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Resumo 

Domesticação animal tipicamente seleciona loci gênicos que controlam um traço de 

interesse humano, podendo levar à seleção indireta de outros traços devido aos efeitos 

pleiotrópicos. Aqui, nós testamos como a seleção artificial pela coloração amarela que 

ocorreu durante a domesticação da linhagem doméstica new gold do ciclídeo acará-

bandeira (Pterophyllum scalare) afetou a agressão e os níveis de andrógenos. Esta 

espécie amazônica apresenta várias linhagens domésticas ornamentais. Nós 

comparamos a coloração, comprimento das nadadeiras, agressão e níveis de andrógenos 

(testosterona e 11-cetotestosterona) entre as linhagens selvagem e doméstica. Machos 

selvagens eram mais negros, mais agressivos e apresentaram maior índice de 

metabolização de 11KT do que as fêmeas selvagens. Machos domésticos tinham 

nadadeiras dorsais maiores e menor área corporal amarela do que as fêmeas domésticas. 

Nadadeira anal menor foi indiretamente selecionada na linhagem doméstica. Fêmeas 

domésticas foram mais agressivas (em ambos os testes do espelho e intruso) e 

apresentaram maior metabolização de 11KT do que as fêmeas selvagens. Machos 

domésticos foram mais agressivos contra o espelho, mas exibiram menor agressão 

contra o intruso e tiveram menores níveis de T quando comparados com os machos 

selvagens. 11KT e agressividade estavam correlacionados significativamente somente 

em fêmeas selvagens. Assim, os efeitos da domesticação sobre uma espécie de ciclídeo 

monomórfica parece ser sexo-específica.  

Palavras-chave: domesticação; agressividade; integração fenotípica; andrógenos; 11-

cetotestosterona; testosterona; acará-bandeira 

 



 
 

Abstract 

Animal domestication typically selects genetic loci that control a trait of human interest, 

potentially leading to indirect selection of other traits, due to pleiotropic effects. Here, 

we tested how artificial selection for yellow coloration that occurred during the 

domestication of the new gold domestic strain of the cichlid angelfish (Pterophyllum 

scalare) affects aggression and androgen levels. This Amazonian species has several 

domesticated strains of ornamental fish. We compared the coloration, fin length, 

aggression, and androgen levels (testosterone and 11-ketotestosterone) between wild 

and domestic strains. Wild type males were darker, more aggressive and had a higher 

11KT metabolization index than wild type females. Domesticated line males had larger 

dorsal fins and smaller yellow body surface area than domesticated line females. 

Smaller anal fins were indirectly selected in domestic strain.  Domestic females were 

more aggressive (in both mirror and intruder tests) and showed higher 11KT 

metabolization than wild females. Domestic males were more aggressive against the 

mirror, but exhibit less aggression against the intruder and showed lower levels of T 

when compared with the wild males. 11KT and aggressiveness were significantly 

correlated only in wild females. Thus, the effects of domestication in a monomorphic 

cichlid species seem to be sex-specific. 

  

Keywords: domestication; aggressiveness; phenotypic integration; androgens; 11-

ketotestosterone; testosterone; angelfish 
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Abstract 

Animal domestication typically selects genetic loci that control a trait of human interest, 

potentially leading to indirect selection of other traits, due to pleiotropic effects. Here, 

we tested how artificial selection for yellow coloration that occurred during the 

domestication of the new gold domestic strain of the cichlid angelfish (Pterophyllum 

scalare) affects aggression and androgen levels. This Amazonian species has several 

domesticated strains of ornamental fish. We compared the coloration, fin length, 

aggression, and androgen levels (testosterone and 11-ketotestosterone) between wild 

and domestic strains. Wild type males were darker, more aggressive and had a higher 

11KT metabolization index than wild type females. Domesticated line males had larger 

dorsal fins and smaller yellow body surface area than domesticated line females. 

