ and k) are the so 
called length-based methods (LBM’s) or indi-
rect methods (IM). The extensive application 
of these methods corresponds to the develop-
ment of techniques to analyze length data and 
a higher availability of suitable computational 
systems (Gulland & Rosenberg 1992, Galindo 

2005). In addition, IM represent a useful tool 
for growth studies in tropical species because 
tropical systems have less variable climatic 
conditions and age interpretation or model 
progression analysis based on length frequency 
distributions (LFD’s) is more difficult (Lowe-
McConell 1987, Leonce-Valencia & Defeo 
1997).

The mangrove cockle Anadara tubercu-
losa (Sowerby 1833) is important harvested 
species that inhabits mangrove zones (mainly 
red mangrove, Rhizophora mangle) along the 
Pacific coast, from Laguna Ballena - Baja 
California Sur - México to Bahía de Tumbes 
- Perú (Mora-Sánchez 1990). However, just a 
few studies have been conducted to quantify 
its growth (Villalobos & Báez 1983, Mora & 
Bravo 1992, Franco 1995, Flores 2002, Borda 
& Cruz 2004, Stern-Pirlot & Wolff 2006, 
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Félix-Pico et al. 2007, Félix-Pico et al. 2009). 
These studies have used direct methods (DM), 
IM, culture systems and mark-recapture meth-
ods. The application of IM or LBM’s focused 
on using length data for modal decomposition 
(Flores 2002, Borda & Cruz 2004). Until now, 
only the studies of Félix-Pico et al. (2007) and 
Félix-Pico et al. (2009) have taken advantage 
of this approach, easily incorporating a big por-
tion of information into LFD’s into the study of 
mangrove cockle growth.

The length data necessary to create LFD’s 
are easy to obtain, facilitating the estimation of 
growth parameters. Among the methods that 
use LFD’s are the ELEFAN I (Pauly & David 
1981), PROJMAT (Shepherd 1987a), SCLA 
(Shepherd 1987b), NSCLA (Pauly & Arreguín-
Sánchez 1995) and NHLCA (Arreguín-Sánchez 
& Pauly 1996) programs. Recently, the applica-
tion of the last method has been formalized by 
Galindo (2005), while ELEFAN I and NSCLA 
are part of the FISAT I and II software’s (Gaya-
nilo et al. 1995, 2004).

A common characteristic shared by these 
methods is to assume that species follow a 
VBGM. However, estimations of parameters 
are not necessarily the same because of differ-
ences in the algorithm used by each method. 
Besides, uncertainty is generated since most 
of the information of LFD’s comes from com-
mercial landings, which are influenced by gear 
selectivity or minimum length of capture. This 
fact also emphasizes the importance of assess-
ing the influence of each monthly sample 
(Leonce-Valencia & Defeo 1997, Nepita & 
Defeo 2001) and the length interval upon 
which the LFD’s is built. 

Therefore, this study has the following 
objectives: (1) to estimate the growth parame-
ters in A. tuberculosa applying the length-based 
methods ELEFAN I and NSLCA, (2) to assess 
the performance of each method and the effect 
of diverse length intervals based on uncertainty 
of parameters and (3) to compare the estima-
tions obtained with previous reports using the 
growth performance index F’ (Munro & Pauly 
1983, Pauly & Munro 1984).

MATERIALS AND METHODS

Data sources: I obtained length data for 
A. tuberculosa from monthly samples taken 
between February 2001 and January 2002 
from unexploited beds in Estero Hondo, Cay-
apas-Mataje Ecological Mangrove Reserve 
(REMACAM), NORTHWESTERN Ecuador 
(1º33’88.8” N - 78º93’0.0” W). Therefore, the 
possible source of uncertainty due to length 
selectivity and/or the effect of minimum length 
capture are eliminated. Shell length (SL) for 
all mangrove cockles was measured along the 
anterior-posterior axis with a caliper and a pre-
cision of 0.05mm. The total number of individ-
uals sampled per month is displayed in Table 
1. The monthly LFD’s were grouped into eight 
shell length intervals [SLI (0.5mm, 1.0mm, 
1.5mm, 2.0mm, 2.5mm, 3.0mm, 3.5mm y 
4.0mm)] to estimate the growth parameters 
and to assess the effect of each SLI over its 
variability.

