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Abstract 33 

Aquaculture offers solutions to meet the growing global demand for fish, and 34 

reports from the UN-FAO indicate that aquaculture production in Latin America (LA) 35 

has grown at rates above the world average in recent years. One of the major constraints 36 

in the diversification of LA aquaculture is the control of reproduction in several popular 37 

native fish species for which difficulties in captive propagation have not yet been 38 

sufficiently overcome. This article reviews the use of hormone treatments to promote 39 

reproduction in females of these native fish species. LA has played a key role in the 40 

history of development of hormone administration, including the first hormonally 41 

induced spawning. That contribution is included in a historical overview of the 42 

discovery of the major hormones used in fish culture. The review provides a summary 43 

of difficulties to propagate females of various native fishes and the effects of 44 

administering hormones to enhance reproduction. Induced spawning of certain 45 

freshwater species was mainly achieved with pituitary extracts or human chorionic 46 

gonadotropin (hCG), although gonadotropin-releasing hormone analogues (GnRHa) 47 

treatments are being researched, and successful studies suggest that low doses may be 48 

more effective. Research on new and emerging aquaculture species has applied both 49 

gonadotropins (Gths) and GnRHa-based treatments, and GnRHa treatments have 50 

shown potential for marine species. However, native marine species new to aquaculture 51 

have also been conditioned to spawn spontaneously without hormones. Lastly, we 52 

proposed future lines of research to examine reproductive strategies and GnRHa-based 53 

hormone treatments to improve reproductive control for economically important fish 54 

species of LA. 55 

 56 

Keywords: Fish, Latin American, Hormone, Pituitary extract, GnRH, reproduction. 57 

 58 
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1. General introduction  60 

The rapid growth of the world's population presents significant challenges to 61 

provide large quantities of high-quality food for the 9.7 billion people expected to 62 

inhabit the world in 20501. Fish consumption is expected to rise globally, with a large 63 

increase of 33% predicted for the Latin America (LA) region by 20302. Capture 64 

fisheries have stagnated, especially in recent decades (1990-2020), a period when 65 

aquaculture has been the fastest-growing sector of food production2,3. Therefore, fish 66 

farming is expected to provide a significant proportion of the protein needed to feed the 67 

growing population.  68 

Aquaculture appears to be the only solution to meet the increasing demand for 69 

fisheries products and to counteract the decline of wild fisheries. The Food and 70 

Agriculture Organization of the United Nations (FAO) reports that aquaculture 71 

production in the LA region has increased in recent years at rates above the world 72 

average2. However, this growth in LA aquaculture of fish production was mainly non-73 

native fish species such as Atlantic salmon (Salmo salar), Nile tilapia (Oreochromis 74 

niloticus) and rainbow trout (Oncorhynchus mykiss)2. The production was characterised 75 

by both marine and freshwater species, with a dominance of Chilean salmon farming, 76 

which makes this country the largest fish producer (1,079,626 t in 2020) in LA4. The 77 

Chilean production was almost entirely non-native salmonids that represent 99% of the 78 

LA cultured fish production from the marine environment. Continental LA fish farming 79 

of freshwater species was dominated by the exotic species Nile tilapia, rainbow trout 80 

and common carp (Cyprinus carpio)5. Currently, Nile tilapia culture is the flagship for 81 

cultured fish production in many countries of LA, including Brazil, Colombia, Mexico 82 

and Honduras. In 2020, Brazil was the principal producer of freshwater fishes in the 83 

Americas, with 629,000 t4, being the eighth largest producer in the world. The Brazilian 84 

Fish Farming Association (Peixe BR) published the production of 841,000 t in 2021, 85 

with a growth of 45% (means of 5.6%/year) over the last eight years6. Elsewhere in 86 

Latin America, cultured finfish production from the freshwater environment has shown 87 

sustained increases, and in 2020, Colombia produced 174,067 t, Mexico 82,975 t, Peru 88 

60,988 t and Honduras 38,700 t2. The proportions amongst species groups of this LA 89 

production from the freshwater environment were, 61.8% corresponded to tilapias 90 

(601,498 t), 9.9% to rainbow trout (96,553 t) and 25.2% to native species (245,366 t)2. 91 

Among the native freshwater species produced in LA, the group of medium-to-large 92 
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characiforms, called “round fishes” because of their shape, are highlighted, since they 93 

are the third-largest group of cultured freshwater fishes in the region after tilapias (1st) 94 

and rainbow trout (2nd). Moreover, these species are also important for aquaculture 95 

production in Colombia, Perú, Bolivia, and Venezuela2. Nonetheless, according to the 96 

most recent report of the IBGE (Brazilian Institute of Geography and Statistics), the 97 

national aquaculture production of some native fish species decreased slightly between 98 

the years 2017 and 2021, with reduction of 10.2%. In contrast to exotic species, whose 99 

production increased 25.6% in this period7. The reasons for the contrasting production 100 

dynamics of these species are complex and multifactorial6,8. Both social (preference for 101 

animal protein) and economic (high price of fish meat) aspects influence markets and 102 

aquaculture production. The annual per-capita consumption of fish in LA was relatively 103 

low at 10.5 kg.year-1, in 2021 compared to a world mean consumption of 20.3 kg.year-104 

1 2,9 and there is no standardized technological packages in LA to ensure stable 105 

production of native finfish. In particular, the unstable and uncertain supply of fish fry8 106 

represents a bottleneck for increasing production and reducing production costs of 107 

round fishes and other native species in LA. 108 

Unlike fishes such as the Nile tilapia and several salmonid species, most native 109 

LA species, like the round fishes mentioned above, present difficulties in artificial 110 

propagation under farming conditions (see Section 6 and Table 1 for specific 111 

information) and require hormonal treatments to induce spawning. Therefore, one of 112 

the major bottlenecks in the diversification of LA aquaculture is the control of fish 113 

reproduction10, which limits seed production and consequently the aquaculture 114 

production of native species. The administration of hormones has proven to be 115 

fundamental in aquaculture for new aquaculture species where reproduction is 116 

uncontrolled11. The use of hormones to improve fish reproduction is widespread 117 

worldwide and has become a reliable routine in many regions and fish species. 118 

However, these practices and hormone treatments, require meticulous care and 119 

a comprehensive knowledge of the reproductive strategies of the respective species. 120 

Consequently, the study of the reproductive characteristics of each particular species is 121 

essential for the proper selection of treatments to be used in the management of captive 122 

propagation. It is well known that fishes exhibit a variety of reproductive strategies12, 123 

and knowledge of these differences is critical to diversifying fish culture. Species 124 

diversification represents a key strategy for sustainable aquaculture development13. For 125 



6 

    

several years, diversification of European fish culture has been considered a political, 126 

social and economic priority of European Union (EU) members. However, major 127 

efforts are still required in LA and the Caribbean to diversify fish culture. Several 128 

emerging fish species still need to be domesticated, and in this sense, networking 129 

through projects such as the CYTED (www.cyted.org) network named LARVAplus 130 

(larvaplus.org) that promotes the exchange of knowledge and experience to benefit the 131 

development of the LA aquaculture industry in order to meet to the continually rising 132 

demand for seafood in these countries.  133 

The objective of this review is to identify the difficulties faced in artificial 134 

propagation of emerging native LA aquaculture species, describe the use of hormone 135 

treatments to overcome these difficulties and how improvements could be made to 136 

provide solutions that increase the supply of high-quality eggs and larvae for these 137 

species that are candidates for diversification of the LA aquaculture sector. 138 

2. Latin American pioneers in the use of hormones to induce fish reproduction 139 

Latin America played a key role in the history of hormone administration to 140 

control fish reproduction. A brief historical review of the discovery of the major 141 

hormones used in fish reproduction shows that the first-ever studies initiated in LA in 142 

the 1930s14,15,16, many decades before the large increase in fish culture production 143 

accomplished from 1990 through to 2020 (Figure 1). These early LA studies gave the 144 

bases and focus for the development of procedures to spawn fishes that, with further 145 

refinement and in combination with other technological advances, contributed to the 146 

massive expansion of fish culture during the last 40 years. 147 

 148 

Insert Figure 1 149 

 150 

The first successful experiments to hormonally induce fish to spawn eggs that 151 

hatched to produce larvae were made in 1930 in Argentina by intraperitoneal injection 152 

with pituitary extracts (PE) to a viviparous fish species, Cnesterodon 153 

decemmaculatus14. Only a few years later, further studies were conducted in Brazil to 154 

successfully induce spawning in a catfish, Prochilodus argenteus, by applying a similar 155 

PE treatment15,16 (Figure 2). During the following decades, these pioneering studies 156 

stimulated work around the world that both improved the use of PEs and examined what 157 
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constituents in the PEs induced ovulation. The use of PEs was developed into the 158 

hypophysation treatments that are still used today for important aquaculture species 159 

such as the carps and catfishes11,17,18. 160 

In parallel to work on hypophysation, research also focused on the 161 

gonadotropins as the hormone with in the PEs that activated spawning. Experiments 162 

with mammalian hormones led to the development of a method to induce channel 163 

catfish (Ictalurus punctatus) to spawn with human chorionic gonadotropin (hCG)19 and 164 

introduced an exogenous hormone, hCG, that has been and is still used for the 165 

reproductive control of many different species. Research also examined the purification 166 

of fish Gths and, despite of complications of species-specificity, important advances 167 

were made. For example, the induction of reproduction with purified gonadotropins 168 

was performed in cyprinids in Israel20.  169 

The first report of the use of prostaglandins in fish ovulation dates from 1975, 170 

when ovulation was induced in goldfish (Carassius auratus)21. During the same period, 171 

the role of gonadotropin-releasing hormone analogues (GnRHa) in fish was discovered 172 

in China by a collaboration team using hormones in fish culture22,23. In the 1980s, 173 

hormonally induced spawning with GnRHa was successfully achieved in LA round 174 

fishes, such as P. mesopotamicus24 and C. macropomum25. Since 2004, the kisspeptin 175 

system has been associated with reproduction in fishes26 and five years later, the effect 176 

of kisspeptin peptides on stimulating luteinizing hormone secretion was demonstrated 177 

by injection of exogenous kisspeptins into adult female goldfish27. 178 

In conclusion, hormonal manipulation of spawning began in LA during the early 179 

1930s with the administration of PEs, and advances with other hormonal preparations 180 

were not made until the second half of the 20th century, when aquaculture and related 181 

research on reproductive control of fishes increased rapidly worldwide to establish three 182 

principal hormone induction treatments based on PE, hCG and GnRHa that have made 183 
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an important contribution to the massive expansion in fish culture from the 1990s to the 184 

2020s. 185 

 186 

Insert Figure 2 187 

 188 

3. Brain - pituitary – gonadal axis: an overview  189 

3.1. Brain and pituitary 190 

The brain-pituitary-gonadal (BPG) axis is considered the main regulator of 191 

reproduction in vertebrates, and the pituitary gland (hypophysis) is considered a key 192 

link between the nervous and the endocrine systems (Figure 3). The pituitary gland has 193 

two lobes, the neurohypophysis (NH) and the adenohypophysis (ADH). In teleost 194 

fishes, the NH consists of an infundibular stem suspended from the ventral region of 195 

the hypothalamus and whose distal part interdigitates, like tree branches, into the three 196 

regions of the ADH: the anterior most part, called the rostral pars distalis (RPD), the 197 

middle part called the proximal pars distalis (PPD), and the caudal part, the pars 198 

intermedia (PI)29,30. Thus, the NH represents the neurohemal part and the ADH the 199 

glandular part, in which different cell types occupy specific positions. In contrast to 200 

tetrapods, two types of gonadotrophs (one producing luteinizing hormone, Lh and 201 

another one producing follicle-stimulating hormone, Fsh) can be distinguished in the 202 

middle part of the PPD in teleosts31, although recent work on zebrafish (Danio rerio) 203 

has demonstrated the existence of some bi- and multi-hormonal cells32. In teleosts, the 204 

pituitary gland is directly innervated by neurons located mainly in the preoptic and 205 

hypothalamic regions. 206 

The BPG axis regulates reproduction in vertebrates through a complex network 207 

of various neuropeptides, neurotransmitters, and pituitary hormones. Information, both 208 

external (temperature, photoperiod, social interactions, food availability, etc.) and 209 

internal (nutritional status, metabolic state, stress, etc.), is integrated within the brain 210 

and transduced into neural and neuroendocrine signals that control the reproduction29. 211 

The number of neuroendocrine factors known to be involved in the control of 212 

reproduction in fishes has gradually increased in recent decades33-36. Among them, 213 

gonadotropin-releasing hormones (GnRH) are the main stimulators of gonadotropins 214 

(Fsh and Lh) synthesis and release, and dopamine (DA) is considered the inhibitory 215 

factor although in some teleost species such as Atlantic croaker, Micropogonoias 216 
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undulates and sea bream Sparus auratus this physiological role of DA was not found 217 

37, 59. 218 

Fishes represent the largest group of vertebrates, with more than 35,000 219 

species38. During evolution, whole-genome duplications occurred in teleost fishes39, 220 

notably the three rounds (3Rs), estimated to have occurred 320-400 million years ago 221 

in an ancient teleost fish40. In addition, salmonid species have undergone a fourth 222 

tetraploidization (4R) episode41. In several fish species, up to three GnRH genes (gnrh) 223 

from the first two rounds (1R and 2R) have been observed and five GnRH receptor 224 

genes (gnrhr) from the 3R have been characterized42,43. From the 4R, six gnrhr paralogs 225 

have been distinguished in the Atlantic salmon genome44. GnRH is a decapeptide found 226 

in vertebrates, and a considerable number of variants have been identified. Many 227 

species express two or three GnRH variants encoded by different genes45,46. These 228 

GnRH variants are currently classified into three different types based on their amino 229 

acid sequence, neuroanatomical localization, embryological origin, and synteny: 230 

GnRH1, GnRH2, and GnRH345,47-50. In vertebrates, GnRH1 is the most variable GnRH 231 

type; it is the hypophysiotropic variant and the main regulator of gonadotrophs. The 232 

most conserved type, GnRH2, also known as the “midbrain variant”, has been described 233 

in all vertebrate groups51 and plays a key role in reproductive behaviour (reviewed in 234 

Parhar et al.52). GnRH3 was thought to be unique to teleost fish species, although some 235 

reports suggest a more primitive origin46,49. This latter variant is considered a 236 

neuromodulator of olfactory and visual information related to reproduction53,54, which 237 

also serves hypophysiotropic functions, especially in most cyprinids and salmonids37,45. 238 

