
Introduction

Crustaceans are important parasites of
freshwater fish, and are therefore one of the main
causes of damage to fish farming [1,2]. Notable
among these are, ectoparasites of the Argulidae.
Brachyurans are important due to the damage they
cause to natural fish populations, weakening adult
hosts and generally killing younger fish [3].

The freshwater brachyurans are constitute for
four valid genera Argulus (Muller, 1785),
Chonopeltis (Thiele, 1900), Dipteropeltis (Calman,
1912) and Dolops (Audouin, 1837) and currently
comprises 155 valid species [4,5]. The group
consists of ectoparasitic species that generally live
on fish. The greatest diversity of species occurs in
the Afrotropical and Neotropical regions [4]. In the
Neotropical region there are 33 species, 13 of which
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ABSTRACT. The genus Dolops (Audouin, 1837) is endemic among ectoparasites present in fish, with nine species
described in Brazil, five of which are from the Amazon region. Among the genus, the species Dolops discoidalis

(Bouvier, 1899) stands out due to its high prevalence of parasitism in Amazonian fish. The present study aims to
characterize the development phases of D. discoidalis. The parasites were obtained from infected fish species Rhytiodus

argenteofuscus from a natural environment, kept in polyethylene experimental boxes (500 liters). The physical-chemical
parameters of the water (pH, electrical conductivity, dissolved oxygen and temperature) were monitored daily. A total
of 30 egg layings were analyzed. After identification of the oviposition, the eggs were transferred to another container
containing water (0.5 liters). The number of eggs was recorded, with observations made in stereomicroscopic and
photographic records until hatching occurred. The egg layings exhibited differences in colour throughout their
development. On the seventh day, the embryos exhibited visible ocelli and on the 17th day the hatching period began.
Hatching occurred in batches, with around 5–10 hatches/day/laying. However, peak hatching was recorded on the 19th
day of the cycle. Therefore, the cycle of D. discoidalis comprised a total period of 17–22 days at 28ºC, with hatching
in batches and pigmentation of the eggs observed close to hatching. Newly hatched parasites did not survive for more
than 24 hours in the absence of the host. This study contributes to knowledge of the biology of D. discoidalis, and adds
to information regarding possible studies into its control.
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are of the genus Dolops [6], for Brazil nine species
of this genus are mentioned. In the Amazon, five
species of the genus  were registered [7,8].

Specimens of Dolops present hooks in their
mouth apparatus that is used for apparatus, for
fixation and feeding, which pierce the host’s skin,
sucking the blood and the epithelial cells [5,9]. The
hematophagous habits of these parasites cause
anemia, while histophagia causes inflammation of
the cutaneous integument, allowing secondary
infections to become established [5,10,11].

The following forms of damage caused by
brachyurans can occur in natural environments or in
fish farms: reduction of weight, fat and growth;
metabolic and respiratory disorders; blood loss,
hemoglobin reduction; delay of gonadal development;
abnormal behavior (disordered swimming). The
parceled out reproduction, high fertility and a direct
life cycle, which can be completed in a few days,
make it possible for the brachyurans population to
increase exponentially, becoming real threats to fish
farming [3,12]. 

Among the D. discoidalis stands out due to its
highest intensity rate of parasitism in Amazonian
fish. It occurs seasonally, with the highest intensity
of infestation in high waters and lower infestation in
low waters [3,13–15]. Dolops discoidalis exhibits
low parasitic specificity, with a preference for
scaleless fish  (Siluriformes), where it has been
found parasitizing the outer surface of the host
[7,13,14].  

The population size and growth of D. discoidalis

determines the extent of the infestation and damage
to the host fish, as is evident from the patterns of
outbreaks on fish farms [16–18]. Information on life
cycle characteristics is a prerequisite for successful
regulation of parasitic populations of species of the
genus Dolops [9,19].

