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Abstract

The present study used regression models to evaluate the existence of factors that may influence the numerical parasite
dominance with an epidemiological approximation. A database including 3,746 fish specimens and their respective parasites
were used to evaluate the relationship between parasite dominance and biotic characteristics inherent to the studied hosts
and the parasite taxa. Multivariate, classical, and mixed effects linear regression models were fitted. The calculations were
performed using R software (95% CI). In the fitting of the classical multiple linear regression model, freshwater and
planktivorous fish species and body length, as well as the species of the taxa Trematoda, Monogenea, and Hirudinea,
were associated with parasite dominance. However, the fitting of the mixed effects model showed that the body length
of the host and the species of the taxa Nematoda, Trematoda, Monogenea, Hirudinea, and Crustacea were significantly
associated with parasite dominance. Studies that consider specific biological aspects of the hosts and parasites should
expand the knowledge regarding factors that influence the numerical dominance of fish in Brazil. The use of a mixed
model shows, once again, the importance of the appropriate use of a model correlated with the characteristics of the
data to obtain consistent results.
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Resumo

Este estudo avaliou, por meio de modelos de regressao e sob o ponto de vista epidemioldgico, a existéncia de fatores
que podem influenciar a dominancia numérica parasitdria. Utilizou-se um banco de dados, contendo 3.746 espécimes
de peixes e seus respectivos parasitos, para avaliar a relagio da dominincia parasitdria com caracteristicas bidticas
inerentes aos hospedeiros e aos téxons parasitdrios estudados. Foram ajustados modelos de regressao linear multivariada,
cldssico e de efeitos mistos. Os cdlculos foram realizados no software R (IC 95%). No ajuste do modelo de regressio
linear multipla cldssico, as espécies de peixes dulcicolas, as planctivoras e o comprimento do corpo foram associadas a
dominncia parasitdria, assim como os tdxons Trematoda, Monogenea e Hirudinea. Entretanto, o ajuste do modelo de
efeitos mistos demonstrou que apenas o comprimento do hospedeiro e os tixons Nematota, Trematoda, Monogenea,
Hirudinea e Crustdcea estao associados significativamente a dominancia parasitdria. Estudos que considerem os aspectos
biolégicos especificos dos hospedeiros e dos parasitos devem ampliar o entendimento sobre os fatores que interferem na
dominincia numérica em peixes do Brasil. A utilizacio do modelo misto demonstra, mais uma vez, a importincia do
uso adequado do modelo que respeite a natureza dos dados para a obtencio de resultados consistentes.
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Introduction

The general numerical dominance was calculated for each
parasite infracommunity, and the mean values represent the
numerical dominance of each component community (BUSH et al.,
1997). The most frequently used index is the relative dominance
or Berger-Parker index, defined as the number of individuals
of a parasite species or group of parasites divided by the total
number of individuals of all species of each infracommunity
(MAGURRAN, 2004).

The concept of numerical dominance has been widely used
to determine whether a major species, or group of species, exists
in the parasite infracommunities and to establish the numerically
dominant parasite taxon in these infracommunities to contribute
to and complement the distribution studies of parasites in several
groups of hosts (SALGADO-MALDONADO & KENNEDY, 1997;
SURES & STREIT, 2001; SCHABUSS etal., 2005; POULIN etal.,
2008). However, relationships that aim to determine the quantitative
weight of one or more parasite species in their infracommunities
have rarely been addressed. In addition, for all types of analysis that
have been performed, a database including several host species found
in the same location has not been used, and these values have not
been associated with biotic factors of the hosts to explain why some
parasite communities are characterized by one or several dominant
species, whereas others are not markedly dominated by any species
(POULIN, 2007; POULIN et al., 2008).

In the present study, multivariate linear regression techniques
were used to analyze a sample of 73 marine and freshwater fish
species to detect the distribution patterns of the parasite numerical
dominance in relation to a set of biotic factors of the hosts.