The action of GnRHs on target cells is mediated by binding to specific membrane-239 

bound GnRH receptors (Gnrhrs), localized in gonadotrophs, but also in other pituitary 240 

cells55,56, brain, gonads, and other peripheral tissues, and which exert diverse 241 

physiological effects on a variety of targets33,57.  242 

Dopamine is a neurotransmitter widely distributed in the vertebrate central 243 

nervous system (CNS)58. In teleost fishes, this catecholamine is the major inhibitory 244 

regulator of GnRH secretion59. In goldfish, DA has been shown to inhibit both basal 245 

and GnRH-stimulated Lh release by acting directly on gonadotrophs, and blocking 246 
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synthesis of the peptide or its release from pituitary GnRH nerve terminals (reviewed 247 

in Dufour et al.39). 248 

 249 

3.2. Ovary and oogenesis  250 

Fishes have different reproductive strategies. Most fishes are gonochoristic, but 251 

many species change sex, and these decisions on sexual differentiation and timing of 252 

maturation are programmed at different sizes or ages to provide an enormous variety of 253 

strategies60, 61. In females, the ovary consists of germline-forming cells that produce 254 

haploid reproductive cells. The essential unit is the follicle, which consists of two layers 255 

of cells and the oocyte. The outer layer, named theca, is a connective tissue separated 256 

from the inner or granular layer by a basal membrane. The oocyte develops in the basal 257 

membrane surrounded by the follicular cells. The primordial germ cells (PGCs) develop 258 

outside the gonad and then migrate into the gonad62. After a series of mitotic divisions, 259 

the diploid oogonia undergo their first meiotic division and differentiate into primary 260 

oocytes and develop through to the start of oocyte maturation63. Finally, maturation of 261 

the oocyte (late vitellogenesis, migration of the germinal vesicle, hydration and 262 

ovulation) takes place63-65. 263 

The BPG axis controls gametogenesis by releasing Fsh and Lh into the 264 

blood31,37,63,66 (Figure 3). The principal target of these hormones in females is the 265 

follicular cells of the ovaries, where the gonadotropin receptors are expressed67,68. By 266 

activating these receptors, gonadotropins control the ovarian synthesis of specific sex 267 

steroids, which play a crucial role in stimulating oogenesis31,63. Within oogenesis, two 268 

phases are considered crucial for female reproduction: vitellogenesis and maturation of 269 

the oocyte63. The endocrine pathways controlling these two phases are distinct and 270 

largely mediated by the different functions activated by each gonadotropin receptor69. 271 

In this sense, Fsh promotes estradiol synthesis and stimulation of vitellogenesis, while 272 

Lh triggers a switch in steroidogenesis from estradiol to a maturation-inducing hormone 273 

steroid (MIS), initiating oocyte maturation and ovulation63,64. An important aspect to 274 

consider in the activation of the different gonadotropin receptors is their promiscuous 275 
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ligand recognition, which seems to depend upon the species and the origin of the 276 

gonadotropins (homologous/heterologous)70. 277 

 278 

Insert Figure 3 279 

 280 

4. Hormone treatments used in aquaculture 281 

Hormones are considered as messengers responsible for chemical 282 

communication between different cell types, which express their identity and 283 

functionality through the displays of specific receptors72. These receptors are proteins 284 

specialized in molecular recognition that, after the binding of the hormone and the 285 

receptor, triggers a series of biochemical reactions within target cells and link those 286 

cells to specific biological responses73. The administration of exogenous hormones 287 

makes use of these pathways and has been shown to be effective in many captive fish 288 

species to stimulate gonadal development, promote reproductive behaviour and trigger 289 

spawning74.  290 

 291 

4.1. Aims of hormone treatments in aquaculture 292 

There are two principal aims for the use of hormone treatments in cultured fish 293 

species. The first aim is sex reversal to produce monosex populations, by hormonally 294 

controlling the biological strategy, leading to production of sex differentiation in teleost 295 

species75. Monosex populations offer advantages for some species in aquaculture that 296 

have sexual dimorphisms of economic importance, such as growth rate, timing and age 297 

of maturation, body shape, and, in ornamental fish species, physical criteria such as 298 

colour pattern and fin shape. Alternatively, monosex populations avoid the problem 299 

found in some species of uncontrolled reproduction that is associated with reduced 300 

growth or poor product quality76,77. 301 

The second reason and focus of this review is to induce reproduction to obtain 302 

viable gametes in species that prove difficult to propagate under captive conditions11. 303 

For these species, the captive environment does not provide the correct cues for 304 

reproduction to progress through to spawning and this situation has been described as 305 

a reproductive dysfunction cause by the captive environment. Several captivity-induced 306 

reproductive dysfunctions have been described in females and these were classified into 307 

three types in relation to the progress of gametogenesis, oocyte maturation, ovulation 308 
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and spontaneous spawning11,74,78-82. Type 1 dysfunction is when oogenesis is arrested 309 

in the early stages before or as vitellogenesis initiates. Type 2 dysfunction occurs when 310 

oogenesis is arrested prior to or at the onset of oocyte maturation. Type 3 dysfunction 311 

occurs when oogenesis is complete with ovulation but spawning or the courtship are 312 

not completed to produce viable eggs and fertilise the ova. Despite of the recent success 313 

of studies focused on overcoming the Type 1 dysfunction83,84, this type of dysfunction 314 

is not controlled in aquaculture, and species that exhibit Type 1 dysfunctions are either 315 

not cultured or reproduction is not controlled, and in those systems, aquaculture uses 316 

wild-caught juveniles, for example eels (Anguilla anguilla and A. japonica) and 317 

flathead grey mullet (Mugil cephalus). Little research has been conducted on the control 318 

of Type 1 dysfunction in LA. Type 3 dysfunction in species has not limited aquaculture. 319 

With the Type 3 dysfunction, the ova either remain in the abdominal cavity and become 320 

overripe, or are released by the female, but not fertilised by the male. This is usually a 321 

behavioural problem due to the absence of courtship or an environmental problem, for 322 

example, no spawning substrate85. This dysfunction is common in salmonids and is 323 

overcome simply by stripping and fertilising the ova using in vitro fertilisation 324 

techniques, as performed in LA aquaculture. 325 

 326 

4.2. Common hormone treatments used in fish reproduction 327 

The principal use of hormones to control fish reproduction in aquaculture is to 328 

overcome Type 2 reproductive dysfunction, which has been described as the most 329 

common reproductive dysfunction in fish culture11. This Type 2 dysfunction can be 330 

attributed to the captive environment not providing the cues to stimulate progress 331 

through oocyte maturation to spawning11,85. Therefore, the absence or inconsistency of 332 

oocyte maturation and ovulation is one of the most common reproductive dysfunctions 333 

in captive fishes, and the endocrine pathway that induces this stage in oogenesis 334 

deserves special attention in this review. The induction of this reproductive stage is 335 

mediated by the production of MIS (17a, 20b-dihydroxy-4-pregnen-3-one, 17a, 20b-336 

DP, in most fish), which is triggered by the activation of the luteinizing hormone 337 

receptor / choriogonadotropin receptor (Lhcgr) on follicular cells by Lh63,64. Therefore, 338 

the hormone treatment should promote the increase in plasma levels of a hormone with 339 

high affinity for Lhcgr (naturally Lh) present in the follicle cells of the oocytes in the 340 

maturation process. The most common hormonal treatments applied in fish culture to 341 
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stimulate Lhcgr to advance reproduction and overcome Type 2 reproductive 342 

dysfunction involve the use of two classes of hormones that differ mainly by the level 343 

within the BPG axis (Figure 3) where their direct effect is exerted: (1) Hormones (as 344 

well as pituitary extracts) that stimulate the gonadotropin receptors, specifically the 345 

Lhcgr in the follicular cells of oocytes in the ovary to produce MIS or (2) hormones, 346 

the gonadotropin-releasing hormone agonists (GnRHa) that stimulate Lh release from 347 

pituitary gland (see Section 3. Brain - pituitary – gonadal axis: an overview).  348 

 349 

4.2.1. Preparations that contain gonadotropins 350 

The first important group of hormones commonly used to induce spawning, which 351 

directly stimulate the Lhcgr, are preparations that contain gonadotropins (Gths) that 352 

include pituitary homogenates, pituitary extracts, and mammalian Gths. These 353 

preparations contain Lh and other pituitary hormones, purified piscine Lh, or, in the 354 

case of mammalian Gths, purified human chorionic gonadotropin (hCG)11,74. The 355 

principal advantage of these hormone preparations is the direct action at the level of the 356 

gonad. The pituitary homogenates were the first preparations used by the aquaculture 357 

industry to promote reproduction, i.e., oocyte maturation and spawning14-16,86. 358 

Currently, these extracts have been improved (carp pituitary extract -CPE and purified 359 

salmon Gth) and are more effective than the pituitary homogenates used in the past. 360 

Additionally, modern extracts and purified Gths are more convenient with quantified 361 

Gth levels and can be purchased (chemical and veterinary supplies) rather than made 362 

from sacrificed carp. However, some disadvantages remain, such as the risk of pathogen 363 

transmission, immune response to the large exogenous proteins and species-dependent 364 

specificity due to the different primary structures of the respective Gth forms11,87. These 365 

extracts are usually administered in two different doses, a smaller priming initial dose 366 

(10–20 % of the total dose) and a larger resolving dose administered 12–24 hours 367 

later88. The total dose necessary to induce spawning with pituitary extracts is expected 368 

to depend on their relative Gths concentration (mainly Lh). For instance, for the case of 369 

the widely used CPE that contains other pituitary hormones additionally to Gths, the 370 

total dose usually applied ranges between 5 and 6 mg.kg-1 of total female weight (see 371 

Table 2). Similarly, hCG has been used for hormonal induction to act directly on Lhcgr 372 

in the gonads of fish species. In this case, a single dose was often administered because 373 

of the longer residence time of hCG in the bloodstream compared to Gth extracts89. 374 
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 375 

4.2.2. Gonadotropin-releasing hormones 376 

The second important group used as hormone inducers are the gonadotropin-377 

releasing hormone agonists (GnRHa) that stimulate the gonadotrophs in the pituitary to 378 

release Lh. The use of GnRHa to induce reproduction in fishes has achieved some 379 

progress compared to Gth preparations because it is a synthetic source that avoids 380 

disease transmission, is less species-dependent, and acts higher in the BPG axis to 381 

facilitate the release of Gths and other pituitary hormones necessary for reproduction 382 

from the pituitary gland74. However, a drawback is the short half-life when injected into 383 

an organism. The amino acid sequence of GnRHa affects its biological half-life, as the 384 

peptide sequence is broken down by enzymes between amino acid positions 5-6 and 9-385 

10, substitutions of amino acids at these positions have been shown to increase the half-386 

life and biological activity of the different GnRHa types90. For this reason, it is 387 

important to select a potent form of GnRHa and the most commonly used forms of 388 

GnRHa in aquaculture have amino acid substitutions at positions 6 and 918,90,91. Also, 389 

in consideration of the short half-life, the reproductive strategy of each species must be 390 

considered to determine the most appropriate protocol for hormone administration, a 391 

single injection, multiple injections or controlled-release implants72,74. A single 392 

injection of GnRHa has produced a brief increase in circulating Lh that lasted 24 to 48 393 

h, and has been shown to be sufficient to trigger spawning in species such as longfin 394 

yellowtail (Seriola rivoliana)92. However, some species require a double injection to 395 

induce Lh secretion and thus complete oocyte maturation and ovulation. On the other 396 

hand, in multiple-spawning species, GnRHa implants allow females to maintain 397 

stimulated the Lh releasing pathway for an extended period of time to induce serial 398 

spawning over a period of days or weeks11,90. These preparations of GnRHa can be 399 

obtained in powered form from numerous chemical suppliers (e.g. Sigma). Implants 400 

have a more limited availability, regional suppliers may be unreliable as markets are 401 

small to sustain a business, although an international supplier exits 402 

(https://syndel.com/product/ovaplant/) and implants can be made following published 403 

protocols78. Another consideration is that in some species, particularly some freshwater 404 

species, the GnRH signalling pathway to stimulate Lh release from the pituitary gland 405 

is inhibited by DA influence. This dual control of reproduction by DA and GnRH has 406 

led to the development of a method for spawning induction based on combined 407 
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treatments with a DA antagonist and GnRHa39. However, it is important to note that the 408 

inhibitory effects of DA have not been found in species such as Atlantic croaker 409 

(Micropogonoias undulatus)93, striped bass (Morone saxatilis)94, gilthead sea bream 410 

(Sparus aurata)11 or European seabass (Dicentrarchus labrax)95. 411 

 412 

5. Perspective of new hormones to improve fish reproductive induction in 413 

aquaculture 414 

Several studies have shown that other hormones not commonly used in 415 

aquaculture can successfully induce maturation and spawning in fishes. Among these 416 

hormones, recombinants Gths, kisspeptins and secretoneurins deserve special attention.  417 

 418 

5.1. Recombinant Gths 419 

Recombinant Gths (rGths) are a form of species-specific Gths produced from a 420 

species DNA sequence in cellular expression systems using technologies that have been 421 

applied to fish in the 21st century96. The Gths are large proteins that have a complex 422 

structure with two subunits, an alpha and a beta subunit, that are folded and 423 

glycosylated. The rGths have been shown to have higher bioactivity when single-chain 424 

structures with an hCG-based linker connect the two subunits produced in mammalian 425 

expression systems such as Chinese hamster ovary (CHO) cells that provide the 426 

required glycosylation96. The rGths have been successfully used in experiments as a 427 

single injection of recombinant Lh (rLh) to induce ovulation in fish with a Type-2 428 

dysfunction nearing oocyte maturation97,98, and as multiple weekly injections of both 429 

recombinant Fsh (rFsh) and rLh, to trigger maturation from the early stages of oogenesis 430 

to produce viable ova83,84 and to trigger the spawning of eggs that ultimately produced 431 

millions of larvae (Type 1 dysfunction)84. These rGths offer excellent potential for 432 

reproductive control in aquaculture to provide solutions to both Type-1 and Type-2 433 

reproductive dysfunctions. Until now, it has been challenging to provide solutions for 434 

Type-1 dysfunctions, as the solution requires long treatments that induce the entire 435 

oogenesis process from pre-vitellogenesis to spawning of good-quality eggs. These 436 

recent successful long-term rGth treatments are in the early stages of evaluation by the 437 

aquaculture sector. 438 

 439 

5.2. Kisspeptin 440 
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In recent years, knowledge of the number of neuropeptides involved in the 441 

control of vertebrate reproduction has significantly increased34. One of the best-studied 442 

neuropeptides is kisspeptin. Particularly this peptide, compared with GnRH, can act at 443 

a higher, brain level of the BPG axis, where the administration of this hormone is 444 

expected to produce a more natural endocrine signalling response to stimulate 445 

downstream reproductive functions10,99.  446 

Kisspeptins are a group of peptides critical for puberty and maintenance of 447 

normal reproductive function. The use of this group of peptides as an exogenous 448 

hormone treatment is relatively recent and was initially employed to study the onset of 449 

puberty in various fish species. The literature on the use of this treatment to induce 450 

reproduction in fishes is scarce, although it has been reported that administration of 451 

kiss1 or kiss2 peptides can stimulate gonadotropin synthesis and release, depending on 452 

the gonadal stage and also on the method of administration99-107. 453 

This use as an exogenous hormone treatment is based on the involvement of 454 

kisspeptin in the control of reproduction that has been demonstrated in vertebrates, 455 

including numerous fish species10,102. In the case of kisspeptin, only one gene (kiss1) 456 

and one receptor (kiss1r) have been observed in mammals, whereas most fish species 457 

have two kisspeptin systems: kiss1 and kiss2 genes (and Kiss1 and Kiss2 peptides) and 458 

two cognate receptors, kiss2r and kiss3r10,99,108. In contrast to mammals, recent studies 459 

suggest that Kiss2 directly stimulates the gonadotrophs by neural signalling in teleost 460 

fishes102. Neurons responsible for kisspeptin expression are direct targets for the 461 

positive and negative feedback effects of steroids. This link between steroids and 462 

kisspeptin neurons regulates mRNA expression in different brain regions that play an 463 

important role in triggering puberty. Comparing the two kiss genes, the kiss1 peptide is 464 

also known as the Y-Y form due to its core amino acid sequence (aa) kiss1-10 465 

(YNLNSFGLRY), whereas the kiss2-10 peptide in kiss2 has an F-F form 466 

(FNYNPFGLRF)109. These coexisting genes show low amino acid sequence identity; 467 

this is the case in medaka (Oryzias latipes) at 20% and in zebrafish at 25%109. This is 468 

one of the reasons that kiss2 has stronger gonadotropin-releasing activity than kiss1, 469 

suggesting a more dominant role in controlling the BPG axis in fish100. The sequence 470 

of kiss-10 was found to be highly conserved among all vertebrate species. This is the 471 

reason for the synthesis of this decapeptide for use as an exogenous hormone treatment 472 

