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ABSTRACT
This study aimed to evaluate the impact of delayed Artemia nauplii introduction on the larviculture of the Amazonian 
ornamental fish Pyrrhulina brevis. A completely randomized design with four treatments and four replicates was 
implemented. Larvae were subjected to varying delays in Artemia nauplii supply—0 (no delay), two, four, and six 
days—and were subsequently fed until the end of the 20-day experimental period. Growth performance, point-of-no-
return, and intestinal and muscular histomorphometry were assessed at the end of the experiment. No differences in 
length, weight, uniformity or Fulton’s condition factor were observed between larvae with no delay and those with a 
two-day delay in Artemia nauplii supply (p > 0.05). However, total mortality occurred in larvae exposed to delays of four 
days or longer by the fifth day of experiment. Larvae without delay exhibited a survival rate of 86.25%, significantly 
higher than the 20% survival rate in those subjected to a two-day delay (p < 0.05). The point-of-no-return for 
P. brevis larvae was determined to be 2.69 days (9.69 days post-hatching). No differences were observed in intestinal or 
muscle histomorphometry among treatments (p > 0.05). These findings highlight that delaying Artemia nauplii supply 
critically reduces the survival of P. brevis larvae, potentially compromising the viability of larviculture production.
Keywords: Fasting; live prey; Ornamental fish farming; Point-of-no-return.

Janela crítica de alimentação: Influência do fornecimento tardio de náuplios 
de Artemia na larvicultura de Pyrrhulina brevis

RESUMO
Este estudo teve como objetivo avaliar o impacto da introdução tardia de náuplios de Artemia na larvicultura do peixe 
ornamental amazônico Pyrrhulina brevis. Um delineamento inteiramente casualizado com quatro tratamentos e quatro 
repetições foi implementado. As larvas foram submetidas a diferentes atrasos no fornecimento de náuplios de Artemia — 
0 (sem atraso), dois, quatro e seis dias — e foram posteriormente alimentadas até o fim do período experimental de 20 
dias. O desempenho produtivo, o ponto de não retorno e a histomorfometria intestinal e muscular foram avaliados ao 
final do experimento. Não foram observadas diferenças em comprimento, peso, uniformidade ou fator de condição de 
Fulton entre larvas sem atraso e aquelas com atraso de dois dias no fornecimento de náuplios de Artemia (p > 0,05), no 
entanto ocorreu mortalidade total nas larvas expostas a atrasos de quatro dias ou mais até o quinto dia de experimento. 
As larvas sem atraso apresentaram taxa de sobrevivência de 86,25%, significativamente superior aos 20% de sobrevivência 
nas larvas com atraso de dois dias (p < 0,05). O ponto de não retorno das larvas de P. brevis foi determinado em 2,69 
dias (9,69 dias após a eclosão). Não foram observadas diferenças na histomorfometria intestinal ou muscular entre os 
tratamentos (p > 0,05). Esses achados destacam que o atraso no fornecimento de náuplios de Artemia reduz criticamente 
a sobrevivência das larvas de P. brevis, comprometendo potencialmente a viabilidade produtiva na larvicultura.
Palavras-chave: Jejum; Presas vivas; Piscicultura ornamental; Ponto de não retorno.
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INTRODUCTION
The primary challenges in ornamental fish farming are 

intricately linked to feeding and nutritional management. Existing 
rearing protocols often adopt feeding strategies originally 
designed for edible fish species (Campelo et al., 2021), which 
are poorly suited to the unique physiological and ecological 
requirements of ornamental fish. This mismatch can adversely 
affect survival rates (Oliveira et al., 2020b) and profitability, 
particularly in aquarium trade industry, in which ornamental 
fish are sold individually rather than by weight (Oliveira et al., 
2022). The issue is especially critical in larviculture, in which 
the inherent fragility of larvae and suboptimal feeding practices 
frequently result in high mortality rates (Abe et al., 2022; Eiras 
et al., 2022). A key research focus in this area is optimizing the 
timing of initial feeding, as delays can severely impair larval 
development and survival (Motta et al., 2023).

