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ABSTRACT. Crabs of the genus Uca Leach, 1814 are characterized by having strong sexual dimorphism and a global distribution.
Currently, 97 species have been described and analyzed under several aspects, including population ecology, physiology and ethology.
However, there is no general summary of the information from the various literatures. The aim of this study is to perform a
scientometric analysis of fiddler crab studies. For this we searched papers available in the Thomson |SI database that contained the
words “Uca’” OR “fiddler* crab*” between the years 1991 and 2007. For each paper, we researched and recorded the following
characteristics: publication year; journal of publication; the first author’s nationality; the country where the study was conducted,;
study type; species studied; and the work area. Our results indicated that there was no increase in the number of articles through the
years considered. The Journal of Experimental Marine Biology and Ecology published most of the articles on Uca, indicating the
importance of this group as a model for testing ecological hypotheses using experimental approaches. Our results also showed that
United States had the highest number of authors and published studies on Uca, following the overall trend in dominance on scientific
research. Furthermore, using models with three variables (per capita income, number of species of Uca and extent of coastal
countries) we observed that, according to the Akaike Information Criterion, the per capita income was the most important correlate
for the number of articles per country (both the author’s country and country of study). Additionally, our results show that the species
U. pugilator (distributed on the East Coast of the North American continent) was the species most singularly referenced in the papers
considered. Moreover, our results indicate that most studies on Uca use a descriptive and local scale. The majority of papers in our
literature search reflect studies in population biology, followed by behavioral and physiological characteristics.
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RESUMO. Literatura global sobre caranguejos violinistas, género Uca (Decapoda, Ocypodidae): tendéncias e diregdes
futuras. Caranguejos do género Uca Leach, 1814 sdo caracterizados por apresentarem forte dimorfismo sexual e sdo globalmente
distribuidos. Atualmente sdo descritas 97 espécies desse género, sendo estudados em diversos aspectos como ecologia de popul agoes,
fisiologia e etologia. Entretanto, até o presente ndo existe um trabalho que sintetize as informagdes da literatura cientifica sobre esse
grupo. O objetivo desse trabalho foi realizar uma anélise cienciométrica sobre estudos de caranguejo Uca. Para isso, buscou-se artigos
que continham os termos “Uca” OR “fiddler* crab*, entre 1991 e 2007, disponiveis na base de informacdes bibliogréficas do
Thomson 1Sl. Para cada artigo foram coletadas informagdes como ano de publicacdo, periddico onde o artigo foi publicado, nacionalidade
do primeiro autor, pais onde o trabalho foi desenvolvido, tipo de estudo, espécie estudada e area do trabalho. Os resultados obtidos
indicaram que n&o houve incremento no nimero de artigos ao longo dos anos. A revista que apresentou 0 maior nimero de artigos sobre
Uca foi o Journal of Experimental Marine Biology and Ecology, indicando a importancia desse grupo como modelo para o teste de
hipoteses ecol6gicas com o uso de abordagem experimental. Os Estados Unidos foi o pais que apresentou maior nimero de autores que
publicaram sobre Uca e também o pais com o maior nimero de trabalhos sobre Uca. Possivelmente isso deveu-se ao maior investimento
em infra-estrutura e pesquisa nesse pais. Além disso, usando modelos com trés variaveis preditoras (renda per capita, nimero de
espécies de Uca e extensdo costeira dos paises) observou-se que de acordo com o Critério de Akaike a variavel renda per capita foi a
mais importante para explicar o padrdo do nimero de artigos por pais (i.e. pais do autor e pais de estudo). A espécie que apresentou o
maior nimero de trabalhos desenvolvidos foi U. pugilator, essa espécies distribui-se na costa leste do continente Norte Americano.
Além disso, a maior parte dos trabalhos sobre Uca foi de cunho descritivos e em escala local. Quanto a érea do trabalho, grande parte
dos artigos esteve inserido na categoria populacional, seguido de comportamental e fisiolégico.

PALAVRAS-CHAVE. Cienciometria, biologia de populacfes, Uca pugilator, AIC, renda per capita.

Coastal marine environments have long attracted
interest in the scientific community, arguably due to the
high species and habitat diversity (SaLa & KNowLToN,
2006). Moreover, coastal environments of the world are
economically and socially important (Costanza et al.,
1997) and, thus, have been threatened by various human
activitiesthat trigger habitat loss and species extinctions
(MANN, 2000; HARLEY €t al., 2006).