Smaller anal fins were indirectly selected in domestic strain.  Domestic females were 

more aggressive (in both mirror and intruder tests) and showed higher 11KT 

metabolization than wild females. Domestic males were more aggressive against the 

mirror, but exhibit less aggression against the intruder and showed lower levels of T 

when compared with the wild males. 11KT and aggressiveness were significantly 

correlated only in wild females. Thus, the effects of domestication in a monomorphic 

cichlid species seem to be sex-specific. 

  

Keywords: domestication; aggressiveness; phenotypic integration; androgens; 11-

ketotestosterone; testosterone; angelfish 
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Introduction 

Domestication occurs through the mutualistic interaction between a domesticator and a 

domesticated animal that leads to a series of genotypic and phenotypic changes (Zeder, 

2015). Although domestication is focused on the selection of certain genetic loci that 

underlie animal traits of interest to humans (Rubin et al., 2010), domestication may 

cause a series of secondary unintended changes at multiple levels, such  as 

morphological (Wilkins et al., 2014), hormonal (Künzl and Sachser, 1999) and 

behavioral (Huntingford, 2004; Price, 1999) that also become fixed in domesticated 

populations. Therefore an ensemble of traits typically emerges in domesticated 

organisms that have been described as a domestication syndrome (e.g. plants: Brown et 

al., 2009; mammals: Wilkins et al., 2014). These domestication syndromes are often 

caused by a shared mechanisms, which can be genetic (Rubin et al., 2010) or hormonal 

(Badyaev, 2004; Ketterson et al., 2009), underlying the traits involved, that result in a 

pleiotropic effect. The potential role of hormones on domestication syndromes is 

particularly interesting because selection can act at two different levels in endocrine 

systems, the hormone itself and sensitivity of the target tissue to the hormone, with 

opposite consequences for phenotypic integration. Selection on signal strength (i.e. 

hormone levels) will equally affect all traits dependent on that hormone, hence 

promoting phenotypic correlation among these traits and consequently generating a 

hormone dependent syndrome (McGlothlin et al., 2010, 2008). In contrast selection on 

the sensitivity of the target tissue to the hormone (e.g. variation in hormone receptor 

expression), will allow a compartmentalization of the selected trait from other traits that 

depend on the same hormone (Rosvall et al., 2012). Thus, depending on the mode of 

selection on the hormonal mechanism either phenotypic integration or modularization 
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may evolve, with the former being predicted when all hormone-dependent traits are 

adaptive and the later when contrasting selective pressures act on different hormone 

dependent traits (McGlothlin and Ketterson, 2008). 

The cichlid angelfish, Pterophyllum scalare (Schultze, 1823), is an Amazonian 

species of great interest for fish hobbyists around the world (Chapman et al., 1997). 

Several strains have been obtained through artificial selection focused on elaborate 

ornaments (e.g. bright colors and long fins), yielding strains with different 

morphological phenotypes (Goldstein, 2001), which provide interesting models to test 

hypothesis on domestication mechanisms. Although the effects of domestication on 

feeding, reproductive, aggressive and anti-predatory behavior have already been 

described in some species (Huntingford, 2004; El Balaa and Blouin-Demers, 2011), 

little is known on how domestication acts on the mechanisms underlying the integration 

of behavior, hormones and morphological traits. In one of the ornamental strains of P. 

scalare, the new gold angelfish, individuals have a marked reduction in melanisation 

presenting a bright silver body with a yellow-pigmented dorsal region (Goldstein, 

2001). Since melanin-based dark coloration is known to be an androgen-dependent trait 

in many vertebrates including cichlid fish (reviews by Hill and McGraw 2003; Jawor 

and Breitwisch, 2003; McGraw 2006; cichlids: Oliveira and Almada, 1998), and in fish 

melanin accumulation has been shown to be affected by androgens in a dose-dependent 

manner (Adachi et al., 2010) , this strain offers an excellent opportunity to test the 

hypotheses detailed above on the potentially role of hormones (in this case androgens) 

on domestication syndromes. Thus, in this study we compared the new gold strain 

(Figure 1A) with wild type fish (Fig. 1B) to test whether the selection for reduced 

melanisation in this strain has also selected against other androgen-dependent traits, 

namely fin length and aggression, and androgen levels. 
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Material and Methods 