Problems related to D. discoidalis infestations

are evident both in the natural and in the cultivation
environment as they cause damage to their host in a
short period of time [3]. However, knowing the
biology of this parasite is important for future
studies aimed at its control. In this sense, the
objective of this study was to describe the life cycle
of D. discoidalis, with an emphasis on the
characterization of the stages of development and the
time of hatching and post-hatch survival without the
host in a controlled environment. 

Materials and Methods

Collection of fish in a natural environment, and

maintenance in a controlled environment

Populations of D. discoidalis were maintained in
infested freshwater fish of the species Rhytiodus

argenteofuscus (Kner, 1858), which has the popular
name of Aracu.  The fish were collected in Lago do
Maicá, a lake located to the east of the municipal
region of Santarém in the state of Pará, beginning at
the Amazon River and extending to the Paraná do
Ituqui River. It is connected to smaller lakes and
contains several species of flora and fauna typical of
the lower Amazon. The fish were collected using nets
with different mesh sizes. These were placed at five
points (P) along Lake Maicá (P1 2°28’25”S
54°39’23.7”W; P2 2°28’23.7” S 54°39’23.7”W; P3
2°28’24.4”S 54°39’16.4”W; P4 2°28’24.9”S
54°39’10.8”W and P5 2°28’23,4”S 54°39’09.0” W)
and inspected every four hours. The D. disco idalis

were collected from the surface of R. argente ofuscus

(Fig. 1 a). The identification of the species D.

discoidalis (Fig. 1 b, e, c) was in accordance with the
taxonomic keys of [5,20,21].

The infested fish were collected in May 2018,
and were transported to the laboratory of the
Universidade Federal do Oeste do Pará (the Federal
University of Western Pará) (UFOPA) and kept in
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Table 1. Physical-chemical parameters of water with Rhytiodus argenteofuscus fish in boxes and with Dolops

discoidalis larvae in a plastic container, in a controlled environment

* Differences in the physical-chemical parameters of the water, when compared with the amount of eggs laid and
hatched using Tukey’s Test (p <0.05) 

Box with fish (n=60) Plastic container with larvae (n=10)

Parameters Mean ± SD Mean ± SD

Temperature °C 28.00 ± 3.38* 28.00 ± 0.05

pH 7.3 ± 1.11* 7.2 ± 0.01

Dissolved oxygen mg/l 6.7 ± 2.04* 9.03 ± 0.07

Electrical conductivity µSm/cm 92.45 ± 7.25* 82.26 ± 0.03



experimental polyethylene boxes (500 liters)
equipped with a mechanical filter recirculation
system. The physical and chemical parameters of the
water (pH, electrical conductivity, dissolved oxygen
and temperature) were monitored daily with the aid
of a multipara meter (Extech EC500 model) and with
a light: dark 12:12 photoperiod. Water (non-
chlorinated) was used in all systems. Infestation
intensities typically ranged from 10 to 30 D.

discoidalis per fish. To obtain the egg layings of D.

discoidalis, the boxes were lined with transparent
plastic, which functioned as a removable substratum.
The host fish were monitored daily and the parasite’s
eggs were removed to control the number of parasites
when the infestation intensities appeared high, as
indicated by the condition of the host and behavioural
changes, such as lethargy and loss of appetite. All the
parasite populations were established under these
conditions for several generations.

Observing the life cycle of Dolops discoidalis

To avoid washing the substratum, thow box,
each box was covered with a mesh cover which did
not prevent the passage of light. Some layings
occurred in the boxes. For the egg layings of D.

discoidalis, the transparent plastics that functioned
as removable substrata were removed, and the
laying sites were cut out and transferred to another
container containing water (0.5 liters). Some
samples were examined with a dissecting
microscope and the remainder were kept in the
boxes under daylight. Both tests found that all eggs
were viable and hatched.

