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Summary

Fish parasite communities have strong interactions with the
environment, the host fish, and the aquatic invertebrate com-
munities. Thus, factors directly involving their different life
cycles, such as different host populations and environments,
as well as seasonal fluctuations in water levels can cause differ-
ent responses. The main factors structuring parasite commu-
nities may be the hydrodynamic variations, together with
seasonal variations in the availability of infectious stages of
parasites in the environment. The purpose of this study was
therefore to investigate the influence of the rainy and dry sea-
sons on parasite infracommunities in fish species in the Ama-
zon River System of Brazil. Between October 2009 and April
2011, specimens of Colossoma macropomum and Colossoma
macropomum X Piaractus brachypomus hybrids (tambatinga)
were examined for the presence of parasites. The parasite
communities were similar in these two species that both
showed aggregate dispersion, although the hybrid specimens
were less parasitized. For both hosts, the Brillouin diversity,
species richness, evenness and Berger-Parker dominance
indices were similar in the rainy season and dry season, except
that the Berger-Parker dominance index for the C. macropo-
mum X P. brachypomus hybrid was higher during the dry sea-
son. Ichthyophthirius multifiliis was the dominant parasite,
followed by Piscinoodinium pillulare, in both hosts. However,
C. macropomum had a higher prevalence and abundance in
the dry season, while in the C. macropomum x P. brachypo-
mus hybrid, only the 1. multifiliis prevalence increased. The
abundance of monogenean species (Anacanthorus spathulatus,
Linguadactyloides brinkmanni, Mymarothecium and Noto-
zothecium janauachensis) was higher during the dry season in
the gills of C. macropomum. Despite overdispersion of the ler-
naeid Perulernaea gamitanae, a seasonal pattern was seen only
in the C. macropomum x P. brachypomus hybrid, with higher
prevalence in the rainy season. The low prevalence and abun-
dance of the ectoparasites Tetrahymena sp., Trichodina sp.
and Braga patagonica, as well as of the endoparasites Proca-
mallalus (Spirocamallanus) inopinatus and Neoechinorhynchus
buttnerae, were not affected by seasonality. This information
is applicable in farming practice for these economically impor-
tant fish, as it indicates the best time for prophylactic manage-
ment and treatment against parasites, in order to prevent
economic losses in fish farms.

Introduction

Adverse environmental factors affect fish physiology and the
biological conditions under which they live, thereby increas-
ing their susceptibility to different species of parasites, both
in the natural environment (Kadlec et al., 2003; Violante-
Gonzdlez et al., 2008; Rakauskas and Blazeevicius, 2009;
Violante-Gonzalez et al., 2009; Tavares-Dias et al., 2014a)
and in aquaculture (Valtonen and Koskivaara, 1994; Banu
and Khan, 2004; Godoi et al., 2012). In addition, such fac-
tors may increase the presence of invertebrates that are inter-
mediate hosts of parasites with an indirect lifecycle (Kadlec
et al., 2003; Violante-Gonzalez et al., 2008; Rakauskas and
Blazeevicius, 2009; Tavares-Dias et al., 2014a,b). The effects
of environmental changes on parasite communities have thus
received attention, especially with regard to seasonal varia-
tion (Valtonen and Koskivaara, 1994; Kadlec et al., 2003;
Violante-Gonzalez et al., 2008, 2009; Neves et al., 2013;
Tavares-Dias et al., 2014b). However, few of these studies
have addressed Neotropical fish species.

In temperate climate regions, temperature strongly influ-
ences parasite life cycles, such that parasitic infection levels
follow annual patterns (Valtonen and Koskivaara, 1994;
Kadlec et al., 2003; Rakauskas and Blazeevicius, 2009). On
the other hand, seasonal variation in rainfall levels is a major
environmental factor affecting the dynamics of parasite com-
munities in the Amazon region. This promotes drastic
changes in environmental quality and fish behavior (Malta
and Varella, 1983; Neves et al., 2013; Tavares-Dias et al.,
2014b).

In the Amazon rainforest region of South America, the
most important climatological variable is convective activity
(Fu and Li, 2004; Souza and Cunha, 2010). In the eastern
Amazon region, the precipitation regime shows well-marked
annual maximums from December through May, while the
annual minimums occur from June through November
(Souza and Cunha, 2010). Studies conducted on fishes in
lakes in the Amazon region have shown that seasonal fluctu-
ations influence the infection patterns in species of argulids
(Malta, 1982; Malta and Varella, 1983), monogeneans, nema-
todes and protozoans (Neves et al,, 2013). However, the
effects of the rainy and dry seasons are one of the least-stud-
ied features of the parasite communities in fish species in the
Amazon region, particularly in aquaculture.
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Fish parasite communities have strong interactions with
the environment, host fish, aquatic invertebrate communities
and seasonality; these factors can thus cause different
responses to seasonal water level fluctuations. Factors struc-
turing the parasite infracommunities of fish include hydrody-
namic variation, host feeding behavior and seasonal
variation in the availability of infective stages of parasites in
the environment. Hence, these factors can influence the para-
site infracommunities in the fish population, primarily
through the seasonal fluctuations in rainfall levels that occur
in the Amazon region (Tavares-Dias et al., 2014a,b).