The production of juvenile ornamental fish is increasingly 
adopting intensive systems (Araújo et al., 2021; Oliveira et al., 
2022), in which larvae are introduced into controlled tank 
environments immediately after mouth opening (Ferreira et al., 
2023; Santos et al., 2022). The success of these systems hinges 
on various factors, with the quality and availability of live 
prey being particularly critical (Abe et al., 2019; Eiras et al., 
2022). While these systems provide enhanced control over 
environmental conditions (Pinheiro Junior et al., 2023; Reis 
et al., 2021), failures in live prey cultivation or improper timing in 
prey supply can result in larval starvation, severely compromising 
survival rates (Abe et al., 2022; Motta et al., 2023).

For many fish species, fasting is a natural physiological 
response to environmental changes caused by partial or complete 
food scarcity (Assis et al., 2020). While adult and juvenile fish 
have evolved strategies to mobilize energy reserves and endure 
extended periods without food (Porto et al., 2023), fish larvae 
exhibit heightened vulnerabilities. In both natural ecosystems 
and aquaculture settings, fluctuations in food availability 
frequently result in fasting episodes that can significantly impair 
larval growth and survival (Melo et al., 2020; Motta et al., 
2023). Unlike their more developed counterparts, larvae possess 
limited energy reserves, making them highly susceptible to 
food deprivation; even brief periods of fasting can dramatically 
increase mortality risk (Abe et al., 2022; Xu et al., 2023).

Prolonged fasting can weaken fish larvae to the point in 
which they lose the ability to exhibit normal feeding behavior 
(Melo et al., 2020). Even if food becomes available, severely 
weakened larvae may be unable to resume feeding, ultimately 
leading to mortality (Motta et al., 2023). This critical threshold, 

known as point-of-no-return (PNR), was first described by 
Blaxter and Hempel (1963) as the stage at which the damage 
caused by fasting becomes irreversible, resulting in 50% of 
larvae mortality. Understanding the fasting effects on larval 
development and survival is essential for reducing rearing 
costs in aquaculture. Early mortality in fish farms is strongly 
influenced by the period during which larvae can withstand food 
deprivation before reaching the PNR (Garcia et al., 2020).

Pyrrhulina brevis (Steindachner, 1876), a member of the 
family Lebiasinidae, is native to the Amazon Basin and renowned 
in the ornamental fish trade for its unique morphological and 
behavioral characteristics (Oliveira et al., 2020b). This species 
commands high international market prices, reflecting its 
commercial importance (Pinheiro Junior et al., 2023). While 
captive farming of P. brevis has been established, production 
remains limited and inconsistent, largely due to insufficient 
scientific knowledge to refine and standardize rearing practices 
(Abe et al., 2022). As a result, the ornamental trade continues 
to rely predominantly on wild-caught specimens, exerting 
substantial pressure on natural populations and raising concerns 
about potential declines in wild stocks (Oliveira et al., 2020b).

High mortality rates in the early life stages of P. brevis are 
often attributed to inadequate feeding management, underscoring 
the critical need for a deeper understanding of this issue 
(Abe et al., 2022; Oliveira et al., 2020b). Determining the PNR 
and evaluating larval growth, as well as intestinal and muscular 
development, in response to delayed feeding with Artemia nauplii 
are essential for identifying the duration of food deprivation that 
compromises survival and leads to economic losses. This study 
aimed to assess the effects of delayed Artemia nauplii feeding on 
the growth performance of P. brevis larvae, establish the PNR, 
and analyze intestinal and muscle histomorphometry to inform 
optimized feeding strategies.

MATERIAL AND METHODS
Fish and experimental design

The experiment was conducted at the Laboratório de 
Piscicultura, Instituto de Estudos Costeiros, Universidade 
Federal do Pará (UFPA), Brazil, in accordance with the 
guidelines of the Ethics Committee for the Use of Animals at 
UFPA (approval number: 5008250424). The P. brevis larvae 
were obtained through natural spawning from wild-caught 
broodstock maintained under controlled laboratory conditions. 
Eggs, deposited on a Terminalia catappa leaf used as a spawning 
substrate, were carefully collected and transferred to a hatchery. 
During the initial four days post-spawning, the larvae subsisted 
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on their yolk sac. In the subsequent three days, they relied on 
microorganisms generated by the decomposition of the T. catappa 
leaf for nourishment.

