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A B S T R A C T

The aim of the present study was to evaluate induced reproduction in Colossoma macropomum
females at the beginning of the reproductive period and 75 days after the first spawning in which
reproduction was induced. The experiment was conducted in Nova Mutum, MT, Brazil. Eight 4-
year-old C. macropomum females with an average body weight of 6.7 ± 2.4 kg were used.
Hormonal induction was performed at the beginning of the reproductive period and repeated 75
days after the first spawning. The following variables were then evaluated: weight of released
oocytes, production index, absolute fecundity, oocyte diameter, fertilization rate, and hatching
rate. Of the eight females that spawned during the first hormonal induction, three (37.5%)
spawned again 75 days after the first spawning. Two females died after the first induced
spawning. None of the means of the evaluated variables differed between the two induced
spawnings, except for fertilization rate, which was greater (P < 0.05) with the first spawning
(88.8 ± 6.1%) than in the second (74.1 ± 10.4%). The results of the present study indicate that
C. macropomum females can reproduce again 75 days after a first induced spawning.

1. Introduction

Colossoma macropomum, commonly known as tambaqui, is the second largest freshwater fish in South America (Goulding and
Carvalho, 1982), reaching 40 kg in weight and 108 cm in length (Froese and Pauly, 2016). This is a species of great economic
importance for several South American countries; in Brazil, its production reached 136,991.5 t in 2016 (IBGE, 2018). Colossoma
macropomum are recognized among the fish species for its growth rates (Mello et al., 2015), and wide acceptance by consumers as a
food source (Gomes et al., 2010).
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In its natural environment, C. macropomum starts reproduction after an increase in the light portion of the photoperiod, tem-
perature, and precipitation, with the greatest spawning activity occurring between November (end of spring) and February (end of
summer; Muniz et al., 2008). Reproduction, however, occurs only when the fish ascend the river during the piracema. Rheophilic
species such as tambaqui do not reproduce naturally in tanks used for fish-farming, because of the absence of migration which would
occur in rivers in their natural habitat and reproductive hormone secretion is not adequate to induce the onset of reproduction in the
absence of this migration (Nagahama, 1983). Although the females of reophilic species may have gonadal development when
maintained on fish farms, they do not fully mature (Zohar and Mylonas, 2001). The reproduction of tambaqui on fish farms,
therefore, occurs only upon hormonal induction during the reproductive period, when environmental conditions (temperature,
photoperiod, and rainfall) are favorable (Woynarovich, 1986).

Induced reproduction of C. macropomum is performed only once during the reproductive period, which leads to underutilization
of fish stocks. Using females more than once during the reproductive season can maximize fingerling production by breeders of fish
with greater genetic potential. There, however, are no scientific reports indicating the possibility of tambaqui (a species characterized
by synchronous gonadal development) spawning twice in the same reproductive period. This is an important aspect to maximize
fingerling production in the farming of fish with relatively greater genetic value, as is the case of those originating from the C.
macropomum breeding program under development in Brazil (Marcos et al., 2016).

Studies on reproduction in C. macropomum have focused on cryopreservation of gametes (Varela et al., 2012), cooling of embryos
(Pessoa et al., 2013), evaluation of different hormonal inducing regimens (Martins et al., 2017), adequate inseminating doses (Leite
et al., 2013), assessment of gamete quality (Maria et al., 2010), and successive semen collections (Pires et al., 2017). There, however,
is no scientific information on successive oocyte collections in C. macropomum in the same reproductive period. The aim of the
present study was to evaluate induced reproduction in Colossoma macropomum females at the beginning of the reproductive period
and 75 days after the first spawning.

2. Material and methods

The experiment was conducted on a fish farm in the municipality of Nova Mutum, Mato Grosso, Brazil (13°51ʹ57.2ʹʹ S and
56°11ʹ30.2ʹʹ W). The first hormonal induction was performed at the beginning of the reproductive period (October 2016) and re-
peated 75 days after the first spawning (December 2016). This study was approved by the Ethics Committee of the Federal University
of Mato Grosso do Sul, Brazil (approval no. 643/2014).