It has been observed that there is an increasingly
number of papers that describe new marine species
(BoucHeT, 2006). The coastal environments, however,
when compared with other environments (e.g., forests),

have fewer studies in conservation biology. Moreover,
marine and coastal invertebrates are less well-studied in
comparison with birdsand mammals (Fazev et al., 2005).

Among the marine species, crustaceans have high
species diversity, with an estimate of more than 68,000
species (MarTIN & Davis, 2006). Within this group, the
genus Uca Leach, 1814 is represented by 97 species
(RosenBERG, 2001) and are characterized by having strong
sexual dimorphism with asymmetry of the male (CraNE,
1975). Moreover, species of Uca are small in size and
form dense populations that are distributed in many
tropical regions of theworld (ZeiL et al., 2006). Uca was
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first described in 1758 (see taxonomic revision in
RosengERG, 2001) and since the mid-eighteenth-century
many studies have used thistaxonomic group in different
research fields (e.g., population ecology, behavioral
biology and physiological aspects ZeiL et al., 2006).
However, thereisno summary of modern research trends
for Uca. Thisgenus servesasamodel organism for many
disciplines, such as physiology (Fraser, 2006), ecology
(GopLEY & Bropik, 2007), environmental sciences(Obuwm,
1969; CuLserTsoN €t al., 2007) and behavioral ecology
studies (How et al., 2007). Theaimsof our study were: (i)
evaluate the trend of the number of papersrelated to this
genus; (ii) determinewhich specieswerethe most studied;
(iii) identify which subject category (areas of study) use
Uca as a model organism; and (iv) determine which
journals, countries and authors have published more
articles on Uca and compare models that explain the
pattern of scientific productivity of different countries.
Based on this assessment, we have identified potential
directions for future research on Uca.

MATERIAL AND METHODS

The survey of the published literature was
conducted using the Thompson ISl database with the
keywords “ Uca” OR “fiddler* crab*” . The use of the
asterisk in this search indicates that any ending of the
word may be accepted, assuring inclusion of that termin
the singular and plural forms.

Our study recorded the following criteriafor each
publication recorded: (i) publication year; (ii) journal title
and the diversity of journal over the years (estimated
using the Shannon index); (iii) first author country; (iv)
country where the work was developed (when possible);
(v) typeof study (theoretical, experimental or descriptive);
(vi) species studied; and (vii) subject category
(population, behavioral, physiological, morphological,
environmental or genetic/evolution). Within “type of
study” we classified the studies into the category
“experimental”, for papers that have developed an
experiment in either the laboratory or field, and the
category “descriptive” for papers that characterize other
aspects of the population (e.g., density and environmental
impact studies). The category “theoretical” includes
papers that are reviews and syntheses of biological or
phylogenetic information about Uca. In “subject
category”, papers relating to population attributes (e.g.,
density, distribution and ecological interactions) were
classified as “population”, whereas papers on the
arrangement behaviors(e.g., choice of mate, fighting) were
inserted in “behavioral” class; articles on physiological
aspects, tolerance and relations with environmental
variables (such as salinity and temperature) were
classified as “physiological”; papers that presented
taxonomic and morphological characteristic of genus
Uca were inserted in “morphological”; articles that
discussed the impacts of environmental damage to
populations of the genus Uca were added in category
“environmental” ; and genetic papers, such as analyses

of genetic diversity and works that presented
evolutionary patterns, were entered in category
“genetic/evolution”.

To evaluate yearly trendsin the number of papers,
it was necessary to account for the general overall trend
of increase in the number of papers for the years under
consideration (PeTers, 1991). To achievethis, the number
of papers published each year was divided by the total
number of articles found in the database for that year.

Additionally, we recorded the nationality of the
author (first author), as well as the country where the
study was conducted (i.e., country of study). We
generated multiple regression models to explain the
number of papers based on the authors' nationality and
country of study. These models consisted of three
explanatory variables and were compared using the
Akaike Information Criterion (Al C), and the best model
was given as the one for which the lowest value of AIC
was found (BurnHAM & ANDERsoN, 2002). The
explanatory variables used were the per capita income
(in dollars), geography (coastal extension in km) and
biology (number of Uca species) of the respective
countries (with atotal of 34 countries). We created seven
distinct models based on combinations of the three
variables. For these models, we expect that countries
with the highest number of articles—based on the authors
nationality and country of study — have a higher per
capitaincome (sensu Fazey et al., 2005), greater coastal
geographical extension and a higher number of Uca
species. Dataon acountry’s per capitaincome was based
on 2007 data obtained from the site of the World Bank
(The World Bank Data, www.worldbank.org/data,
accessed on June 2, 2009).

