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Abstract: Aim: In this paper we present a scientometric analysis aimed at to assess and quantify 
the contribution of Le Cren’s condition factor and the main ideas advanced by ‘Le Cren, 1951’ to 
studies on the health of individuals or populations in aquatic environments. Specifically, we addressed 
the following questions: (i) what are the temporal and spatial citation trends of ‘Le Cren, 1951’?; 
(ii) Which journals cited ‘Le Cren, 1951’ most frequently?; (iii) In which types of aquatic environments 
and organisms have Le Cren’s condition factor been most commonly applied?; (iv) Which of the 
main applications addressed in ‘Le Cren, 1951’ have been most frequently used by fisheries scientists?; 
(v) Which of the methods (i.e., Quételet’s index or body mass index, Fulton’s condition factor, 
Le Cren’s condition factor, relative weight, residual index and scaled mass index) used to estimate 
condition factor identified in the papers that cited ‘Le Cren, 1951’ have been most frequently used? 
In addition, the main criticisms of the use of the relative condition factor are discussed. Methods: 
We carried out a scientometric analysis on the papers published from 1951 to December 2015 that 
cited Le Cren’s article. The papers were obtained from the Thomson Reuters database (ISI Web of 
Knowledge, apps.isiknowledge.com) in May 2016. Results: In total, 1128 papers were assessed. 
The number of citations increased significantly over time. Most citations occurred in two journals 
(Journal of Fish Biology and Journal of Applied Ichthyology). Most of papers were carried out in marine 
environments. In addition, we show that Le Cren’s paper has been cited mainly in articles that estimate 
the condition factor or the weight-length relationship of populations. Finally, we emphasize that the 
relative condition factor proposed by Le Cren in 1951 is still the main method used to estimate the 
body condition of an individual or population. Conclusions: Le Cren’s significant contribution to 
animal well-being is undeniable, and we emphasize that among the methods identified in the papers 
that cited ‘Le Cren, 1951’ that estimated body condition, the relative condition factor proposed by 
Le Cren in 1951 is still the most commonly used method. 
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Resumo: Objetivo: Assim, o objetivo deste trabalho foi realizar uma análise cienciométrica para 
avaliar e quantificar a contribuição do fator de condição relativo e das principais ideias propostas por 
‘Le Cren, 1951’ em estudos sobre a saúde de um indivíduo ou população em ambientes aquáticos. 
Especificamente, respondemos as seguintes questões (i) quais foram as tendências espaciais e temporais 
nas citações de ‘Le Cren, 1951’? (ii) quais revistas citaram ‘Le Cren, 1951’ mais frequentemente? 

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-4981-0955
https://orcid.org/0000-0002-2540-3338
https://orcid.org/0000-0003-4235-1274
https://orcid.org/0000-0002-8477-4251


2 	 Gubiani, E.A. et al.	

Acta Limnologica Brasiliensia, 2020, vol. 32, e3

2012; Labocha et al., 2014; Peig & Green, 2010), 
and these indices can be classified as direct and 
destructive when the animals are slaughtered (i.e., 
gonadosomatic index: Chang & Navas, 1984; 
Nikolsky, 1963; hepatosomatic or liversomatic 
index: Heidinger & Crawford, 1977; and visceral 
somatic index: Delahunty & de Vlaming, 1980) or 
as indirect and nondestructive when the animals 
are not slaughtered (i.e., Fulton’s condition factor: 
Fulton, 1904; Hile, 1936; relative condition 
factor: Le Cren, 1951; and relative weight: Wege 
& Anderson, 1978). Generally, indirect indices 
aim to determine the mass of an individual relative 
to its body size. Among them, the simplest are the 
so-called “ratio indices” (i.e., the body mass ratio 
divided by the body length), and one of the best 
known is Fulton’s condition factor (see Froese, 
2006), where the body length is raised to the power 
of three. Fulton’s condition factor assumes that mass 
and length increase isometrically (Cone, 1989).