Quantitative studies have been performed on the parasite
fauna of Colossoma macropomum Cuvier, 1818 (Godoi et al.,
2012; Santos et al., 2013) and the hybrid of C. macropo-
mum x Piaractus brachypomus Cuvier, 1818 (Dias et al.,
2015), farmed in the Amazon region. However, there is a
lack of information on the influence of seasonality in the
levels of infection. Determining whether the infection levels
remain constant for different parasite infracommunities in
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these fish is critical for predicting the parasites’ reproductive
periods and having the ability to implement adequate pro-
phylaxis methods. Therefore, with a gradual increase in the
intensive fish farming of C. macropomum and C. macropo-
mum X P. brachypomus, there is a need for the constant
monitoring of fish farms for diagnoses and control of para-
sitic infections. Thus, the aim of this study was to investigate
the effects of the rainy and dry seasons on the parasite com-
munity structures in these two fish species at fish farms in
the Amazon River System, in northern Brazil.

Materials and methods

Fish and study area

Between October 2009 and April 2011, fish were collected
every second month from 10 fish farms in the municipality
of Macapa, state of Amapd, in northern Brazil (Fig. 1).
Among these fish farms, 70% are supplied with water from a
tributary of the Amazon River (eastern Amazon region). A
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Fig. 1. Collection sites of Colossoma
macropomum and Colossoma
macropomum x Piaractus brachypomus
in fish farms from eastern Amazon,
Brazil.
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Table 1

Body parameters and stocking density of farmed fish, eastern Amazon region, Brazil

Colossoma macropomum x Piaractus brachypomus (n = 503)

Colosssoma macropomum (n = 473)

Fish farms n Weight (g) Total length (cm)  Density (fish/m?) n Weight (g) Total length (cm)  Density (fish/m?)
1 57 687.4 + 459.23 31.6 £ 7.9 2.5 54 5273 £2794 297 £ 6.3 2.5
2 60 461.4 + 340.4 27.8 + 8.4 2.0 59 514.1 £ 385.1  26.6 £ 9.5 2.0
3 66 986.7 + 597.75 343+ 114 2.8 68  884.7 £ 676.7 33.1 £ 13.8 2.8
4 32 542.8 + 372.24 28.5 + 8.4 0.6 68 3329 + 2659 226 +9.7 2.0
5 67 244 + 18891 17.5 £ 7.6 2.0 70 303.8 £ 1455 264 + 4.5 2.8
6 68 470.9 £ 235.27 29.3 £ 6.1 2.8 71 7474 £ 485.1 328 £ 8.5 2.3
7 58 898 + 630.79 326 £11.9 1.2 52 3973 £168.9 279 + 48 0.8
8 30 62.8 £ 66.13 11.31 £ 6.2 0.8 31 3843 £219.3 372 +439 1.5
9 35 334.3 + 237.2 20.2 £ 6.2 1.5 - - - -
10 30 491.95 + 493 252 £ 133 1.2 - - - -

total of 976 fish were examined, comprising 473 specimens
of Colossoma macropomum and 503 C. macropomum x
P. brachypomus hybrids, known as tambatinga hybrids. Fish
length, body weight, and the sampling rate and stocking den-
sity at each fish farm, are shown in Table 1.

This region has a tropical forest climate, with a rainy season
from December through May and a dry season from June
through November (Souza and Cunha, 2010). This seasonality
leads to rainy and dry seasons in the water levels; these
dynamics in the Amazon region can promulgate changes in
the environmental quality (Tavares-Dias et al., 2014a).

On each occasion of fish collecting, the pH, temperature
and dissolved oxygen were measured using digital devices
suitable for each purpose. Rainfall data were obtained from
the Hydrometeorology and Renewable Energy Center
(NHMET) of the Scientific and Technological Research
Institute of the State of Amapa (IEPA).