(see review for more details, Wang et al.99). However, it has been demonstrated that the 473 
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kiss1 precursor contains a conserved sequence that is five amino acids contiguous to 474 

the decapeptide, showing that fish kiss1 genes produce a mature peptide of 15 amino 475 

acids (QDMSSYNFNSFGLRY-NH2)110. At the same time, the teleost kiss2 gene 476 

produces a peptide with 12 amino acids (SNFNFNPFGLRF-NH2) because two 477 

conserved basic amino acids are added to the decapeptide110. These two peptides 478 

exhibited high potency for the activation of kissr1 and kissr2, indicating that they are 479 

more potent reactors for kiss receptors than the corresponding to kiss1/2-10 peptides111. 480 

These results suggest that these peptides may provide better outcomes than kiss1/2-10 481 

in exogenous hormone treatment99. 482 

 483 

5.3. Secretoneurin A 484 

Secretoneurin a (SNa) and SNb are 31-34 amino-acid peptides derived from the 485 

proteolytic processing of the large secretogranin 2a (Scg2a) and Scg2b precursor 486 

proteins, respectively. The consensus central core sequence YTPQ-X-L-X8-EL defines 487 

the SN peptide family. As examples, the predicted sequences for SNa and SNb in the 488 

Amazonian toadfish Thalassophryne amazonica are 489 

TNENVEEKYTPQNLATLQSVFKELGKLTSAKATH and 490 

ATEDLDEQYTPQSLANLRSIFEELGRMPPAGQ. These are ~74% and ~80% 491 

identical to the corresponding zebrafish peptides, illustrating that the C-terminus of 492 

these peptides is variable.  493 

In goldfish, SNa stimulates Lh release in vivo and directly and independently of 494 

GnRH in vitro71. SNa-producing magnocellular isotocin (IST; fish oxytocin) neurons 495 

project heavily into the goldfish posterior pituitary112. Other secretograninergic neurons 496 

(IST+SNa or SNa-only neurons) directly innervate anterior pituitary and terminate near 497 

the gonadotrophs. Intense SNa immunoreactivity in lactotrophs of the rostral pars 498 

distalis112 indicates that SN of both neuroendocrine and paracrine origin controls Lh-499 

producing gonadotrophs in the proximal pars distalis. In the South American weakly 500 

electric fish Brachyhypopomus gauderio, electric organ discharges that signal arousal, 501 

as well as dominant or subordinate status may be modulated by injections of SNa113. 502 

Critically, frameshift mutation of the scg2a and scg2b genes in the zebrafish Danio 503 

rerio reduces sexual activity, and leads to suboptimal ovulation and egg laying, fertility, 504 

and embryonic survival114. For example, spawning success in double-mutant within-505 

lines crosses is ~6%. That is, reduced expression of gnrh3 in the hypothalamus and 506 
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glycoprotein hormone lhb and cga subunits in the pituitary provides evidence of 507 

impaired hypothalamic-pituitary function in zebrafish carrying single and double scg2a 508 

and scg2b mutations. Injection of SNa, but not SNb, partially restored spawning in the 509 

scg2a/scg2b double mutants. It should be considered that SNa not only has direct effects 510 

on gonadotrophs, but also increases GnRH3 expression in both grouper (Epinephelus 511 

coioides)115 and zebrafish brain114, supporting the hypothesis that it is a novel 512 

reproductive hormone36,71,114. Thus far, the only example for which neuropeptide gene 513 

mutations significantly impair reproduction are the scg2 mutants in zebrafish36.  514 

Despite the major importance of GnRH, DA, kisspeptin, and Scg2 in fish 515 

reproduction, other neuropeptides like neuropeptide Y (NPY), gonadotropin inhibitory 516 

hormone (GnIH), and tachykinin 3 (tac3) also appear to play roles in fish 517 

reproduction33,34,116. The rapid development of new methods to study genomics and 518 

genes, such as next-generation sequencing (NGS), RNA-seq, gene-editing methods and 519 

assembled genomes, are effective and useful tools to study and detect numerous genes 520 

that are critical for monitoring the effects of hormone treatments and reproduction. 521 

 522 

6. Hormones used in some Latin American fish reproduction 523 

The use of hormones in LA has followed similar trends and developments as 524 

described previously for world aquaculture. Most species in mass aquaculture 525 

production in LA do not require that maturation is artificially induced. However, a 526 

number of native species that are established in freshwater aquaculture or emerging in 527 

freshwater or marine aquaculture require hormone treatments to overcome the 528 

captivity-induced Type-2 reproductive dysfunction, which as in other parts of the 529 

world11 is the most common reproductive disfunction in LA aquaculture (Table 1). 530 

Therefore, the most common hormones used in LA aquaculture are similar to 531 

previously described treatments that are based on Gth (see section 4.2.1. Preparations 532 

that contain gonadotropins) or GnRHa (see section 4.2.2. Gonadotropin-releasing 533 

hormones), which ultimately stimulate the Lhcgr on follicular cells63,64 to induce oocyte 534 

maturation, ovulation and spawning (Tables 2 and 3).  535 

In LA aquaculture, a wide range of hormone preparations have been used to 536 

overcome Type-2 dysfunctions, which include both preparations containing Gths, 537 

which appear to be more available, and also GnRH preparations. Standardized 538 

commercial preparations of powdered or whole carp pituitary have been used for the 539 
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artificial induction of some native fish species such as the round fishes (Genus 540 

Colossoma)117,118. The use of hCG, available in some pharmacies for use in human 541 

medicine119, has also been used to induce spawning of C. macropomum120, 542 

Pseudoplatystoma fasciatum121, and Prochilodus sp122, among others. Since the 543 

discovery of the sequence of the mammalian peptide GnRH123 and other similar 544 

peptides in fishes124 such as -s-GnRH (salmon), various synthetic analogues with higher 545 

biological activity have been designed by replacing the amino acids in positions 5-6 546 

and 9-1090, and these analogues; have been used to induce spawning of C. 547 

macropomum125, P. mesopotamicus24 and Rhamda quelen126. However, GnRHa has 548 

been more commonly used in combination with dopamine antagonists that enhance the 549 

stimulatory effect of GnRH analogues, such as the preparations Ovaprim® (20 µg.ml-550 

1sGnRH + 10 mgml-1 domperidome). Ovaprim® at 10 µg.kg-1 body weight of s-GnRH, 551 

has been successfully used to stimulate spawning of Pseudoplatystoma punctifer127 and 552 

P. fasciatum128, R. quelen129 and Prochilodus lineatus130. More recently, Ovopel® (an 553 

implant with mGnRHa + metoclopramide) has also been used to induce ovulation in 554 

some farmed species131. However due to local supply difficulties, the use of pituitary 555 

glands or extracts from carp or other native species is still commonly used by fish 556 

farmers.  557 

The largest group of species in terms of aquaculture production that requires 558 

hormone-induced spawning is by far the freshwater “round” and migratory species 559 

principally cultured in Brazil, as well as Perú, Colombia, Venezuela and Bolivia. 560 

Hormone treatments appear to be a viable solution to induce ovulation / spawning in 561 

captivity and produce the eggs, larvae, and fry necessary for aquaculture. However, 562 

reliable hormone induction treatments have not been developed for these LA species, 563 

despite of studies that identify the requirement of hormone-induced spawning and test 564 

hormone treatments that include hypophysation, Gth and GnRHa based treatments for 565 

a range of species (see Tables 1, 2 and 3), such as such as P. mesopotamicus82, 566 

Leporinus friderici80 and Astyanax altiparanae132.  567 

Migratory species such as the C. macropomun are usually induced with the same 568 

standardized CPE protocol of 5.5 mg.kg-1 body weight, in two applications (10 % and 569 

90 %, with a 12-h interval between applications) of fractionated doses of pituitary 570 

extracts, which have been used for many years133-138. One of the best-studied species is 571 

P. mesopotamicus has also been induced with hypophysation, but together with 572 
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prostaglandin administration to give excellent results79,82,139 and increased the ovulation 573 

rate. However, while in many marine and freshwater species of the northern 574 

hemisphere, such as common carp, hypophysation has been replaced by synthetic 575 

products, such as the use of GnRH or the Linpe method combining GnRH with a 576 

dopamine inhibitor (domperidone, metoclopramide or pimozide)11,18,23, there have been 577 

inconsistent results and few successful studies with the use of synthetic products in 578 

native LA fish. 579 

In this context, the use of synthetic GnRHa has shown good ovulation and 580 

fertility rates in C. macropomum131,140,141. A single administration of 10 µg.kg-1 of 581 

sGnRHa resulted in 100% spawning rate but low fry survival141. Similarly, Muniz et al. 582 

140, demonstrated that mGnRH induced 100% of the females with 40 to 80 µg.kg-1 in 583 

one or two injections. Recently, the application of Ovopel (mGnRHa + metoclopramide 584 

(MET), 4 µg.kg-1 and 7.2 µg.kg-1 respectively) in the same species resulted in 100% 585 

spawning rate, with satisfactory fertilization (71.4%) and hatching (56.8%) rates131. 586 

However, other studies using synthetic GnRHa reported that ovulation was followed by 587 

high embryonic mortality as one of the main problems described for C. 588 

macropomum141, L. macrocephalus142, and L. friderici80. The approach used in these 589 

studies has been to explore one or two doses of GnRHa often in combination with a 590 

dopamine antagonist, providing a successful treatment when it works, but leaves 591 

unanswered questions for example when hatching and larval survival were low. 592 

Comparing results amongst studies shows that using doses higher than 8 µg.kg-1 593 

mGnRHa + 4 mg.kg-1 MET (Acuña and Rangel, 2009; Souza et al., 2018; 2020) had 594 

lower hatch rates, while studies using lower doses, 4 µg.kg-1 mGnRHa + 2 mg.kg-1 595 

MET131 and 2 µg.kg-1 GnRHa125 in C. macropomum, had higher hatching rates. This 596 

may indicate that lower GnRHa doses provide improved hormone treatments for these 597 

species. The recent publication by Konzen- Freitas et al.125 reported that buserelin 598 

acetate (synthetic GnRH) at a dose of 0.5 ml.kg-1 body weight, equivalent to 2 µg.kg-1 599 

without dopamine antagonist promoted spawning in 40% of injected females and 600 

produced results similar to the use of the standardised CPE treatment.  601 

The use of hormones for LA marine species has been similar to that in 602 

freshwater species. In terms of aquaculture production, marine aquaculture in LA is far 603 

behind that in freshwater, with low production of a few species new to aquaculture. 604 

Several of these marine species farmed in LA have been reproduced naturally in 605 
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captivity under favourable environmental and husbandry conditions. The spotted rose 606 

snapper (Lutjanus guttatus) has the highest aquaculture production of an LA marine 607 

species and was conditioned to obtain successful spontaneous spawning143-145. 608 

However, studies on L. guttatus initiated with recently caught fish that probably due to 609 

the stress of capture exhibited reproductive dysfunctions and did not spawn in 610 

captivity91,146. Early studies used preparations with Gth, CPE and hCG. Three mature 611 

females of L. guttatus (1.7-2 kg) were injected with 800 IU CPE kg–1 body weight, with 612 

egg production of 115,500 and 125,500, respectively147. Using hCG (Chorulon®)148, 9 613 

females of L. guttatus (604.9 ± 98.8 g) injected 1600 IU hCG kg–1, with the first dose 614 

containing 56% of the total dose and the second dose administered 24 hours later 615 

containing 44%. Forty-seven thousand eggs were spawned, with fertilization rate and 616 

floating egg diameters of 90% and 0.857 ± 0.044 mm, respectively. The oocytes were 617 

0.425 ± 0.020 mm in diameter at the time of first injection and 0.516 ± 0.070 mm at the 618 

second. Similar or better results have been reported with GnRHa in L. guttatus (Table 619 

3), which can be administered by injections, but considering the asynchronous ovarian 620 

development and daily spawning, delayed-release implants have been reported to be 621 

more effective in achieving oocyte maturation and spawning. Studies conducted in 622 

Mexico used GnRHa implants in a dose-response approach and demonstrated that a 623 

dose of 240-280 µg GnRHa.kg-1 applied to females with an oocyte diameter of 440-550 624 

µm produced 98,569 ± 23,860 eggs kg-1 with 85.2 ± 4.7 % hatching success91. Similar 625 

studies have shown that the required dose of hormone in L. guttatus decreases with 626 

increasing initial mean oocyte diameter149. Females with oocyte diameters ≥ 475-500 627 

µm required doses between 75-100 µg GnRHa kg-1. These studies resulted in mean total 628 

relative fecundity of 80-278 x 103 eggs kg-1 of body weight and a fertilization success 629 

of 51-85%149.  630 

The seriola species, Seriola lalandi and S. rivoliana that are new aquaculture 631 

species in LA, have also been conditioned to spawn spontaneously after some initial 632 

studies using hormone induction92,150,151. Other species with aquaculture potential, but 633 

little or no aquaculture production, have been successfully spawned with GnRHa, 634 

include leopard grouper (Mycteroperca rosacea) and common snook (Centropomus 635 

undecimalis) (Table 3) and to a lesser extent using CPE. For example, between 2002 636 

and 2007, recently caught (38) and wild captive (59) leopard grouper females were 637 

treated with either hCG (CHORULON®, Intervet International, Boxmeer, The 638 
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Netherlands) or GnRHa (des-Gly10, [DAla6]-GnRHa)152. The hCG treatment was 639 

administered in two intramuscular injections, the first injection at a dose of 1000 IU.kg-640 

1, followed 24 h later with a resolving dose of 500 IU.kg-1. The GnRHa treatments were 641 

administered in two intraperitoneal injections at two doses of 15 (5 μg.kg-1 followed 3 642 

h later by 10 μg.kg-1) or 150 μg.kg-1 (50 μg.kg-1 followed 3h later by 100 μg.kg-1). Both 643 

hormones and all treatments induced the spawning of large numbers of fertilized eggs 644 

when the initial mean oocyte diameter was 498–523 μm. However, the total fecundity 645 

(5×106 eggs), fecundity of viable eggs (2×106 eggs) and fertilization (40%) of hCG-646 

induced captive female was significantly higher than those from GnRHa groups and 647 

hCG treated wild animals152.  648 

All the studies considered in this work indicate that the hormonal experiments 649 

were performed on females at the advanced stage of vitellogenesis or even at the oocyte 650 

maturation stage (Type-2 dysfunction), and all of these females should have expressed 651 

the Lhr on the follicular cells of the leading clutch of oocytes. As mentioned earlier, the 652 

induction of this reproductive stage is mediated by the production of MIS (17a, 20b-653 

dihydroxy-4-pregnen-3-one, 17a, 20b-DP, in most fishes), which is produced by the 654 

activation of the Lhcgr on follicular cells by Lh63,64. In this sense, the efficacy of a 655 

hormone treatments to induce reproduction in female fish depends not only on 656 

promoting the increase in plasma levels of a hormone with high affinity for Lhcgr 657 

