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ABSTRACT. Biomass of marine species typically needs to be expressed as dry weight. However, direct measure-
ment can be problematic in some operational situations. When fine-grained comparisons between individuals are 
not required, a widely used solution is the use of conversion factors. These must be specific and generated using 
the best available information. Based on morphometric measurements of five independent groups of organisms 
with varying sizes and origins, this study suggests weight conversion factors for the lion paw scallop (Nodipecten 
subnodosus). In all cases, the measurements and sample processing techniques were the same. As predictors of dry 
weight, conversion factors based on the wet weight of soft tissue, the total weight of animals (including the shell), 
and the shell length are proposed. In all situations, the correlation coefficients for the models tested are significant. 
Given the short sample size, especially for the larger animals, it is suggested that the factors be estimated in the 
future using a larger number of cases.
Keywords: biometry, bivalves, aquaculture, fisheries management, ecophysiology.

Factores de conversión para peso seco en la almeja mano de león  
(Nodipecten subnodosus Sowerby, 1835)

RESUMEN. Típicamente, la biomasa de organismos marinos debe expresarse en términos de peso seco. Sin em-
bargo, su medición directa puede resultar problemática en algunas situaciones operativas. Cuando no se requieren 
comparaciones detalladas entre individuos, una solución ampliamente utilizada es el uso de factores de conversión, 
pero éstos deben ser específicos y generarse utilizando la mejor información disponible. Basado en medidas mor-
fométricas de cinco grupos independientes de organismos con diferentes tamaños y orígenes, este estudio sugiere 
factores de conversión a peso seco para la almeja mano de león (Nodipecten subnodosus). En todos los casos, la 
metodología de medición y el procesamiento de las muestras fueron los mismos. Como predictores del peso seco se 
proponen el peso húmedo de tejidos blandos, el peso total de los animales (incluyendo la concha) y el ancho de la 
concha. Todos los coeficientes de correlación de los modelos probados son significativos. Dado el pequeño tamaño 
de la muestra, especialmente para las tallas mayores, se sugiere que a futuro se reestimen utilizando un mayor 
número de casos.
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INTRODUCTION
Many fields of ecology and ecophysiology rely 

on the ability to estimate individual biomass, such 
as transient energy fluxes within ecosystems or indi-
viduals. Following that, these estimates are becoming 
increasingly important in informing modeling initia-
tives to investigate the global distribution of biomass 
(Bar-On et al., 2018) and the global ocean effects of 
climate change (Lotze et al., 2019; Pontavice et al., 
2019).

Biomass is typically represented in terms of dry 
weight, which is the weight of tissue after the water 
content has been removed because it is regarded to be 
a less variable and more precise measurement than 
wet weight. This standardized biomass metric is used 
in many comparative studies and integrative analyses; 
nevertheless, determining it can be difficult in many 
circumstances (Pouil et al., 2021; Barría et al., 2021). 
For example, working with large numbers of organ-
isms can be difficult and time-consuming (Eklöf et 
al., 2017), often requires the destruction of samples 
that may be needed for in-depth analyses (Ricciardi 
& Bourget, 1998), and relies on infrastructure and 
equipment that is not always readily available.

When the direct measurement is impractical, 
common procedures include the use of mathematical 
conversion factors defined from a subsample of the 
larger sample of the population under study or ap-
proximated by other authors (Trevallion et al., 1970; 
Eleftheriou & Basford, 1989). Because conversion 
factors can be used as proxies of growth and physi-
ological condition of the individuals, it has long been 
recognized that a specific weight-to-weight conver-
sion factor is required to ensure that approximations 
are not abused (Widbom, 1984; Rumohr et al., 1987), 
for example by using conversion factors estimated for 
different taxonomic groups or in very different envi-
ronments (Ricciardi & Bourget, 1998). 

This paper investigates and proposes specific 
conversion factors for the lion’s paw scallop (Nodi-
pecten subnodosus). The lion’s paw scallop has been 
one of the principal targets in several small-scale fish-
eries throughout the Baja California Peninsula, where 
options for fishermen are extremely restricted (Ponce-
Díaz et al., 2011). However, its exploitation has been 
erratic and highly uncertain, owing primarily to 
sudden, fishing-independent mass mortalities (Ruíz-
Verdugo et al., 2016; Salgado-García et al., 2020). 
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The explanations underlying these acute biomass 
variations range from direct environmental variable 
impacts (such as temperature or oxygen) to indirect 
ecological events (parasite-driven sickness and food 
availability; González-Ortiz et al., 2017; Salgado-
García et al., 2020). 