Parasites and sampling procedures

At each fish farm, the fish specimens were necropsied and
the mouth, operculum and gills examined for ectoparasites.
The viscera and the gastrointestinal tract were then examined
for endoparasites. For necropsy and for collecting, fixing,
conserving, counting and staining the parasites, the tech-
niques described previously were used (Boeger and Vianna,
2006; Eiras et al., 2006). Voucher specimens were deposited
in the office of the curator for the Scientific Collection of the
Fauna of Amapd (CCFA), at the Scientific and Technologi-
cal Research Institute, State of Amapd (IEPA), under the
accession number [EPA 019-032-P.

Data analysis

In order to analyze the parasite communities, their preva-
lence and abundance were considered, as recommended by
Bush et al. (1997). The parasite communities were calculated
by: (i) species richness; (ii) Brillouin diversity index (HB);
(iii) evenness associated with the Brillouin diversity index
(E); (iv) Berger-Parker dominance index (d); and frequency
of dominance, i.e. percentage of infracommunities in which
any parasite species was numerically dominant (Rohde et al.,
1995; Magurran, 2004), using diversity software (Pisces Con-

servation Ltd, UK). The dispersion index (ID) and Poulin
discrepancy index (D) were calculated using the Quantitative
Parasitology 3.0 software, in order to detect the distribution
pattern of each parasite infracommunity (Rézsa et al., 2000)
in species with >10% prevalence. The significance of the ID
for each parasite infracommunity was tested by means of d-
statistics (Ludwig and Reynolds, 1988).

The Shapiro-Wilk’s test was used to determine whether the
parasite abundance data followed a normal distribution pat-
tern. The difference in the prevalence of each parasite species
between the rainy season and the dry season was evaluated
using the chi-square (%) test and the difference in parasite
abundance, using the Mann—Whitney (U) test. For each host,
the differences in species richness, diversity (HB), evenness
(E) and dominance (d), between the rainy season and dry
season and between host species, were determined using the
Mann-Whitney U test (Zar, 2010). Seasonal comparisons of
parasitic prevalence and abundance were made only for par-
asites with prevalence >10%. Statistical tests were performed
using the Sigma Stat software.

Data on body weight (g) and total length (cm) were used
to calculate the relative condition factor (Kn) of the hosts
(Le Cren, 1951). The differences in the hosts’ Kn values
between the rainy season and dry season were compared
using the Mann—Whitney U-test.

The dry-season physical characteristics of the ponds that
contained C. macropomum were determined, as follows:
temperature (30.2 + 0.7°C), pH (6.5 + 0.8) and oxygen
levels (2.5+ 1.8mgL""). The -corresponding rainy-
season characteristics were: 29.9 £+ 1.1°C; 6.6 = 0.5; and
34+ 27mgL". In the ponds containing C. macropo-
mum x P. brachypomus, the dry-season characteristics were:
temperature (30.5 £ 1.1°C), pH (6.5 + 0.7) and oxygen
levels (2.3 + 1.3 mg L"), while during the rainy season they
were: 29.7 + 0.9°C, 6.6 + 0.6 and 3.1 + 2.1 mg L™, respec-
tively. In the dry season, the rainfall was 77.0 + 84.2 mm
and in the rainy season, 282.0 + 90.6 mm.

Results

Colossoma macropomum was parasitized by 1. multifiliis
Fouquet, 1876; Piscinoodinium pillulare Schaperclaus, 1954;
Lom, 1981; Trichodina sp.; Tetrahymena sp. (Protozoa);
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Perulernaea gamitanae Thatcher & Paredes, 1985; Braga
patagonica Schiodte & Meinert, 1884 (Crustacea); Anacan-
thorus spathulatus Kritsky, Thatcher & Kayton, 1979; Lin-
guadactyloides  brinkmanni  Thatcher & Kritsky, 1983;
Mymarothecium boegeri Cohen & Kohn, 2005; Notozothe-
cium janauachensis Belmont-Jegu, Domingues & Martins,
2004 (Monogenea); and Procamallanus (Spirocamallanus)
inopinatus) Travassos, Artigas & Pereira, 1928 (Nematoda).
In the host’s gills, 1. multifiliis and P. pillulare predominated
in both the rainy and the dry season, but both of these
protozoa had higher prevalence and abundance in the dry
season. The abundance of monogeneans (A. spathulatus,
M. boegeri, N. janauachensis and L. brinkmanni) was higher
in the dry season. Trichodina sp. only occurred in the dry
season, while Tetrahymena sp., P. (S.) inopinatus, P. gami-
tanae and B. patagonica showed low infection rates in both
the rainy and the dry season (Table 2). Ichthyophthirius
multifiliis and P. pillulare presented aggregate dispersion
pattern, a pattern also observed for monogeneans and
P. gamitanae (Table 3).