(naturally Lh), but also on the presence of this receptor on the follicle cells of the 658 

oocytes in maturation targeted for induction. Knowledge of the Lhcgr expression profile 659 

during oogenesis is critical for implementing successful protocols for spawning 660 

induction in fishes. Nonetheless, this information is available only for a relatively 661 

limited number of fish species, of which only two, the pejerrey, Odontesthes 662 

bonariensis153 and the greater amberjack, Seriola dumerili154, are among LA species. 663 

However, since the expression profile of Lhcgr during oogenesis shows a similar 664 

pattern in all fish species studied so far, it can be assumed, as a general rule that the 665 

expression of this receptor in the ovary increases during the middle of vitellogenesis 666 

and reaches its highest levels between late vitellogenesis and oocyte maturation. 667 

Although caution is needed as, in particular, the continental freshwater species have 668 

evolved along different pathways or environments compared to species on other 669 

continents, and so variations in mechanism of maturational control may exist. However, 670 

oocyte size has been shown to effectively indicate the ovarian maturation stage and has 671 
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been considered a reliable parameter for determining the proper timing to implement a 672 

hormonal treatment to induce spawning in, fishes18,91, perhaps maturational stage was 673 

not the principal reason that some studies in this review failed to successfully induce 674 

the spawning of good-quality eggs. Therefore, the unsuccessful treatments included in 675 

this review may be due to a failure to promote a proper plasma level of Lh (or a similar 676 

Lhr agonist) which depends on GnRHa type, the use of a dopamine antagonist, the dose 677 

used and on available pituitary Lh to induce the Lhr stimulatory pathway and thus the 678 

event of ovulation. In this aspect, low doses of GnRHa alone may provide successful 679 

treatments for freshwater species and could be a focus for future research in 680 

combination with description of strategies and maturational development of the BPG 681 

axis, in particular hormone production and binding to receptors in these organs. 682 

 683 

Insert Table 1 684 

Insert Table 2 685 

Insert Table 3 686 

 687 

 7. GENERAL DISCUSSION AND CONCLUSIONS 688 

Latin American aquaculture is dominated by production of introduced fish 689 

species that do not require hormonal interventions to obtain gametes or spawn. 690 

However, the native species that are cultured exhibit the same difficulties for artificial 691 

propagation observed in other species around the world. As in other areas, the species 692 

most commonly treated with hormone treatments exhibit captivity-induced Type-2 693 

reproductive dysfunctions, in which oocyte development is arrested just prior to oocyte 694 

maturation. The same hormone treatments used around the world to overcome this 695 

dysfunction have been also used in LA, with a dominance of Gth-based treatments that 696 

act directly on the LH receptor (agonists of the Lhcgr). As we mentioned in the 697 

introduction, LA was the first region in the world to use pituitary extracts to induce 698 

ovulation in fishes and the use of pituitary extracts remains an important treatment to 699 

induce ovulation and spawning in this region. In addition to pituitary extracts, hCG is 700 

commonly used to induce spawning in LA. However, as this review has shown, these 701 

Gth-based treatments do not give completely satisfactory results, spawning responses 702 

can be variable, and often the proportion of females that ovulate is lower than desired. 703 
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For these reasons, the review notes that research continues to try to improve these 704 

protocols and test other hormone treatments such as GnRHa-based treatments.  705 

One reason for the importance and dominance of the use of these two hormone 706 

treatments (PE and hCG) is that the farmers have more experience with the use of these 707 

preparations and can obtain the hormone preparations relatively easily from human or 708 

veterinary suppliers. This is a circular situation; the farmers prefer these treatments due 709 

to their experience and so suppliers provide these treatments. New treatments, for 710 

example GnRHa treatments, although available are more difficult to obtain and 711 

protocols are not available to promote these alternative treatments. Combined to this, 712 

studies with Gth-based and GnRHa-based treats have to date not provided a conclusive 713 

improved protocol and so the situation perpetuates. Therefore, as acknowledged and 714 

promoted by this review research needs to focus both on the continued development of 715 

hormone treatments with careful dose-response studies on females at the point of 716 

initiating oocyte maturation and the description of native species reproductive biology. 717 

A comprehensive knowledge of the native species reproductive biology, 718 

strategies and the environmental requirements that stimulate reproductive development 719 

is lacking. Many of these native species (Piractus mesopotamicus, and others) have 720 

complex strategies that involve migrations of tens or hundreds of kilometres upstream 721 

to the headwaters of the rivers and few studies explore the details of the events that 722 

precede spawning in a natural environment. The described reproductive dysfunctions 723 

are induced by the captive environment11,83 and an improved knowledge of these 724 

strategies and reproductive biology would aid the implementation of the correct 725 

environment and meticulous care needed to ensure the progression of maturation 726 

through to the final stages85. That females reach an adequate stage of development for 727 

the application of hormone treatments is critical to obtain successful spawning. In 728 

addition, an in-depth knowledge of the spawning environment would also aid the 729 

implementation of an environment to obtain spontaneous spawning without the need of 730 

hormones. 731 

Another particular aspect of reproductive biology that would facilitate the 732 

development of hormone treatments for these species is the description of reproductive 733 

endocrinology. Aquaculture of native species in LA is dominated by freshwater species 734 
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that appear to have different strategies and hormone kinetics in relation to the 735 

application of exogenous hormone treatments that may be complicated by undescribed 736 

dopamine action, which is more common in freshwater species. These aspects may 737 

render GnRHa treatments based on successes in other non-LA species ineffective. 738 

However, studies cited in this review have shown that GnRHa treatments have been 739 

used with success in LA and have potential for freshwater species. These uncertainties 740 

may contribute to the slow uptake, as studies have provided contradicting results. 741 

However, contradicting results, including negative results must be built upon to develop 742 

effective spawning protocols. Successful studies indicate that the protocol was close to 743 

optimal and that further studies can adjust and perhaps improve the response. While 744 

unsuccessful studies indicate the incorrect application of a hormone, at the wrong stage 745 

of ovarian development, or at the wrong dose (excessive or insufficient), indicating that 746 

the protocol should be modified to improve the spawning response. In addition, 747 

although the use of GnRHa treatment was established in Europe and Asia decades ago, 748 

the slow uptake of GnRHa treatments in LA freshwater fishes is not unusual, as these 749 

treatments are relatively new; in Europe, there also was a delay as studies were required 750 

for treatments to be successfully translated to the industry. It also should be noted that 751 

despite the use of GnRHa, treatments that act directly on the Lh receptor (PE and hCG) 752 

are also still widely used in freshwater aquaculture in Europe and especially in Asia. 753 

Finally, marine fish farming is still in its early stages in LA, and the use of GnRHa 754 

treatments is widespread in research, suggesting that as marine fish farming develops, 755 

the use of GnRHa treatments may also increase in LA. Consequently, broader use in 756 

marine species could, influence the acceptance of GnRHa in freshwater aquaculture, as 757 

has been observed in Europe. 758 

 759 

8. ACKNOWLEDGEMENTS 760 

The authors thank the Ibero-American Programme for Science and Technology for 761 

Development (CYTED) and Dr. Enric Gisbert (LARVAPlus Project Coordinator, 762 

117RT0521) for creating the research atmosphere that led this report. We are very 763 

grateful to Vance L. Trudeau (University of Ottawa, Canada) for his helpful comments 764 

and suggestions. This work was also supported by a project grant from the Agencia 765 



26 

    

Nacional de Promoción Científica y Tecnológica (ANPCYT, Argentina) to ASM 766 

(PICT-2017-2839). Finally, the authors would like to thank all the reviewers of this 767 

paper whose valuable comments have greatly improved the quality of our research 768 

work. 769 

 770 

9. AUTHOR CONTRIBUTIONS  771 

This review article and illustrations were planned by ASM and ND in a structured 772 

manner. All authors contributed equally to the writing of the manuscript. All authors 773 

approved the content of the revised manuscript. 774 

 775 

10. REFERENCES 776 

1. United-Nations. World population prospects 2022. Accessed 17 Dec 2022. 777 

https://population.un.org/wpp/ 778 

2. FAO. The state of world fisheries and aquaculture 2020. Sustainability in 779 

action. Rome: Food and Agriculture Organization of United Nations; 2020. 780 

3. Merino G, Barange M, Blanchard JL, et al. Can marine fisheries and aquaculture 781 

meet fish demand from a growing human population in a changing climate? Glob 782 

Environl Change - Hum Pol Dimen. Oct 2012; 22(4):795-806. 783 

doi:10.1016/j.gloenvcha.2012.03.003 784 

4. FAO. The state of world fisheries and aquaculture 2022. Towards Blue 785 

Transformation. Rome: Food and Agriculture Organization of United Nations; 786 

2022:236. 787 

5. Valladao GMR, Gallani SU, Pilarski F. South American fish for continental 788 

aquaculture. Rev Aquac. Jun 2018; 10(2):351-369. doi:10.1111/raq.12164 789 

6. PEIXE-BR. Anuário 2022 Peixe BR da piscicultura [digital yearbook of the 790 

Brazilian fish farming association]. São Paulo: Peixe BR - Associação Brasileira de 791 

Piscicultura; 2022:153. Accessed 17 Dec 2022. 792 

https://www.peixebr.com.br/anuario2022/ 793 

7. IBGE. Produção Pecuária Municipal - PPM 2021 [raw data from a yearbook] 794 

Tabela 3940. 22 Sep 2022 ed. Brasília: Instituto Brasileiro de Geografia e Estatística. 795 

Sistema IBGE de Recuperação Automática - SIDRA; 2022. Accessed 17 Dec 2022. 796 

https://sidra.ibge.gov.br/tabela/3940 797 

8. MPA. 1º Anuário brasileiro de pesca e aquicultura [First yearbook of brazilian 798 

fisheries and aquaculture] (MPA-2014). Brasília: Ministério de Pesca e Aquicultura. 799 

Associação cultural e educacional Brasil - ACEB; 2014:133. 800 

9. Seafood-BR. Consumo per capita nacional. Rev Seafood Brasil: Seafood Brasil; 801 

2022. p. 54-55. 802 

10. Mechaly AS, Vinas J, Piferrer F. The kisspeptin system genes in teleost fish, 803 

their structure and regulation, with particular attention to the situation in 804 

Pleuronectiformes. Gen Comp Endocrinol. Jul 2013; 188:258-268. 805 

https://population.un.org/wpp/


27 

    

doi:10.1016/j.ygcen.2013.04.010 806 

11. Zohar Y, Mylonas CC. Endocrine manipulations of spawning in cultured fish: 807 

from hormones to genes. Aquaculture. Jun 1 2001; 197(1-4):99-136. 808 

doi:10.1016/s0044-8486(01)00584-1 809 

12. Lowerre-Barbieri SK. Reproduction in relation to conservation and exploitation 810 

of marine fishes. In: Jamieson BGM, ed. Reproductive biology and phylogeny of fishes. 811 

CRC Press; 2009:371-394.  812 

13. Valenti WC, Barros HP, Moraes-Valenti P, Bueno GW, Cavalli RO. Aquaculture 813 

in Brazil: past, present and future. Aquac Rep. Mar 2021; 19100611. 814 

doi:10.1016/j.aqrep.2021.100611 815 

14. Houssay BA. Acción sexual de la hipofisis en los peces y reptiles. R Soc Argent 816 

Biol. 1930; 6:686-688.  817 

15. Von Ihering R, Azevedo P. A curimatã dos açudes nordestinos (Prochilodus 818 

argenteus). Arch Inst Biol. 1934; 5:143-184.  819 

16. Von Ihering R. A method for inducing fish to spawn. Prog Fish-Cult. 1937; 820 

4(34):15-16. doi:10.1577/1548-8640(1937)434[15:AMFIFT]2.0.CO;2 821 

17. Sundararaj BI. Reproductive physiology of teleost fishes: A review of present 822 

knowledge and needs for future research. Rome: FAO (Food and Agriculture 823 

Organization) of the United Nations. Aquaculture Development and Coordination 824 

Programme ADCP/REP/81/16; 1981:88. 825 

18. Mañanos E, Duncan N, Mylonas CC. Reproduction and control of ovulation, 826 

spermiation and spawning in cultured fish. In: Cabrita E, Robles V, Herráez MP, eds. 827 

Methods in Reproductive Aquaculture: Marine and Freshwater Species. CRC Press; 828 

2008:3-80. 829 

19. Sneed, EK, Clemens HP. The use of human chorionic gonadotrophin to spawn 830 

warm-water fishes. Prog Fish-Cult. 1959; 21(3):117-120. doi:10.1577/1548-831 

8659(1959)21[117:TUOHCG]2.0.CO;2 832 

20. Rothbard S. Induced reproduction in cultivated cyprinids - the common carp 833 

and the group of Chinese carps. I. The technique of induction, spawning and hatching. 834 

Bamidgeh. 1981; 33(4):103-121.  835 

21. Stacey NE, Pandey S. Effects of indomethacin and prostaglandins on ovulation 836 

of goldfish. Prostaglandins. 1975; 9(4):597-607. doi:10.1016/0090-6980(75)90065-9 837 

22. Cooperative-Team-for-Hormonal-Application-in-Pisciculture. A new highly 838 

effective ovulating agent for fish reproduction. Practical application of LH-RH 839 

analogue for the induction of spawning of farm fishes. Sci Sin 1977; 20(4):469-474. 840 

doi:10.1360/ya1977-20-4-469 841 

23. Peter RE, Lin HR, Vanderkraak G. Induced ovulation and spawning of cultured 842 

fresh-water fish in China - advances in application of GnRH analogs and dopamine 843 

antagonists. Aquaculture. Nov 1988; 74(1-2):1-10. doi:10.1016/0044-8486(88)90080-844 

4 845 

24. Carolsfeld J, Ramos SM, Ormanezi R, Gomes JH, Barbosa JM, Harvey B. 846 

Analysis of protocols for application of an LHRH analog for induced final maturation 847 

and ovulation of female pacu (Piaractus mesopotamicus Holmberg 1887). Aquaculture. 848 



28 

    

Nov 1988; 74(1-2):49-55. doi:10.1016/0044-8486(88)90085-3 849 

25. Bernardino, G, Alcantara RCG. Propagação artificial de cachama Colossoma 850 

macropomum (Cuvier 1818). Bol Red Acuic. 1988; 1(2):10-12.  851 

26. Parhar IS, Ogawa S, Sakuma Y. Laser-captured single digoxigenin-labeled 852 

neurons of gonadotropin-releasing hormone types reveal a novel g protein-coupled 853 

receptor (Gpr54) during maturation in cichlid fish. Endocrinology. Aug 2004; 854 

145(8):3613-3618. doi:10.1210/en.2004-0395 855 

27. Li SS, Zhang Y, Liu Y, et al. Structural and functional multiplicity of the 856 

kisspeptin/GPR54 system in goldfish (Carassius auratus). J Endocrinol. Jun 2009; 857 

201(3):407-418. doi:10.1677/joe-09-0016 858 

28. Sherwood NM, Zoeller RT, Moore FL. Multiple forms of gonadotropin-859 

releasing hormone in amphibian brains. Gen Comp Endocrinol. Feb 1986; 61(2):313-860 

322. doi:10.1016/0016-6480(86)90208-x 861 

29. Vissio PG, Di Yorio MP, Perez-Sirkin DI, Somoza GM, Tsutsui K, Sallemi JE. 862 

Developmental aspects of the hypothalamic-pituitary network related to reproduction 863 

in teleost fish. Front Neuroendocrinol. Oct 2021; 63100948e. 864 

doi:10.1016/j.yfrne.2021.100948 865 

30. Vissio PG, Pérez Sirkin DI, Di Yorio MP. Double-labeling immunofluorescence: 866 

A simple and effective tool to study pituitary regulation in teleost fish. In: Fernández 867 