Animals  

P.scalare wild type adults (male: n=10; female: n=20) were collected from Amazon 

River basin in Brazil in January 2015 by commercial suppliers and transported to 

Universidade Federal do Amazonas (Manaus). New gold domestic strain adults (male: 

n=16; female: n=14) were provided by the Ornamental fish lab of the Aquaculture 

Center of UNESP (Jaboticabal) and transported to UNESP campus (São José do Rio 

Preto) in February 2016. Thus, both wild type and domestic fish were tested in the 

summer and care was taken to provide the same conditions both in both labs (Manaus 

and São José do Rio Preto). Both wild type and domestic strains were acclimated in the 

lab for at least 20 days in 500L polypropylene water tanks before being tested, and were 

kept at a temperature of 29º C and a photoperiod of 12L:12D (lights on from from 7:00 

to 19:00). Fish were fed twice a day until satiety using a P. scalare specific comercial 

ration (TetraMin, Tetra). 

 

Experimental procedures 

Wild type and domestic fish were tested for differences in coloration (relative body 

surface melanised), morphology (dorsal, anal and caudal fin length), aggressive 

behavior (directed towards a mirror-image and towards an intruder fish) and androgen 

levels [Testosterone (T) and 11-Ketotestosterone (11KT)]. 

Fish were anesthetized with benzocaine (55mg/L), photographed from their left 

side of the body, individually tagged with with Visible Implant Elastomer (Northwest 

Marine Technology, Inc.) (Goldsmith et al., 2003), and placed in a pre-test aquarium 
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(45 cm X 80 cm X 30 cm) in groups of six fish for 24 hours. After this period, they 

were isolated in a test aquarium (40 cm X 30 cm X 40 cm) for 2 hours before the 

aggression tests begin. After these tests were concluded in the first day, fish returned to 

the pre-test aquarium for 20 hours, and then the aggression tests were repeated. Then, 

fish were anesthetized with benzocaine (55mg/L) for blood collection and subsequently 

killed by benzocaine overdose (110mg/L). Since this species is not sexually dimorphic 

(Chien, 1973), sex was  assessed post-mortem by direct inspection of the gonads. 

 

Coloration and morphological measurements 

The software ImageJ was used to measure (from scaled pictures) fish standard length, 

anal, caudal and dorsal fin length (i.e. distance from insertion to tip of longest ray on 

each fin), pigmentation area (dark and yellow) and body lateral surface area. In order to 

correct for body size absolute fin lengths were expressed as relative fin lengths (i.e. 

divided by standard body length). Pigmentation data was expressed as relative area as 

percentage of lateral body surface area.  

 

Behavioral measurements 

After the 2 hours of isolation, a mirror was placed aside the aquarium and the agonistic 

response towards the mirror was video recorded for 15 minutes (similar to Cacho et al., 

2006). Then, the mirror was removed, and 45 min later a small transparent container (13 

cm X 8 cm X 11.5 cm) with an intruder fish inside was placed inside the test aquarium. 

The agonistic interaction was also video recorded for 15 min (modified from Perreault 

et al., 2003). The intruder was then removed from the test aquarium and the fish stayed 



 

13 
 

alone for 45 minutes before being placed again in the group in the pre-test aquarium. 

These aggression tests were repeated on the next day. Video-recordings were analysed 

and the following behavioral measures were taken for each test on each day: latency to 

attack (mirror or intruder); frequency of agonistic behavior (towards mirror or intruder).  