For C. macropomum, the parasite species richness,
diversity (HB), evenness (E£) and dominance (d) showed
no difference between the rainy and drainage seasons
(Table 4), because the parasites occurred in both seasons,
except for Trichodina sp. Among the specimens of this
fish, parasitism by five to six parasite species predomi-
nated, while for the C. macropomum x P. brachypomus

Table 2

Table 4
Seasonal differences in parasite infracommunities in farmed Colos-
soma macropomum, eastern Amazon region, Brazil

Diversity Rainy season Dry season

index (n =279) (n = 194) U P

Species 2.5+ 0.9 (0-5) 2.7 £ 1.1 (0-5) 24 762.0 0.116
richness

Brillouin 0.3 £0.3(0-0.9) 0.4 + 0.3 (0-1.0) 26 640.5 0.777
(HB)

Evenness 0.1 £0.3(0-04) 0.2+ 0.1 (0-0.5 24 240.0 0.499
(E)

Berger- 0.8 £ 0.3 (0-1.0) 0.7 £ 0.2 (0-1.0) 26 231.5 0.570
Parker (d)

U, Mann—Whitney test; mean + SD, range and significance level (P).

hybrids, parasitism by zero and by five to six parasite
species predominated.

Despite the higher infection levels that were observed in
the drainage season, the Kn of parasitized C. macropomum
did not showed no difference (U = 24 603.0; P = 0.345)
between the flood season (0.999 + 0.079) and the dry season
(1.000 + 0.038).

The C. macropomum x P. brachypomus hybrids were par-
asitized by the same parasite species as C. macropomum,
except for Neoechinorhynchus buttnerae Golvan, 1956 (Acan-
thocephala), which was found only in this hybrid, and
B. patagonica, which was found only in the C. macropomum

Seasonal variation of parasites in farmed Colossoma macropomum, eastern Amazon region, Brazil

Rainy season (n = 279)

Dry season (n = 194)

Parasites P (%) MA + SD (range) FD (%) P (%) MA =+ SD (range) FD (%) )(2 U

Ichthyophthirius 87.1 171 600 + 168 657 90.1 93.3 311 041 £ 310 598 87.3 4.74*% 20 193.0%*
multifiliis (0-1 709 480) (0-2 266 280)

Piscinoodinium 47.3 18 506 + 41 741 9.7 58.2 44 349 + 81 094 12.4 5.48*% 21 128.5%*
pillulare (0-305 235) (0-514 800)

Tetrahymena sp. 1.1 49 £+ 504 (0-7072) 0.02 5.2 348 £ 2185 (0-21 294) 0.97 - -
Trichodina sp. 0 0 0 4.6 47 4+ 273 (0-2673) 0.01 - -

Monogeneans 91.0 228 £+ 274 (0-1574) 0.12 87.6 531 £ 937 (0-6733) 0.15 1.43 23 364.0%*

Procamallalus (S.) 3.9 0.1 + 0.8 (0-10) - 4.1 0.1 + 0.5 (0-5) - - -
inopinatus

Perulernaea 17.7 0.5 £ 1.7 (0-10) - 19.6 0.8 £ 2.6 (0-13) - 0.45 26 987.5
gamitanae

Braga patagonica 0.4 0.004 £+ 0.06 (0-1) - 5.7 0.005 £ 0.23 (0-1) - - -

P, prevalence; MA, mean abundance; FD, frequency of dominance; 7% chi-square; U, Mann—Whitney test. *P < 0.05 and **P < 0.001.

Table 3

Index of dispersion (ID), d-statistics and discrepancy index (D) for parasite infracommunities in two farmed fish species, eastern Amazon

region, Brazil

Colossoma macropomum x Piaractus

Colossoma macropomum brachypomus
Hosts
Parasites ID d D ID d D
Ichthyophthirius multifiliis 16.1 95.2 0.400 16.8 98.3 0.595
Piscinoodinium pillulare 22.1 113.7 0.665 11.6 76.2 0.804
Monogeneans 5.72 81.3 0.924 8.97 63.2 0.641
Perulernaea gamitanae 13.3 42.7 0.446 6.73 50.5 0.950
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tegument. Although 7. multifiliis and P. pillulare were again
the predominant parasite species during both the rainy and
the dry season, the prevalence and abundance of P. pillulare
did not show any significant seasonal influence. On the other
hand, 1. multifiliis had higher prevalence in the dry season,
while it had higher abundance in the rainy season. Trichodina
sp. and N. buttnerae only occurred in the dry season, while
Tetrahymena sp. and P. (S.) inopinatus showed low preva-
lence and abundance in both seasons. The prevalence of
monogeneans (4. spathulatus, M. boegeri, N. janauachensis
and L. brinkmanni) and of P. gamitanae was higher during
the dry season (Table 5). In addition, aggregate dispersion of
these parasites was found (Tables 2 and 3).