All the phases of D. discoidalis (adults (males
and females), eggs and the larval stage) were
examined by stereomicroscopy (2× and 4×
magnification), photographed with a Samsung
PL120 digital camera and examined by light
microscopy with magnification from 100 to 400× at
the Microscopy and Sample Collection Laboratory
of the Universidade Federal do Oeste do Pará
(UFOPA). The parasite phases were photographed
using a Zeiss Axioplan optical microscope with an
Axiocam ERc 5s camera, and the measurements of
the organs of the reproductive system were taken
with the aid of the Blue Zen edition 2 software
package. A biological cycle was prepared using a
modified version of that proposed by [12,22,23].

Post-hatch survival of newly hatched larvae of

Dolops discoidalis

The survival characteristics of D. discoidalis

larvae outside the host were examined using the
same physical-chemical parameters of the water
(pH, electrical conductivity, dissolved oxygen and
temperature) every two hours and with a 12:12
light: dark photoperiod. The experiment was carried
out in plastic containers (0.5 liters) with the same
water as the experimental polyethylene boxes (500
liters) where the hosts (fish) were kept, each
containing ten newly hatched larvae. The mortality
of these larvae was monitored by removing and
counting the number of individuals killed that did
not exhibit motility and swimming ability. The
death of the larvae was confirmed by gently
touching those which did not exhibit motility with a
pipette. 

Data analysis

Quantitative data were expressed as mean ±
standard deviation, mainly of the physical-chemical
parameters of the water. The data were first
analyzed and evaluated with a One-Way ANOVA
test with the physical-chemical parameters of the
water and the amount of egg laying and hatching as
factors that may or may not influence the viability
of the newly hatched larvae of D. discoidalis. The
data were further subdivided by stage of
development (egg and larval) and evaluated with
One-Way ANOVAs. When these tests indicated
significant differences in the data set, the Tukey test
was used. To ensure that the data met the premises
of statistical tests (ANOVA, Tukey’s test)
significance was set at P<0.05.

The hatching index during cultivation was
analyzed according to an adapted version of [24],
where (Et ) corresponds to the hatching index, (Oi )
the number of eggs deposited on the substratum and
(Om ) the number of eggs that did not hatch. 

Compliance with ethical standards

The collection of fish was authorized by IBAMA
/ICMBio (Nº46202-3/2017). The procedures for
collecting and maintaining the fish were approved
by the Animal Research Ethics Committee of the
Universidade Federal do Oeste do Pará (N°12008-
2017-CEUA/UFOPA) and were in accordance with
the Ethical Principles in Animal Experimentation
adopted by the National Council for the Control of
Animal Experimentation (CONCEA).

Et =
Oi-Om 

× 100
Oi
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Figure 1. a: Rhytiodus argenteofuscus infested with Dolops discoidalis; b: Dorsal view of adulthood Dolops

discoidalis; c: Ventral view of adult Dolops discoidalis; d: Dorsal view of young Dolops discoidalis; e: Ventral view
of young Dolops discoidalis; f: Eggs with laying of eggs with an ellipsoid shape and a gelatinous layer; g: Eggs with
embryos presented macroscopically visible ocelli; h, i: post-hatch larval (epimorphic) stage of Dolops discoidalis.
Scale bar: 1 mm.
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Results

A total of sixty fish (n=60) were used to maintain
the life cycle of the parasites. The parasitized fish
were kept for six months in a controlled
environment and the physical-chemical parameters
of the water were monitored (Tab. 1). During the
experiment, there was a period of oscillation in the
energy supply, which interfered with the functioning
of the mechanical-filter recirculation system.
Consequently, when the data were analyzed with the
ANOVA test, the physical-chemical parameters of
the water affected the amount of egg laying and
hatching. These factors therefore influenced the
analysis of these variables (Tab. 1), but did not have
an effect when the stage of larval development was
compared. 

In general the parasites were fixed on the
external surface of the body, the dorsum and the side
close to the head and tail of the hosts (Fig. 1a).
When young (Fig. 1d,e), the parasites clustered near
the base of the pectoral fins and the caudal
peduncle. 