 

Hormone measurements 

We collected blood (80 – 150 μL) from the caudal vein using a 0.5 mL syringe and a 

heparinized needle. Blood samples were centrifuged for 15 minutes at 5,000 rpm, and 

plasma samples were frozen at -20ºC. T and 11KT levels were measured by using 

enzyme immunoassay kits (IBL International RE52151, Cayman Chemical #582751, 

respectively) following the manufacturer’s instructions. Intra-assay coefficients of 

variation were 7.75% for 11KT and 3.14% for T. Due to small volume of blood 

collected from each fish in some samples it was only possible to assay one hormone and 

priority was given to T (T was assayed from 9 wild females, 8 wild males, 9 domestic 

females and 13 domestic males; 11KT were assayed from 5 wild females, 4 wild males, 

9 domestic females and 13 domestic males). Since 11KT is a metabolite of T a 

metabolization index was also computed as  11KT/ (11KT + T) (after Oliveira et al., 

2001). 

 

Statistical analysis  

Mean of two days behavioral, morphological and hormonal data were tested for outliers 

by Grubbs’ test, and removed from the data.  Then, data were transformed by log+1 for 

comparisons between sex intra-strain and between strains. They were contrasted by 
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Planned Comparisons, whereas parametric analyses are more robust than 

nonparametric. Spearman’s rank was used to analyze correlations between 

morphological, hormonal and behavioral variables and to test how these phenotypes are 

integrated in each sex and strain. Statistical tests were performed using the software 

STATISTICA v.13 with significance set to p-level of 0.05. 

 

Results  

Males vs. females 

Wild type male had a larger dark body surface area (F(1,48)=12.94, p<0.01) (Fig. 1F), a 

higher frequency of attacks against the intruder (F(1,48)=5.61, p=0.02) (Fig. 2D) and a 

higher 11KT metabolization index (F(1,48)=4.27, p=0.05) (Fig. 3B) than wild type 

female. Domesticated females showed larger yellow body surface area (F(1,48)=5.53, 

p=0.02) (Fig. 1E) and smaller dorsal fin (F(1,48)=3.91, p=0.053) than domesticated males 

(Fig. 1C).  

 

 Fin length 

There were no significant differences between strains regarding the relative length of 

both the dorsal (males: F(1,48)<0.01, p=0.93; females: F(1,48)=0.13; p=0.71) (Fig. 1C) and 

caudal fins (males: F(1,48)=2.09; p=0.15; females: F(1,48)=0.43; p=0.51) (Fig. 1D), and the  
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Figure 1. Comparison of morphologic traits (mean ± standard error) between domesticated (A; gray bars 

in C-G) and wild type (B; black bars in C-G) strains: (A) lateral view of a gold domesticated strain 

specimen; (B) lateral view of a wild type specimen; (C) Dorsal fin length; (D) caudal fin length; (E) anal 

fin length; (F) Melanin pigmented body surface area; (G) Yellow body surface area. Asterisks indicate a 

significant difference between strains. 
a
 indicates a significant intra-strain difference between sex. 

Planned comparisons, p≤0.05.  

domestic strain had a smaller anal fin than wild types (males: F(1,48)=42.89, p<0.001; 

females: F(1,48)=31.19, p<0.001) (Fig. 1E). 

 

Aggressiveness 

The domestic strain had a shorter latency to attack the mirror (males: F(1,48)=11.34, 

p<0.01; females: F(1,48)=19.97, p<0.01) (Fig. 2A) and the intruder (females: 

F(1,48)=14.54, p<0.01; males: F(1,48)=5.32, p=0.03) (Fig. 2C). Additionally, when 

compared to wild types, domestic females, but not males, exhibited a higher frequency 

of attacks towards the mirror (females: F(1,48)=7.06; p=0.01; males: F(1,48)=0.72, p=0.40) 
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(Fig. 2B). On the other hand, domestic males, but not females, showed a lower 

frequency of attacks towards the intruder than wild types (females: F(1,48)=0.26, p=0.61; 

males: F(1,56)=7.58, p=0.01) (Fig. 2D). 