A total of 320 larvae, seven days post-hatching, originating 
from a single breeding pair and a single spawning event, with a 
mouth size suitable for consuming Artemia nauplii as exogenous 
food (Abe et al., 2015), were used in this experiment. The larvae 
had an initial mean length of 4.25 ± 0.20 mm and a mean weight 
of 1.08 ± 0.12 mg (mean ± standard deviation). They were fed 
newly hatched Artemia nauplii at an initial concentration of 150 
Artemia nauplii larvae-1 day-1, with prey concentration increasing 
by 50% every six days (Oliveira, 2022). Feeding was carried 
out four times daily, at 8, 11, 14, and 17 h, following a protocol 
adapted from Abe et al. (2015) and Oliveira et al. (2020b), with 
modifications to the feeding times.

Artemia nauplii were produced daily by incubating cysts in 
salinized water with a salinity of 35 g L-1, maintained at 28°C 
under artificial lighting for 24 hours with continuous aeration. 
After hatching, the live nauplii were collected by siphoning 
and rinsed through a 120-μm mesh sieve under running 
freshwater to remove residual salinity, and subsequently stored 
in freshwater. The mean nauplii density per milliliter was 
then determined, and the volume needed for each aquarium 
was calculated based on the required number of nauplii per 
experimental unit. This procedure adhered to the methodology 
described by Oliveira et al. (2022).

Before the experiment began, larvae were carefully 
transferred to the experimental units at the initial stocking 
density of 20 larvae L-1. The experimental setup consisted of 
16 1-L plastic aquaria arranged in a completely randomized 
design, with four treatments and four replicates per treatment, 
conducted over a 20-day experimental period. The study 
investigated the effects of delayed Artemia nauplii provisioning 
during the initial feeding of P. brevis larvae, comparing a control 
group with no delay to treatments involving delays of two, four, 
and six days, followed by feeding with Artemia nauplii.

Water quality parameters were meticulously monitored 
throughout the experimental period. Dissolved oxygen levels 
were maintained at 6.40 ± 0.42 mg∙L-1, temperature at 26.22 ± 
0.25°C, pH at 6.35 ± 0.35, and electrical conductivity at 0.17 ± 
0.07 mS∙cm-1. These parameters were measured every three 
days using a portable multiparameter probe (HORIBA U-50; 
CA, United States of America). Total ammonia concentration 
was also assessed every three days using a colorimetric method 
(Labcon Test Kit; Alcon Industry and Commerce; SC, Brazil), 
with a mean value of 0.10 ± 0.07 mg∙L-1. All parameters were 

maintained according to the recommended ranges for P. brevis 
rearing, as outlined by Oliveira et al. (2020b).

Aquariums were continuously oxygenated using an individual 
aeration system, and the laboratory maintained a controlled 12-
hour light/12-hour dark photoperiod under artificial lighting. 
Each experimental unit was cleaned twice daily (12 and 18 h) by 
siphoning the aquarium bottom to remove feces and uneaten feed. 
Larvae were monitored throughout the day, and dead individuals 
were promptly removed. Water quality was maintained by 
replacing 30% of the total volume in each aquarium during each 
cleaning session. During these maintenance routines, larvae 
were counted, and the food quantity was adjusted in response to 
any observed mortality.

Growth performance
At the conclusion of the 20-day experimental period, surviving 

fish were fasted for 12 hours to empty the gastrointestinal tract and 
subsequently anesthetized with an 80-mg L-1 solution of eugenol 
(Cordeiro et al., 2016). Fish were then individually measured using 
an electronic caliper (PANTEC-150; 0.01 mm precision; Brazil) 
and weighed with a precision analytical balance (GEHAKA 
AG200; accuracy of 0.0001 g; Brazil). Using the recorded 
final length (FL) and final weight (FW), the following growth 
performance parameters were calculated by Eqs. 1-2; Eqs. 3, 4 
(Lugert et al., 2016); Eqs. 5, 6 (Abe et al., 2019) and Eq. 7 (Froese, 
2006; Fulton, 1904):