In Mexico, there is a growing interest in develop-
ing commercial aquaculture for the lion’s paw scallop 
(Ruíz-Verdugo et al., 2016; Purce et al., 2020), but 
unlike what happens with other scallops in several 
regions of the world, aquaculture for this species re-
mains a pipe dream, at least in part due to a lack of 
organized and publicly available technical and scien-
tific knowledge. Fortunately, research is underway to 
improve our understanding of the species, the organi-
zation of its populations, their genetic and phenotypic 
responses to environmental changes, and our capac-
ity for ecological modeling. This contribution, which 
proposes shell size and weight to dry weight conver-
sion factors for this regionally important marine bi-
valve to support the various current and future needs 
of ecological, physiological, and fisheries research, is 
part of this growing understanding.

METHODS
This report analyzed morphometric data from 

five batches of lion’s paw scallops in order to de-
termine conversion factors. Three of these batches 
were collected for different ecophysiological studies, 
where reproductive age was deliberately avoided, and 
the fourth and fifth were used to produce larvae and 
became available for this study after breeding. The 
first batch, dubbed GRO in this report, consists of 110 
individuals obtained in September 2002 from a com-
mercial suspended culture in Guerrero Negro Lagoon 
(Figure 1) as part of a doctoral dissertation research 
project (Sicard, 2006). These individuals were select-
ed to be as young and homogeneous as possible. The 
second and third batches are made up of 18 and 20 
randomly selected wild subadults from Bahía de Los 
Ángeles (BLA) and Laguna Ojo de Liebre (LOL), re-
spectively (Figure 1). BLA was sampled in July 2021, 
while LOL was sampled in August 2021. The fourth 
and fifth batches contain a small number of reproduc-
tive adults collected from the same sites and sampling 
dates (6 for RBLA and 5 for RLOL) and processed 
in the laboratory for post-hatch morphometric weight 
estimations.

All samples were processed alike, using the same 
equipment and methods. After cleaning for epibi-
onts, a 0-150 mm analog vernier was used to measure 
shell height (the distance from the hinge to the fur-
thest shell edge) and length (the distance from edge 
to edge, perpendicular to the height; Figure 2). Total 
weight (entire organisms, including the shell) and wet 
weight (soft tissue after dissection) were recorded us-
ing an analytical balance (Precisa XT220A). All soft 
tissue samples were lyophilized using a Telstar Cryo-
dos-50 at 0.07 mBar and -50°C, and the dry weight 
was measured with the analytical balance. 

As a result, the database includes shell height and 
length, total weight (Tw), wet weight (Ww), and soft 
tissue dry weight (Dw). A Shapiro-Wilks test (p 0.05) 
was used to confirm the normality of each variable 
before any correlation or statistical analysis.

A one-way ANOVA was performed to ascertain 
whether there were statistically significant differenc-
es between the samples in terms of animal size (shell 
length) and weight (total weight). A post-hoc Tukey 
test was used to compare all pairs of means.

The relationship between shell height and length 
was determined using a correlation analysis. An 
ANOVA and a post hoc Tukey test was used to deter-
mine whether different samples might produce differ-
ent means for the length/height ratios. 

Finally, conversion factors for wet weight, total 
weight, and shell length as predictors of dry weight 
were obtained after fitting models to the paired data 
separately. In the first case, two models were utilized: 
a linear model (intercept set to 0) and a potential mod-
el; for the rest, simple linear models offered the best 
match. All analyses were performed using R Statisti-
cal Software (v4.3.0 R Core Team 2023).

RESULTS
The sizes of the specimens used in this investiga-

tion range from juveniles to adults (57 to 137 mm). 
There are three statistically distinct groups: the one 
from Guerrero Negro, sampled in 2002, with animals 
ranging from 36 to 112 g in total weight (with shell) 
and 57 to 74 mm in shell length; the experimental ju-
veniles from LOL and BLA, with between 60 and 214 

Figure 1. Sampling sites of the lion’s paw scallop batches were 
used in this study.
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g in total weight and 62 to 99 mm in shell length and 
verified sexual immaturity; and the adults used for re-
production in laboratory conditions, also from LOL 
and BLA, with animals ranging from 271 to 495 g and 
104.6 to 137.2 mm (Figure 3). Morphometric mea-
surement of lion’s paw scallop shells showed high 
correlation (R2 = 0.9983) between the height and 
length of the shells, with a ratio close to one (1:0.977) 
for all samples except Guerrero Negro (Figure 4).