The diversity of journals that published research
on the genus Uca was estimated using Shannon-Wienner
index (H’) for each year (MAGURRrAN, 2004). Recent studies
have used thisindex in scientometric studiesto evaluate
the tendency of the diversity of journals that publish on
aparticular subject (e.g., CarvaLHo et al., 2005; CARNEIRO
etal., 2008).

RESULTS

We registered 471 papers in the database of
Thomson 1SI with references to the genus Uca, between
1991 and 2007. After accounting for an overall increasein
the number of articles, the number of papers with the
genus Uca did not increase significantly over the years
(r=0.21,P=0.31; Fig. 1).

A total of 131 journals published papers on Uca,
but alarge portion of the papers (271 or 57% of articles)
was published in only 20 journals (Fig. 2). The Journal of
Experimenta Marine Biology and Ecology had thelargest
number of articles (35, or 7.4% of total papers), followed
by the Marine Ecology - Progress Series (33 articles, or
7%). There is an increase in the diversity (measured by
H’) of journalsover theyears (r=0.55, P=0.01).

Authors from the United States had the highest
number of published articles about Uca (210, or 44%
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papers of total), followed by authors from Japan (47, or
10% of total), Argentina (26, or 5.5% of total), Australia
(26, or 5.5% of total) and Brazil (21, or 4.4% of total).
These five countries accounted for more than 70% of the
total papers. Our total database consists of 34 countries
(i.e. author country). In termsof the geographical location
for the studies, we found that, wereidentified 180 studies
(local of studies). These studies were distributed in 28
countries and, the largest portion os these studies were
located in the United States (62, or 34% of total papers),
followed by Brazil (21, or 11% of total), Argentina (15, or
8% of total), Australia (10, or 5.5% of total) and
Mozambique (9, or 5% of total).

We generated seven distinct models to explain the
distribution of the papers by both the first author’s
nationality and by the country where the study was
conducted. According to AIC, the model that better
explained the number of articles by the author’s country
was the model that was based on per capitaincome and
the number of species of Uca (Tab. 1). Based on this
model, countries with the largest number of papers
(considering the nationality of authors) were those with
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Figure 1. Temporal variation in the number of papers about genus
Uca indexed in the Thomson ISI between the years 1991 and
2007. The values recorded were previously standardized (see
Materials and Methods).
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Figure 2. Journals with the highest number of articles on the genus
Uca (n = 471).

both a higher per capitaincome and a greater number of
species of Uca, according to the positive standardized
coefficient with these variables (Tab. I1). The model that
better explained the number of papersby country of study,
with the lowest AIC value, was composed of a single,
unique variable (income per capita) (Tab. 1). In addition,
this variable had greater significance than the other
variables considered (Tab. I1).

Most of the papers surveyed were classified as
descriptive (306 articles, or 64% of total), whereas
experimental studies represented 24% of the total (117
articles), and few articles on Uca were classified as
theoretical (48 articlesor 10%).

A large proportion of papersanalyzed in this study
focused on merely a few species of Uca. Most studies
did not specify the species studied or analyze all species
within the genus. However, in papersthat explicitly stated
which specieswas studied, we observed that U. pugilator
(Bosc, 1802) was the most studied species (97 papers, or
17% of total), followed by U. pugnax (Smith, 1870) (42
papers, or 7%) and U. tangeri (Eydoux, 1835) (33 papers,
or 5%) (Fig. 3).

In our analysis of the subject category, the category
“population” was a broadly inclusive term that
incorporated studies dealing with structure and dynamics
of populations (150 papers, or 31% of total). Paperswith
a research emphasis on physiological and behavioral
issues had 104 and 98 papers in these respective
categories(Fig. 4).

Table |. Model selection results showing the seven models used
to describe the number of papers by country of author (n=469)
and country of study (n=180). For each model, consider the
respective values of the coefficient of determination (R? as well
as the Akaike (AIC) and hierarchical classifications of the model
(in parentheses) according to the lowest value of AIC. The
variables are: number of species (S), income per capita (1) and
costal extension (C).