Estimation Methods: The ELEFAN I 
(Pauly & David 1981) and NSLCA (Pauly & 
Arreguín-Sánchez 1995) methods were used 
to estimate growth parameters. Detailed algo-
rithms for both ELEFAN I and NSCLA have 
been reported by some authors (Defeo et al. 
1992, Leonce-Valencia & Defeo 1997, De 
Anda-Montañez et al. 1999, Nepita & Defeo 
2001, Escobar 2004, Galindo 2005). Both 
algorithms are part of the FAO ICLARM Stock 
Assessment Tools software, FISAT II (Gaya-
nilo et al. 2004, Windows version).

In general, the ELEFAN I program fits 
the VBGM with a non-parametric function 
where an optimal curve that crosses most of 
the modes is selected according to the good-
ness of fit of the parameters. On the other hand, 
NSCLA maximizes the score of the non-para-
metric function similar to previous algorithm. 
However, this program also fits a circular func-
tion to the LDF’s for each sample and, in this 
process, it computes a total score function for 
the samples set.
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Uncertainty: Jackknife techniques (Efron 
1982) were applied to quantify the effect of 
each sample and shell length interval on growth 
parameters estimation. A sample was retired 
(one month out of 12) in a sequential way and 
with replacement, generating n combinations 
of growth parameters by method (ELEFAN I 
and NSLCA) and shell length interval. The per-
centage error (PE) and the coefficient of varia-
tion (CV) were used to evaluate the accuracy 
and precision of the estimators according to 
Leonce-Valencia & Defeo (1997). The PE was 
calculated by the following expression:

PE =
(St - St

j
) * 100

St
j

CV =

∑ (Sti-1 - Stj)
2

n(n-1)

Φ’ = 2 log
10

 (L∞) + log10 (K)

(1)

(2)

(3)

Stj

where St is the estimator of the growth param-
eters (L∞ and k) using all samples (without 
jackknife) (i.e., 12 months), and Stj is the aver-
age estimator of the n jackknife pseudo-values.  
The PE is optimum when it equals 0, in other 
words when St is equal to Stj. The CV was 
calculated by:

                                 

PE =
(St - St

j
) * 100

St
j

CV =

∑ (Sti-1 - Stj)
2
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Φ’ = 2 log
10

 (L∞) + log10 (K)
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(2)
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where Sti-1 is the parameter estimator when 
a sample is omitted and n is the sample size. 
This procedure has been previously applied to 
evaluate the influence of each sample (Leonce-
Valencia & Defeo 1997, Nepita & Defeo 2001) 
and it has shown to be useful as an objective 
criterion to quantify the performance of each 
method used.

The growth performance index Φ’ (phi 
prime: Munro & Pauly 1983, Pauly & Munro 
1984) was used to compare the different growth 
estimations. This measure has already been 
used as a growth index in bivalves (Vakily 
1990, Defeo et al. 1992, Cardoso & Veloso 
2003). This index provides a unified parameter 
of growth performance based on the L∞ and k 
values, not showing much variation as in its 
individual form (Defeo et al. 1992, Leonce-
Valencia & Defeo 1997). In addition, its effi-
ciency has been proven for this purpose (Nepita 
& Defeo 2001). The function that defines the 
index is:

PE =
(St - St

j
) * 100

St
j

CV =

∑ (Sti-1 - Stj)
2

n(n-1)

Φ’ = 2 log
10

 (L∞) + log10 (K)

(1)

(2)

(3)

Stj

One-way ANOVA was carried out with the 
Φ’ estimates from the resampling technique 
analysis in order to evaluate statistical differ-
ences among each SLI used by each method. 

TABLE 1
A. tuberculosa. Sample size (n) mean size (mean) and size range observed in the sampling at Estero Hondo

Year Month n Mean (mm) Size range (mm)
2001

2002

February
March
April
May
June
July
August
September
October
November
December
January

Total

183
132
161
191
81

132
140
108
105
103
83
53

1 472

48.86
46.56
46.60
45.71
48.41
49.71
47.77
47.79
46.97
51.26
49.65
47.57

47.90

32.20-68.90
29.80-70.20
28.30-69.80
26.40-67.30
35.70-63.10
29.40-77.10
32.60-74.10
31.50-69.60
33.50-63.60
38.80-82.20
27.00-69.90
39.30-69.30

26.40-82.20
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If differences were detected, a Newman-Keuls 
test was performed to identify the SLI that dif-
fered. The t-student test was applied to assess 
statistical differences between methods for 
each one of the SLI used. In addition, valve-
based size-at-age data (Flores 2002) was also 
used as a comparative basis for the results 
obtained through LBM’s. 