We examined wet weight (soft tissue), total 
weight (including the shell), and shell length as pre-
dictors of dry weight. All the model associations (Fig-
ure 5) are statistically significant (Table 1).

DISCUSSION
Conversion factors can be helpful in many situ-

ations, particularly in ecology, ecological modeling, 
and fisheries management. However, they cannot re-
place actual dry weight estimates in some research 
areas, such as bioenergetics and individual-scale 
physiological studies, where the variation between 
individuals often contains the response being sought. 
In addition, when comparing the relative weights of 
tissues and organs, a gross indirect estimation of the 
total soft tissue dry weight cannot replace direct mea-
surements. 

We present four models to choose from based 
on the available information and the user’s particular 
requirements. The first one offers the possibility of 
converting wet to dry weights. In this case, two mod-
els with good correlation coefficients are proposed: 
a simple proportion model and a potential model, 
where the first is simpler and more practical and the 
second has slightly higher explanatory power and is 
better suited to larger animals. In the second, with to-
tal weight as the predictor of dry weight, the correla-

Figure 2. Schematic representation of the shell measurements of Nodipecten subnodosus used for this study.

Figure 3. Samples comparison for total weight (A) and shell 
length (B). Guerrero Negro juveniles sampled in 2002 (GRO), 
Bahía de Los Ángeles (BLA) and Laguna Ojo de Liebre (LOL) 
juveniles sampled in 2021, and adults from Bahía de Los Ánge-
les (RBLA) and Laguna Ojo de Liebre (RLOL). For each group, 
the x mark indicates the mean, the horizontal line inside the box 
represents the median, the box indicates the interquartile range, 
and the whiskers the maximum and minimum values. Letters 
indicate significant differences between distributions at p 0.05.



4 Carreño-León et al.

tion coefficient is also relatively high, and a simple 
linear regression provided the best fit. It should be 
noted that, while weighting the entire animal (with 
the shell) seems to be more convenient, it increases 
the risk of measurement error since many factors can 
alter the determinations (elimination or not of the ex-
cess water outside the shell, draining the individual 
before it hermetically closes the valves retaining ex-
cess water or remove epibionts from the shell surface, 
among others).

The third conversion factor is thought to be used 
when dealing with large number of individuals, such 
as after harvesting in aquaculture or capturing in fish-
eries, when measuring individual weights is logisti-
cally difficult and the information is used as aggre-
gates or averages with no interest in comparing be-
tween individuals. Using shell length as a proxy for 
dry weight provides a reasonable approximation, is 
the quickest and simplest measurement, and requires 
no special equipment.

We are conscious of the limitations of our re-
search. The most significant is that the number of 
cases in some of the samples, particularly for the 
largest sizes (5 and 6 cases for RBLA and RLOL, re-
spectively), leads to a poor representation of larger 
animals. Moreover, since these few large individuals 
were weighed after reproduction, we may be underes-
timating their total mass. The model’s capabilities and 
confidence could be improved in the future as more 
information about these sizes and different reproduc-
tive stages is gathered and incorporated. 

Figure 4. A) Correlation between shells height and length (R2 = 
0.9983) and B) comparison of the height/length ratio between 
samples: Guerrero Negro subadults sampled in 2002 (GRO), 
Bahía de Los Ángeles (BLA) and Laguna Ojo de Liebre (LOL) 
subadults sampled in 2021, and adults from Bahía de Los 
Ángeles (RBLA) and Laguna Ojo de Liebre (RLOL). For each 
group, the horizontal line inside the box represents the median, 
the box indicates the interquartile range, and the whiskers the 
maximum and minimum values. Letters indicate Differences 
are significant differences between distributions at p 0.05.

Figure 5. Correlation analyses for the conversion factor models 
using wet weight (A), total weight (B), and shell length (C) as 
predictors of dry weight. Model equations and correlation coef-
ficients are reported in Table 1. 
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