When analyzing the shape and structure of the
layings, an oviposition process was observed, where
the females moved forward on the substratum,
placing one egg at a time, forming successive rows an
established distance from the first row (Fig. 1f,g).

Thirty layings were observed over the course of
22 days. The total number of eggs observed was
1,342, with the minimum number of eggs observed

(n=10) and the maximum number (n=177) (Fig. 2).
For all layings, a white colour and ellipsoid shape
were initially observed, with a gelatinous cover
layer, protecting and securely attaching the eggs to
the substratum (Fig. 1f). On the second and third
day of observation, the colour of the layings
exhibited a light yellow hue, while from the fourth
day on, a brown colouring could be seen, which
augmented until the first hatchings. The eggs that
did not hatch were black in colour. The embryos
developed ocelli between the 5th and 7th day, which
was the first structure to be viewed macroscopically
inside the egg, while the structure of the appendages
was also observed (Fig. 1g). 

Hatching occurred in batches (5 to 10
hatches/day/laying) between the 17th and the 22nd
day, with the majority of hatchings on the 19th day.
The hatch rates of D. discoidalis ranged from 55.5%
to 96%, with an average hatch rate 80±11.53% (Fig.
3). 

The larval stage of D. discoidalis is of the
epimorphic type, where the larvae develop
completely within the eggs and hatch as miniature
adults, with all their functional appendages and few
morphological differences from adults (Fig. 1 h,i). It
was not possible to determine the survival time of
the larvae outside the host, as access to the
laboratories was restricted to the morning and
afternoon, although it was observed that the larvae
died in the night and did not survive 24 hours after
hatching.   

Figure 2. Number of eggs per laying of Dolops discoidalis in a controlled laboratory environment
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The species D. discoidalis has a direct life cycle
(monoxenic cycle) which facilitated its cultivation
in an artificial environment (Figure 4). In this case,
it is possible to infer that the parasites need to feed
soon after hatching. Behavioural changes in the host
tanks were identified, such as the stress these
parasites caused in their host, especially when the
parasites were in the adult stage (Figure 1 b,c). The
fish exhibited erratic swimming, beat against the
edges of the box, suffered anorexia and injuries to
the body, and most died during the six months the
parasite life cycle was maintained. Of the fish that
began the experiment (n=60), only seven (n=7)
survived, with one death due to being very weak and
the many injuries caused by the high levels of D.

discoidalis infestation.

Discussion

According to [6], little is known about the genus
Dolops, and the information is fragmented, irregular
and inconsistent. Some species are known to be
relatively widely distributed, especially D. ranarum

(Stuhlmann, 1891) [25]. In the present study, we
provide an improved description hatching of D.

discoidalis. For [19] the reproduction described in
the literature was most likely due to the fact that this
genus is abundant in large parts of Europe and Asia,
while the species D. ranarum is widespread in
Africa. Some of the first information describing the
genus Dolops the Brazilian Amazon was provided
by [15], who described D. discoidalis parasitizing

eight species of fish, three of which were scaled,
and reported a high incidence of infestation in
Amazonian fish. 

As described by [22], only 20 branchiuran life
cycles have been described, many of which involved
Argulus (Müller, 1785), and few of which were of
species of Dolops (Audouin, 1837). For the majority
of Argulus males, sperm is transferred directly to the
females, using a variety of modified structures on the
third and fourth thoracic legs. In Dolops, however,
sperm are transferred into chitinous spermatophores
[15,26,27]. It is worth mentioning that only the
Argulus cycle is well known, and there is no
knowledge of any marine species life cycle [4,25].
This study is therefore the first to describe in detail all
the life forms of this ectoparasite of fish from the
Brazilian Amazon, as well as aspects of the life cycle
of D. discoidalis. 

Behavioral changes in fish of the species R.

argenteofuscus were observed in this experiment,
especially when highly infested by D. discoidalis.
Studies of parasite aggregation, an extremely
important process, especially during the reproduction
period, when it can occur on different scales in the
host and the host parasites, can include a comparative
analysis of how monoxenic and heteroxenic
ectoparasites alter the behaviour of the host [28–30]. 