                         LG = final length - initial length	 (1)

                        WG = final weight - initial weight	 (2)

               
Specific growth rate for length (SGRL) = 
[(ln final length - ln initial length)/number 

of experiment days] x 100
	 (3)

             
Specific growth rate for weight (SGRW) = 
[(ln final weight - ln initial weight)/number 

of experiment days] x 100
	 (4)

          

Uniformity of the batch for length (LU) = 
(number of fish with length varying ± 20% from 
the mean in each experimental unit/total number 

of fish per experimental unit) x 100

	 (5)

          

Uniformity of the batch for weight (WU) = 
(number of fish with weight varying ± 20% from 
the mean in each experimental unit/total number 

of fish per experimental unit) x 100

	 (6)
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                      Fulton’s condition factor (K) =
(final weight/final length3) *100

	 (7)

              
Survival rate (SR) =

(final fish number/initial fish number) *100
	 (8)

The PNR was determined following the methodology 
described by Blaxter and Hempel (1963), which defines the 
PNR as the stage at which 50% of larvae reach an irreversible 
fasting threshold. At this critical point, larvae are unable 
to resume feeding even when food is available, ultimately 
resulting in their death. In this study, the PNR was identified 
as the point in which 50% mortality was observed within the 
treatment group.

Intestinal and muscle histomorphometry
During the final biometric analysis, two larvae per 

replicate were randomly selected and euthanized using a 
hyperconcentrated eugenol anesthetic solution (150 mg∙L-1), 
following Roubach et al. (2005), for subsequent histological and 
morphometric analyses, resulting in a total sample size of eight 
larvae per treatment (N = 8). For histological evaluation, multiple 
measurements were obtained from each individual; however, 
larvae were considered subsamples, and the replicate (aquarium) 
was defined as the experimental unit for statistical analysis. 
Accordingly, individual measurements were averaged within 
each replicate prior to analysis, avoiding pseudoreplication. 
Only larvae presenting biometric values within the mean range 
of their respective experimental units were included in the 
morphometric assessments.

These specimens were initially fixed in a 10% buffered 

formalin solution for 24 hours and subsequently preserved 
in 70% alcohol. For histological processing, larvae were 
embedded whole. Standard histological procedures were 
employed, including dehydration through a graded series 
of alcohol concentrations (70 to 100%), clearing in xylene, 
and embedding in paraffin (Santos et al., 2021). Semi-serial 
transverse cross-sections, 5-µm thick, were obtained from 
entire larvae using a microtome (LEICA RM2145; Germany), 
allowing the simultaneous visualization of intestinal 
structures and muscle fibers within the same section. Sections 
were stained with hematoxylin–eosin to produce permanent 
slides for analysis.

Slides were examined and photographed using an optical 
microscope (Axio Scope A1, Carl Zeiss Microscopy GmbH; 
Germany) at 40× magnification, equipped with a digital camera 
system (AxioCam HRc, Carl Zeiss; Germany). The identification 
of the intestine and muscle fibers was performed under light 
microscopy based on their anatomical position and morphological 
characteristics. Image analysis was performed with ImagePro-
Plus 4.5.1 software (Media Cybernetics Products; United 
States of America). For each sample, measurements were taken 
from 50 intestinal villi to assess intestinal villus height (IVH), 
intestinal villus width (IVW), and intestinal villus perimeter 
(IVP) (Fig. 1a). Additionally, the cross-sectional diameter of 
200 white muscle fibers per sample was measured in the epaxial 
musculature using the smallest diameter method (Dubowitz 
& Brooke, 1973) (Fig. 1b). Muscle fibers were classified into 
three diameter categories (< 10, 10–20, and > 20 μm) (Kojima 
et al., 2015), and the frequency of each class was expressed as a 
percentage of the total fibers measured.