RESULTS

The 1 472 individuals sampled during the 
year had a mean length of 47.8mm with a mini-
mum and maximum shell length of 26.4 and 
82.2mm, respectively (Table 1).

Both LBM’s (ELEFAN I y NSCLA) pro-
duced the same initial estimations for L∞ for 
each one of the SLI used. However, the meth-
ods showed different predictions for k. Either 
for ELEFAN I or NSCLA, L∞ varied between 
85.58 and 88.20mm. The estimates of k were 
less variable using NSCLA (0.10 to 0.35/year) 
than estimated generated by ELEFAN I (0.04 to 
0.98/year) (Table 2, 3).

Average estimates of L∞ y k obtained 
by jackknife techniques were consistent with 

initial estimations. The jackknife iterations in 
both methods do not show a direct effect on 
the L∞ estimation with the change of input 
data (omitted month).  This was observed in 
all the SLI used, except when the month of 
November was omitted from the estimation, 
which showed the maximum cockle sizes in 
the samples. However, a strong effect of the 
SLI was found for the k parameter estimation, 
mainly for ELEFAN I. In ELEFAN I there was 
a positive correlation between the growth rate 
and increases in the SLI, while for NSCLA the 
tendency was irregular (Fig. 1 a, c). Most of the 
variability was observed in the k (0.11 to 1.41/
year) estimate for NSCLA at a SLI of 3.0mm, 
followed by the ELEFAN I estimations at SLI 
of 3.5 and 4.0mm (0.46 to 1.10/year  and 0.66 
to 1.30/ year) (Fig. 1 b, d).

ELEFAN I y NSCLA had the same values 
of CV and PE for L∞ between 0.31 (3.0mm of 
SLI) and 0.80 (4.0mm of SLI). On the contrary, 
the precision estimators PE and CV reflected 
an important variation of k across the different 
SLI (Fig. 2). NSCLA generated a wide range of 
PE between 47.60% (2.0mm SLI) and 1.27% 
(0.5mm SLI) and it registered the maximum 

TABLE 2
A. tuberculosa. Growth parameters estimate by ELEFAN I to each shell length interval 

(SLI) without (St) and with (Stj) jackknife

SLI 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
L∞

(mm)
L∞St 86.36 86.63 86.36 87.15 86.36 85.58 87.94 88.20
L∞Stj 85.92 86.19 85.97 86.63 85.92 85.32 87.33 87.50

k
(year)

kSt 0.04 0.08 0.10 0.21 0.24 0.50 0.88 0.98
kStj 0.06 0.08 0.11 0.22 0.26 0.51 0.80 0.94

TABLE 3
A. tuberculosa. Growth parameters estimate by NSCLA to each shell length interval (SLI) 

without (St) and with (Stj) jackknife

SLI 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

L∞ (mm)
L∞St 86.36 86.63 86.36 87.15 86.36 85.58 87.94 88.20
L∞Stj 85.92 86.19 85.97 86.63 85.92 85.32 87.33 87.50

k
(year)

kSt 0.13 0.17 0.11 0.10 0.23 0.35 0.21 0.30
kStj 0.13 0.16 0.12 0.19 0.25 0.44 0.24 0.37
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CV value (24.94% at 3.0mm SLI). ELEFAN 
I showed the minimum CV value (3.45% at 
2.0mm SLI). In general, NSCLA tends to be 
more accurate and precise at SLI lower than 
2mm than ELEFAN, which is robust at higher 
SLI (Fig. 2).

The analysis of F’ confirms the pattern 
found for k for each SLI. Because F’ is more 
conservative and for that reason does not pres-
ent much variability like L∞ and k, the pattern 
observed for ELEFAN I is linear in relation to 
SLI increases, and almost 98% of its variability 
was explained by the model (R2=0.975). On 
the other hand, NSCLA does not show a well 
defined linear pattern (Fig. 3 a, c). The low 
variability of F’ is proven by the reduced stan-
dard deviation of each SLI and method taken 
into account (Fig. 3 b, d).