Monzón I, Fernandes JMO, eds. Cellular and Molecular Approaches in Fish Biology. 868 

Academic Press; 2022:221-250:chap 7. 869 

31. Levavi-Sivan B, Bogerd J, Mananos EL, Gomez A, Lareyre JJ. Perspectives on 870 

fish gonadotropins and their receptors. Gen Comp Endocrinol. Feb 2010; 165(3):412-871 

437. doi:10.1016/j.ygcen.2009.07.019 872 

32. Royan MR, Siddique K, Csucs G, et al. 3D atlas of the pituitary gland of the 873 

model fish medaka (Oryzias latipes). Front Endocrinol. Aug 2021; 12: 719843e. 874 

doi:10.3389/fendo.2021.719843 875 

33. Munoz-Cueto JA, Zmora N, Paullada-Salmeron JA, Marvel M, Mananos E, 876 

Zohar Y. The gonadotropin-releasing hormones: Lessons from fish. Gen Comp 877 

Endocrinol. May 2020; 291: 113422e. doi:10.1016/j.ygcen.2020.113422 878 

34. Somoza GM, Mechaly AS, Trudeau VL. Kisspeptin and GnRH interactions in 879 

the reproductive brain of teleosts. Gen Comp Endocrinol. Nov 2020; 298113568. 880 

doi:10.1016/j.ygcen.2020.113568 881 

35. Zohar Y. Fish reproductive biology - Reflecting on five decades of fundamental 882 

and translational research. Gen Comp Endocrinol. Jan 2021; 300113544. 883 

doi:10.1016/j.ygcen.2020.113544 884 

36. Trudeau VL. Neuroendocrine control of reproduction in teleost fish: Concepts 885 

and controversies. Annu Rev Anim Biosci. 2022; 10:107-130. doi:10.1146/annurev-886 

animal-020420-042015 887 

37. Zohar Y, Munoz-Cueto JA, Elizur A, Kah O. Neuroendocrinology of 888 

reproduction in teleost fish. Gen Comp Endocrinol. Feb 2010; 165(3):438-455. 889 

doi:10.1016/j.ygcen.2009.04.017 890 

38. Fricke R, Eschmeyer WN, Van der Laan R. Eschmeyeŕs Catalog of Fishes: 891 



29 

    

Genera. Species, References. 892 

https://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp  893 

39. Dufour S, Querat B, Tostivint H, Pasqualini C, Vaudry H, Rousseau K. Origin 894 

and evolution of the neuroendocrine control of reproduction in vertebrates, with special 895 

focus on genome and gene duplications. Physiol Rev. Apr 2020; 100(2):869-943. 896 

doi:10.1152/physrev.00009.2019 897 

40. Sato Y, Nishida M. Teleost fish with specific genome duplication as unique 898 

models of vertebrate evolution. Environ Biol Fishes. Jun 2010; 88(2):169-188. 899 

doi:10.1007/s10641-010-9628-7 900 

41. Lien S, Koop BF, Sandve SR, et al. The atlantic salmon genome provides 901 

insights into rediploidization. Nature. May 2016; 533(7602):200-205. 902 

doi:10.1038/nature17164 903 

42. Jodo A, Kitahashi T, Taniyama S, et al. Seasonal variation in the expression of 904 

five subtypes of gonadotropin-releasing hormone receptor genes in the brain of masu 905 

salmon from immaturity to spawning. Zool Sci. Dec 2005; 22(12):1331-1338. 906 

doi:10.2108/zsj.22.1331 907 

43. Moncaut N, Somoza G, Power DM, Canario AVM. Five gonadotrophin-908 

releasing hormone receptors in a teleost fish: isolation, tissue distribution and 909 

phylogenetic relationships. J Mol Endocrinol. Jun 2005; 34(3):767-779. 910 

doi:10.1677/jme.1.01757 911 

44. Ciani E, Fontaine R, Maugars G, et al. Gnrh receptor gnrhr2bb alpha is 912 

expressed exclusively in lhb-expressing cells in Atlantic salmon male parr. General and 913 

Comparative Endocrinology. Jan 2020;285113293. doi:10.1016/j.ygcen.2019.113293 914 

45. Guilgur LG, Moncaut NP, Canario AVM, Somoza GM. Evolution of GnRH 915 

ligands and receptors in gnathostomata. Comp Biochem Physiol Part A Mol Integr 916 

Physiol. Jul 2006; 144(3):272-283. doi:10.1016/j.cbpa.2006.02.016 917 

46. Roch GJ, Busby ER, Sherwood NM. GnRH receptors and peptides: Skating 918 

backward. Gen Comp Endocrinol. Dec 2014; 209:118-134. 919 

doi:10.1016/j.ygcen.2014.07.025 920 

47. Kim DK, Cho EB, Moon MJ, et al. Revisiting the evolution of gonadotropin-921 

releasing hormones and their receptors in vertebrates: Secrets hidden in genomes. Gen 922 

Comp Endocrinol. Jan 2011; 170(1):68-78. doi:10.1016/j.ygcen.2010.10.018 923 

48. Tostivint H. Evolution of the gonadotropin-releasing hormone (GnRH) gene 924 

family in relation to vertebrate tetraploidizations. Gen Comp Endocrinol. Feb 2011; 925 

170(3):575-581. doi:10.1016/j.ygcen.2010.11.017 926 

49. Decatur WA, Hall JA, Smith JJ, Li WM, Sower SA. Insight from the lamprey 927 

genome: Glimpsing early vertebrate development via neuroendocrine-associated genes 928 

and shared synteny of gonadotropin-releasing hormone (GnRH). Gen Comp 929 

Endocrinol. Oct 2013; 192:237-245. doi:10.1016/j.ygcen.2013.05.020 930 

50. Plachetzki DC, Tsai PS, Kavanaugh SI, Sower SA. Ancient origins of metazoan 931 

gonadotropin-releasing hormone and their receptors revealed by phylogenomic 932 

analyses. Gen Comp Endocrinol. Aug 2016; 234:10-19. 933 

doi:10.1016/j.ygcen.2016.06.007 934 

51. Kavanaugh SI, Nozaki M, Sower SA. Origins of gonadotropin-releasing 935 

https://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp


30 

    

hormone (GnRH) in vertebrates: Identification of a novel GnRH in a basal vertebrate, 936 

the sea lamprey. Endocrinology. Aug 2008; 149(8):3860-3869. doi:10.1210/en.2008-937 

0184 938 

52. Parhar IS, Ogawa S, Ubuka T. Reproductive Neuroendocrine Pathways of 939 

Social Behavior. Front Endocrinol. Mar 2016; 7:28. doi:10.3389/fendo.2016.00028 940 

53. Kawai T, Abe H, Akazome Y, Oka Y. Neuromodulatory effect of GnRH on the 941 

synaptic transmission of the olfactory bulbar neural circuit in goldfish, Carassius 942 

auratus. J Neurophysiol. Dec 2010; 104(6):3540-3550. doi:10.1152/jn.00639.2010 943 

54. Umatani C, Misu R, Oishi S, Yamaguchi K, Abe H, Oka Y. GnRH suppresses 944 

excitability of visual processing neurons in the optic tectum. J Neurophysiol. Nov 2015; 945 

114(5):2775-2784. doi:10.1152/jn.00710.2015 946 

55. Stefano AV, Vissio PG, Paz DA, Somoza GM, Maggese MC, Barrantes GE. 947 

Colocalization of GnRH binding sites with gonadotropin-, somatotropin-, 948 

somatolactin-, and prolactin-expressing pituitary cells of the pejerrey, Odontesthes 949 

bonariensis, in vitro. Gen Comp Endocrinol. Oct 1999; 116(1):133-139. 950 

doi:10.1006/gcen.1999.7354 951 

56. Parhar IS, Ogawa S, Sakuma Y. Three GnRH receptor types in laser-captured 952 

single cells of the cichlid pituitary display cellular and functional heterogeneity. PNAS. 953 

Feb 2005; 102(6):2204-2209. doi:10.1073/pnas.0409494102 954 

57. Lethimonier C, Madigou T, Munoz-Cueto JA, Lareyre JJ, Kah O. Evolutionary 955 

aspects of GnRHs, GnRH neuronal systems and GnRH receptors in teleost fish. Gen 956 

Comp Endocrinol. Jan 2004;135(1):1-16. doi:10.1016/j.ygcen.2003.10.007 957 

58. Iversen SD, Iversen LL. Dopamine: 50 years in perspective. Trends Neurosci. 958 

May 2007; 30(5):188-193. doi:10.1016/j.tins.2007.03.002 959 

59. Dufour S, Weltzien FA, Sebert ME, et al. Dopaminergic inhibition of 960 

reproduction in teleost fishes - Ecophysiological and evolutionary implications. Trends 961 

Comp Endocrinol Neurobiol. 2005; 1040:9-21. doi:10.1196/annals.1327.002 962 

60. Devlin RH, Nagahama Y. Sex determination and sex differentiation in fish: an 963 

overview of genetic, physiological, and environmental influences. Aquaculture. Jun 964 

2002; 208(3-4):191-364. doi:10.1016/s0044-8486(02)00057-1 965 

61. Carnevali O, Forner-Piquer I, Gioacchini G. Structure of mature oocytes. In: 966 

Yoshida M, Asturiano J, eds. Reproduction in aquatic animals. Springer; 2020:93-967 

111:chap 6. 968 

62. Menn FL, Cerdà J, Babin PJ. Ultrastructural aspects of the ontogeny and 969 

differentiation of ray-finned fish ovarian follicles. In: Babin PJ, Cerdà J, Lubzens E, 970 

eds. The Fish Oocyte. Springer; 2007:1-37. 971 

63. Lubzens E, Young G, Bobe J, Cerda J. Oogenesis in teleosts: How fish eggs are 972 

formed. Gen Comp Endocrinol. 2010; 165(3):367-389. 973 

doi:10.1016/j.ygcen.2009.05.022 974 

64. Nagahama Y, Yamashita M. Regulation of oocyte maturation in fish. Devt 975 

Growth Differ. Jun 2008; 50:S195-S219. doi:10.1111/j.1440-169X.2008.01019.x 976 

65. Babin P, Cerdà J, Lubzens E. The fish oocyte from basic studies to 977 

biotechnological applications. Dordrecht: Springer; 2007. 978 



31 

    

66. Nagahama Y. Endocrine regulation of gametogenesis in fish. Int J Dev Biol. Jun 979 

1994; 38(2):217-229.  980 

67. Miwa S, Yan LG, Swanson P. Localization of two gonadotropin receptors in the 981 

salmon gonad by in-vitro ligand autoradiography. Biol Reprod. Mar 1994; 50(3):629-982 

642. doi:10.1095/biolreprod50.3.629 983 

68. Rocha A, Gomez A, Galay-Burgos M, Zanuy S, Sweeney GE, Carrillo M. 984 

Molecular characterization and seasonal changes in gonadal expression of a thyrotropin 985 

receptor in the European sea bass. Gen Comp Endocrinol. May 2007; 152(1):89-101. 986 

doi:10.1016/j.ygcen.2007.03.001 987 

69. Kwok HF, So WK, Wang YJ, Ge W. Zebrafish gonadotropins and their 988 

receptors: 1. Cloning and characterization of zebrafish follicle-stimulating hormone and 989 

luteinizing hormone receptors-evidence for their distinct functions in follicle 990 

development. Biol Reprod. Jun 2005; 72(6):1370-1381. 991 

doi:10.1095/biolreprod.104.038190 992 

70. Moles G, Zanuy S, Munoz I, et al. Receptor specificity and functional 993 

comparison of recombinant sea bass (Dicentrarchus labrax) gonadotropins (Fsh and 994 

Lh) produced in different host systems. Biol Reprod. Jun 2011; 84(6):1171-1181. 995 

doi:10.1095/biolreprod.110.086470 996 

71. Trudeau VL, Martyniuk CJ, Zhao E, et al. Is secretoneurin a new hormone? Gen 997 

Comp Endocrinol. Jan 2012; 175(1):10-18. doi:10.1016/j.ygcen.2011.10.008 998 

72. Tell GP, Haour F, Saez JM. Hormonal regulation of membrane receptors and 999 

cell responsiveness: A review. Metab Clin Exp. 1978; 27(10):1566-1592. 1000 

doi:10.1016/s0026-0495(78)80029-8 1001 

73. Hubbard P. Pheromones in marine fish with comments on their possible use in 1002 

aquaculture. In: Sorensen PW, Wisenden BD, eds. Fish Pheromones and Related Cues 1003 

1ed. Wiley-Blackwell; 2015:237-254:chap 11. 1004 

74. Mylonas CC, Fostier A, Zanuy S. Broodstock management and hormonal 1005 

manipulations of fish reproduction. Gen Comp Endocrinol. Feb 2010; 165(3):516-534. 1006 

doi:10.1016/j.ygcen.2009.03.007 1007 

75. Pandian TJ, Kirankumar, S. Recent advances in hormonal induction of sex-1008 

reversal in fish. J Appl Aquac. 2008; 13(3-4):205–230. doi:10.1300/J028v13n03_02  1009 

76. Cnaani A, Levavi-Sivan B. Sexual development in fish, practical applications 1010 

for aquaculture. Sex Develop. 2009 ;3(2-3):164-175. doi:10.1159/000223080 1011 

77. Piferrer F. Endocrine control of sex differentiation in fish. In: Farrell, P. A, eds. 1012 

Encyclopedia of Fish Physiology: From Genome to Environment. 1 ed. Academic 1013 

Press; 2011:1490–1499. 1014 

78. Mylonas CC, Zohar Y. Use of GnRHa-delivery systems for the control of 1015 

reproduction in fish. Rev Fish Biol Fish. 2001; 10(4):463-491.  1016 

79. Criscuolo-Urbinati E, Kuradomi RY, Urbinati EC, Batlouni SR. The 1017 

administration of exogenous prostaglandin may improve ovulation in pacu (Piaractus 1018 

mesopotamicus). Theriogenology. Dec 2012; 78(9):2087-2094. 1019 

doi:10.1016/j.theriogenology.2012.08.001 1020 

80. de Souza TG, Kuradomi RY, Rodrigues SM, Batlouni SR. Wild Leporinus 1021 



32 

    

friderici induced spawning with different dose of mGnRHa and metoclopramide or carp 1022 

pituitary extract. Ani Reprod 2020; 17(1):20190078e. doi:10.21451/1984-3143-ar2019-1023 

0078 1024 

81. de Abreu MR, Silva LMD, Figueiredo-Ariki DG, Sato RT, Kuradomi RY, 1025 

Batlouni SR. Reproductive performance of lambari (Astyanax altiparanae) in a 1026 

seminatural system using different protocols. Aquac Res. Feb 2021; 52(2):471-483. 1027 

doi:10.1111/are.14905 1028 

82. Sato RT, Kuradomi RY, Calil MC, et al. Resumption and progression of meiosis 1029 

and circulating levels of steroids and prostaglandin F-2 alpha of Piaractus 1030 

mesopotamicus induced by hypophysation with prostaglandin F-2 alpha. Aquac Res. 1031 

Mar 2021; 52(3):1026-1037. doi:10.1111/are.14957 1032 

83. Ramos-Judez S, Chauvigne F, Gonzalez-Lopez WA, et al. Providing 1033 

recombinant gonadotropin-based therapies that induce oogenesis from previtellogenic 1034 

oocytes to produce viable larvae in a teleost, the flathead grey mullet (Mugil cephalus). 1035 