Fulton’s condition factor was originally 
developed and applied in fisheries science (Fulton, 
1904). However, many studies with fish (e.g., 
Bolger & Connolly, 1989; Froese, 2006; Le Cren, 
1951; Ricker, 1975) have shown that an increase 
in the weight and length of an individual is not 
isometric (weight-length relationship parameter, 
b < 3 or b > 3). In 1951, Le Cren (hereafter ‘Le 
Cren, 1951’) was the first to realize this in a 
seminal paper that evaluated the weight-length 
relationship, the seasonal cycle in gonad weight and 
the condition factor of Perca fluviatilis Linnaeus, 
1758, a common and widely distributed perciform 

1. Introduction

Body condition is a key indicator of health at 
the individual or population level (e.g., Froese, 
2006; Jakob  et  al., 1996; Labocha  et  al., 2014; 
Le  Cren, 1951; Peig & Green, 2009) since it is 
closely related to important fitness variables, such as 
growth (Lloret et al., 2002), reproduction (Bachman 
& Widemo, 1999; Dobson & Michener, 1995), 
behavior (Bachman & Widemo, 1999), and survival 
(Jakob  et  al., 1996; Peig & Green, 2009; 2010; 
Shine et al., 2001). The term “body condition” has 
been used in different manners, and it can mean 
different things. Commonly, the term is used 
to designate the energy reserves of an individual 
(Labocha  et  al., 2014; Peig & Green, 2009). 
For example, animals with a better body condition 
are predicted to have more energy reserves (i.e., 
fat and protein), enabling them to endure longer 
periods of food shortage and present higher survival 
and reproductive success compared to animals with 
a poor body condition (Peig & Green, 2009, 2010; 
Schulte-Hostedde et al., 2001, 2005; Shine et al., 
2001). However, in some studies, body condition 
has been considered a measure of the biological and 
physical events that happen during some anterior 
period in the life cycle of an individual (Lloret & 
Ratz, 2000) or as an indicator of habitat quality 
and food availability (Johnson, 2007; Lloret et al., 
2002).

Several indices have been proposed to measure 
body condition and indicate the nutritional and 
physiological status of individuals (Jacobs  et  al., 

(iii) em quais tipos de ambientes aquáticos e organismos o fator de condição relativo tem sido mais 
frequentemente aplicado? (iv) quais as principais aplicações abordadas em ‘Le Cren, 1951’ foram mais 
frequentemente utilizadas por cientistas pesqueiros? E (v) quais métodos (i.e. índice de Quételet ou 
índice de massa corpórea, fator de condição de Fulton, fator de condição de Le Cren, peso relativo, 
índice residual ou índice de massa escalonado) usados para estimar o fator de condição, identificados 
nos trabalhos que citaram ‘Le Cren, 1951’, têm sido mais frequentemente usados? Além disso, as 
principais críticas ao uso do fator de condição relativo são discutidas Métodos: Em maio de 2016, 
nós realizamos uma análise cienciométrica dos trabalhos publicados de 1951 a dezembro de 2015 que 
citaram o artigo de Le Cren utilizando a base de dados da Thomson Reuters (ISI Web of Knowledge, 
apps.isiknowledge.com). Resultados: Ao todo 1128 artigos foram contabilizados. O número de 
citações aumentou significativamente ao longo do tempo. A maioria das citações ocorreu em dois 
periódicos (Journal of Fish Biology and Journal of Applied Ichthyology). A maior parte dos artigos foi 
realizada em ambientes aquáticos. O artigo de Le Cren tem sido citado principalmente em artigos 
que estimaram o fator de condição ou a relação peso-comprimento de uma população. Além disso, 
nós enfatizamos que o fator de condição relativo proposto por Le Cren em 1951 ainda é o principal 
método utilizado para estimar a condição corporal de um indivíduo ou população. Conclusões: Assim, 
a contribuição significativa de Le Cren para o estudo da saúde animal é inegável e nós enfatizamos 
que entre os métodos, identificados nos artigos que citaram ‘Le Cren, 1951’, para estimar a condição 
corporal, o fator de condição relativo proposto por Le Cren ainda é o mais utilizado. 