ELEFAN I registered values between 2.58 
and 3.85 for F’, while the values of NSCLA 
were between 2.95 to 3.42. The average F’for 
each SLI was not much different from that 
obtained using the estimated parameters without 

jackknife techniques (Table 4). Statistical differ-
ences for F’ among each SLI were found within 
methods (ANOVA F7,88=271.31; p<0.00001 in 
ELEFAN I and ANOVA F7,88=14.50; p<0.00001 
in NSCLA) and among methods in some SLI 
(0.5, 1.0, 3.5 and 4.0; p<0.05). Comparisons 
made using the Newman-Keuls test allowed 
to identify differences among the SLI, finding 
higher individual variations in ELEFAN I than 
in NSCLA (Table 5).

DISCUSSION

Of the two length based methods applied 
and assessed in this study, NSCLA performed 
better than ELEFAN I, especially when a shell 
length interval of 1.5mm is used. The decision 
elements were based on the comparison of the 
LBM’s results at several SLI and the new anal-
ysis of valves-based size-at-age data results; 
the comparison of the growth performance 
index (F’) and the uncertainty indicators gen-
erated (PE and CV).

Fig. 1. A. tuberculosa. Mean and variability [± interquartile range] of growth rate (k) based on jackknife for ELEFAN I (a 
and b) and NSCLA (c and d) to each shell length class interval (SLI).
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Fig. 2. A. tuberculosa. Precision estimates of k based on jackknife analysis to each shell length class interval (SLI).

TABLE 4
A. tuberculosa. Estimates of growth performance index (F’) for method to each shell length interval (SLI) without (St) 

and with (Stj) jackknife

SLI 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

ELEFAN I
F’St 2.475 2.778 2.873 3.203 3.253 3.564 3.833 3.882
F’Stj 2.576 2.741 2.908 3.210 3.278 3.559 3.773 3.849

NSCLA
F’St 2.987 3.106 2.914 2.881 3.234 3.409 3.211 3.368
F’Stj 2.974 3.069 2.953 3.118 3.263 3.391 3.241 3.416
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ELEFAN I was much affected by the shell 
length interval. As a consequence, it tends to 
overestimate the growth rate (k) when the SLI 
increases. In addition, ELEFAN I had prob-
lems with convergence during the estimation 
process. One explanation is that ELEFAN I has 
been suggested for the study of fast growth spe-
cies. According to some authors (Villalobos & 
Báez 1983, Mora & Bravo 1992, Flores 2002, 
Stern-Pirlot & Wolff 2006) A. tuberculosa is 
species that grows slowly, a fact that supports 
the statement by Basson et al. (1988) about 
the higher performance of NSCLA for growth 
parameters estimation for long life and slow 
growing species. 

Another possible explanation is related 
to the algorithm configuration. On one hand, 
ELEFAN I considers only the mean length 
for each possible age group without using 
information about the age distribution identi-
fied in the LFD’s. On the other hand, NSCLA 
uses all the sample information and for that 
reason it provides better parameter estimates 

(Leonce-Valencia & Defeo 1998). The use of 
ELEFAN I, at least at the recommended SLI 
(1.5mm) should not be completely rejected. 
This is supported by the absence of significant 
statistical differences between estimations from 
both methods in this SLI. Rosenberg & Bed-
dington (1987) justify this, and they mention 
that a guide to decide which method is the most 
appropriate does not exist. 

SLI is very important in growth param-
eters estimation, and it has been the focus of 
some studies that apply simulations to quan-
tify its effects (Isaac 1990, Cabrera-Vásquez 
& Arreguín-Sánchez 1996, 1999). This study 
deals with this topic in a simple way by the 
changing of the SLI in increments of 0.5mm, 
having the reported value of 4mm by Borda 
and Cruz (2004) as an upper limit to build the 
LFD’s. In his simulation experiment without 
considering individual variability, Isaac (1990) 
found that ELEFAN I tend to overestimate L∞ 
and underestimate k when the length interval 
is increased; while the length interval does 

Fig. 3. A. tuberculosa. Mean and variability [± interquartile range] of F’ based on jackknife technique with ELEFAN I (a y 
b) and NSCLA (c y d), to each shell length class interval (SLI).
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not affect the growth estimation in SCLA. In 
this study the results for NSCLA confirm the 
reported by Isaac (1990) for SCLA, because 
both methods use the same algorithm with 
some modifications. On the contrary, ELEFAN 
I had a stronger tendency to overestimate k than 
that found out by Isaac (1990).