Models Country of author Country of study
R? AIC R? AlC

S| 0.19 349.89(1) 0.26 198.23(3)
CsSl 0.21 351.74(2) 0.27 201.08(4)
c 0.07 352.09(3) 0.05 201.52(6)
S 0.06 352.41(4) 0.01 202.46(5)
CR 0.11 353.02(5) 0.26 198.04(2)
| 0.05 353.08(6) 0.24 195.89(1)
CS 0.11 353.26(7) 0.05 204.36(7)

Table Il. Model selection evidenced for each explanatory variable
and the importance and the standardized correlation coefficient
(coefficient). Variables include: Coastal extension (C), number of
species (S) and per capita income (1).

Variables Country of author
Importance Coefficient

Country of study
Importance Coefficient

C 0.43 0.22 0.26 0.15
0.71 0.35 0.23 0.11
I 0.69 0.34 0.93 0.48
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Figure 3. The number of papers about the genus Uca. The category “Uca spp” indicates papers that did not specify the species studied
or examined al the species of the genus Uca (in taxonomic revisions). The category “other” includes species mentioned specifically in
only one study, a total of 15 different species: U. bengali, U. borealis, U. capricomis, U. coloradensis, U. crassipes, U. dampieri, U.
elegans, U. flammula, U. forcipata, U. hirsutimanus, U. monilifera, U. panamensis, U. polita, U. seismella and U. signata.
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Figure 4. The subject categories of papers about the genus Uca (see
details in Material and Methods).

DISCUSSION

Recently, scientometrics analyses have been used
to summarize the advances as well as detect gaps in
environmental (e.g., Bini et al., 2005; Fazey et al., 2005;
FerreIRA JUNICR €t al., 2008) and ecological research (e.g.,
BupiLova et al., 1997; Nosis & WoHLGEMUTH, 2004;
CaRNEIRO €t al., 2008; PabiaL et al., 2008; Pinto & Bini,
2008; BriTo et al., 2009). Scientometric studies have often
shown an overall increase in the number of research
papers over a particular period of time. This is
demonstrated in studies of phytoplankton (CARNEIRO et
al., 2008), macrophytes (PabiaL et al., 2008), population
ecology (Lima-RiBEIRO €t al., 2007) and genetic studies
with use of flow cytometry (QuixaBeira €t al., 2010).

However, this study showed no significant increase in
the number of papers on the genus Uca. Our result may
suggest that there was not increased interest in this
taxonomic group within the scientific community, or it
may indicate a disinterest in international journals
(indexed in Thomson ISl) in papers about this genus.
However, other scientometric studies presented similar
results to our study. For example, themes focusing on
“taxonomy” and “estuary” showed no increase in the
number of papersover theyears (between 1987 and 2005)
after analysisof six major reviewsof limnology (WisHART
& Davig, 2002). Studies on the taxonomy of algae have
also declined over the last three decades (IRFANULLAH,
2006).

Moreover, the number of studies of marine
biodiversity hasamuch smaller increase when compared
with studies of terrestrial biodiversity (HENDRIKS &
DuarTe, 2008). In other words, the pattern that indicates
an increase in the number of papers in different areas
should be evaluated carefully, as the patterns can be
associated with taxonomic and geographic biases.
Although the genus Uca shows no increase in research
interest, the genus is, nevertheless, pertinent to several
research agendas. It is located in coastal marine
environments and subject to strong human impact
(HaRLEY et al., 2006; HaLPERN €t al., 2008). Thus, we
argue that these organisms can be models for studies on
conservation of coastal environments as well as useful
in assessing the impact of climate change on marine
environments.

Another aspect of our study was an evaluation of
the distribution of journals that published articles about
the genus Uca. In general, the publication journal can be
used as a criterion to evaluate the search field (MeLo et
al., 2006; VanTi, 2002). Papers on the genus Uca were
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more common in journalsthat focus on studiesin marine
biology and the biology of crustaceans (e.g., Journal of
Experimental Marine Biology and Ecology, Marine
Ecology-Progress Series, Crustaceana and Journal
Crustacean Biology). However, the results of this study
also showed that, over the years, there was an increasing
diversity of journals that publish articles on the genus
Uca, thusindicating that Uca may beimportant asamodel
organism in other research areas (such as ethology,
ecology and evolution).