 

Androgens  

Wild type males, but not females, had higher T levels (males: F(1,30)=5.59, p=0.04; 

females: F(1,30)=3.02, p=0.09) (Fig. 3A) than domesticated line males. Domesticated line 

females, but not males, had higher 11KT metabolization index (males: F(1,22)=0.83, 

p=0.37; females: F(1,22)=4.87, p=0.04) (Fig. 3C). There was no difference in 11KT levels 

between strains (males: F(1,23)=0.74, p=0.40; females: F(1,23)=1.79, p=0.19) (Fig. 3B). 

 

Phenotypic Correlations 

Wild type females presented negative correlations between Frequency of attacks against 

the intruder and Latency to attack the intruder, Frequency of attacks against the mirror 

and Latency to attack the mirror, Frequency of attacks against the mirror and Latency to 

attack the intruder, Frequency of attacks against the intruder and Latency to attack the 

mirror, 11KT and Latency to attack the intruder, 11KT/T and Latency to attack the 

mirror (Fig 4A). They also had positive correlations between Latency to attack the 

mirror and Latency to attack the intruder, Frequency of attacks against the mirror and 

Frequency of attacks against the intruder, 11KT and Frequency of attacks against the 

intruder, 11KT/T and Frequency of attacks against the mirror (Fig. 4A). Wild type 

males presented the following significant positive correlations: Frequency of attacks  
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Figure 2. Comparison of aggression (mean ± standard error) between wild type (black bars) and 

domesticated gold strain (gray bars): (A) latency to attack mirror; (B) Frequency of attacks towards 

mirror; (C) latency to attack intruder; (D) Frequency of attacks towards intruder.  Asterisks indicate a 

significant difference between strains. 
a
 indicates a significant intra-strain difference between sex. 

Planned comparisons, p≤ 0.05. 

 

Figure 3. Comparison of androgen levels (mean ± standard error) between wild type (black bars) and 

domesticated strains (gray bars): (A) testosterone; (B) 11-ketotestosterone; (C) 11-ketotestosterone 

metabolization index. Asterisks indicate a significant difference.
 a
 indicates a significant intra-strain 

difference between sex. Planned comparisons, p ≤0.05.  

against the intruder had positive correlations with Dorsal fin and Latency to attack the 

mirror (Fig. 4B). 

 Domestic strain females had significant positive correlations between Dorsal fin 

and Frequency of attacks against the intruder; Dorsal fin and T; Anal fin and %Y; 11KT  
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Figure 4. Correlations between measured variables in (A) wild type females, (B) wild type males, (C) 

domesticated line females and (D) domesticated line males. Dorsal fin relative length (DIndex), caudal fin 

relative length (CIndex), anal fin relative length (AIndex), latency to attack the mirror (LatM), frequency 

of attacks against mirror (AtM), Latency to attack the intruder (LatI), frequency of attacks against intruder 

(AtI), testosterone levels (T), 11-ketotestosterone levels (11KT), 11KT metabolism index (11KT/T), 

melanin pigmented area (%M) and yellow pigmented area (%Y). Asterisks indicates significant 

correlations, p≤ 0.05. Spearman rank correlation test. 

and Latency to attack the mirror (Fig. 4C). They also exhibited negative correlations 

between Latency to attack the mirror and Frequency of attacks against the mirror; 

Latency to attack the intruder and Frequency of attacks against the intruder; 11KT/T 

and Frequency of attacks against the intruder; 11KT/T and T (Fig. 4C). In domestic 

males there were significant positive correlations between Dorsal fin and 11KT/T; 
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11KT/T and 11KT. They also presented negative correlations between Dorsal fin and T; 

T and 11KT/T, Caudal fin and Latency to attack the mirror (Fig. 4D). 