The jackknife technique was very useful 
in quantifying the effect of the several SLI and 
to establish uncertainty levels. It allows for 
discrimination and isolation of groups of lower 
and higher uncertainty, especially for NSCLA. 
The comparative analysis of F’ based on the 
jackknife values confirmed the statement of 
Nepita & Defeo (2001), since the variability of 
each one of the SLI decreased in both methods. 
In addition, the analysis identified statistical 
differences between SLI and methods (in some 
cases), confirming the overestimation of the 
growth rate of A. tuberculosa by ELEFAN I 
when SLI increases. 

The slow growth rates estimated for A. 
tuberculosa were similar to those reported by 
other authors (Villalobos & Báez 1983, Mora 
& Bravo 1992, Flores 2002, Stern-Pirlot & 
Wolff 2006). This fact is confirmed by in situ 
observations done in an experiment using shell 
length  intervals between 30.00 to 34.99mm 
and 35.00 to 39.99mm, which were related 
to increments of 10.17 to 11.99mm and 8.55 
to 10.68mm in one year, respectively (Flores: 
unpublished data). However, A. tuberculosa 
is reported as fast growing species by Borda 
& Cruz (2004) and Félix-Pico et al. (2007). 
This conclusion could have been affected by 
the SLI used. Borda & Cruz (2004) used 4mm 
as SLI and the ELEFAN I method; while 
Félix-Pico et al. (2007) used 5mm as SLI (J.A. 
López-Rocha, pers.com.) and both methods, 
ELEFAN I and NSCLA. Recently, Félix-Pico 
et al. (2009) again report A. tuberculosa as fast 
growing species, but they emphasizes that k 

TABLE 5
A. tuberculosa. Comparative analysis of F’ among shell length  interval (SLI) to ELEFAN I (a) and NSCLA (b). 

Significant results are shown in bold and italics

a)
SLI 0.5 1.0 1.5 2.0 2.5 3.0 3.5
0.5
1.0 0.000216
1.5 0.000107 0.000187
2.0 0.000145 0.000107 0.000113
2.5 0.000119 0.000145 0.000107 0.097824
3.0 0.000123 0.000119 0.000145 0.000107 0.000113
3.5 0.000122 0.000123 0.000119 0.000145 0.000107 0.000114
4.0 0.000118 0.000122 0.000123 0.000119 0.000145 0.000107 0.06378

b)
SLI 0.5 1.0 1.5 2.0 2.5 3.0 3.5
0.5
1.0 0.156809
1.5 0.748488 0.192644
2.0 0.080988 0.456567 0.067216
2.5 0.000411 0.020903 0.000253 0.076413
3.0 0.000123 0.000156 0.000122 0.000576 0.056146
3.5 0.000767 0.028472 0.000432 0.065991 0.734824 0.064565
4.0 0.000122 0.000134 0.000118 0.000286 0.058296 0.702205 0.045168
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is probably overestimated. According to this 
study the value of k estimated by Borda & Cruz 
(2004) may also be overestimated considering 
that their study zone was very close to that of 
Flores (2002).

The values of F’ estimated by NSCLA 
were within the range reported in the literature; 
while ELEFAN I produced some values below 
the minimum previously reported, especially 
for lengths smaller than 2mm of SLI (Table 
6). This along with the pattern of increasing 
growth rate (k) when the SLI is increased, make 
it inadvisable to use the ELEFAN I algorithm 
to estimate growth parameters for this species.

These analyses highlight the need to carry 
out more in-depth studies on the growth of 

A. tuberculosa and other species of the same 
genus using direct methodologies such as esti-
mates of growth based on the reading of shell 
growth lines. These studies should employ 
techniques to validate the frequency of for-
mation of the growth lines and also take into 
account the effect that different spatial scales 
can have on the estimate, given the consider-
able variability previously reported growth 
parameters (Table 6). My research suggests 
that, taking into account the biological char-
acteristics of the resource, the performance of 
the two methods applied and evaluated based 
on an analysis of the uncertainty generated and 
the coincidence of F’ estimates for the study 
area, it is suggested as an ad hoc approach, to 