Eight 4-year-old C. macropomum females (originating from broodstock captured in nature) with an average body weight of
6.7 ± 2.4 kg were used in the present study. The fish were kept in an excavated tank (500m2) at the density of 0.2 fish/m2, with a
daily water replacement rate of 10%. The average temperature in the tanks was 28 ± 2 °C. In the period preceding reproduction, the
fish received extruded feed (92.6% dry matter, 28.0% crude protein, 13.4% mineral matter, 4.5% ether extract, and 4.3% crude fiber)
equivalent to 1% of their body weight per day. After the first spawning, the fish were allocated to an excavated tank (200m2). The
same feeding management was provided to all fish in the period prior to the two spawnings.

Females were selected for reproduction by analyzing their external characteristics, such as erythematous coloration, edema-like
appearance of the urogenital papilla, and bulging abdomen (Zaniboni Filho and Weingartner, 2007). In addition, oocytes were
collected by intraovarian cannulation (Romagosa et al., 1990), and then placed in Serra’s solution (60% ethanol, 30% formaldehyde,
and 10% glacial acetic acid) for 3min (Brzuska, 1979). Only the females with greater than 50% of oocytes with their germinal
vesicles displaced from the center were considered suitable for reproduction (Romagosa et al., 1990). One hundred oocytes per
female were collected and preserved in Gilson’s solution (100mL 60% alcohol, 880mL distilled water, 15mL 80% nitric acid, 20 g
mercury bichloride, and 18mL glacial acetic acid) to measure the diameter (Simpson, 1951).

The selected females were then transferred to masonry tanks (4.0 m3) in the laboratory with 10 L/s water renewal (average
temperature 28 ± 2 °C), where they were weighed and then microchipped. The females were subjected to hormonal induction using
carp pituitary extract at 5.5 mg/kg body weight in two doses: 10% at first, and the remaining 90% after 12 h (Woynarovich and
Horváth, 1983; Maria et al., 2012). The males selected for the analyses of fertilization and hatching rates were induced with a single
dose of carp pituitary extract of 2.5 mg/kg body weight (Streit et al., 2005), at the same time as the females. For the second spawning,
the fish received the same induced-reproduction protocol and were maintained in the same storage and management conditions.

The fish were anesthetized with eugenol (50mg/L) to collect their gametes. Oocytes were collected as described by Woynarovich
and Horváth (1983) and Caneppele et al. (2009), while semen was collected according to the method described by Sanches et al.
(2011). The gametes were collected after 240 degree - hours following the second injection (Gomes et al., 2010).

After the collection of gametes, artificial fertilization was performed using three oocyte samples (1 g each) per female. The
individual samples were mixed with a freshly prepared semen pool containing semen of three males (0.12 mL for each 1-g sample).
Samples were then placed on a 1-mm sieve and incubated in a cylindrical-conicalincubator (water temperature: 28 ± 2 °C; water
flow: 7 L/min).

The reproductive variables evaluated included oocyte weight (g), production index (total weight of released oocytes in g/animal
weight in g×100), absolute fecundity (number of oocytes released during spawning), oocyte diameter (mm), fertilization rate (% of
fertilized eggs), and hatching rate (% of hatched larvae). The number of oocytes released per female was calculated as the weight of
oocytes released multiplied by the average oocyte count of the three 1-g samples. Fertilization rate was estimated 8 h after the
commencement of egg hydration (blastopore closure stage), while hatching rate was estimated shortly after larval hatching (15–20 h
after fertilization; Leite et al., 2013). Oocyte diameter, fertilization rate, and hatching rate were variables that were assessed as the
average of three 1-g oocyte samples from each female. These variables were valid for both the first and second spawnings.
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The data were evaluated by applying the Generalized Linear Models procedure of SAS software (Statistical Analysis System)
version 9.2. Mean values between the first and second spawnings were compared by the t-test at the 5% probability level.

3. Results

Eight females spawned after the first hormonal induction at the beginning of the reproductive period (October 2016). Of these,
three females (37.5%) spawned again 75 days (December 2016) after the first spawning; three females (37.5%) did not spawn again
after 75 days (December 2016); and two females (25.0%) died soon after the first spawning (Table 1).

The average oocyte weight in the first spawning was not different from that observed in the second spawning (75 days after the
first). Likewise, production index, absolute fecundity, and oocyte diameter did not differ between the two spawnings (Table 1).