Discussion 

Indirect selection on fin length during domestication process (shorter anal fin in P. 

scalare domesticated line) has already been observed in other species (Pulcini et al., 

2013). In P. scalare, females prefer males being bigger, more aggressive and more 

careful to the offspring (Cacho et al., 2006) and, as there is no apparent sexual 

dimorphism (wild type: males ~2.5% darker than females; domesticated line: females 

~1.0% yellower and with dorsal fin ~5.4% shorter than males), the selection on 

coloration and fins length was the same in both sexes.  

 Furthermore, the differences between sex in aggressiveness (Fig. 2E) and 11KT 

levels (Fig. 3B) in wild type strain do not occur in domesticated line. Under milder 

environmental pressure conditions, traits that generate costs for the individuals and are 

no longer needed start to be less expressed. This situation is known as ―relaxed 

selection‖ (Lahti et al., 2009). Thus, higher T levels in wild type males compared to 

wild type females that were necessary before for the maintenance of some traits cease to 

be advantageous, since pressures in artificial environments are softer. 

 Domestic individuals had higher motivation for aggression, which is indicated 

by lower Latency to attack the mirror and the intruder and, in domestic females, also 

higher Frequency of attacks against the mirror. Aggression increasing in domestic 

individuals has already been observed in other species, but only in males (Ameca 

splendens - Campbell et al., 2015; rainbow trout - Kelley et al., 2006). However, there 

was an exception for this pattern, since domestic males had lower Frequency of attacks 
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against the intruder. In this case, the different color pattern (lack of dark coloration) 

could have acted as an aggression reducer (Beeching, 1995; Reddon and Hurd, 2009). 

The increase in aggression motivation in both sexes from domestic strain can be related 

to the captive environment where there are usually high population densities. P. scalare 

has biparental care and both parents attack the intruders (Yamamoto et al., 1999). Thus, 

both more aggressive male and female would present higher fitness for offspring care. 

In addition, the lack of predators in an artificial environment makes those individuals 

reduce their expression of some antipredatory behaviors, diminishing energetic costs 

(Huntingford, 2004). Thereby, domestic individuals express lower Latency to attack the 

mirror because they are probably less cautious than wild individuals. 

 We also can note on wild females that besides the expected relationships 

between aggressiveness variables (Latency to attack the mirror x Frequency of attacks 

against the mirror: negative; Latency to attack the intruder x Frequency of attacks 

against the intruder: negative; Latency to attack the intruder x Latency to attack the 

mirror: positive; Frequency of attacks against the intruder x Frequency of attacks 

against the mirror: positive; Latency to attack the mirror x Frequency of attacks against 

the intruder: negative; Latency to attack the intruder x Frequency of attacks against the 

mirror: negative), which show the higher aggression motivation, the higher attack 

frequency, they also presented a strong relationship between aggressiveness and 

endocrinology parameters (11KT x Frequency of attacks against the intruder: positive; 

11KT x Latency to attack the intruder: negative; 11KT/T x Frequency of attacks against 

the mirror: positive; 11KT/T x Latency to attack the mirror: negative). So, on wild 

females, 11KT probably plays an important role on aggressive behavior maintenance, 

once it has a positive relationship with aggressiveness in both tests. Wild males showed 

an unexpected relationship (Latency to attack the mirror x Frequency of attacks against 



 

21 
 

the intruder: positive) in which individuals with less motivation to start a fight against 

the mirror had a higher attack frequency against the intruder. Possibly, it happened 

because the previous ―presence‖ of a virtual opponent for 15 minutes followed by its 

absence could have prepared the wild male for the next fight. 

 We observed in domestic strain that some variables are equally correlated in 

both sexes, such as the aggressiveness ones (Latency to attack the mirror x Frequency of 

attacks against the mirror: negative; Latency to attack the intruder x Frequency of 

attacks against the intruder: negative); which shows that individuals with higher 

motivation to start a fight also had a higher attack frequency against the opponent, what 

is expected. However, there were also some differences, such as the relationship 

between Dorsal fin and T, which are positively correlated in females and negatively 

correlated in males. 