For the C. macropomum x P. brachypomus hybrids, the
parasite species richness, Brillouin diversity index and even-
ness were similar during the dry and rainy seasons, while the
Berger-Parker dominance index was higher during the dry
season (Table 6).

The relative condition factor (Kn) of parasitized
C. macropomum x P. brachypomus hybrids did not show
any difference (U = 14 314.0; P = 0.422) between the flood
season (Kn =1.000 + 0.151) and the drainage season
(Kn =1.013 £ 0.211), although higher infection levels
occurred during the drainage season.

For C. macropomum, the Brillouin
(U =64 059.00, P <0.001), parasite species richness
(U=70164.0, P <0.001) and evenness (U = 72 603.0,
P <0.001) were higher than those of the C. macropo-
mum x P. brachypomus hybrids, but the Berger-Parker dom-

diversity index

Table 5

inance index (U = 112 465.5, P = 0.053) was similar for the
two hosts (Fig. 2).

Discussion

Seasonal variations in rain levels promote changes in the
water quality of fish farm ponds and to fish behavior,
thereby modifying the host-parasite relationship and leading
to greater aggregation of fish in the dry season. These
changes facilitate horizontal transmission of protozoa in
C. macropomum and in the C. macropomum x P. brachypo-
mus hybrid. In contrast, for Astronotus ocellatus Agassiz,
1831 in Pracuuba Lake, in the eastern Amazon region, the
infection levels of 1. multifiliis, P. pillulare and Trichodina sp.
were higher during the rainy season (Neves et al., 2013).
Therefore, environmental factors caused by the dry and rainy
seasons seem to have contributed to the presence of these
ectoparasites. The dry season causes a reduction in water
quality, thereby favoring reproduction among protozoan spe-
cies (Valtonen and Koskivaara, 1994; Banu and Khan, 2004)
and increasing the susceptibility of farmed fish to infections
from these ectoparasites.

On the other hand, in temperate climatic regions, the sea-
sonal variation in temperature is the predominant factor
influencing the levels of parasitism by these ectoparasites in
farmed fish populations (Valtonen and Koskivaara, 1994;
Banu and Khan, 2004) and in wild fish populations (Valto-
nen and Koskivaara, 1994; Rakauskas and Blazeevicius,
2009). Moreover, prolonged rainy periods may cause an

Seasonal variation of parasites in farmed Colossoma macropomum x Piaractus brachypomus, eastern Amazon region, Brazil

Rainy season (n = 281)

Dry season (n = 222)

Parasites P (%) MA £ SD (range) FD (%) P (%) MA £ SD (range) FD (%) U

Ichthyophthirius 42.7 90 431.1 £+ 148 029.2 90.6 60.3 78 012 £ 156 639.7 83.3 15.645%* 29 012.0
multifiliis (0-803 068) (0-906 192)

Piscinoodinium 26.7 9339.9 £ 21 029.4 9.3 29.1 15 491.3 £ 60 270.2 16.5 0.36 30 895.0
pillulare (0-132 440) (0-451 470)

Tetrahymena sp. 0.7 7.5 £ 95.9 (0-1260) - 1.8 5.4 + 47.5 (0-567) - - -
Trichodina sp. 0 0 - 1.8 21.5 £ 285.7 (0-4233) 0.2 - -

Monogeneans 423 69.6 £ 108.8 (0-647) 0.01 70.4 56.3 £ 81.1 (0-512) 0.06 40.149*%* 29 869.5

Procamallalus. (S.) 1.8 0.03 £ 0.2 (0-3) - 0.9 0.03 £ 0.3 (04) - - -
inopinatus

Perulernaea 19.2 2.1 £ 8.5 (0-70) 0.002 4.9 0.6 £ 3.7 (0-45) - 23.442%*% 29 281.0
gamitanae

Neoechinorhynchus 0 0 0 5.7 2.3 £ 12.9 (0-133) - - -
buttnerae

P, prevalence; MA, mean abundance; FD, frequency of dominance; Xz

, chi-square; U, Mann—Whitney test. *P < 0.05;**P < 0.001.