In the present study, it was observed that the
physical-chemical parameters of the water
negatively influenced the number of eggs layed and
hatching, confirmed both through statistical analysis
and as result of the reported electricity fluctuation in

Figure 3. Averages of hatching indexes of Dolops discoidalis in a controlled laboratory environment
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the laboratory. The days that the oscillations
occurred provided the lowest egg laying by D.

discoidalis females, which consequently interfered
in the hatching of the eggs. This characteristic
corroborates the descriptions of the studies of [17]
and [31],  which describe how temperature variation
and dissolved oxygen significantly interfere in the
life cycle of species Argulus. The description in this
study, referring to the variation in the colour of eggs
until hatching, is similar to that described by [32],
[7,15] for Argulus and by [33] for D. ranarum. 

In the present study, adult parasites of the D.

discoidalis species were found attached to the
external surface of the body, on the back and side
close to the head and tail. When young, the parasites
clustered near the base of the pectoral fins and the
caudal peduncle. The difference in the infestation
sites is related to the life span of the parasite in the
host, and is probably due to fixation capacity in the
young and the reproductive period (copulation) of
the adults. These differences in infestation site in
relation to the parasite’s life span significantly
corroborate the findings of  [31,34], which describe
and analyze aggregated generations of Argulus in

Figure 4. The constructed life cycle of Dolops discoidalis (Bouvier, 1899), an ectoparasite widely distributed in the
Amazon, was studied by parasitizing fish of the species Rhytiodus argenteofuscus (Kner, 1858) in a controlled
environment. A biological cycle was prepared as proposed and modified from [12,22,23]. The cycle is of the
monoxenic type where mature adults copulate on the outside of the host, pregnant females loosen themselves from
the host and swim until they find objects placed in the boxes to deposit their eggs. The hatching peak was recorded
on the 19th day of the cycle in a controlled environment at 28ºC. After hatching, the larvae (epimorphic) seek a host
and pass through a seedling phase before reaching maturity.
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their hosts.
In a study of D. carvalhoi (Lemos De Castro,

1949) by [7], it was observed that the strings were
very similar to those of D. ranarum, including the
curled shape of the rows [33]. Egg laying
(oviposition) in the present study corroborated the
number of eggs was within the range reported by
[7], although the eggs were arranged in simple rows,
unlike in the case of D. carvalhoi. The shapes and
structures of the egg layings of D. discoidalis were
similar to those described by [7] in their study with
D. carvalhoi, and with [26] in their study of D.

bidentata (Bouvier, 1899). It can be suggested and
confirmed that oviposition is a specific
characteristic of the Branchiura, however the
arrangement of eggs in some species within the
Dolops genus differs [25].

The mean hatching rate per laying was 80%, but
this may be an underestimate, with the hatching rate
equal to or greater than 90% if the interference in
the variables of the physical-chemical parameters of
the water had not occurred. A deeper and more
comprehensive comparison of the hatching index of
this study with those of other works could not be
undertaken, due to the methodology adopted for the
calculation of the hatching index in the life cycle of
D. discoidalis. However, in the present study, the
successful hatching index and population increase
in the life cycle of D. discoidalis led to a discussion
about of the exponential increase of this monoxenic
ectoparasite when compared with heteroxenic
ectoparasites, such as those described by [30,35].

D. discoidalis is a freshwater parasite, with wide
distribution in South America, and is frequently
found in the rivers and lakes of the Amazon region,
generally preying on Siluriformes or scaly fish, with
no host specificity [3,13–15]. This species presents
a monoxenic life cycle, which is promising for the
study and analysis of its life cycle in an artificial
environment. The present study showed that D.

discoidalis had a short life cycle of 22 days, and that
larvae did not survive 24 hours post-hatching in the
absence of the host. In this case, it can be inferred
that this ectoparasite needs to feed immediately
after hatching, a factor which contributes to the lack
of host specificity of this ectoparasite.