Palavras-chave: Eric D. Le Cren; condição corporal; índices de condição; relação 
peso‑comprimento; ecossistemas aquáticos
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fish found throughout Europe and Asia. Le Cren 
proposed the relative condition factor (Kn), in which 
the observed mass of an individual is divided by its 
predicted mass, which is obtained from the linear 
regression of the weight-length relationship of the 
respective population sample (Le Cren, 1951). 
This article became a classic citation, especially in 
fisheries science (Lowe-McConnell, 2011).

Although widely used, there are several 
criticisms of Le Cren’s condition factor regarding 
its application (Bolger & Connolly, 1989; Peig & 
Green, 2010). The main criticism is that it does not 
allow comparisons between populations, unless they 
have the same weight-length relationship. However, 
the relative condition factor allows comparisons 
of the conditions of different individuals from the 
same sample independent of length (Froese, 2006). 
Despite the pros and cons of its use and application, 
the paper by ‘Le Cren, 1951’ was a pioneer due to 
its contribution to the understanding and discussion 
of animal body condition.

In this paper we present a scientometric analysis 
aimed to assess and quantify the contribution of Le 
Cren’s condition factor and the main ideas advanced 
by ‘Le Cren, 1951’ to studies on the health of an 
individual or population in aquatic environments. 
Specifically, we addressed the following questions: 
(i) what are the temporal and spatial citation trends 
of ‘Le Cren, 1951’?; (ii) Which journals cited ‘Le 
Cren, 1951’ most frequently?; (iii) In which types of 
aquatic environments and organisms have Le Cren’s 
condition factor been most commonly applied?; 
(iv) Which of the main applications addressed in 
‘Le Cren, 1951’ have been most frequently used 
by fisheries scientists?; (v) Which of the methods 
(i.e., Quételet’s index or body mass index, Fulton’s 
condition factor, Le Cren’s condition factor, relative 
weight, residual index and scaled mass index) used 
to estimate condition factor identified in the papers 
that cited ‘Le Cren, 1951’ have been most frequently 
used? In addition, the main criticisms of the use of 
the relative condition factor are discussed.

2. Materials and Methods

In May 2016, we carried out a scientometric 
analysis using the Thomson Reuters database 
(ISI Web of Knowledge, apps.isiknowledge.com) 
and compiled a list of all the papers that cited 
‘Le Cren, 1951’. We identified the country of the 
first author of each paper, which was subsequently 
grouped by continent, in the journals that cited 
‘Le Cren, 1951’ and the temporal trends in the 
citations. In addition, we assessed the citation rank 

of ‘Le Cren, 1951’ among all the papers published in 
the Journal of Animal Ecology, the journal in which 
Le Cren’s paper was originally published.

To complete objectives iii to v, we selected a 
subsample (≈40%, which returned an adequate 
sample without losing reliability in the results) of 
the articles that cited ‘Le Cren, 1951’ by using the 
“subset/random” option in the software Statistica 
7.0. We did this because more detailed analyses 
were difficult since abstracts were only available after 
1990 and the number of papers was substantial. 
Thus, we obtained copies of all the selected papers 
in the subsample that cited ‘Le Cren, 1951’ 
and analyzed them in detail. These papers were 
categorized as theoretical or empirical. The empirical 
studies were categorized according to the main type 
of ecosystem, i.e., terrestrial, marine or freshwater 
studies. To further analyze this issue, only empirical 
aquatic studies were used. From this, the studies 
were grouped to answer the following questions: 
(a) in which type of aquatic environment (ocean, 
salt marsh, intertidal zone or estuary (for marine 
studies), river/stream, lagoon, reservoir, pond, 
wetland or laboratorial experiment (for freshwater)) 
was the study carried out; and (b) which organisms 
were studied: molluscs, crustaceans, insects, fishes, 
reptiles, birds, mammals or multispecies.