Materials and Methods
Data

The present study used the database developed by Amarante et al.
(2015, 2016), which consists of 3,746 fish specimens from 73 species,
54 marine and 19 freshwater, collected from 1991 to 2009 along
the coast of the State of Rio de Janeiro (21°-23°S and 42°-45°W)
and the Guandu River (22°48°2” S, 43°37°35” W), Brazil.

Study variables

The explanatory variables used in the study included host genus
(male or female), schooling habit (yes/no), aquatic environment
(marine or freshwater), habitat (benthic/benthopelagic/pelagic),
food habits (carnivore/planktivorous/omnivorous), host length
(cm), and dominant parasite taxon. The outcome variable was
the dominance index for the host specimens.

Statistical analysis

The numerical dominance was calculated using the Berger
Parker index by dividing the greater number of individuals
of a parasite species by the total number of all species of each
infracommunity (BERGER & PARKER, 1970). In the present
study, classification of the dominant species at the higher taxon
level was used to calculate the dominance frequency.
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A univariate analysis was performed to observe the distribution
of means of dominance frequencies for each category of the
studied variables. Data normality was determined using the
Shapiro-Wilk test. A Wilcoxon text was used to determine the
difference between two groups, and a Kruskal-Wallis test was used
when more than two independent groups were analyzed (KATZ,
20006). Pearson’s correlation coefficient was used to evaluate
the association between host length and dominance frequency
(BUSSAB & MORETTIN, 2014).

Subsequently, a bivariate analysis was performed to observe the
behavior of the variables. Due to the possible correlation between
observations, the intra-class correlation coefficient (ICC) was
calculated, which measures the percentage variation of the dominance
frequency between the different existing groups, which in this case
are formed by the different fish species (DOHOO et al., 2003).

Also, a mixed-effects multiple linear regression model that
better explained the variability in the frequency of parasite
dominance was fit. First, a classical model was fitted, in which
the different fish species were not considered as different groups.
Subsequently, a mixed model was adjusted, assuming that the
73 fish species formed different groups. In this model, fish species
were considered random effects.

Regression coefficients and their respective confidence intervals (CI)
were calculated with a significance level of 5%. Wald’s test was also used
to determine whether the parameter found for each explanatory variable
included in the model was significant. The calculation consisted of the
ratio of the coefficient and its respective standard error (BUSSAB &
MORETTIN, 2014). All variables were included in the full model and
then removed if they were not significant, using the rotine based in stepwise
model selection by AIC (VENABLES & RIPLEY, 2002). For the
residuals analysis were used shapiro-wilk normality test (SHAPIRO
& WILK, 1965).

All statistical calculations were performed with R software for
Windows, version 3.2.1 (R DEVELOPMENT CORE TEAM,
2014), using the packages Ime4 version 1.1-7 (BATES etal., 2015)
and Nlme version 1.1-7 (BATES et al., 2015).

Results

In all analyzed specimens, the dominant parasite taxon was
Trematoda, (1,473) followed by Nematoda (593), Monogenea
(405), Hirudinea (393), Cestoda (202), Crustacea (115), and
Acanthocephala (62). In 503 specimens, no dominance of any
taxon was observed.

According to Kruskal-Wallis and Wilcoxon tests, the parasite
dominance was significantly different between the categories
of all studied variables (Table 1). No correlation was found
[-0.01 (-0.04; 0.03)] between the host length and the dominance
frequency, although this result was not significant. According to
the ICC value, 24% of the parasite dominance variability may
be explained by the different fish species.

In the bivariate analysis (Table 2), different results were
observed between the analyses of the classical and mixed models.
In the mixed model, marine fish were associated with parasite
dominance, as well as species of some taxa (Nematoda, Trematoda,
Monogenea, Hirudinea, and Crustacea). In the classical model,
marine fish and pelagic and planktivorous species were associated
with parasite dominance. The results were found with the species
of the taxa Trematoda, Monogenea, and Hirudinea.
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Table 1. Means of parasite dominance frequencies and their respective confidence intervals (95% CI) according to categories of the explanatory

variables in fish collected in the state of Rio de Janeiro, Brazil.