TABLE 6
Growth parameters of A. tuberculosa in different distribution areas

Sampling area Year L∞ k t0 F’ Source
Perú 1996 70.00 0.850 0.000 3.620 Vivar
Colombia1 1997 87.00 0.600 0.263 3.657 Puentes
Ecuador1 2002 72.36 0.170 -0.968 2.949 Flores
Ecuador2 2002 85.27 0.114 -1.504 2.918 Flores
Colombia2 2004 86.00 1.173 0.047 3.938 Borda & Cruz
Costa Rica 2006 63.15 0.141 2.750 Stern-Pirlot & Wolff
Costa Rica* 1983 75.00 0.090 2.704 Villalobos & Báez
Costa Rica* 1980 59.90 0.150 2.731 Madrigal
México1 2007 92.50-93.26 0.92-0.99 3.903-3.928 J.A. López-Rocha: pers. com.
México2 2007 93.26-94.50 1.31-1.51 4.068-4.118 J.A. López-Rocha: pers. com.
México3 2007 88.48-94.50 0.87-0.90 3.848-3.890 J.A. López-Rocha: pers. com.
México4 2007 88.48-94.50 0.44-0.66 3.594-3.713 J.A. López-Rocha: pers. com.
México5 2009 81.19 1.85 -0.0002 4.086 Félix-Pico et al.
Ecuador3 86.36 0.110 2.914 Este estudio
Ecuador4 85.97 0.124 2.953 Este estudio

Perú: Puerto Pizarro-Tumbes (taken from Borda and Cruz 2004)
Colombia1: Parque Nacional Natural Sanquianga (taken from Borda and Cruz 2004)
Colombia2: Ensenada de Tumaco
México1: Los Padritos, Bahía Magdalena, B.C.S. (estimation method- ELEFAN I)
México2: Los Padritos, Bahía Magdalena, B.C.S. (estimation method-NSLCA)
México3: Santa Elenita, Bahía Magdalena, B.C.S. (estimation method-ELEFAN I)
México4: Santa Elenita, Bahía Magdalena, B.C.S. (estimation method- NSLCA)
México5: Estero Santo Domingo, Bahía Magdalena, B.C.S. (estimation method- ELEFAN I)
Costa Rica*: Taken from Stern-Pirlot & Wolff, 2006
Ecuador1: Estero Hondo, Esmeraldas (estimation based on mean length-at age)
Ecuador2: Estero Hondo, Esmeraldas (estimation based on observed length-at age)
Ecuador3: Estero Hondo, Esmeraldas (estimation without jackknife with NSLCA)
Ecuador4: Estero Hondo, Esmeraldas (estimation with jackknife with NSLCA)
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estimate mangrove cockle growth using the 
jackknife technique together with NSCLA and 
an SLI of 1.5mm.
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RESUMEN

El crecimiento es uno de los procesos clave en la 
dinámica de los recursos explotados. En este estudio se 
estimó el crecimiento de la concha prieta Anadara tuber-
culosa por medio de métodos basados en tallas (ELEFAN 
I y NSLCA) y usando distintos intervalos de clase de talla 
(ICT). La variabilidad de los estimadores para L∞ y k, y el 
efecto de cada muestra e ICT fueron cuantificados por la 
técnica de jackknife. ELEFAN I y NSLCA producen una 
misma estimación de L∞ para cada uno de los ICT. Por el 
contrario, para k ambos métodos estiman diferentes valo-
res. Las estimaciones con jackknife permitieron detectar 
que ELEFAN I  sobreestima k a medida que se aumenta el 
ICT, y a definir diferencias en el grado de incertidumbre 
(EP y CV) entre ambos métodos. Los valores promedio de 
Φ’ derivados de NSCLA1.5 son similares a los de talla-
edad y están dentro del rango reportado por otros autores. 
Las estimaciones de NSCLA1.5 fueron 85.97mm de L∞, 

0.124/año de k y 2.953 de Φ’ con jackknife  y 86.36mm 
de L∞, 0.110/año de k y 2.914 de Φ’ sin jackknife. Basado 
en las evidencias mostradas y acorde a la biología de la 
especie se sugiere utilizar el NSCLA conjuntamente con 
jackknife y un ICT de 1.5mm para estimar los parámetros 
de crecimiento de la concha prieta.

Palabras claves: crecimiento, métodos indirectos, von 
Bertalanffy, incertidumbre, Anadara tuberculosa, Ecuador.
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