Some journals of Brazil have published articles
about genus Uca. Thus, a new search on Thomson-15l,
using only Journal of Brazil (all availablein the Thomsom-
ISl) reveal ed that between 1991 and 2009 were published
17 papers. Brazilian journals with the highest number of
paper about Uca were Revista Brasileira de Zoologia
(actually Zoology) (9 papers) followed by Iheringia Série
Zoologia (4), Brazilian Archives of Biology and
Technology (3) and Revista Brasileira de Genética (1).
Theses papers of Brazilian journal have focused mainly
on issues such as ecology (e.g. Nasout et al., 2009),
morphology (e.g. BEzerra & CoELHO, 2009), and
population structure (e.g. Bepe et al., 2008) of Uca.

We observed that the per capita income of the
country was an important variable in explaining the
pattern of the number of published articles, bothinterms
of theauthors' country of origin aswell asthe country of
study. The United States had the largest number of authors
and the highest number of Uca research studies (between
1991 and 2007). Thelarge number of articlesby Americans
may reflect the investment in infrastructure and research
(MAay, 1997; Fazey et al., 2005), although Latin American
countries have shown large increases in scientific
publications (HiLL, 2004). Authors of Latin American
countries (recorded as having medium and low per capita
income) had a significant contribution to the pattern of
global scientific publication (for example, Brazil and
Argentina had more papers about Uca than European
countries). Additionally, thevariable“ number of species’
of Uca was an important variable to explain the number
of papers in terms of an author’s country, but the
geographical extent of coastal countries did not explain
the number of papers from those countries (authors and
study) intermsof anything significant. Furthermore, while
per capita income and number of species compose the
best models (according to AIC), we observed that these
models have aweak explanatory power, as evidenced by
the low coefficients of determinations of the best models
(19% for the best model in the country the author and
24% for the best model in the country of study). Other
variables, not measured in this study, may be also
important to explain the number of papersfrom countries
(e.g., the training of human resources, such as
taxonomists).

A high proportion of the papers considered in this
study did not indicate the specific Uca species studied
or, simply, analyzed all species together. However, 17%
of the papers utilized the specific species U. pugilator
(97 articles). These studies were both experimental and
descriptive and focused primarily on ecological, genetic,
behavioral and morphological studies. This species,
together with U. pugnax, was considering by Crane (1975)

to be the most well studied species of Uca. Both species
(U. pugilator and U. pugnax) are widely distributed
geographically (10,930 kmfor U. pugilator and 6,067 km
for U. pugnax). They have similar geographic
distributions in estuaries in the North American Gulf of
Mexicoregion (Crang, 1975).

Several areas of biology can detect taxonomic
biases (PinTo & Bini, 2008; McCoLLIN & BaLbi, 2003).
These biases are driven mainly by economic interests on
a species’ endangerment and/or whether the species is
considered “charismatic”. In the case of U. pugilator,
this species has no economic interest, is not listed as
endangered by IUCN and, like most invertebrates, is not
“charismatic” (PinTo & Bini, 2008). Arguably, the species
has been studied extensively due to its geographical
distribution in the United States (the country that had
the largest number of articles on Uca research).

The papers about the genus Uca have been mainly
developed on the local scale. This result is frequent in
descriptive and experimental biological studies (BaLbi &
McCotLLin, 2003). Moreover, many studies can be
classified as descriptive and experimental. Descriptive
studies are common in ecological literature, primarily
focusing on variables such as density and distribution
of species (CArNEIRO €t al., 2008). The fact that Uca are
easily handled and biologically resistant (Crang, 1975)
contributed to the high frequency of studies with
experimental approach.

Many Uca studies were classified as “ popul ation”
and “behavioral” according papers in their subject
category. Most population studies have concentrated
on describing attributes of Uca populations, whereas
behavioral studies have attempted to analyze their
complex behavioral patterns (such as fighting and
territoriality [CroLL & McCuintock, 2000]). Considering
the types of studies (descriptive, experimental or
theoretical), we note that the population papers were
mainly descriptive (of 151 population papers, 123 papers
weredescriptive).

Although there is not a significant increase in the
number of papers focusing on the genus Uca in current
literature, there are a many options for future work with
this crustacean group, such as macroecological and
macroevolutionary studies focusing on a global scale of
research. In addition, genetic attributes can be explored
within this taxonomic group, focusing on population
genetics and DNA sequences for a better understanding
of phylogenetic relationships. Finaly, it is essential for
studies to focus on environmental infrastructure and
current problems arising from human impact, such asthe
destruction of coastal habitats and global warming.
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