Parasite dominance in fishes from Brazil

Variables Categories Mean(95% CI)*
Male [0.72(0.71; 0.73)]
Host genus
Female [0.72(0.71; 0.73)]
Yes [0.72(0.71; 0.73)]
Schooling habi
chooting hablts No [0.70(0.68/ 0.72)]
. . Marine [0.82(0.81; 0.83)]
Aquatic Environment
Freshwater [0.66(0.63; 0.69)]
Benthic [0.72(0.71; 0.73)]
Habitat Benthopelagic [0.70(0.68; 0.72)]
Pelagic [0.78(0.76; 0.80)]
Carnivore [0.72(0.71; 0.73)]
Food Habit Planktivorous [0.84(0.80; 0.88)]
Omnivore [0.71(0.70; 0.72)]
Acanthocephala [0.20(0.17; 0.23)]
Nematoda [0.70(0.64; 0.76)]
Cestoda [0.70 (0.68; 0.72)]
. Trematoda [0.70(0.67; 0.73)]
Dominant Taxon
Monogenea [0.80(0.22; 0.81)]
Hirudinea [0.80(0.78; 0.82)]
Crustacea [0.80(0.78; 0.82)]

No dominance

[0.80(0.76; 0.84)]

*Significance according to the Wilcoxon and Kruskal-Wallis tests.

Table 2. Bivariate analysis of parasite dominance in fish collected in the state of Rio de Janeiro, Brazil.

Variabl Cat . Classic model Mixed model
ariables ategories
. Coeff(5% CI*) Wald* Coeff(5% CI*) Wald**
I Male (ref) _ _ _ _
n
ost genus Female ~0.01(-0.03; 0.01) ~0.66 0.00(~0.01; 0.021) 0.38
Ye f.
Schooling habit es (ref)
No ~0.08(~0.10; 0.05) ~6.36 ~0.08(~0.16; -0.01) 213
Aquatic Envi ¢ Marine (ref.) _ B B -
quatic Eavironmen Freshwater —0.08(=0.10; —0.05) -6.36 —0.08(-0.16; —0.01) -2.13
Benthic (ref.) _ _ _ _
Habitat Benthopelagic —0.02 (-0.04; 0.00) -1.75 —0.04(-0.11; 0.03) -1.02
Pelagic 0.07 (0.04; 0.09) 4.87 0.03(=0.04; 0.10) 0.78
Carnivore (ref.) _ _ _ _
Food Habit Planktivorous 0.12(0.08; 0.16) 5.65 0.13(-0.03; 0.28) 1.61
Omnivore —0.01(=0.04; 0.01) —-1.16 —0.01(=0.09; 0.07) -0.29
Length 0.00(0.00; 0.00) —0.42 0.00(0.00; 0.00) -0.79
Acanthocephala (ref) _ _ _ _
Nematoda 0.03(-0.03; 0.09) 0.94 0.08 (0.02; 0.14) 2.47
Cestoda 0.02(-0.05; 0.09) 0.58 0.05(-0.01; 0.12) 1.59
. Trematoda 0.10(0.04; 0.16) 3.21 0.10 (0.05; 0.16) 3.52
Dominant Taxon
Monogenea 0.08(0.02; 0.14) 2.47 0.08(0.02; 0.15) 2.67
Hirudinea 0.12(0.06;0.19) 3.94 0.13(0.07; 0.19) 3.99
Crustacea 0.06(-0.02; 0.13) 1.52 0.10(0.02; 0.18) 2.43
No dominance —0.47(=0.53; —0.41) -14.96 —0.44(-0.50; -0.38) —14.58

ref = reference category. *Significant at the o = 5% level. **Significant when > 1.96.
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Table 3. Full multivariate linear regression model of the parasite dominance in fish collected in the state of Rio de Janeiro, Brazil.