In addition, in an attempt to identify the main 
use/application of the ideas presented in ‘Le Cren, 
1951’, we quantified the papers that estimated the 
condition factor and the weight-length relationship. 
On the other hand, to differentiate from the above 
information cited, we also counted the number 
of papers that only cited ‘Le Cren, 1951’. Finally, 
different methods have been used to estimate the 
condition factor (Table 1). Although our research 
is skewed to those papers that cited ‘Le Cren, 
1951’, we expect that all of the articles estimating 
the condition factor would have cited ‘Le Cren, 
1951’. Thus, we quantified which method was 
used to estimate the condition factor in the papers 
selected in our sample. In addition, we highlighted 
some limitations regarding the use of the relative 
condition factor proposed by ‘Le Cren, 1951’.

The presented data do not necessarily represent 
the number of papers but rather the information 
included in the studies because not all the 
articles presented all the information of interest; 
additionally, the numbers included in the analyses 
were not always the same because the papers were 
counted multiple times when necessary (e.g., some 
studies were conducted in more than one country 
or aquatic environment). Hence, we counted and 
presented the total amount of data per analysis 
(Table 2).
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3. Results

A total of 1128 papers have cited ‘Le Cren, 1951’ 
from 1957 to December 2015. The number of 
citations increased significantly over time (nonlinear 
fit, r = 0.79, p < 0.01), reaching the maximum of 
95 citations in 2015 (Figure 1). ‘Le Cren, 1951’ was 
cited by articles published in 280 journals. Most 
of the citations occurred in journals focusing on 
fisheries and marine and freshwater biology, with 
approximately 14% of the citations concentrated 
in two journals: the Journal of Fish Biology and the 
Journal of Applied Ichthyology (Figure 2). In addition, 
citations were also found in journals focusing on 
ecology, veterinary sciences, animal husbandry and 
environmental sciences. Among all 5100 papers 
published by the Journal of Animal Ecology through 
December 2015, Le Cren’s 1951 article was the 
3rd most cited (1078 citations, Figure 3).

The subsampling process resulted in the 
selection of 450 articles. From these papers, most 
of the citations came from Europe (33%), and the 

Table 1. Methods used to estimate the condition factor and their respective references and equations that were identi-
fied in the papers that cited ‘Le Cren, 1951’ based on a search from 1951 to December 2015.

Estimating method Reference Equation
Quételet’s index or body mass index (BMI) Quételet (1832); Keys et al. (1972)

2
WBMI
L

=

Fulton’s condition factor (K) Fulton (1904)
3

WK
L

=

Relative condition factor (Kn) Le Cren (1951)
n n

WK
aL

=

Relative weight (Wr) Wege & Anderson (1978)
r

s

WW 100
W

=

Residual index (Ri) Cone (1989) The residuals from an ordinary 
least squares regression of weight 
against length

Scaled mass index (iM ) Peig & Green (2009)


SMAb
0

i i
i

LM M
L

 
=  

 

W: weight, L: length, a: a constant, n: an exponent usually lying between 2.5 and 4.0, Ws: the standard weight 
representing the 75th percentile of the observed weights at that length, Mi and Li: the body mass and the linear 
body measurement of individual i respectively, bSMA: the scaling exponent estimated by the standardized major axis 
regression of Mi on Li, and L0: an arbitrary value of L (e.g., the arithmetic mean value for the study population).

Table 2. Total amount of data recorded in each analysis based on a scientometric analysis of Le Cren’s paper published 
in 1951 through December 2015.

Analysis Total number of data
Temporal pattern of the number of citations 1128
Number of citations per journal 1128
Number of citations per country of the first author 1128
Number of citations per continent 1128
Number of citations per type of aquatic environment 334
Number of citations per organism 341
Number of citations per application 340
Number of citations per method 218

Figure 1. Temporal trend in the number of papers 
citing ‘Le Cren, 1951’ based on a search from 1951 to 
December 2015.
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Figure 2. Number of papers published in different journals 
that cited ‘Le Cren, 1951’ based on a search from 1951 
to December 2015.

Figure 3. Histogram of the number of citations of the 
articles published between 1945 and 2015 in the Journal 
of Animal Ecology based on a search carried out in May 
2016. Le Cren’s paper is highlighted.