The death of almost all the fish during this
experiment was due to the high levels of infestation,
caused by the exponential growth of the D.

discoidalis population in the recirculation system,
related to the success of the direct life cycle this was
also observed in artificial systems, confirming low

parasitic specificity. Care should be taken to prevent
introduction of D. discoidalis during introduction
and reintroduction of fish species, transportation,
restocking, and the cultivation of natural or exotic
species, as the damage caused by this parasite can
be incalculable for both natural stocks and fish
farms.

Acknowledgements

Elzamara Oliveira would like to thank ICTA Bid
Process PROTCC/BEP/ICTA n° 23204.006857
/2020-02 for providing a grant. The authors would
like to thank the Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior (the Coordination for
the Improvement of Higher Education Personnel)
(CAPES) for grants to Elcimara Pereira and to
CAPES Pró-Amazônia-AUXPE 1771-2014 for
grants to Lenise Silva. The author Lincoln Corrêa
had guaranteed financial support granted by the
project CAPES/Fundação de Amparo à Pesquisa do
Estado do Pará (CAPES/Research Support
Foundation for the state of Pará) (FAPESPA) n°
06/2015-Process n° 88881.160660/2017-01.

References

[1] Martins M.L., Moraes F.R., Fujimoto R.Y., Onaka
E.M., Nomura D.T., Silva C.A.H., Schalch S.H.C.
2000. Parasitic infections in cultivated freshwater
fishes: a survey of diagnosed cases from 1993 to
1998. Brasilian Journal of Veterinary Parasitology 9:
23-28.

[2] Aalberg K., Koščová L., Šmiga Ľ., Košuth P., Koščo
J., Oros M., Lazar P. 2016. A study of fish lice
(Argulus sp.) infection in freshwater food fish. Folia

Veterinaria 60: 54-59. doi:10.1515/fv-2016-0030
[3] Morey G.A.M., Arellano H.S. 2019. Infestation of

Dolops discoidalis Bouvier, 1899 (Branchiura:
Argulidae) on Pseudoplatystoma punctifer

(Castelnau, 1855) (Siluriformes: Pimelodidae) from a
fish pond in the Peruvian Amazon. Aquaculture 500:
414-416. doi:10.1016/j.aquaculture.2018.10.038

[4] Poly W.J. 2008. Global diversity of fishlice
(Crustacea: Branchiura: Argulidae) in freshwater.
Hydrobiologia 595: 209-212. 
doi:10.1007/s10750-007-9015-3

[5] Suárez-Morales E. 2020. Class Branchiura. In: Thorp
Covich’s Freshwater Invertebrates. (Eds. C.
Damborenea, D.C. Rogers, J.H. Thorp). Vol. 5. 4th
ed. Elsevier: 797-807. 
doi:10.1016/B978-0-12-804225-0.00022-8

[6] Møller O.S. 2009. Branchiura (Crustacea) – survey of
historical literature and taxonomy. Arthropod

480 E.C. OLIVEIRA et al.



Systematics and Phylogeny 67: 41-55.
[7] Gomes A.L.S., Malta J.C de O. 2002. Postura,

desenvolvimento e eclosão dos ovos de Dolops
carvalhoi Lemos de Castro (Crustacea, Branchiura)
em laboratório, parasita de peixes da Amazônia
Central. Revista Brasileira de Zoologia 19 (Suppl. 2):
141-149 (in Portuguese). 
doi:10.1590/s0101-81752002000600013 

[8] de Souza A.K.S., Porto D.B., Malta J.C.O. 2019. A
new species of Argulus, a fish parasite from the
Brazilian Amazon: (Crustacea, Branchiura). Spixiana

42: 7-14.
[9] Avenant-Oldewage A. 1994. A new species of Argulus

from Kosi Bay, South Africa and distribution records
of the genus. Koedoe 37: 89-95. 
doi:10.4102/koedoe.v37i2.339

