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ABSTRACT 
In order to exploit native fish species for aqua- 
culture, basic parameters of artificial reproduce- 
tion and estimates of reproductive potential for 
this fish must be determined to improve hatch- 
ery success. We analyze seven Brazilian com- 
mercial fish. Spawning was induced using the 
hypophysation method, with injection of crude 
carp pituitary extract (CCPE). Characiformes 
species signaled the spawning time with beha- 
vioral alterations (usually circular movements). 
The time of oocyte extrusion varied from 5.3 ± 
0.3 h in Salminus franciscanus to 8.6 ± 0.1 h in 
Prochilodus argenteus after the second CCPE 
injection. The greatest diameter of a vitellogenic 
oocyte was registered for P. argenteus (873.9 ± 
122.2 μm) and the smallest was for Pimelodus 
maculates (465.4 ± 36.3 μm). The diameter of 
vitellogenic oocytes was very similar among 
species belonging to the same family. The high- 
est ROI values were registered for Prochilodus 
costatus(27.0 ± 3.5 μm) and P. argenteus (23.4 ± 
3.7 μm), while the lowest values were found in 
Pseudoplatystoma corruscans (4.6 ± 0.9 μm) 
and P. maculatus (6.0 ± 1.3 μm). Absolute fe- 
cundity (number of oocytes released at spawn- 
ing) was lowest in P. maculatus and highest in P. 
corrus- cans. Relative fecundity (RF) presented 
a high correlation (r = 0.98 to 0.99) with gonad 
weight, indicating high efficiency of spawning. 
The RF also presented a high correlation with 
body weight (r = 0.88 to 0.97) and total length (r = 

0.86 to 0.92). The highest RF was registered for 
Leporinus obtusidens, and the lowest was for P. 
corruscans. Released fecundity had a negative 
correlation with the diameter of vitellogenic oo- 
cytes and with the height of the follicular cells, 
and a positive correlation with the thickness of 
the zona pelucida. These results indicate that 
the species studied herein are suitable candi- 
dates for aquaculture due to their reproductive 
and zootechnical characteristics. 
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1. INTRODUCTION 

In the São Francisco River of southeastern Brazil there 
are several commercial fish species including: the suru- 
bim (Pseudoplatystoma corruscans), the dourado 
(Salminus franciscanus), the curimatãs (Prochilodus ar- 
genteus and Prochilodus costatus), the piau-verdadeiro 
(Leporinus obtusidens), the mandi-amarelo (Pimelodus 
maculatus) and the matrinxã (Brycon orthotaenia). All of 
these species are “piracema” fish that is they perform 
reproductive migrations for spawning. When maintained 
in captivity or in lentic water, these species interrupt their 
reproductive cycle and do not reach the spawning stage 
[1]. The “surubim” reaches 180 cm and more than 100 
kg and has great demand by consumers and farmers. The 
dourado is the most popular sport fish reaching 140 cm 
of length and 30 kg body weight. The curimatãs and the 
mandi-amarelo are the primary species captured by pro- 
fessional fisheries, with P. argenteus being the largest 
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species (14 kg) among the Prochilodontidae [2]. The 
piau-verdadeiro is important for both professional and 
sport fisheries reaching 7.5 kg. The matrinxã reaches 7 
kg and is threatened with extinction in some regions of 
the São Francisco River [3]. All of these species utilized 
in this study are single batch spawners, have free oocytes, 
and lack parental care. Besides the large size of all these 
species, their meat has desirable organoleptic character- 
istics combined with a good carcass income, which 
makes them good candidates for aquaculture. 

Along with the reduction of stocks of natural fisheries, 
there is an increasing need to develop artificial reproduc- 
tion technology for high commercially valuable species 
in order to improve their reproductive potential and con- 
sequently the production of fingerlings for fish culture 
and reintroduction. Spawning induction in freshwater 
fish is usually performed using the hypophysation method 
[4], where crude carp pituitary extract (Cyprinus carpio) 
is injected into the coelomic cavity or within the muscle. 

Fecundity is a reproductive strategy of fish that mea- 
sures a species reproductive potential through the num- 
ber of vitellogenic oocytes found inside the ovaries be- 
fore the onset of the reproductive period [5-7]. Fecundity 
depends on body size, oocyte diameter, and spawning 
type and provides important information for aquaculture, 
fisheries management, and conservation [8,9]. Several 
measures of fecundity have been used for fish: total fe- 
cundity [10,11], relative fecundity [12,13], and actual fe- 
cundity [14,15]. Released fecundity is estimated through 
the number of oocytes released during a reproductive 
season by a single batch spawner [16] or in each egg lot 
released by a multiple batch spawner [17-19]. Released 
fecundity is also used for females submitted to artificial 
reproduction and is an indicator of spawn success. 