Aquaculture. Apr 2021; 536: 736418e. doi:10.1016/j.aquaculture.2021.736418 1036 

84. Ramos-Judez S, Gimenez I, Gumbau-Pous J, Arnold-Cruanes LS, Estevez A, 1037 

Duncan N. Recombinant Fsh and Lh therapy for spawning induction of previtellogenic 1038 

and early spermatogenic arrested teleost, the flathead grey mullet (Mugil cephalus). Sci 1039 

Rep. Apr 2022; 12(1)6563. doi:10.1038/s41598-022-10371-0 1040 

85. Duncan, J. N, Sonesson AK, Chavanne H. Principles of finfish broodstock 1041 

management in aquaculture: control of reproduction and genetic improvement. In: 1042 

Allan, G., Burnell G, eds. Advances in Aquaculture Hatchery Technology. Woodhead 1043 

Publishing Limited; 2013: 23-75. 1044 

86. Fontenele, O. Injecting pituitary (hypophyseal) hormones into fish to induce 1045 

spawning. Prog Fish-Cult. 1955; 17:71-75. doi:10.1577/1548-1046 

8659(1955)17[71:IPHHIF]2.0.CO;2 1047 

87. Rosenfeld, H., Meiri I, Elizur A. Gonadotropin regulation of oocyte 1048 

development. In: Babin PJ, Cerdá J, Lubzens E, eds. The Fish Oocyte: from Basic 1049 

Studies to Biotechnological Applications. Springer; 2007:175–202. 1050 

88. Kucharczyk D, Kujawa R, Luczynski M, Glogowski J, Babiak I, Wyszomirska 1051 

E. Induced spawning in bream, Abramis brama (L), using carp and bream pituitary 1052 

extract and hCG. Aquac Res. Feb 1997; 28(2):139-144. doi:10.1046/j.1365-1053 

2109.1997.t01-1-00840.x 1054 

89. Ohta H, Tanaka H. Relationship between serum levels of human chorionic 1055 

gonadotropin (hCG) and 11-ketotestosterone after a single injection of hCG and 1056 

induced maturity in the male Japanese eel, Anguilla japonica. Aquaculture. Jun 1997; 1057 

153(1-2):123-134. doi:10.1016/s0044-8486(97)00020-3 1058 

90. Zohar, Y., Harel M, Hassin S, T Andler A. Gilt-Head Sea Bream (Sparus 1059 

aurata). In: Bromage, R. N, Roberts RJ, eds. Broodstock Management and Egg and 1060 

Larval Quality. Blackwell Science; 1995:94-117. 1061 

91. Ibarra-Castro L, Duncan NJ. GnRHa-induced spawning of wild-caught spotted 1062 

rose snapper Lutjanus guttatus. Aquaculture. Nov 2007; 272(1-4):737-746. 1063 

doi:10.1016/j.aquaculture.2007.09.007 1064 

92. Fernandez-Palacios H, Schuchardt D, Roo J, Hernandez-Cruz C, Izquierdo M. 1065 



33 

    

Spawn quality and GnRHa induction efficiency in longfin yellowtail (Seriola rivoliana) 1066 

broodstock kept in captivity. Aquaculture. Jan 2015; 435:167-172. 1067 

doi:10.1016/j.aquaculture.2014.09.021 1068 

93. Copeland PA, Thomas P. Control of gonadotropin release in the Atlantic croaker 1069 

(Micropogonias undulatus): Evidence for lack of dopaminergic inhibition. Gen Comp 1070 

Endocrinol. Jun 1989; 74(3):474-483. doi:10.1016/s0016-6480(89)80045-0 1071 

94. Holland MCH, Hassin S, Zohar Y. Effects of long-term testosterone, 1072 

gonadotropin-releasing hormone agonist, and pimozide treatments on gonadotropin II 1073 

levels and ovarian development in juvenile female striped bass (Morone saxatilis). Biol 1074 

Reprod. Nov 1998;59(5):1153-1162. doi:10.1095/biolreprod59.5.1153 1075 

95. Prat F, Zanuy S, Carrillo M. Effect of gonadotropin-releasing hormone analogue 1076 

(GnRHa) and pimozide on plasma levels of sex steroids and ovarian development in 1077 

sea bass (Dicentrarchus labrax L.). Aquaculture. Jul 2001;198(3-4):325-338. 1078 

doi:10.1016/s0044-8486(00)00600-1 1079 

96. Moles G, Hausken K, Carrillo M, Zanuy S, Levavi-Sivan B, Gomez A. 1080 

Generation and use of recombinant gonadotropins in fish. Gen Comp Endocrinol. Dec 1081 

2020; 299: 113555e. doi:10.1016/j.ygcen.2020.113555 1082 

97. Aizen J, Hollander-Cohen L, Shpilman M, Levavi-Sivan B. Biologically active 1083 

recombinant carp LH as a spawning-inducing agent for carp. J Endocrinol. Mar 2017; 1084 

232(3):391-402. doi:10.1530/joe-16-0435 1085 

98. Kobayashi M, Morita T, Ikeguchi K, Yoshizaki G, Suzuki T, Watabe S. In vivo 1086 

biological activity of recombinant goldfish gonadotropins produced by baculovirus in 1087 

silkwonn larvae. Aquaculture. Jun 2006; 256(1-4):433-442. 1088 

doi:10.1016/j.aquaculture.2006.01.016 1089 

99. Wang B, Mechaly AS, Somoza GM. Overview and new insights into the 1090 

diversity, evolution, role, and regulation of kisspeptins and their receptors in teleost 1091 

fish. Front Endocrinol. Mar 2022; 13862614. doi:10.3389/fendo.2022.862614 1092 

100. Felip A, Zanuy S, Pineda R, et al. Evidence for two distinct KiSS genes in non-1093 

placental vertebrates that encode kisspeptins with different gonadotropin-releasing 1094 

activities in fish and mammals. Mol Cel Endocrinol. Nov 2009; 312(1-2):61-71. 1095 

doi:10.1016/j.mce.2008.11.017 1096 

101. Zmora N, Stubblefield J, Zulperi Z, et al. Differential and gonad stage-1097 

dependent roles of kisspeptin1 and kisspeptin2 in reproduction in the modern teleosts, 1098 

morone species. Biol Reprod. Jun 2012; 86(6)177. doi:10.1095/biolreprod.111.097667 1099 

102. Zmora N, Stubblefield J, Golan M, Servili A, Levavi-Sivan B, Zohar Y. The 1100 

medio-basal hypothalamus as a dynamic and plastic reproduction-related kisspeptin-1101 

gnrh-pituitary center in fish. Endocrinology. May 2014; 155(5):1874-1886. 1102 

doi:10.1210/en.2013-1894 1103 

103. Park JW, Jin YH, Oh SY, Kwon JY. Kisspeptin2 stimulates the HPG axis in 1104 

immature Nile tilapia (Oreochromis niloticus). Comp Biochem Physiol Part B-Biochem 1105 

Mol Biol. Dec 2016; 202:31-38. doi:10.1016/j.cbpb.2016.07.009 1106 

104. Espigares F, Rocha A, Gomez A, Carrillo M, Zanuy S. Photoperiod modulates 1107 

the reproductive axis of European sea bass through regulation of kiss1 and gnrh2 1108 

neuronal expression. Gen Comp Endocrinol Jan 2017; 240:35-45. 1109 



34 

    

doi:10.1016/j.ygcen.2016.09.007 1110 

105. Ohga H, Selvaraj S, Matsuyama M. The roles of kisspeptin system in the 1111 

reproductive physiology of fish with special reference to chub mackerel studies as main 1112 

axis. Front Endocrinol Apr 2018; 9147. doi:10.3389/fendo.2018.00147 1113 

106. Oliveira CCV, McStay E, Cabrita E, et al. Investigating the kisspeptin system in 1114 

the hermaphrodite teleost gilthead seabream (Sparus aurata). Comp Biochem Physiol 1115 

Part A Mol Integ Physiol. Mar 2020; 241110624. doi:10.1016/j.cbpa.2019.110624 1116 

107. Oliveira CCV, Fatsini E, Fernandez I, et al. Kisspeptin influences the 1117 

reproductive axis and circulating levels of micrornas in Senegalese sole. Int J Mol Sci. 1118 

Dec 2020; 21(23)9051. doi:10.3390/ijms21239051 1119 

108. Akazome Y, Kanda S, Okubo K, Oka Y. Functional and evolutionary insights 1120 

into vertebrate kisspeptin systems from studies of fish brain. J Fish Biol. Jan 2010; 1121 

76(1):161-182. doi:10.1111/j.1095-8649.2009.02496.x 1122 

109. Kitahashi T, Ogawa S, Parhar IS. Cloning and expression of kiss2 in the 1123 

zebrafish and medaka. Endocrinology. Feb 2009; 150(2):821-831. 1124 

doi:10.1210/en.2008-0940 1125 

110. Lee YR, Tsunekawa K, Moon MJ, et al. Molecular evolution of multiple forms 1126 

of kisspeptins and gpr54 receptors in vertebrates. Endocrinology. Jun 2009; 1127 

150(6):2837-2846. doi:10.1210/en.2008-1679 1128 

111. Ohga H, Fujinaga Y, Selvaraj S, et al. Identification, characterization, and 1129 

expression profiles of two subtypes of kisspeptin receptors in a scombroid fish (chub 1130 

mackerel). Gen Comp Endocrinol. Nov 2013; 193:130-140. 1131 

doi:10.1016/j.ygcen.2013.07.016 1132 

112. Canosa LF, Lopez GC, Scharrig E, et al. Forebrain mapping of secretoneurin-1133 

like immunoreactivity and its colocalization with isotocin in the preoptic nucleus and 1134 

pituitary gland of goldfish. J Comp Neurol. Dec 2011; 519(18):3748-3765. 1135 

doi:10.1002/cne.22688 1136 

113. Pouso P, Quintana L, Lopez GC, Somoza GM, Silva AC, Trudeau VL. The 1137 

secretogranin-II derived peptide secretoneurin modulates electric behavior in the 1138 

weakly pulse type electric fish, Brachyhypopomus gauderio. Gen Comp Endocrinol. 1139 

Oct 2015; 222:158-166. doi:10.1016/j.ygcen.2015.06.015 1140 

114. Mitchell K, Zhang WS, Lu CY, et al. Targeted mutation of secretogranin-2 1141 

disrupts sexual behavior and reproduction in zebrafish. PNAS. Jun 2020; 1142 

117(23):12772-12783. doi:10.1073/pnas.2002004117 1143 

115. Shu H, Yang LD, Zhang Y, Liu XC, Lin HR, Li SS. Identification and functional 1144 

characterization of two Secretogranin II genes in orange-spotted grouper (Epinephelus 1145 

coioides). Gen Comp Endocrinol. May 2018;261:115-126. 1146 

doi:10.1016/j.ygcen.2018.02.010 1147 

116. Trudeau VL. Facing the challenges of neuropeptide gene knockouts:why do 1148 

they not inhibit reproduction in adult teleost fish? Front Neurosci. May 2018; 12:302. 1149 

doi:10.3389/fnins.2018.00302 1150 

117. Garcia-Pinto L, Quiñonez-Gonzalez G. Ensayos de cultivo de Colossoma 1151 

macropomum (cachama) en lagunas artificiales. Bol Centro Invest Biol. 1988; 17:35-1152 

45.  1153 



35 

    

118. da Silva AB, Vinatea JE, Alcantara F. Manual de reproducción de peces 1154 

Colossoma sp. “pacu” y “tambaqui”. In: Juárez-Palacios, R. J, eds. Avances en el 1155 

Cultivo de Peces del Género Colossoma. FAO; 1989. 1156 

119. Saldaña G, Ascon G. Ensayo sobre reproducción inducida de “gamitama” 1157 

Colossoma macropomum (CUVIER, 1818) con Gonadotropina Corionica Humana. 1158 

Hidrobios. 1986;10:1-12.  1159 

120. Chellappa, S., Cacho MSRF, Huntingford FA, Beveridge M. Observations on 1160 

induced breeding of the Amazonian fish tambaqui, Colossoma macropomum (Cuvier) 1161 

using CPE and HCG treatments. Aquac Res. 1996; 27:91-94. doi:10.1111/j.1365-1162 

2109.1996.tb00971.x 1163 

121. Leonardo AFG, Romagosa E, Borella MI, Batlouni SR. Induced spawning of 1164 

hatchery-raised Brazilian catfish, cachara Pseudoplatystoma fasciatum (Linnaeus, 1165 

1766). Aquaculture. 2004; 240(1-4):451-461. doi:10.1016/j.aquaculture.2003.11.030 1166 

122. Fenerich-Verani N, Godinho HM, Narahara MY. The size composition of the 1167 

eggs of curimbatá Prochilodus scrofa, Steindachner, 1881, induced to spawn with 1168 

human chorionic gonadotropin (HCG). Aquaculture. 1984; 42(1):37-41. 1169 

doi:10.1016/0044-8486(84)90311-9 1170 

123. Schally AV, Arimura A, Baba Y, et al. Isolation and properties of the FSH and 1171 

LH-releasing hormone. Biochem Biophys Res Com. 1971; 43(2):393-339. 1172 

doi:10.1016/0006-291x(71)90766-2 1173 

124. Sherwood N, Eiden L, Brownstein M, Spiess J, Rivier J, Vale W. 1174 

Characterization of a teleost gonadotropin-releasing hormone. PNAS. 1983; 1175 

80(9):2794-2798. doi:10.1073/pnas.80.9.2794 1176 

125. Konzen-Freitas AR, de Abreu JG, de Abreu JS, de Queiroz Dantas VL, Caetano 1177 

Correa Filho RA, Povh JA. Tambaqui females (Colossoma macropomum) spawn after 1178 

hormonal induction with buserelin acetate. Ani Rep Sci. Oct 2020; 221:106594e. 1179 

doi:10.1016/j.anireprosci.2020.106594 1180 

126. Ittzes I, Kronbauer EC, Szabo T, Horvath L, Urbanyi B, Muller T. Propagation 1181 

of jundia Rhamdia quelen (Siluriformes: Heptapteridae) by applying the ovarian sperm 1182 

injection method. Aquac Rep. Mar 2020; 16100275e. doi:10.1016/j.aqrep.2020.100275 1183 

127. Nunez J, Castro D, Fernandez C, et al. Hatching rate and larval growth 1184 

variations in Pseudoplatystoma punctifer: maternal and paternal effects. Aquac Res. 1185 

May 2011; 42(6):764-775. doi:10.1111/j.1365-2109.2011.02803.x 1186 

128. Nunez J, Dugue R, Arana NC, et al. Induced breeding and larval rearing of 1187 

Surubi, Pseudoplatystoma fasciatum (Linnaeus, 1766), from the Bolivian Amazon. 1188 

Aquac Res. May 12 2008; 39(7):764-776. doi:10.1111/j.1365-2109.2008.01928.x 1189 

129. Ittzes I, Szabo T, Kronbauer EC, Urbanyi B. Ovulation induction in jundia 1190 

(Rhamdia quelen, Heptapteridae) using carp pituitary extract or salmon GnRH analogue 1191 

combined with dopamine receptor antagonists. Aquac Res. Dec 2015; 46(12):2924-1192 