Table 6

Seasonal difference in parasite infra- Diversity index

communities in Colossoma macropo-
mum x Piaractus brachypomus, eastern
Amazon region, Brazil

Species richness
Brillouin (HB)
Evenness (E)
Berger-Parker (d)

Rainy season (n = 281) Dry season (n = 222) U P
1.5 £ 1.3 (0-5.0) 1.6 £ 1.1 (0-3.0) 26 011.0  0.6440
0.2 + 0.3 (0-0.724) 0.15 + 0.25 (0-0.8) 28 213.0  0.0650
0.08 + 0.1 (0-0.4) 0.09 + 0.13 (0-0.4) 30 701.0  0.3360
0.5 4+ 0.4 (0-1.0) 0.7 + 0.4 (0-1.0) 26 250.5 0.0003

U, Mann—-Whitney test; mean + SD, range and significance level (P).
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Fig. 2. Parasite diversity index for two farmed fish species, eastern
Amazon region, Brazil. Box plots represent median, interquartile
range (25-75%), minimum-maximum and outliers

increase in environmental stress, thereby affecting the para-
site communities (Kadlec et al., 2003).

In the gills of C. macropomum and C. macropomum x
P. brachypomus, the infection level due to dactylogyrid
monogeneans (A. spathulatus, M. boegeri, N. janauachensis
and L. brinkmanni) was constant throughout both seasons.
For C. macropomum, the abundance of these monogeneans
was higher during the dry season, and for C. macropo-
mum X P. brachypomus, the prevalence was higher during
the dry season (Godoi et al., 2012). In these fish farms, the
fish density in the ponds was high and the water quality was
poor, which may explain the permanently high levels of
infection by monogenean species, throughout the year. In
farmed C. macropomum in the central Amazon region, higher
numbers of young forms of A. spathulatus, L. brinkmanni,
Mymarothecium spp. and Notozothecium sp. were also
reported during the dry season (Godoi et al., 2012). This sea-
sonal pattern of infection by dactylogyrids was favored by
the reduced water levels, thereby concentrating parasites and
hosts and increasing the likelihood of infection, since these
parasites have a simple direct life cycle (Neves et al., 2013).

Thus, these results indicate that reproduction among the
dactylogyrid communities in the hosts studied follow a well-
defined pattern, i.e. with high prevalence and abundance

throughout the year but with the highest peak of abundance
during the dry season. In contrast, a study on the abundance
of Dactylogyrus spp. in a temperate climatic region showed
that this was strongly influenced by rains, with a reduction
in the rainy season, and that it increased with rising tempera-
tures (Kadlec et al., 2003), because temperature directly
affects the reproduction of dactylogyrids and host response
to infection (Valtonen and Koskivaara, 1994). Therefore, in
Amazon region with tropical humid climate, the life cycle of
monogeneans can be completed in less than 1 day and these
parasites proliferate rapidly (Flores-Crespo and Flores-Cre-
spo, 2003).

In wild fish in the Brazilian Amazon region, B. patagonica
has been reported to have low abundance and low parasitic
specificity (Tavares-Dias et al., 2014b). However, parasitism
by this isopod is uncommon in farmed fish. In the gills of
C. macropomum, B. patagonica presented low prevalence and
abundance in both the rainy and the dry seasons. P. gami-
tanae, a lernaeid that is specific for this Amazonian host,
had low abundance and higher parasite aggregation. How-
ever, in the C. macropomum x P. brachypomus hybrids,
which are hosts having greater susceptibility to P. gamitanae
than to C. macropomum (Tavares-Dias et al., 2011), the
prevalence of this lernaeid was lower in the dry season. Dur-
ing this period, parasites have greater difficulty in finding
hosts, because of their lower mobility in this environment
with less water flow. Despite the moderate infection levels of
P. gamitanae, there was very high parasite aggregation in the
mouth of both hosts. This can cause mortality among these
fish, especially among fry and juveniles (Mathews et al.,
2011). Therefore, prophylactic management should be
adopted in the fish farms in order to avoid economic losses
caused by this Amazonian lernaeid.

The main factors structuring the parasite infracommunities
in Aequidens tetramerus Heckel, 1840, were found to be the
hydrodynamic variation, host feeding behavior and seasonal
variation in the availability of infective stages of these
parasites in the environment. These factors influenced the
structure of parasite infracommunities either through accu-
mulation of endohelminths (nematodes, acanthocephalans
and cestodes) or through ingestion of infective stages of these
parasites during the rainy season, when the increased
availability of food resources caused increased ingestion of
infective stages of these endoparasites transmitted trophi-
cally (Tavares-Dias et al., 2014a). In C. macropomum and
C. macropomum X P. brachypomus, low parasitism by P.
(S.) inopinatus was observed during the rainy and dry sea-
sons. Therefore, in the present study, the low infection level
and diversity of endohelminths was due to reduced abun-
dance of intermediate hosts in the farm ponds.