In order to increase the knowledge of artificial repro- 
duction and the reproductive potential of commercial fish, 
this work investigates seven species native to the São 

Francisco River basin, Brazil, giving special attention to 
spawning induction by hypophysation and to fecundity. 

2. MATERIAL AND METHODS 

2.1. Sampling 

For spawning induction, 409 specimens belonging to 
five species of Characiformes and two species of Siluri- 
formes (Table 1) were captured in the São Francisco 
River at the region of the Três Marias dam (18˚S - 20˚S, 
45˚W - 46˚W) in Minas Gerais state, southeastern Brazil. 
To capture fish were used gill nets and cast nets. The 
catch was performed by professional fishermen and the 
use of fishing boat. The fish were maintained for at least 
two years in tanks at the Hydrobiology and Fishculture 
Station of Três Marias, Minas Gerais—CODEVASF, 
Brazil, in densities of 0.1 to 0.2 kg/m2. The fish feed was 
supplied in quantity only for their maintenance during 
the period of stocking, since analyzing the growth of the 
fish was not the objective of this work. The species B. 
orthotaenia, L. obtusidens, P. argenteus, P. costatus, and 
P. maculates were fed daily with commercial food (36% 
crude protein) at the proportion of 1.5% to 2% live fish 
weight. The piscivorous species, P. corruscans and S. 
franciscanus, were fed live fish “ad libitum”. 

2.2. Spawning Induction 

Females were selected for spawning induction accord- 
ing to external morphological characteristics, including a 
rounded coelomic cavity and reddish urogenital papillae. 
Specimens were measured, weighed, and maintained in 
hypophysation tanks with a continuous flow of water at 
an average temperature of 26˚C. Spawning induction was 
performed using the hypophysation method with inject- 
tion of two doses of crude carp pituitary extract (CCPE) 
into the coelomic cavity. The first dose was of 0.6 mg of 

 
Table 1. List of species from the São Francisco River basin utilized in this study with total length (TL) and body weight (BW). 

Order/Species Common name n TL (cm) BW (kg) 

Characiformes     

Brycon orthotaenia (Gunther, 1864) Matrinxã 64 47.4 ± 6.8 1.83 ± 0.78 

Salminus franciscanus (Lima & Britski, 2007) Dourado 41 66.4 ± 11.1 4.04 ± 2.32 

Leporinus obtusidens (Valenciennes, 1836) Piauverdadeiro 74 40.7 ± 5.6 1.05 ± 0.46 

Prochilodus argenteus (Agassiz, 1829) Curimatã pacu 88 46.0 ± 7.7 1.65 ± 0.80 

Prochilodus costatus (Valenciennes, 1850) Curimatã pioa 84 36.5 ± 7.9 0.80 ± 0.56 

Siluriformes     

Pimelodus maculatus (La Cepède, 1803) Mandiamarelo 33 35.0 ± 5.2 0.50 ± 0.25 

Pseudoplatystoma corruscans (Spix & Agassiz, 1829) Surubim 25 109.8 ± 16.7 12.05 ± 5.67 

Data are expressed as mean ± standard error (SE). 
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CCPE/kg body weight and the second dose was of 5.0 
mg of CCPE/kg body weight, and they were given with a 
time interval of 13 to 16 hours between doses (Table 2). 
Oocyte extrusion was performed by gentle pressure on 
the fish coelomic cavity. The time of extrusion for each 
species was determined considering the water tempera- 
ture of 26˚C. 

2.3. Released Oocyte Index (ROI) 

Total length (TL), body weight (BW), and ova weight 
(OW—obtained by the weight of all released oocytes) 
were recorded for all specimens. These values were used 
to calculate the released oocyte index (ROI = 100 × OW/ 
BW). 

2.4. Histology 

In order to determine the diameter of vitellogenic oo- 
cytes, mature ovary fragments (three to five per species) 
were fixed in Bouin’s solution and then submitted to rou- 
tine histological techniques, embedded in paraffin and 
glycol methacrylate, cut in 4 µm sections and stained 
with hematoxilin-eosine and/or toluidin blue-sodium bo- 
rate. 

The diameter of oocytes, the thickness of the zona pe- 
lucida, and the height of the follicular cells were meas- 
ured using a micrometric ruler coupled to the ocular of a 
light microscope. For morphometricanalyses 50 oocytes 
in three histological sections of each species were used. 
Only complete spherical oocytes with little retraction 
were used for these measurements. 