 As we stated previously, coloration was the trait selected in this domesticated 

strain and it was equally expressed in both sexes. Nonetheless, some relationships were 

modified during the domestication process in P. scalare. In females, some of the 

relationships between the aggressiveness variable remained (Latency to attack the 

mirror x Frequency of attacks against the mirror: negative; Latency to attack the 

intruder x Frequency of attacks against the intruder: negative) in the domestic strain. 

Whereas the positive relationships between aggressiveness and androgens (11KT x 

Frequency of attacks against the intruder: positive; 11KT x Latency to attack the 

intruder: negative; 11KT/T x Frequency of attacks against the mirror: positive; 11KT/T 

x Latency to attack the mirror: negative) became the inverse (11KT x Frequency of 

attacks against the mirror: positive; 11KT/T x At.I: negative) in domestic females. 

Probably, the mechanisms related to aggression selected on the domestic females are 

different, because even having smaller T levels, higher 11KT/T and positive correlation 
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between 11KT and Latency to attack the mirror domestic females are more aggressive 

than wild ones. In addition, along with the appearance of yellow pigmentation during 

the domestication process there was the occurrence of a positive correlation between 

Anal fin and %Y, which only exists in domestic females. They also presented a positive 

correlation between Dorsal fin and Frequency of attacks against the intruder, similarly 

to wild males. 

 In domestic males, there was the extinction of the correlations present in wild 

males (Frequency of attacks against the intruder x Dorsal fin: positive; Frequency of 

attacks against the intruder x Latency to attack the mirror: positive) and the appearance 

of correlations between the aggressiveness variables similarly to domestic female 

(Latency to attack the mirror x Frequency of attacks against the mirror: negative; 

Latency to attack the intruder x Frequency of attacks against the intruder: negative). In 

addition, there was a surge of some correlations between morphology and behavior 

(Caudal fin x Latency to attack the mirror: negative), morphology and endocrine 

parameters (Dorsal fin x T: negative; Dorsal fin x 11KT/T: positive) and between 

physiological variables (11KT/T x 11KT: positive; 11KT/T x T: negative). 

 Unlike the mammals that usually become more docile after the domestication 

process (Wilkins et al., 2014) and, in some species, an arise on androgen levels are 

observed (Blottner et al., 2000; Künzl and Sachser, 1999), it is common to observe in 

fishes an aggression increase as a domestication product (Campbell et al., 2015; Kelley 

et al., 2006), as we found in this study. Furthermore, the aggression increasing in 

domesticated line females with no hormonal level changes by domestication gathered to 

the increasing in motivation to attack the mirror and the intruder with a decrease in T 

levels in domesticated line males suggest that other physiological mechanisms, such as 
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the tissue sensibility to androgens (Rosvall et al., 2012; Vullioud et al., 2013), were 

selected during the domestication process. 

 Several correlations between morphological traits, behaviors and physiology 

were modified in the process of selection for individuals without melanin and with 

yellow pigmentation in P. scalare. However, neither wild nor domestic strains showed a 

direct correlation between coloration and endocrine parameters. Therefore, we cannot 

state that selection on coloration had a direct effect on androgen levels in domestic 

strain. For this, the quantitative trait locus (QTL) analysis would be a great tool to 

elucidate which genetic mechanisms were selected during domestication (Christensen et 

al., 2014; Jensen, 2014). 

 

Conclusion 

We conclude that the selection on pigmentation pattern in P. scalare had effects on 

morphology, aggressiveness and androgen levels in both sexes. In addition, even the 

same coloration pattern had been selected in both males and females, because it is a 

species with no clear sexual dimorphism, the correlations between the quantified 

variables were affected in different ways. This kind of study helps us to understand how 

traits naturally or artificially selected can affect other phenotypes that also influence the 

individual’s fitness. QTL analysis should be used in future studies for a better 

understanding of the effects from directional selection on other phenotypes. 
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