2928. doi:10.1111/are.12446 1193 

130. Viveiros ATM, Goncalves ACS, Di Chiacchio IM, Nascimento AF, Romagosa 1194 

E, Leal MC. Gamete quality of streaked prochilod Prochilodus lineatus 1195 

(Characiformes) after GnRHa and dopamine antagonist treatment. Zygote. Apr 2015; 1196 

23(2):212-221. doi:10.1017/s0967199413000440 1197 



36 

    

131. Souza FN, Martinsa EDF, Correa RAC, et al. Ovopel((R)) and carp pituitary 1198 

extract for induction of reproduction in Colossoma macropomum females. Ani Rep Sci 1199 

Aug 2018;195:53-57. doi:10.1016/j.anireprosci.2018.05.005 1200 

132. de Abreu MR, de Jesus Silva LM, Figueiredo-Ariki DG, Sato RT, Kuradomi RY, 1201 

Batlouni SR. The effect of LHRHa with and without dopamine antagonist on 1202 

reproductive performance in lambari Astyanax altiparanae. Aquaculture. Mar 2022; 1203 

550737883e. doi:10.1016/j.aquaculture.2021.737883 1204 

133. Woynarovich E, Horváth L. A propagação artificial de peixes de águas 1205 

tropicais: manual de extensão. Brasília: FAO/CODEVASF/CNPq; 1983:225. 1206 

134. Pires LB, Correa RA, Sanches EA, et al. Colossoma macropomum females can 1207 

reproduce more than once in the same reproductive period. Ani Rep Sci. Sep 2018; 1208 

196:138-142. doi:10.1016/j.anireprosci.2018.07.006 1209 

135. Zaniboni Filho E, Weingartner M. Técnicas de indução da reprodução de peixes 1210 

migradores. R Bras Rep Ani. 2007; 31(3):8.  1211 

136. Andrade ES, Carvalho AFS, Ferreira MR, et al. Indutores hormonais na 1212 

reprodução artificial de curimba (Prochilodus lineatus) R Bras Rep Ani. 2014; 1213 

38(4):230-236.  1214 

137. Parra MÁL, Benítez HOM. Manejo y Reproducción de Carácidos. In: Daza PV, 1215 

Parra MAL, Ochoa AIS, eds. Reproducción de los peces en el trópico. INCORDER; 1216 

2005:91-104. 1217 

138. Zaniboni Filho E, Nuñer APO. Reprodução de peixes migradores de água doce. 1218 

In: Urbinati EC, Fracalossi DM, Castagnolli N, eds. Tópicos especiais em piscicultura 1219 

de água doce tropical intensiva. TecArt; 2004:45-74. 1220 

139. Kuradomi RY, Batlouni SR. PGF(2 alpha) and gonadal steroid plasma levels of 1221 

successful and unsuccessful spawning Piaractus mesopotamicus (Teleostei, 1222 

Characiformes) females. Aquac Int. Aug 2018; 26(4):1083-1094. doi:10.1007/s10499-1223 

018-0269-8 1224 

140. Muniz, M. JAS, Catanho MTJA, dos Santos AJG. Influência do fotoperíodo 1225 

natural na reprodução induzida do tambaqui, Colossoma macropomum (Cuvier, 1818). 1226 

Bol Inst Pesca. 2008; 34(2):205-211.  1227 

141. Acuna JJA, Rangel JLH. Effects of hypophysial extract of common carp and the 1228 

analog of the GnRH on the final maturation oocyte and the spawning of cachama negra 1229 

(Colossoma macropomum). R Cient Fac Cienc Vet. Sep-Oct 2009; 19(5):486-494.  1230 

142. Pereira TSB, Boscolo CNP, Moreira RG, Batlouni SR. The use of mGnRHa 1231 

provokes ovulation but not viable embryos in Leporinus macrocephalus. Aquac Int. Apr 1232 

2017; 25(2):515-529. doi:10.1007/s10499-016-0049-2 1233 

143. Chacon-Guzman J, Carvajal-Oses M, Herrera-Ulloa A. Optimization of larval 1234 

culture for the production of juvenile spotted snapper Lutjanus guttatus in Costa Rica. 1235 

Uniciencia. Jul-Dec 2021; 35(2)2. doi:10.15359/ru.35-2.2 1236 

144. Herrera-Ulloa, A., Chacón-Guzmán J, Zúñiga-Calero G, Fajardo-Espinoza O, 1237 

Jímenez-Montealegre R. Acuicultura de pargo la mancha Lutjanus guttatus 1238 

(Steindachner, 1869) en Costa Rica dentro de un enfoque ecosistémico. R Cienc Mar 1239 

Cost. 2009; 1(1):197–213. doi:10.15359/revmar.1.11 1240 



37 

    

145. Ibarra-Castro L, Ochoa-Bojorquez MO, Sanchez-Tellez JL, Rojo-Cebreros AH, 1241 

Alvarez-Lajonchere L. A new efficient method for the mass production of juvenile 1242 

spotted rose snapper Lutjanus guttatus. Aquac Rep. Nov 2020; 18100550. 1243 

doi:10.1016/j.aqrep.2020.100550 1244 

146. Chacón-Guzmán, J., Silva-Arancibia A. Reproducción. In: Herrera-Ulloa, A., 1245 

eds. Producción de peces marinos juveniles en Costa Rica Editorial Universidad 1246 

Nacional; 2019:39-63. 1247 

147. Valverde-Chavarría, S., Boza Abarca J. Inducción al desove en hembras del 1248 

pargo mancha, Lutjanus guttatus (Steindachner, 1869). Uniciencia. 1999;15(1):65-69.  1249 

148. Boza-Abarca J, Calvo-Vargas E, Solis-Ortiz N, Komen J. Induced spawning and 1250 

larval rearing of spotted rose snapper, Lutjanus guttatus, at the Marine Biology Station, 1251 

Puntarenas, Costa Rica. Cienc Mar. Jun 2008; 34(2):239-252. 1252 

doi:10.7773/cm.v34i2.1246 1253 

149. Ibarra-Castro, L., Alvarez-Lajonchere L. Improved induced-spawning protocol 1254 

for the spotted rose snapper (Lutjanus guttatus). Isr J Aquac. 2009; 61(2):121–133.  1255 

150. Roo J, Fernandez-Palacios H, Schuchardt D, Hernandez-Cruz CM, Izquierdo 1256 

MS. Influence of hormonal induction and broodstock feeding on longfin yellowtail 1257 

Seriola rivoliana maturation, spawning quality and egg biochemical composition. 1258 

Aquac Nut. Oct 2015; 21(5):614-624. doi:10.1111/anu.12188 1259 

151. Setiawan AN, Muncaster S, Pether S, et al. The effects of gonadotropin-1260 

releasing hormone analog on yellowtail kingfish Seriola lalandi (Valenciennes, 1833) 1261 

spawning and egg quality. Aquac Rep. Nov 2016; 4:1-9. 1262 

doi:10.1016/j.aqrep.2016.05.001 1263 

152. Kiewek-Martinez M, Gracia-Lopez V, Carrillo-Estevez M. Comparison of the 1264 

effects of HCG and LHRHa on the induction of ovulation of wild and captive leopard 1265 

grouper, Mycteroperca rosacea. J World Aquac Soc. Oct 2010; 41(5):733-745. 1266 

doi:10.1111/j.1749-7345.2010.00415.x 1267 

153. Elisio M, Chalde T, Miranda LA. Seasonal changes and endocrine regulation of 1268 

pejerrey (Odontesthes bonariensis) oogenesis in the wild. Comp Biochem Physiol Part 1269 

A Mol Integ Physiol. Sep 2014; 175:102-109. doi:10.1016/j.cbpa.2014.05.020 1270 

154. Nyuji M, Kazeto Y, Izumida D, et al. Greater amberjack Fsh, Lh, and their 1271 

receptors: Plasma and mRNA profiles during ovarian development. Gen Comp 1272 

Endocrinol. Jan 2016;225: 224-234. doi:10.1016/j.ygcen.2015.10.008 1273 

155. Ibarra-Castro L, Alvarez-Lajonchere L. GnRHa-induced Multiple Spawns and 1274 

Volition Spawning of Captive Spotted Rose Snapper, Lutjanus guttatus, at Mazatlan, 1275 

Mexico. J World Aquac Soc. Aug 2011; 42(4):564-574. doi:10.1111/j.1749-1276 

7345.2011.00499.x 1277 

156. Asmat R, Hidalgo A, Ramírez B. Maturation sexual of Dormitator latifrons 1278 

(Richardson 1844) in captivity. Manglar. 2018; 15(2):93-98. 1279 

doi:10.17268/manglar.2018.011 1280 

157. Thomas P, Boyd N. Induced spawning of spotted seatrout, red drum and orange 1281 

mouth corvina (Family: Sciaenidae) with luteinizing hormone-releasing hormone 1282 

analog injection. Contrib Mar Sci.1988; 30:43-48. 1283 

158. Ibarra-Castro L, Alvarez-Lajonchere L, Rosas C, Palomino-Albarran IG, Holt 1284 



38 

    

GJ, Sanchez-Zamora A. GnRHa-induced spawning with natural fertilization and pilot-1285 

scale juvenile mass production of common snook, Centropomus undecimalis (Bloch, 1286 

1792). Aquaculture. Oct 2011; 319(3-4):479-483. 1287 

doi:10.1016/j.aquaculture.2011.07.014 1288 

159. Rhody NR, Puchulutegui C, Taggart JB, Main KL, Migaud H. Parental 1289 

contribution and spawning performance in captive common snook Centropomus 1290 

undecimalis broodstock. Aquaculture. Aug 2014; 432:144-153. 1291 

doi:10.1016/j.aquaculture.2014.04.022 1292 

160. Rhody NR, Davie A, Zmora N, Zohar Y, Main KL, Migaud H. Influence of tidal 1293 

cycles on the endocrine control of reproductive activity in common snook 1294 

(Centropomus undecimalis). Gen Comp Endocrinol. Dec 1 2015;224:247-259. 1295 

doi:10.1016/j.ygcen.2015.08.007 1296 

161. Pereira TSB, Boscolo CNP, Moreira RG, Batlouni SR. Leporinus elongatus 1297 

induced spawning using carp pituitary extract or mammalian GnRH analogue combined 1298 

with dopamine receptor antagonists. Ani Reprod. Jan-Mar 2018; 15(1):64-70. 1299 

doi:10.21451/1984-3143-2017-ar983 1300 

162. Munoz ME, Batlouni SR, Franceschini Vicentini IB, Vicentini CA. Testicular 1301 

structure and description of the seminal pathway in Leporinus macrocephalus 1302 

(Anostomidae, Teleostei). Micron. Dec 2011; 42(8):892-897. 1303 

doi:10.1016/j.micron.2011.06.008 1304 

163. Romagosa E, Batlouni SR, Borella MI, Leonardo AFG. Involution of post-1305 

ovulatory follicles in Pseudoplatystoma fasciatum (Pisces, Teleostei). Bol Inst Pesca. 1306 

2005; 31(2):129-135.  1307 

164. Sato Y, Cardoso EL, Sallum WB, Godinho HP. Indução experimental da desova 1308 

do surubim Pseudoplatystoma curuscans. In: Miranda MOT, ed. Surubim. IBAMA; 1309 

1997:69-79. Coleção Meio Ambiente; vol. Série Estudos Pesca, 19. 1310 

165. Arantes FP, Sato Y, Sampaio EV, Rizzo E, Bazzoli N. Spawning induction and 1311 

fecundity of comercial native fish species from the São Francisco River basin, Brazil, 1312 

under hatchery conditions. Agric Scis. 2013; 4(8):382-388. doi:10.4236/as.2013.48055 1313 

166. Martins EDF, Streit DP, de Abreu JS, et al. Ovopel and carp pituitary extract for 1314 

the reproductive induction of Colossoma macropomum males. Theriogenology. Aug 1315 

2017; 98:57-61. doi:10.1016/j.theriogenology.2017.04.047 1316 

167. Dabrowski K, Rinchard J, Ottobre JS, et al. Effect of oxygen saturation in water 1317 

on reproductive performances of pacu Piaractus brachypomus. J World Aquac Soc. Dec 1318 

2003; 34(4):441-449. doi:10.1111/j.1749-7345.2003.tb00083.x 1319 

168. Alarcón G, Echevarría L, Llerena C, Mamani N, Inga D. Evaluación de la 1320 

efectividad sobre el desove de tres protocolos de inducción hormonal con acetato de 1321 

buserelina en Piaractus brachypomus aplicados en un centro de reproduccion de peces 1322 

amazonicos en Cusco, Perú. Sal Tecnol Vet. 2016; 3(2):51-57. 1323 

doi:10.20453/stv.v3i2.2825 1324 

169. Hainfellner P, de Souza TG, Moreira RG, Nakaghi LSO, Batlouni SR. Gonadal 1325 

steroids levels and vitellogenesis in the formation of oocytes in Prochilodus lineatus 1326 

(Valenciennes) (Teleostei: Characiformes). Neotrop Ichthyol. Jul-Sep 2012; 10(3):601-1327 

612. doi:10.1590/s1679-62252012005000021 1328 



39 

    

170. De Souza TG, Hainfellner P, Kuradomi RY, et al. Inappropriate management 1329 

conditions, especially for the regressed class, are related to sperm quality in Prochilodus 1330 

lineatus. Theriogenology. Mar 2015; 83(5):797-807. 1331 

doi:10.1016/j.theriogenology.2014.11.018 1332 

171. Sanches EA, Neumann G, Baggio DM, Bombardelli RA, Piana PA, Romagosa 1333 

E. Time and temperature on the storage of oocytes from jundia catfish, Rhamdia quelen. 1334 

Aquaculture. OCT 1 2011 2011; 319(3-4):453-458. 1335 

doi:10.1016/j.aquaculture.2011.07.036 1336 

172. Perdomo-Carrillo DA, Useche GM, González-Estopiñán M. Utilización de 1337 

macroincubadoras en el proceso de reproducción inducida de cachamas (Colossoma 1338 

macropomum) pisces characidae. R Cient 2002;7(2):425-427.  1339 

173. Dumas S, Rosales-Velazquez MO, Contreras-Olguin M, Hernandez-Ceballos 1340 

D, Silverberg N. Gonadal maturation in captivity and hormone-induced spawning of 1341 

the Pacific red snapper Lutjanus peru. Aquaculture. May 2004; 234(1-4):615-623. 1342 

doi:10.1016/j.aquaculture.2003.11.022 1343 

174. Duncan NJ, de O GAR, Alok D, Zohar Y. Effects of controlled delivery and 1344 

acute injections of LHRHa on bullseye puffer fish (Sphoeroides annulatus) spawning. 1345 

Aquaculture. Mar 2003; 218(1-4):625-635. Pii s0044-8486(02)00299-5. 1346 

doi:10.1016/s0044-8486(02)00299-5 1347 

175. Duncan NJ, Ibarra-Zatarain Z, Hernández C, et al. Maduración del pargo prieto 1348 

(Lutjanus novemfasciatus) en cautiverio. In: Ruíz-Luna A, Berlanga-Robles CA, 1349 

Lozano MB, eds. Avances en Acuicultura y manejo ambiental. 1 ed. Editorial Trillas Sa 1350 

De Cv; 2011:39-57. 1351 

  1352 



40 

    