2.5. Released Fecundity 

Samples of released oocytes (0.5 - 1 g) were collected, 
weighed, and fixed in modified Gilson solution (100 ml 
of alcohol 60%, 880 ml of distillate water, 15 ml of nitric 
acid 80%, 18 ml of glacial acetic acid e 20 g of mercury 
chloride) in order to estimate released fecundity. Relative 
and absolute fecundities were determined considering: 1) 

ova weight (all released oocytes) (OW); 2) number of 
oocytes present in each ova sample; and 3) number of 
oocytes per gram of ova (NO/g). Absolute fecundity (AF) 
was determined by the number of oocytes per gram of 
ova and the total weight of the ova (all released oocytes) 
for each specimen and for each species (AF = NO/g × 
OW). To eliminate interference by fish weight on fecund- 
dity estimation, the relative fecundity (RF) was calcu- 
lated using body weight (BW) through the expression: 
RF = AF/BW. 

2.6. Statistical Analysis 

Pearson’s correlation was used to correlate fecundity 
with body weight, total length, ova weight, vitellogenic 
oocyte diameter, height of the follicular cells, and thick- 
ness of the zona pelucida. The software GraphPad Prism 
4 and Microsoft Excel were used for the analyses. 

3. RESULTS 

3.1. Spawning Induction 

Response to spawning induction by hypophysation 
was satisfactory in all the species studied, with a success 
range of 64% to 80%. The five Characiformes species (B. 
orthotaenia, S. franciscanus, L. obtusidens, P. argenteus 
and P. costatus), signaled spawning time with behavioral 
alterations (usually circular movements) while the two 
Siluriformes species (P. maculatus and P. corruscans) did 
not show any signals. The time of oocyte extrusion var- 
ied from 5.3 ± 0.3 hours in S. franciscanus to 8.6 ± 0.1 
hours in P. argenteus. The time for oocyte extrusion was 
in the same range in species of the same family such as S. 
franciscanus and B. orthotaenia of the Characidae, and P. 
argenteus and P. costatus of the Prochilodontidae (Table 
2). 

3.2. Histology 

Vitellogenic oocyte diameter for the Characiformes  
 
Table 2. Spawning induction parameters of species from São Francisco River submitted tohypophysation. 

Species Spawning rate (%) 
Hours between  

CCPE doses 
Latency period (h)* OSI (%) Fertilization rate (%)

B. orthotaenia 64.0 15.7 ± 0.2 5.5 ± 0.1 13.2 ± 1.6 55.83 ± 9.02 

S. franciscanus 64.0 15.7 ± 0.7 5.3 ± 0.3 11.9 ± 1.2 57.78 ± 8.09 

L. obtusidens 69.2 14.1 ± 0.8 8.2 ± 0.1 21.4 ± 3.6 70.36 ± 8.39 

P. argenteus 75.0 15.8 ± 2.2 8.6 ± 0.1 23.4 ± 3.7 73.03 ± 8.51 

P. costatus 80.0 16.5 ± 2.3 8.2 ± 0.2 27.0 ± 3.5 72.70 ± 7.58 

P. maculatus 70.4 14.3 ± 0.7 8.2 ± 0.1 6.0 ± 1.3 64.80 ± 9.50 

P. corruscans 66.7 13.1 ± 0.4 8.5 ± 0.2 4.6 ± 0.9 79.83 ± 8.97 

Data are expressed as mean ± standard error (SE). Spawning rate = percentage of females which ovulated after injection; *period between second CCPE dose 
and oocyte extrusion; OSI = 100 × OW/BW. 
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species varied from 558.0 ± 57.2 to 803.9 ± 147.5 μm 
while for the Siluriformes species it varied from 465.4 ± 
36.3 to 587.6 ± 62.4 μm. The greatest vitellogenic oocyte 
diameter was registered in P. argenteusand the smallest 
in P. maculatus. Vitellogenic oocyte diameter presented 
very similar values among species belonging to the same 
family (Table 3). 

The thickness of the zona pelucida of the vitellogenic 
oocytes varied among species, with the thickest in P. 
argenteus (11.8 ± 0.4 μm) and the thinnest in P. corrus- 
cans (1.2 ± 0.4 μm) (Table 3). 

All of the species analyzed had a single layer of fol- 
licular cells. The height of the follicular cells also varied 
among the species with the highest in P. maculatus (27.4 
± 7.3 μm) and the lowest in L. obtusidens (1.5 ± 0.4 μm) 
(Table 3). 