Among the various groups found parasitizing C. macropo-
mum and C. macropomum x P. brachypomus, some species
may cause excessive economic losses in fish farm. Therefore,
due to the gradual increase in intensive production of these
fish species form Brazilian Amazon, there is a need of
constant monitoring of these fish for control of parasitic
infections. Furthermore, the parasite communities were char-
acterized by a few numerically dominant species that
occurred during both the rainy and the dry season, and the
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gills were the organ most infected. However, C. macropo-
mum X P. brachypomus was less parasitized than its parental
species, probably due to its higher resistance to parasitic
infections and tolerance to intensive management, which
seem be favored by the hybridization. A seasonal pattern
was detected for some ectoparasite infracommunities in both
hosts, but the body conditions were not affected. Lastly, this
initial report on seasonal patterns of parasites for C. macrop-
omum and C. macropomum x P. brachypomus can assist fish
farmers in understanding the parasite dynamics in these
farmed fish, helping in programs for fish disease prevention
and control because they indicate the correct season for the
application of adequate prophylactic measures to reduce the
negative impact of parasites in fish farms.

Acknowledgements

This work was developed in accordance with the principles
adopted by the Brazilian College of Animal Experimentation
(COBEA). The authors are grateful to the Brazilian National
Council for Technological Research and Development (Con-
selho Nacional de Pesquisa ¢ Desenvolvimento Tecnoldgico,
CNPq), for supporting this project (no. 303203/2012-9). M.
Tavares-Dias was supported by a research fellowship from
CNPq.

References

Banu, A. N. H.; Khan, M. H., 2004: Water quality, stocking density
and parasites of freshwater fish in four selected areas of Bangla-
desh. Pak. J. Biol. Sci. 7, 436-440.

Boeger, W. A.; Vianna, R. T., 2006: Monogenoidea. In: Amazon fish
parasites. V. E. Thatcher (Ed.). Pensoft Publishers, Sofia, pp.
42-116.

Bush, A. O.; Lafferty, K. D.; Lotz, J. M.; Shostak, W., 1997: Para-
sitology meets ecology on its own terms: Margolis et al. revis-
ited. J. Parasitol. 83, 575-583.

Dias, M. K. R.; Neves, L. R.; Marinho, R. G. B.; Pinheiro, D. A;
Tavares-Dias, M., 2015: Parasitism in tambatinga (Colossoma
macropomum X Piaractus brachypomus, Characidae) farmed in
the Amazon, Brazil. Acta Amaz. 45, 231-238.

Eiras, J. C.; Takemoto, R. M.; Pavanelli, G. C., 2006: Métodos de
estudo e técnicas laboratoriais em parasitologia de peixes.
(Methods of laboratory study and techniques in fish parasitol-
ogy). Ed. Eduem, Maringa, pp. 1-199.

Flores-Crespo, J.; Flores-Crespo, F., 2003: Monogenean, parasites in
Mexican fish: a recapitulation. Téc. Pecu. Méx. 41, 175-192.

Fu, R.; Li, W., 2004: The influence of the land surface on the transi-
tion from dry to wet season in Amazonia. Theo. Appl. Climatol.
78, 97-110.

Godoi, M. M. I. M.; Engracia, V.; Lizama, M. L. A. P.; Takemoto,
R. M., 2012: Parasite-host relationship between the tambaqui
(Colossoma macropomum Cuvier 1818) and ectoparasites, col-
lected from fish farms in the City of Rolim de Moura, State of
Rondonia, Western Amazon, Brazil. Acta Amaz. 42, 515-524.

Kadlec, D.; Simkovd, A.; Jarkovsky, J.; Gelnar, M., 2003: Parasite
communities of freshwater fish under flood conditions. Parasitol.
Res. 89, 272-283.

Le Cren, E. D., 1951: The length-weight relationship and seasonal
cycle in gonadal weight and condition in the perch (Perca fluvi-
atilis). J. Anim. Ecol. 20, 201-219.

Ludwig, J. A.; Reynolds, J. F., 1988: Statistical ecology: a primer in
methods and computing. J. Wiley & Sons, New York. 202 pp.

Magurran, A. E., 2004: Measuring biological diversity. Blackwell
Science, Oxford. 256 pp.

Malta, J. C. O., 1982: Os argulideos (Crustacea: Branchiura) da
Amazonia brasileira, 2. Aspectos da ecologia de Dolops geayi
Bouvier, 1897 e Argulus juparanaensis Castro, 1950. Acta Amaz.
12, 701-705.

Malta, J. C. O.; Varella, A., 1983: Argulideos (Crustacea: Branchi-
ura) da Amazonia brasileira. Aspectos de ecologia de Dolops
striata Bouvier, 1899 ¢ Dolops Carvalhoi Lemos de Castro, 1949.
Acta Amaz. 13, 299-306.