[10] Genovez L.W., Pilarski F., Sakabe R., Marques M.P.
do A., de Moraes F.R. 2008. Controle biológico de
Dolops carvalhoi (Crustacea: Branchiura) em jovens
de pacu (Piaractus mesopotamicus) [Biological
control of Dolops carvalhoi (Crustacea: Branchiura)
in pacu juveniles (Piaractus mesopotamicus)].
Boletim do Instituto de Pesca 34: 99-105 (in
Portuguese with summary in English). 
https://www.pesca.sp.gov.br/34_1_99-105.pdf

[11] Woo P.T.K., Buchmann K. 2012. Fish parasites:
pathobiology and protection. 1st ed. CAB International.

[12] Mikheev V.N., Pasternak A.F., Valtonen E.T. 2015.
Behavioural adaptations of argulid parasites
(Crustacea: Branchiura) to major challenges in their
life cycle. Parasites and Vectors 8: 1-10. 
doi:10.1186/s13071-015-1005-0

[13] Oliveira M.S.B., Corrêa L.L., Ferreira D.O., Neves
L.R., Tavares-Dias M. 2017. Records of new
localities and hosts for crustacean parasites in fish
from the eastern Amazon in northern Brazil. Journal

of Parasitic Diseases 41: 565-570. 
doi:10.1007/s12639-016-0852-8

[14] Oliveira M.S.B., Corrêa L.L., Gonçalves R.A.,
Neves L.R., Prestes L., Ferreira D.O., Tavares-Dias
M. 2019. New records of crustaceans infesting
Phractocephalus hemioliopterus (Siluriformes:
Pimelodidae), the large catfish from the Amazon.
Revista Mexicana de Biodiversidad 90: e901969. 
doi:10.22201/ib.20078706e.2019.90.1969

[15] Malta J.C.O. 1982. Os argulídeos (Crustacea:
Branchiura) da Amazônia Brasileira. Aspectos da
ecologia de Dolops discoidalis Bouvier, 1399 e
Dolops bidentata Bouvier, 1899. Acta Amazonica 12:
521-528 (in Portuguese with summary in English).
doi:10.1590/1809-43921982123521  

[16] Maciel C.R., Valenti W.C. 2009. Biology, fisheries,
and aquaculture of the Amazon River prawn
Macrobrachium amazonicum: a review. Nauplius 17:
61-79.

[17] Guha A., Aditya G., Saha S.K. 2013. Survivorship
and fecundity of Argulus bengalensis (Crustacea;

Branchiura) under laboratory conditions. Invertebrate

Reproduction and Development 57: 301-308. 
doi:10.1080/07924259.2013.793217

[18] Oliveira M.S.B., Corrêa L.L., Ferreira D.O., Neves
L.R., Tavares-Dias M. 2017. Records of new
localities and hosts for crustacean parasites in fish
from the eastern Amazon in northern Brazil. Journal

of Parasitic Diseases 41: 565-570. 
doi:10.1007/s12639-016-0852-8

[19] Møller O.S., Olesen J., Avenant-Oldewage A.,
Thomsen P.F., Glenner H. 2008. First maxillae suction
discs in Branchiura (Crustacea): development and
evolution in light of the first molecular phylogeny of
Branchiura, Pentastomida, and other “Maxillopoda.”
Arthropod Structure and Development 37: 333-346.
doi:10.1016/j.asd.2007.12.002

[20] Castro A.L. 1985. Branchiura. In: Manual
identificação invertebrados límnicos do Brasil. (Ed. R.
Schaden). Conselho Nascional de Desenvolvimento
Científico e Tecnológico-CNPq: 1-23 (in Portuguese).

[21] Thatcher V.E. (ed.) 2006. Branchiura. In: Amazon
fish parasites. 2nd ed. Sofia-Moscow, Pensoft: 391-
415.