Variables/Model Fit Criteri Cat . Classic Model Mixed Model
ari it Criteri ri
apiesivode e s Coeff(5% CI*) Wald** Coeff(5% CI*) Wald**
Male (ref) _ _ _ _
Host genus
Female —-0.01(=0.02; 0.01) -0.80 0.00(=0.01; 0.02) 0.21
Yes (ref.) _ _ _ _
Schooling habits
chooting habl No ~0.0(-0.03; 0.01) 1,05 0.01(-0.04; 0.06) 0.35
. . Marine (ref.) _ _ _ _
Aquatic Environment
Freshwater 0.02(0.00; 0.04) 1.77 0.01(=0.01; 0.07) 0.48
Benthic (ref.) _ _ _ _
Habitat Benthopelagic 0.00(=0.01; 0.02) 0.47 0.00(=0.05; 0.05) -0.09
Pelagic —0.03(‘=0.06; 0.00) -1.92 —-0.01(=0.07; 0.05) -0.37
Carnivore (ref.) _ _ _ _
Food Habit Planktivorous 0.11(0.08; 0.15) 6.14 0.09(=0.02; 0.20) 1.58
Omnivore 0.00(-0.02; 0.02) 0.01 0.02(=0.04; 0.08) 0.56
Length 0.00(0.00;0.00) —3.94 0.00(—0.002; —0.0003) -2.76
Acanthocephala (ref) _ _ _ _
Nematoda 0.04(‘=0.02; 0.10) 1.22 0.08(0.02; 0.14) 2.68
Cestoda 0.02(=0.04; 0.09) 0.71 0.06(-0.01; 0.13) 1.79
. Trematoda 0.10(0.04; 0.15) 3.17 0.11(0.05; 0.17) 3.69
Dominant Taxon
Monogenea 0.08(0.02; 0.15) 2.67 0.09(0.03; 0.15) 2.88
Hirudinea 0.13(0.07; 0.19) 4.05 0.14(0.07; 0.20) 4.2
Crustacea 0.05(-0.02; 0.13) 1.51 0.10(0.02; 0.18) 2.53
No dominance —0.49(=0.55; —0.42) -15.67 —0.44(-0.50; —0.38) —14.61
AICH** -612.39 —840.45

ref = reference category. Coeff - Coefficient. *Significant at the o = 5% level. **Significant when > 1.96. ***AIC (Akaike’s information criterion).

Table 3 shows the behavior of all variables in the full models.
In the final model fit of the multivariate analysis (Table 4), in the
classical model, freshwater and planktivorous fish species; the host
length; and the species of the taxa Trematoda, Monogenea, and
Hirudinea were significantly associated with parasite dominance.
In the mixed model, in which different fish species were considered
independent groups, only the host length and the taxa Nematoda,
Trematoda, Monogenea, Hirudinea, and Crustacea were significantly
associated with parasite dominance. Table 4 also shows that the
value of Akaike’s information criterion (AIC) is lower for the
mixed model, which indicates that the model is more parsimonious
and therefore should be considered the model that best explains
parasite dominance.

Discussion

Determining numerical dominance patterns in some parasite
groups is highly relevant to understanding of the structure of
parasite communities. This creates the possibility of relating
parasites to infection rates, which may result in epidemiological
studies. However, parasite dominance has not been studied in a
broader context or using a database that includes several hosts
found at the same location, which makes it impossible to define
the existence of factors that may influence parasite dominance.

Recently, Amarante et al. (2015) demonstrated that some biotic
factors of the hosts, such as body length, food habits, and ability
to form schools, may be associated with aggregation values and
parasite abundance. It is noteworthy that some macroecological
aspects may also influence these processes.

The construction of a mixed model to examine variables
related to parasite dominance was justified by an ICC value
greater than 15%, according to Snijders & Bosker (2012). In the
present study, approximately 24% of the variability in the parasite
dominance degree may be attributed to the different fish species
that constitute the database.