Mathews, D. P.; Mathews, D. J. P.; Vega, A. J.; Ismino, O. R.,
2011: Massive infestation by Perulernaea gamitanae (Crustacea:
Cyclopoida: Lernaidae) in juvenile gamitana, cultured in the
Peruvian Amazon. Vet. México. 42, 59-64.

Neves, L. R.; Pereira, F. B.; Tavares-Dias, M.; Luque, J. L., 2013:
Seasonal influence on the parasite fauna of a wild population of
Astronotus ocellatus (Perciformes: Cichlidae) from the Brazilian
Amazon. J. Parasitol. 99, 718-721.

Rakauskas, V.; Blazeevicius, C., 2009: Distribution, prevalence and
intensity of roach (Rutilus Rutilus (Linnaeus, 1758)) parasites in
inland waters of Lithuania in 2005-2008. Acta Zool. Lit. 19,
99-108.

Rohde, K.; Hayward, C.; Heap, M., 1995: Aspects of the ecology of
metazoan ectoparasites of marine fishes. J. Parasitol. 25, 945-
970.

Rozsa, L.; Reiczigel, J.; Majoros, G., 2000: Quantifying parasites in
samples of hosts. J. Parasitol. 86, 228-232.

Santos, E. F.; Tavares-Dias, M.; Pinheiro, D. A.; Neves, L. R.; Mar-
inho, R. G. B.; Dias, M. K. R., 2013: Fauna parasitdria de tam-
baqui Colossoma macropomum (Characidae) cultivado em
tanquerede no estado do Amapd, Amazonia oriental. Acta
Amaz. 43, 107-114.

Souza, E. B.; Cunha, A. C., 2010: Climatologia de precipitagao no
estado do Amapda e mecanismos climaticos de grande escala.
(Precipitation climatology in the state of Amapa and climatic
mechanisms on a large scale). In: Tempo, clima e recursos hidri-
cos: resultados do Projeto REMETAP no estado do Amapa.
(Weather, climate and water resources: results of REMETAP
Project in Amapa State). A. C. Cunha, E. B. Souza and H. F.
A. Cunha (Eds). IEPA, Macapa. pp. 177-195.

Tavares-Dias, M.; Neves, L. R.; Santos, E. F.; Dias, M. K. R.; Mar-
inho, R. G. B.; Ono, E. A., 2011: Perulernaea gamitanae (Cope-
poda:  Lernaeidae)  parasitizing tambaqui  (Colossoma
macropomum) (Characidae) and the hybrids tambacu and tam-
batinga cultured in Northern Brazil. Arq. Bras. Med. Vet. Zoo.
63, 988-995.

Tavares-Dias, M.; Oliveira, M. S. B.; Gongalves, R. A.; Silva, L. M.
A., 2014a: Ecology and seasonal variation of parasites in wild
Aequidens tetramerus, a Cichlidae from the Amazon. Acta Para-
sitol. 54, 158-164.

Tavares-Dias, M.; Aradgjo, C. S. O.; Barros, M. S.; Viana, G. M.,
2014b: New hosts and distribution records of Braga patagonica,
a parasite cymothoidae of fishes from the Amazon. Braz. J.
Aquat. Sci. Technol. 18, 91-97.

Valtonen, E. T.; Koskivaara, M., 1994: Relationship between the
parasites of some wild and cultured fishes in two lakes and fish
farm in central Finland. Int. J. Parasitol. 24, 109-118.

Violante-Gonzidlez, J.; Aguirre-Macedo, M. L.; Vidal-Martinez, V.
M., 2008: Temporal variation in the helminth parasite communi-
ties of Pacific fat sleeper Dormitator latifrons, from Tres Palos
lagoon, Guerrero, Mexico. J. Parasitol. 94, 326-334.

Violante-Gonzalez, J.; Aguirre-Macedo, M. L.; Rojas-Herrera, A.;
Guerrero, S. G., 2009: Metazoan parasite community of blue
sea catfish, Sciades guatemalensis (Ariidae), from Tres Palos
Lagoon, Guerrero, Mexico. Parasitol. Res. 105, 997-1005.

Zar, J. H., 2010: Biostatistical analysis, Sth edn. Prentice Hall, New
Jersey, pp. 994.

Author’s address: Marcos Tavares-Dias, Embrapa Amapd, Rodovia
Juscelino Kubitschek, km 5, 2600, 68903-419,
Macapd, AP, Brazil.
E-mail: marcos.tavares@embrapa.br