3.3. Released Oocyte Index (ROI) 

The highest ROI values were registered in the two 
Prochilodontidae species, P. costatus (27.0 ± 3.5) and P. 
argenteus (23.4 ± 3.4), while the lowest values were 
found in the two Siluriformes, P. maculatus (6.0 ± 1.7) 
and P. corruscans (4.6 ± 0.9) (Table 2). 

3.4. Fecundity 

Absolute released fecundity was lowest in P. macula- 
tus and highest in P. corruscans, with 91.78 × 103 and 
1329.37 × 103 oocytes respectively (Table 4). 

Relative fecundity (RF) presented a strong correlation 
with gonad weight, body weight, and total length (Table 
5). The highest values of RF were found in L. obtusiden- 
sand the lowest in P. corruscans (Table 4). 

3.5. Pearson’s Correlation Coefficient 

Vitellogenic oocyte diameter showed a negative cor- 
relation with the number of oocytes per gram (r = −0.926) 
and with the height of the follicular cells (r = −0.706), 
but a positive correlation with the thickness of the zona 

pellucida (r = 0.803). The height of the follicular cells 
showed a negative correlation with the thickness of the 
zona pellucida (r = −0.831). Fecundity presented a posi- 
tive correlation with thickness of the zona pellucida (r = 
0.545), and a negative correlation with height of the fol- 
licular cells (r = −0.493). 

4. DISCUSSION 

Due to the scarcity of knowledge and technology re- 
garding the culture of native fish species, Brazilian fish 
culture has mainly developed with exotic species. In or- 
der to exploit native fish species for aquaculture, basic 
reproductive parameters of native species have to be de- 
scribed, analyzed and incorporated into practice. In this 
context, artificial reproduction and the estimation of fe- 
cundity are of fundamental importance for the culture of 
commercial fish and for the conservation of threatened 
species. In the present study, all species had a satisfac- 
tory response to artificial reproduction and presented 
high fecundity. 

The crude carp pituitary extract used in this study has 
been commonly employed in spawning induction proce- 
 
Table 3. Mean ± standard deviation of vitellogenic oocyte 
diameter (OD), zona pellucida thickness (ZP) and follicular cell 
height (FC) of species form the São Francisco River basin. 
Values are expressed as means ± SD in μm. 

Species OD ZP FC 

B. orthotaenia 683.2 ± 90.6 5.4 ± 1.5 4.1 ± 1.2 

S. franciscanus 714.2 ± 100.6 7.3 ± 1.4 4.2 ± 0.9 

L. obtusidens 558.0 ± 57.2 8.7 ± 0.9 1.5 ± 0.4 

P. argenteus 873.9 ± 122.2 11.8 ± 1.4 2.3 ± 0.4 

P. costatus 862.6 ± 141.2 11.4 ± 2.0 2.3 ± 0.5 

P. maculatus 465.4 ± 36.3 2.3 ± 0.6 27.4 ± 7.3 

P. corruscans 587.6 ± 62.4 1.2 ± 0.4 18.8 ± 2.9 
 

 
Table 4. Mean ± standard deviation of the released oocyte weight (OW), oocyte number per gram (NO/g), absolute fecundity (AF), 
relative fecundity (RF) and released oocyte index (ROI) of species from São Francisco River submitted to spawning induction. 

Species OW(g) NO/g AF (×103) RF 

B. orthotaenia 243.45 ± 108.73 1382.33 ± 40.73 337.55 ± 152.47 183.04 ± 23.12 

S. franciscanus 475.80 ± 266.95 1221.80 ± 73.24 583.92 ± 339.82 145.92 ± 18.66 

L. obtusidens 220.53 ± 93.08 2444.84 ± 52.89 538.03 ± 223.12 524.11 ± 89.79 

P. argenteus 389.43 ± 192.20 1010.20 ± 79.68 397.46 ± 206.87 236.58 ± 44.47 

P. costatus 212.29 ± 147.02 1206.65 ± 119.05 251.87 ± 173.58 324.47 ± 48.20 

P. maculatus 28.05 ± 14.5 3258.76 ± 144.95 91.78 ± 48.73 180.78 ± 25.66 

P. corruscans 532.52 ± 212.79 2499.32 ± 63.21 1329.37 ± 527.36 113.71 ± 21.35 
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Table 5. Pearson’s correlation coefficient (r) between the ab- 
solute fecundity (AF) and body weight (BW), total length (TL), 
and ova weight (OW) for species from the São Francisco River 
basin submitted to spawning induction. 