Figure 4. Number of citations of Le Cren’s (1951) paper (A) per continent and (B) per country of the first author 
and the number of articles that cited ‘Le Cren, 1951’ (C) per type of aquatic environment and (D) per organism 
based on a search from 1951 to December 2015.

lowest number of citations came from Oceania (2%; 
Figure  4A). Seventy-six countries were recorded 
in the citations. Five countries (Brazil, the United 
States of America, India, the United Kingdom 
and Canada; Figure 4B) accounted for 54% of the 
citations. In most of the citations, the article’s first 
author was from Brazil (16%; Figure  4B). Most 
studies that cited Le Cren’s paper were carried out 
on oceans (31%; Figure 4C). In contrast, only 6% 
of the citations came from research on reservoirs 
and laboratorial experimental studies (Figure 4C).

Almost all of the papers that cited ‘Le Cren, 
1951’ studied fish (91% of the papers; Figure 4D). 
Some of the studies assessed more than one group of 
organisms. Two main applications of Le Cren’s paper 
were identified (Figure 5): estimations of the relative 
condition factor (46% of the citations) and the fit 
of the weight-length relationship of a population 
(37% of the citations). In addition, 13% of the 
papers included both main applications (Figure 5). 
Thus, 96% of the selected articles used at least one 
of these two main applications.

The main application of Le Cren’s paper was 
estimating the relative condition factor, and 
consequently, his method was the most widely used 
for this estimate (44% of the papers; Figure 6) based 
on papers that cited ‘Le Cren, 1951’. Five other 
methods for estimating the condition factor was 
also cited (Figure 6, Table 1).
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4. Discussion

The increase in the number of citations 
over time provides evidence of the important 
contribution and influence of Le Cren’s paper on 
the study of animal body condition. The number 
of citations has increased considerably since 
2000, similar to the trend observed in science in 
Brazil (De Meis  et  al., 2007; Regalado, 2010), 
possibly because at large number of papers became 
available online (Schäfer et al., 2011; Souza et al., 
2010) and important journals addressing issues 
on body condition emerged during this period 
(i.e., Neotropical Ichthyology and Journal of Applied 
Ichthyology). ‘Le Cren, 1951’ has been most 

frequently cited in scientific journals targeting 
fisheries and the biology of freshwater and marine 
fishes, and it is the third most frequently cited paper 
in the Journal of Animal Ecology. Additionally, the 
Journal of Fish Biology and the Journal of Applied 
Ichthyology had many published papers that cited 
‘Le Cren, 1951’. These are traditional journals 
in fish biology because they exclusively publish 
articles related to fisheries and the biology of 
freshwater and marine fishes and cover all aquatic 
ecosystems (marine, estuary and freshwater). 
The first citation recorded in our research was made 
in 1957 by Timothy B. Bagenal, in an article titled 
“The breeding and fecundity of the long rough dab 
Hippoglossoides platessoides (Fabr.) and the associated 
cycle in condition”. The European continent had the 
highest proportion of articles that cited ‘Le Cren, 
1951’. In contrast, there were few articles from 
Oceania and Africa.

Although a majority of the articles included 
research carried out in Europe, Brazil was the 
country with the higher number of first authors 
of papers that cited ‘Le Cren, 1951’. Brazilian 
territory support great diversity of fish species 
(Reis et al., 2003; 2016; Lewinsohn & Prado, 2005; 
Toussaint et al., 2016). In addition, in recent years, 
aquaculture has intensified in Brazil, which may 
have contributed to the number of studies focusing 
on the body condition of fishes (Barone et al., 2017; 
Pelicice et al., 2017).

Fish were the most studied organisms in the 
papers that cited ‘Le Cren, 1951’. Consequently, 
oceans, rivers and streams were the most studied 
aquatic environments. In this way, ‘Le Cren, 1951’ 
has been cited in many papers related to fisheries 
biology and fisheries management (Froese, 2006; 
Froese et al., 2011).