[22] Williams E.H., Bunkley-Williams L. 2019. Life
cycle and life history strategies of parasitic Crustacea.
In: Parasitic Crustacea. (Eds. N.J. Smit, N.L. Bruce,
K.A. Hadfield). Zoological Monographs, vol. 3,
Springer, Cham: 179-266. 
doi:10.1007/978-3-030-17385-2_5

[23] Smit N.J., Bruce N.L., Hadfield K.A. 2019.
Introduction to parasitic Crustacea: state of knowledge
and future trends. In Parasitic Crustacea. (Eds. N.J.
Smit, N.L. Bruce, K.A. Hadfield). Zoological
Monographs, vol. 3. Springer, Cham: 1-6. 
doi:10.1007/978-3-030-17385-2_1

[24] Geertz P.H., Rasmussem G. 1994. Influence of ochre
and acidification on the survival and hatching of
brown trout eggs (Salmo trutta). In: Sublethal and
chronic effects of pollutants on freshwater fish. (Eds.
R. Muller, R. Lloyd). Fishing News Books Ltd: 196-
210.

[25] Neethling L.A.M., Avenant-Oldewage A. 2016.
Branchiura: a compendium of the geographical
distribution and a summary of their biology.
Crustaceana 89: 1243-1446. 
doi:10.1163/15685403-00003597

[26] Silva-Souza A.T., Abdallah V.D., De Azevedo R.K.,
Da Silva F.A., Luque J.L. 2011. Expanded description
of Dolops bidentata (Bouvier, 1899) (Branchiura:
Argulidae) based on specimens collected on
Pygocentrus nattereri Kner, 1858 (Characiformes)
from Pocone Wetland, MT, Brazil. Brazilian Journal

of Biology 71: 145-149.
[27] Møller O.S., Olesen J. 2012 First description of

larval stage 1 from a non-african fish parasite Dolops

(Branchiura). Journal of Crustacean Biology 32: 231-
238. doi:10.1163/193724011X615541

Description of life    481



[28] Moore J. 2002. Parasites and the behavior of
animals. Oxford University Press on Demand. Oxford
Series in Ecology and Evolution.

[29] Mikheev V.N. 2011. Monoxenous and heteroxenous
parasites of fish manipulate behavior of their hosts in
different ways. Biology Bulletin Reviews 1: 446. 
doi:10.1134/S2079086411050045

[30] Mikheev V.N., Pasternak A.F., Valtonen E.T.,
Lankinen Y. 2001. Spatial distribution and hatching of
overwintered eggs of a fish ectoparasite. Diseases of

Aquatic Organisms 46: 123-128.
[31] Hakalahti T., Bandilla M., Valtonen E.T. 2005.

Delayed transmission of a parasite is compensated by
accelerated growth. Parasitology 131: 647-656.
doi:10.1017/S0031182005008279

[32] Banerjee A., Poddar S., Manna S., Saha S.K. 2016.
Mutualistic association of rotifer Philodina roseola

with the branchiuran fish ectoparasite Argulus

bengalensis at its embryonic stage. Biology

Letters 12: 20151043. doi:10.1098/rsbl.2015.1043
[33] AvEnant A., As J.G., Loots G.C. 1989. On the

hatching and morphology of Dolops ranarum larvae
(Crustacea: Branchiura). Journal of Zoology 217:
511-519. doi:10.1111/j.1469-7998.1989.tb02506.x

[34] Bandilla M., Hakalahti T., Hudson P.J., Valtonen E.T.
2005. Aggregation of Argulus coregoni (Crustacea:
Branchiura) on rainbow trout (Oncorhynchus mykiss):
a consequence of host susceptibility or exposure?
Parasitology 130: 169-176. 
doi:10.1017/S0031182004006407

[35] Seilacher A., Reif W.E., Wenk P. 2007. The parasite
connection in ecosystems and macroevolution.
Naturwissenschaften 94: 155-169. 
doi:10.1007/s00114-006-0164-4

Received 06 April 2021

Accepted 24 June 2021

482 E.C. OLIVEIRA et al.