Species AF × BW AF × TL AF × OW

B. orthotaenia 0.946 0.903 0.998 

S. franciscanus 0.972 0.929 0.994 

L. obtusidens 0.883 0.862 0.999 

P. argenteus 0.920 0.900 0.987 

P. costatus 0.974 0.898 0.983 

P. maculatus 0.941 0.905 0.994 

P. corruscans 0.895 0.891 0.998 

 
dures [20,21]. The time for oocyte extrusion in each spe- 
cies varies according to water temperature: the higher the 
temperature, the lower the time to the extrusion [1]. In 
this study the time for the oocyte extrusion was in the 
same range for species belonging to the same family, as 
observed by Sato et al. [22]. In summary, it can be con- 
sidered that once the time to extrusion in a species is 
known, the values for other species belonging to the 
same family can be expected to be near this predeter- 
mined value. 

The specimens belonging to the Characiformes showed 
behavioral alterations after the CCPE application, signal- 
ling the spawning moment (the signalling was demon- 
strated by circular or side to side movements). Behav- 
ioral alterations after hormonal induction were also ob- 
served by Andrade-Talmelli et al. [20] in Brycon insignis 
and by Dou et al. [23] in Anguilla japonica. On the other 
hand, the two species belonging to the Siluriformes did 
not present any evident behavior alteration as was also 
reported in the siluriform Pseudoplatystoma fasciatum 
[21]. 

Fish fecundity tends to increase with body size [24]. 
Consequently, in order to analyze fecundity data the ef- 
fect of body size has to be eliminated. Several studies 
used the proportion between oocyte number and fish 
body weight or total length as relative fecundity [25]. 
Narahara et al. [26] and Stequert et al. [27] registered a 
high correlation between fecundity and gonad weight, as 
observed in this study, confirming the efficiency of the 
method used. Regarding the correlations between fecun- 
dity and body weight and fecundity and total length, fe- 
cundity showed a higher correlation with body weight, as 
observed by Rinne and Wanjala [28], Narahara et al. [26], 
Kjesbu et al. [10], Horwood [29], and Coward and 
Bromage [30], followed by total length, as was also ob- 
served by Bruch et al. [31]. Consequently, in this study 
relative fecundity was estimated using body weight. The 
absolute released fecundity presented lower values in P. 

maculatus and higher values in P. corruscans. This is 
probably due to the influence of body size since the rela- 
tive fecundity of P. corruscans was the lowest of all the 
species analyzed. 

Most teleosts release their gametes into the aquatic 
environment where fertilization and embryonic devel- 
opment occur. In this context the size and number of oo- 
cytes produced, as well as the number of times that oo- 
cytes are released in each reproductive period, are proba- 
bly related to the environment where the eggs will de- 
velop [32]. According to Suzuki et al. [9], species that 
have reproductive migrations and do not display parental 
care, present higher fecundity values and smaller oocytes. 
This was also observed in this study where the species 
analyzed (all migratory and without parental care) pre-
sented high fecundity rates and small oocytes when com- 
pared to Loricariichthys platymetopon [9] non-migrating 
species that display parental care. The inverse relation- 
ship between the oocyte number and oocyte diameter ob- 
served in this study was also registered by Adebisi [33], 
Duarte and Alcaraz [34], Bromage et al. [35], and Suzuki 
et al. [9]. In this context, Bagenal [36] suggested that 
species with small oocytes have high fecundity as a re- 
productive strategy to compensate the low survival rate 
of larvae developed from small oocytes, as opposed to 
species with larger oocytes and low fecundity that pro- 
duce larger larvae that have a better survival rate [37]. 

Egg incubation can also interfere with fecundity rates 
since species that have limited space available for incu- 
bation also have lower fecundity than species that spawn 
in ample spaces [38]. Thus, “tilapias” incubate their eggs 
and larvae inside their mouths [39] and possess low fe- 
cundity rates [30]. 

Adaptations found in fish eggs are countless. Among 
them stand out the adaptations related to structures that 
make the eggs fluctuating or adhesive and that allow the 
eggs to develop in environments with low oxygen con- 
tent [25]. In this study, the thickness of the zona pelucida 
and of the layer of follicular cells, the main oocyte enve- 
lope, were analyzed. A negative correlation between oo- 
cyte diameter and the height of follicular cells was regis- 
tered, while a positive correlation between oocyte di- 
ameter and the thickness of the zona pelucida was found. 
This is contrary to the observations of Suzuki et al. [9] in 
a study of six loricarid species, which have large and 
adhesive oocytes, reproductive strategies different to the 
species analyzed in this work. 

The present study demonstrated that all of the species 
analyzed responded positively to spawning induction, 
with a high reproductive potential. Consequently, the re- 
sults obtained provide important information about the 
artificial reproduction of freshwater teleost species in 
general, and thus making the studied species candidates 
for culture due to their reproductive and zootechnical 
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characteristics. 
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