As demonstrated by our results, the paper by 
‘Le Cren, 1951’ was mainly cited in articles that 
assessed the condition factor and the weight‑length 
relationship in fish species. According to Froese 
(2006), in a meta-analysis on the condition factor 
and the weight-length relationship in fish, the 
historical development of these two metrics is 
intertwined because heavier fish of a given length 
are in better condition. Thus, Le Cren’s paper 
was cited both in articles that estimated only the 
weight‑length relationship corresponding to a given 
length and in those that determined the condition 
factor by comparing the ‘condition’, ‘fatness’ or 
‘well-being’ of fish. This pattern was evident in 
our results, in which 96% of the articles primarily 
cited ‘Le Cren, 1951’ either in the estimation of the 
condition factor or the weight-length relationship.

Figure 5. Main application of the ideas advanced by ‘Le 
Cren, 1951’ identified in a subsample of the articles that 
cited ‘Le Cren, 1951’ based on a search from 1951 to 
December 2015. RCF = relative condition factor; LWR 
= length-weight relationship.

Figure 6. Methods used to estimate the body condition 
factor identified in the papers that cited ‘Le Cren, 
1951’ based on a search from 1951 to December 2015. 
1: Le Cren’s condition factor; 2: Fulton’s condition factor; 
3: relative weight; 4: Quételet’s index or body mass index; 
5: residual index; and 6: scaled mass index (for more 
details, see Table 1).
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The interconnectedness of the condition factor 
and the weight-length relationship is also justified 
because the study of animal condition is usually 
based on the fit of the weight-length relationship. 
One of the most common methods for determining 
an individual’s body condition is fitting the linear 
relationship between body mass and some measure 
of size. For example, in fish, the most commonly 
used method is fitting a linear regression model 
between body mass and the standard length, a 
measure of a fish’s body length from the tip of its 
nose to end of its last vertebrae, both of which are 
log-transformed. From this fit, which is usually 
determined by ordinary least squares regression, 
the residuals from this relationship are used as an 
index of body condition, where positive residuals 
indicate individuals with a better body condition 
and negative residuals indicate individuals with a 
poor body condition (Jakob et al., 1996; Schulte-
Hostedde et al., 2001, 2005).

The relative condition factor (Kn; Le Cren, 
1951) is the most applied index for estimating 
the body condition of fish. However, several 
criticisms of its application have been noted by 
many authors (Bolger & Connolly, 1989; Froese, 
2006; Labocha & Hayes, 2012; Peig & Green, 
2009; Schulte‑Hostedde  et  al., 2005). The main 
criticism highlights the fact that the index is 
usually correlated with any linear measurement of 
body size (Froese, 2006; Jakob et al., 1996; Peig & 
Green, 2009), and it does not allow comparisons 
across populations (Bolger & Connolly, 1989; 
Froese, 2006; Labocha  et  al., 2014). Given that 
an individual’s body condition may be influenced 
by innumerable factors, such as sex, season, and 
the degree of gonadal development (Froese, 
2006; Froese  et  al., 2011; Le Cren, 1951), the 
weight‑length relationship may not be the same 
among different populations.

Recently, new methods for estimating the body 
condition of an individual have been described 
(Peig & Green, 2009, 2010; Viblanc et al., 2012). 
However, the choice of which index is best is still 
a question that remains unanswered by scientists 
(Jakob et al., 1996; Labocha et al., 2014; Peig & 
Green, 2010). Despite criticisms on the use of the 
relative condition factor developed by Le Cren 
(1951), its recent use is still quite evident, especially 
within fisheries sciences. Thus, according to Froese 
(2006), when evaluating within-species variation 
in weight-length relationships and estimating the 
relative condition of individuals within a sample, Le 
Cren’s condition factor is recommended. Therefore, 

as highlighted above, this index can be very useful 
for fisheries management purposes.

In summary, we showed that the article 
published by Le Cren in 1951 is a classic paper that 
furthered the understanding of the body condition 
or well-being of an individual. According to our 
results, it is the third most cited article in the Journal 
of Animal Ecology. In addition, the article’s legacy 
remains evident, especially in fisheries sciences, 
given the large number of recent citations in articles 
that applied the relative condition factor or fitted 
weight-length relationships for fish. Finally, given 
the limitation of our sample, we emphasize that 
among the methods identified in the papers that 
cited ‘Le Cren, 1951’ for estimating body condition, 
the relative condition factor proposed by Le Cren 
in 1951 is still the most commonly used method.
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