Fertilization rate was greater (P < 0.05) in the first than in the second spawning. Hatching rate, however, did not differ between
the two spawnings (Table 1).

4. Discussion

In its natural environment, the species C. macropomum has synchronous gonadal development, with one single spawning oc-
curring in the reproductive period. The present study is the first to report successive spawning in C. macropomum females in the same
reproductive period. The results revealed that 37.5% of the females spawned again 75 days after the first spawning. This proves that
reproductive return in C. macropomum females in the same reproductive period is possible. This component of the reproductive
pattern has not been exploited in fish reared on fish farms where females reproduce only once a year. Some modifications during
hormonal induction can increase the percentage of females that can spawn twice in the same reproductive period. Thus, these results
reveal that it is possible to have successive oocyte collections in the same reproductive period, similar to successive semen collections
in C. macropomum (Pires et al., 2017).

Although there were two successive oocyte collections with a 75-day interval in the same reproductive period, 25% of the females
died after the first spawning, in the present study. This reinforces the need to improve reproductive protocols using new hormonal
inducers (currently, only carp pituitary extract is being used in C. macropomum females) and different hormone doses and/or intervals
between doses. It should be emphasized that different hormonal inducers have been successfully evaluated in C. macropomum males
(Martins et al., 2017) and females (Souza et al., 2018), but there are no reports on effects on the survival of fish in comparison with
the traditional protocol involving carp pituitary extract.

The similar means between the two spawnings for the variables of total oocyte weight, production index, and absolute fecundity
indicate that oocyte production was not reduced at the second spawning. The total oocyte weight and production index obtained in
both the first and second spawnings were similar to those reported by Souza et al. (2018) in a single spawning of C. macropomum.
There was a greater total oocyte weight (Galo et al., 2015) and absolute fecundity (Vieira et al., 1999) with females that had greater
body weights, but without great changes in production index (ratio between oocyte weight and fish weight), as demonstrated in the
study of Galo et al. (2015).

The number of oocytes released provides evidence about the reproductive potential of females (Laine and Rajasilta, 1998). Two
successive spawnings, therefore, can increase the reproductive potential of females. In the present study, there was an increase in
total oocyte number in the females that spawned twice when compared with that of the females that spawned only once. The results
also revealed that it is possible to double the production of oocytes with two spawnings in the same reproductive period (75 days after
the first spawning). This opportunity, however, has not been exploited in fish farming. Successive reproduction inductions can be
implemented to maximize fingerling production of females with greater genetic potential. This is an important aspect to be con-
sidered in the current development of the C. macropomum selective-breeding program.

In the present study, oocyte diameter in the first (0.8–1.1 mm) and second (1.0–1.1mm) spawnings were similar to those observed
in Piaractus mesopotamicus (1.0–1.1mm) and C. macropomum (0.7–0.9mm) by Romagosa et al. (1990) and Chellappa et al. (1996),
respectively. This finding indicates that the oocytes reached an adequate size for reproduction during both the first and second
spawnings, suggesting that the interval between spawnings did not lead to alterations in oocyte diameter.

The lesser fertilization rate in the second spawning (average 74.1 ± 10.4%) compared with the first (average 88.8 ± 6.1%)
indicated the necessity to modify regimens of reproductive management and provide different nutritional supplementation to the
females, especially after the first spawning. Further, it highlights the need for an adequate recovery period between the first and
second spawnings, because stress is one of the factors that can affect reproduction (Small, 2004). Nevertheless, Galo et al. (2015) and
Chellappa et al. (1996) obtained fertilization rates of 86.3% and 80%, respectively, in a single spawning of C. macropomum, which are
similar to those that resulted in the present experiment. In addition, the hatching rates in the present study (in both the first and
second spawnings) were similar to the 89% rate that was observed by Galo et al. (2015) in a single spawning of C. macropomum.

The use of high-quality fish gametes is important for fertilization and, consequently, for the development of normal embryos
(Bromage and Roberts, 1995; Bobe and Labbé, 2010). Although a greater fertilization rate was observed during the first spawning, the
oocytes obtained during the second spawning were of good quality, as indicated by a hatching rate that was similar to that observed
at the first spawning.

5. Conclusion

Colossoma macropomum can reproduce 75 days after the first spawning, producing viable gametes and larvae.
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