Figures  1353 

 1354 

 1355 

 1356 

 1357 

Figure 1. The increase in cultured fish production (production of diadromous, 1358 

freshwater and marine fishes – no data from 1930 - 1950)2 with dates of pioneering 1359 

publications on induced fish spawning: use of pituitary extracts (PE) to induce 1360 

spawning14; use of human chorionic gonadotropin (hCG)19; use of prostaglandins PG21. 1361 

use of gonadotropin-releasing hormone analogues (GnRHa)22; use of carp 1362 

gonadotropins20; use of salmon GnRH28; and use of kisspeptins27. While there would 1363 

appear to be a connection between the timing of publications and the initiation of the 1364 

large increase in world aquaculture production, but the causality is unclear. Skewed 1365 

black line indicate stimulation and dotted line inhibition. 1366 
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 1368 

 1369 

 1370 

Figure 2: Two Latin American researchers (Bernardo Alberto Houssay from Argentina 1371 

and Rodolpho Theodor Wilhelm Gaspar von Ihering from Brazil) pioneered the use of 1372 

pituitary extracts to promote reproduction in fish. The first page of their studies is 1373 

shown in the photograph, and copies of the full papers may be obtained from the 1374 

corresponding authors of this article. Prof. Houssay (1887-1971) was also known for 1375 

his discoveries about the role of pituitary hormones in sugar metabolism, which 1376 

contributed to the development of an effective treatment for diabetes. He was awarded 1377 

the Nobel Prize in 1947 for these studies. He was the first Latin American to be awarded 1378 

the Nobel Prize. More information about his life and career can be found at this link 1379 

(https://www.museohoussay.org.ar). Dr. von Ihering was a zoologist and biologist who 1380 

is considered one of the founders of fish farming in Brazil. 1381 

  1382 
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 1383 

 1384 

 1385 

Figure 3: Neuroendocrine control of gonadal maturation in teleosts via the brain-1386 

pituitary-gonadal axis (BPG) and its integration with environmental and physiological 1387 

factors. The black arrows and the filled circle lines indicate the hormones and an 1388 

inhibitor most commonly used in aquaculture to control reproduction. For simplicity, 1389 

the interactions of dopamines, secretogranins, and gonadotropin-inhibitory hormones, 1390 

which are discussed in detail in other papers33,34,36,39,59,71 are omitted. Abbreviations; 1391 

dopamine (DA), follicle-stimulating hormone (FSH), gonadotropin-releasing hormone 1392 

(GnRH), gonadotropin-releasing hormone agonists (GnRHa), human chorionic 1393 

gonadotropin (hCG), luteinizing hormone (LH), carp pituitary extract (CPE).  1394 
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 1396 

Table 1. Difficulties in controlled propagation of females in some Latin America fish species. Such difficulties were classified according to the 1397 

review of Zohar and Mylonas11 as 1st: “Fail to undergo vitellogenesis”, 2nd: “Failure of oocyte maturation” and 3rd: “Maturation complete - Failed 1398 

release of eggs or release of overripe eggs and failed fertilisation”. 1399 

Species /common name 

Reproductive 

dysfunctions 

type 

Observations References 

Marine species    

Lutjanus guttatus  

(Rose spotted snapper, 

pargo lunarejo) 

2nd 

Spawns naturally under suitable conditions in captivity.  

Under unfavourable captive conditions, hormone therapies 

can be used to induce captive snapper, to stimulate serial 

spawning and achieve spawning at the desired time. 

91,143,155 

Dormitator latifrons  

(Pacific fat sleeper) 
2nd 

No spawning without hormonal induction.  

 
156 

Scianops ocellatus  

(Red drum) 
2nd 

Breeds naturally with manipulation of temperature and 

photoperiod.  

Hormonal therapies are required if temperature and 

photoperiod are not manipulated. 

157 

Centropomus undecimalis 

(Common snook, robalo) 
2nd 

Spawns naturally with manipulation of temperature and 

photoperiod.  

Hormonal therapies are required if temperature and 

photoperiod are not manipulated. 

158-160 

Mycteroperca rosacea  

(Leopard grouper) 
2nd 

Natural spawning is very rare and is usually not fertilized 

by males.  

Hormone therapies are usually required for final maturation 

and spawning. 

152 

Freshwater species    

Leporinus friderici 

(Piau-três-pintas) 
2nd 

No spawning without hormonal induction.  

Induction protocols with low efficiency to spawning 
80 

Leporinus macrocephalus 

(Piauçu) 
2nd 

No spawning without hormonal induction. 

 
161,162 

Pseudoplatystoma fasciatum 2nd No spawning without hormonal induction.  121,128,163 
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(Cachara, Bagre rayado, 

surubi) 

Pseudoplatystoma 

corruscans 

(Pintado, Surubi) 

2nd No spawning without hormonal induction.  164,165 

Colossoma macropomum  

(Tambaqui, Cachama Negra, 

Guamitana) 

2nd 

No spawning without hormonal induction.  

Ovulation failed in some females.  

Sometimes mortality of embryos and larvae. 

131,141,166 

Piaractus brachypomus 

(Pirapitinga, Cachama 

branca) 

 

2nd 

No spawning without hormonal induction. Females 

exposed to oxygen-deficient waters show inhibition of 

spawning. 

167,168 

Piaractus mesopotamicus 

(Pacu, Pacú) 
2nd 

No spawning without hormonal induction.  

Unpredictable ovulation after spawning induction. Carp 

pituitary extract (CPE) can induce final maturation (germinal 

vesicle break down; GVBD) but not ovulation in some 

females. 

79,82 

Prochilodus lineatus 

(Curimba, Sábalo) 
2nd 

No spawning without hormonal induction.  

 Low estradiol during vitellogenesis resulted in lower less 

yolk accumulation in eggs, and thus lower fertility and 

hatching rate. 

169,170 

Rhamdia quelen 

(Jundiá, bagre sapo) 
2nd No spawning without hormonal induction 126,129,171 

 1400 
 1401 
 1402 
 1403 
 1404 
 1405 
 1406 
 1407 
 1408 
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Table 2. Summary of hormones used and their effects in females of selected Latin American freshwater fish species. Abbreviations are defined in the 1409 
footnote. 1410 
 1411 

Species 

(common name/s) 

Hormone treatment (Method)                                              

* 
Total Dose 

Number of 

Females 

Ovulation 

rate (%) 

Fertilization 

rate (%) 

Hatching 

rate (%) ** 
Reference 

Leporinus friderici 

(Piau três pintas) 

CPE (Two injections) 
1.5 mg.kg-1 10 100 75 85 

80 

6 mg.kg-1 10 80 <2 0 

mGnRHa + MET (Two 

injections) 

40 μg.kg-1 GnRHa 

+ 20 mg.kg-1 MET 
10 70 <2 0 

12 μg.kg-1 GnRHa 

+ 6 mg.kg-1 MET 
6 50 <2 0 

Leporinus macrocephalus 

(Piauçu) 

CPE (Two injections) 5.5 mg.kg-1 10 71 63 59.07 
142 mGnRHa + MET (Single 

injection) 

7 μg.kg-1 GnRHa+ 

10 mg.kg-1 MET 
9 100 6 0 

Pseudoplatystoma 

punctifer ex. fasciatum 

(Cachara, Surubí) 

CPE (Two injections) 5.5 mg.kg-1 9 100 53 No data 

121 

CPE (Two injections) 5.5 mg.kg-1 9 100 56 No data 

hCG (Two injections) 

 
15 IU.g-1 7 100 55 No data 

hCG (Two injections) 15 IU.g-1 7 100 82 No data 

CPE (Single injection) + hCG 

(Single injection) 

0.5 mg.kg-1 CPE + 

5 IU.g-1 hCG 
5 0 No data  No data  

sGnRHa + DOM (Two 

injections) 

10 μg.kg-1 sGnRHa 

+ 5 mg.kg-1 DOM 
31 74 84 73.7 128 

Colossoma macropomum 

(Cachama negra, 

Gamitana, Tambaquí) 

hCG (Two injections) 30IU.g-1 10 80 50 60 
120 

CPE (Two injections) 5 mg.kg-1 10 100 70 80 

CPE (Two injections) 5 mg.kg-1 6 100 61-88 26-53 172 

sGnRHa + DOM (Two 

injections) 

10 μg.kg-1 sGnRHa 

+ 5 mg.kg-1 DOM 
3 100 11 20 

141 

CPE (Two injections) 5 mg.kg-1 3 100 63 68 
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CPE (Two injections) 5. 5 mg.kg-1 8 88 62 56 

131 
mGnRHa + MET (Single 

injection) 

4 μg.kg-1 mGnRHa 

+ 2 mg.kg-1 MET 
8 100 72 57 

mGnRHa + MET (Single 

injection) 

8 μg.kg-1 mGnRHa 

+ 4 mg.kg-1 MET 
8 63 51 33 

Piaractus mesopotamicus 

(Pacu) 

 

mGnRHa (Single injection) 

5 μg.kg-1 4 0 No data  No data  

24 

50 μg.kg-1 
4 0 No data  No data  

6 0 No data  No data  

100 μg.kg-1 3 100 No data No data 

mGnRHa (Two injections) 50 μg.kg-1 

6 83 No data No data 

3 100 No data No data 

3 67 No data No data 

mGnRHa (Two injections) 50 μg.kg-1 
3 100 No data No data 

3 67 No data No data 

CPE (Two injections) 6 mg.kg-1 

17 53 ~90 ~82 

79 

12 83 ~68 ~64 

4 25 ~25 ~22 

CPE (Two injections) + PGF 

(with last CPE injection) 

6 mg.kg-1 CPE + 

~0.3 mg kg-1 PGF 

4 100 ~85 ~84 

5 100 ~55 ~62 

6 mg.kg-1 CPE + 

~0.8 mg kg-1 PGF 
3 100 ~92 ~82 

Prochilodus lineatus 

(Curimatã, Sábalo) 

CPE (Two injections)  5.5 mg.kg-1 4 100 46 39 

130 
sGnRHa + DOM (Two 

Injections) 

10 μg.kg-1 sGnRHa 

+ 5 mg.kg-1 DOM 
4 100 48 39 

sGnRHa + DOM (Two 

Injections) 

10 μg.kg-1 sGnRHa 

+ 5 mg.kg-1 DOM 
6 100 52 48 

Rhamda quelen CPE (Single Injection) 4 mg.kg-1 8 88 82 No data 129 
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(Jundiá, Bagre sapo) sGnRHa (Single injection) 10 μg.kg-1 sGnRHa 8 0 No data  No data  

sGnRHa + DOM (Single 

injection) 

10 μg.kg-1 sGnRHa 

+ 5 mg.kg-1 DOM 
8 88 82 No data 

sGnRHa + MET (Single 

injection) 

10 μg.kg-1 sGnRHa 

+ 20 mg.kg-1 MET 
8 38 74 No data 

CPE (Single injection) 5mg.kg-1 7 100 75 No data 

126 
CPE (Single injection) + Sperm 

(Single injection) 

5 mg.kg-1 CPE + 

2ml.kg-1 Sperm 
7 85 82 No data 

CPE + Sperm (Single 

injection) 

5 mg.kg-1 CPE + 

2ml.kg-1 Sperm 
 7 71 76 No data 

The present table shows only species in which at least two different hormonal treatments were assessed, and ovulated female percentage data were provided 1412 
(with n>2) in the references reviewed. Data in different rows for the same species involve different protocols or experimental replications of the same protocol. 1413 
* For details of partial doses, time intervals and anatomical site of injections review each particular reference. Fertilization and hatching rate data represent the 1414 
average condition of the spawned females in each treatment. ** Hatching values were calculated considering only fertilized eggs. CPE= Carp pituitary extract; 1415 
hCG= Human chorionic gonadotropin; mGnRHa= Mammalian gonadotropin-releasing hormone analogue; sGnRHa= Salmon gonadotropin-releasing hormone 1416 
analogue; MET= Metoclopramide (dopamine receptor antagonist); DOM= Domperidone (dopamine receptor antagonist). PGF= prostaglandin F. 1417 

 1418 

 1419 

 1420 
 1421 
 1422 
 1423 
 1424 
 1425 
 1426 
 1427 
 1428 
 1429 
 1430 
 1431 
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 1432 
 1433 
Table 3. Summary of hormones used and their effects upon females of Latin American marine fish species. 1434 

 1435 
Species 

(common 

name/s) 

Hormone treatment 

(Method)* 
Total Dose 

Number 

of Females 

Ovulation 

rate (%) 

Fertilization 

rate (%) 

Hatching 

rate (%) ** 
Reference 

Lutjanus 

guttatus 

(Rose spotted 

snapper) 

mGnRHa (Single 

implant) 

50-150 μg.kg-1 4 100 No data 28 
91 

150-300 μg.kg-1  4 75 No data 86 

50-150 μg.kg-1   5 100 44 No data 

149 

100-200 μg.kg-1   7 71 No data No data 

200-300 μg.kg-1   6 100 61 No data 

200-300 μg.kg-1   3 100 No data No data 

200-300 μg.kg-1   10 100 0 No data 

Seriola 

rivoliana 

(Longfin 

yellowtail) 

 

GnRHa 

 

20 μg.kg-1 

 

10 

17 

9 

100 

100 

100 

No data 

No data 

No data 

79.86 

84.29 

85.68 

150 

       2 
100                  

 

99.1 

 

96.2 

 
92 

Seriola lalandi 

(Yellowtail 

kingfish) 

GnRHa (Single implant) 500 g  7 100 90 No data 151 

Lutjanus peru 

(red snapper) 
HCG (2 injections) 

500 IU/kg-1000 

IU7Kg 
2 100 No data No data 173 

Centropomus 

undecimalis 

(Common snook, 

robalo) 

sGnRHa (Single implant) 90-150 μg.kg-1 9 89 19 100 158 

mGnRHa (Single 

implant) 
50 μg.kg-1 43 81 57 78 159 

GnRHa (2-4 injections) 20-160 μg.kg-1 11 82 97.3 No data  174 
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Sphoeroides 

annulatus 

(Bullseye puffer) 

GnRHa (implant) 

75 (<800g fish) or 

150 (>800g fish) 

μg.fish-1 

11 82 90.2 No data  

Lutjanus 

novemfasciatus 

(Pacific cubera 

snapper) 

GnRHa (2-3 injections) 20-40 μg.kg-1 4 100 0-41.6 0-21.6 

175 
GnRHa (implant) 36 μg.kg-1 2 50 98 - 

Mycteroperca 

rosacea (Leopard 

grouper 

hCG (Two injections)  1500 IU.kg-1   

7 86 44 - 100b No data 

152 

3 67 0 - 98b No data 

6 83 3 - 74b No data 

3 100 0 No data 

7 71 0 No data 

3 100 31 - 89b No data 

4 100 75 - 94b No data 

mGnRHa (Two 

injections) 

15 μg.kg-1 12 67 0 - 99b No data 

150 μg.kg-1 13 69 0 - 41b No data 

Data in different rows for the same species involve different protocols or experimental replications of the same protocol. * For details of partial doses, time 1436 
intervals and anatomical site of injections review each particular reference. Fertilization and hatching rate data represent the average condition of spawned 1437 
females in each treatment. a The average value was calculated as the mean values of the all fertilization value observed in the multiple spawning from each 1438 
spawned female. b The range values are presented since the average value was not available. ** Hatching values were calculated considering only fertilized 1439 
eggs. CPE= Carp pituitary extract; hCG= Human chorionic gonadotropin; mGnRHa= Mammalian gonadotropin-releasing hormone analogue; sGnRHa= Salmon 1440 
gonadotropin-releasing hormone analogue; MET= Metoclopramide (dopamine receptor antagonist); DOM= Domperidone (dopamine receptor antagonist). 1441 
PGF= prostaglandin F. 1442 

 1443 

 1444 
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