The data analysis clearly has two characteristic patterns regarding
possible dominance patterns of parasite groups in communities
of fish parasites collected in the state of Rio de Janeiro. The first
shows the association between parasite dominance and host body
length. The ratio of host length and parasite abundance is a widely
reported pattern in the literacure (VIGNON & SASAL, 2010)
and is based on increases in available resources for parasites and
the increased trophic volume in larger species, which ultimately
allows acquisition of a greater number of intermediate hosts.
This association between parasite dominance and host length
suggests that the detection of dominance patterns by a parasite
group may be related to increased abundance. Thus, dominance
patterns can be explained in relation to most parasite taxa (except for
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Table 4. Final multivariate linear regression model of the parasite dominance in fish collected in the state of Rio de Janeiro, Brazil.
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. e . . Classic Model Mixed Model
Variables/Model Fit Criteria Categories Cocff(5% CI*) Wald™ Cocfi(5% CI") e
Male (ref) _ _ _ _
Host genus
Female _ _ _ _
Schooling habit Yes (ref) - - - -
No

Aquatic Environment

Marine (ref.)

0.02(0.00; 0.04)

Freshwater _ _
Benthic (ref.) _ _ _ _
Habitat Benthopelagic _ _ _ _
Pelagic _ _ _ _
Carnivore (ref.) _ _ _ _
Food Habit Planktivorous 0.11(0.07; 0.14) 6.07 _ _
Omnivore 0.02(0.00; 0.04) 1.92 _ _
Length 0.00(0.00; 0.00) 3.56 0.00(0.00; 0.00) 3.5
Acanthocephala (ref)
Nematoda 0.04(0.03; 0.10) 1.15 0.08(0.02; 0.14) 2.62
Cestoda 0.02(-0.04;0.09) 0.73 0.06(-0.01; 0.13) 1.76
. Trematoda 0.09(0.03; 0.15) 3.05 0.11(0.05; 0.16) 3.63
Dominant Taxon
Monogenea 0.08(0.01; 0.14) 2.44 0.09(0.02; 0.15) 2.75
Hirudinea 0.13(0.07; 0.19) 4.07 0.14(0.07; 0.20) 4.17
Crustacea 0.06(-0.01;0.13) 1.63 0.10(0.02; 0.18) 2.51
No dominance —0.48(-0.54; —0.42) -15.59 —0.44(-0.50; —0.38) —-14.55
AIC*** -599.41 -868.23

ref= reference category . Coeff - Coefficient. *Significant at the o = 5% level. **Significant when > 1.96. ***AIC (Akaike’s information criterion).

Cestoda), and especially for digenetic trematodes and nematodes,
which are both endoparasites with heteroxenous cycles. This fact
may be related to the complexity of biological cycles and the
greater degree of infection found in intermediate hosts of fish
parasites, which, depending on the food habits of the fish and
their population biology, may facilitate the ingestion of infectious
stages by fish that act as definitive, intermediate, or paratenic
hosts. The predominance of parasites from the taxa Trematoda
and Nematoda, which are ectoparasites, was also expected due to
the formation of a greater number of associations between hosts
and parasites in fish in Brazil (LUQUE & POULIN, 2007).
Second, the numerical dominance of fish parasite species in
Brazil was associated only with one of the biological characteristics
used in the present analysis (length), suggesting that a stochastic
process tends to occur, i.e., with no determined patterns and possibly
originating from random events. Because length is a quantitative
parameter of parasite infections, it was expected that an association
would be found, similar to the association between the degree of
parasite aggregation (AMARANTE etal., 2015) and the parasite
abundance (according to the observations in chapter 2). However,
the main component of dominance is its relationship with a major
taxon, and this characteristic may cause the range of association
possibilities to be much broader when a great diversity of these

fish parasite species with unknown biology and transmission are
present. The presence of stochastic processes is not new in parasite
population dynamics (MARION et al., 1998; CORNELL,
2010; HERBERT & ISHAM, 2000) or in the structuring of fish
communities in tropical regions (LOWE-McCONNELL, 1987).
According to Poulin et al. (2008), numerical dominance may be
influenced by inter-specific differences between infection rates,
which makes it difficult to explain or determine any patterns.

Our results indicate the need for more studies related to the
biological aspects of hosts and parasites that allow the development
of models to explain possible patterns of numerical dominance in
the parasites of fishes in Brazil considering the variability of the
diversity of the parasite species groups.
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