Figure 1. Photomicrograph illustrates (a) the measurements of height, width, and perimeter of the intestinal villi and (b) smaller 
diameter of muscle fibers of Pyrrhulina brevis larvae at 27 days post-hatching (40x, hematoxylin and eosin).
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Statistical analysis
Statistical analyses were performed in the R environment 

(RStudio, version 2025.09.2+418). Residual normality was 
assessed using the Shapiro–Wilk’s test, and homogeneity 
of variances was evaluated using Levene’s test. When the 
assumptions of normality and homoscedasticity were met, 
comparisons between groups were conducted using Student’s 
t-test. Data that did not meet the normality assumption were 
transformed using the log (x + 1) function prior to analysis. In 
cases of heterogeneity of variances, Welch’s t-test was applied. 
All statistical tests were performed at a significance level of 
p ≤ 0.05. Polynomial regression analysis based on mean survival 
rate values was used to evaluate the relationship between feeding 
delay and larval survival and to determine the PNR.

RESULTS
Growth performance

Larvae subjected to four and six days of delayed Artemia 
nauplii provision experienced total mortality by the end of the 
fifth day of experiment. In contrast, larvae fed with Artemia 
nauplii without delay demonstrated a significantly higher 
survival rate of 86.25% (p < 0.05) compared to those with a 
two-day delay, which exhibited a survival rate of only 20%. 
This survival rate in the two-day delay group remained constant 
throughout the experiment (Fig. 2).

availability. No differences were observed in length, weight, batch 
uniformity, or Fulton’s condition factor between larvae receiving 
Artemia nauplii immediately (0-day delay) and those with a two-
day delay (p > 0.05). However, the survival rate was impacted by 
the delay in Artemia nauplii provision (p < 0.05) (Table 1).

Table 1. Growth performance (mean ± standard deviation; n = 4) 
of Pyrrhulina brevis larvae subjected to delay in Artemia nauplii 
provision and subsequent feeding*.

Parameter
Treatment1

p-value2 CV (%)
J0 J2

FL (mm) 13.30 ± 0.28 12.77 ± 0.44 0.19 3.88
LG (mm) 8.76 ± 0.28 8.24 ± 0.44 0.20 5.96

SGRL (% day-1) 5.38 ± 0.11 5.17 ± 0.17 0.20 3.76
FW (mg) 19.87 ± 0.62 18.01 ± 1.64 0.12 7.77
WG (mg) 18.72 ± 0.62 16.86 ± 1.64 0.12 8.28

SGRW (% day-1) 14.25 ± 0.16 13.74 ± 0.46 0.13 2.88
LU (%) 98.22 ± 2.68 100.00 ± 0.00 0.36 2.55
WU (%) 70.37 ± 10.1853.75 ± 23.13 0.36 38.49

K 0.85 ± 0.10 0.87 ± 0.07 0.80 1.36
SR (%) 86.25 ± 6.88a 20.00 ± 7.50b 0.01 18.33

*Initial mean length of 4.25 ± 0.20 mm and initial mean weight of 1.08 ± 0.12 
mg; FL: final length; LG: length gain; SGRL: specific growth rate for length; 
FW: final weight; WG: weight gain; SGRW: specific growth rate for weight; 
LU: length uniformity; WU: weight uniformity; K: Fulton’s condition factor; SR: 
survival rate; 1day of delay in Artemia nauplii provision, 0 and two days, labeled 
J0 and J2; 2differences between treatments were evaluated using Student’s t-test, 
with Welch’s t-test applied when heterogeneity of variances was detected (p < 
0.05); CV: coefficient of variation.

Figure 2. Survival rate of Pyrrhulina brevis larvae during the first five 
days under different delays in Artemia nauplii provision, followed 
by subsequent feeding. The delays are categorized as 0, two, four, 
and six days and are labeled as J0, J2, J4, and J6, respectively.

Figure 3. Point-of-no-return for Pyrrhulina brevis larvae expressed 
as days of delay in Artemia nauplii provision (days without food), 
and not as days post-hatching, followed by subsequent feeding.

Biometric data were unavailable for larvae subjected to four 
and six days of delayed Artemia nauplii provision due to complete 
mortality following the fasting period, despite subsequent food 

A second-degree polynomial equation was fitted to the mean 
survival rate data (Fig. 3).
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The analysis revealed that the PNR for P. brevis larvae, 
defined as the stage at which the effects of food deprivation 
become irreversible, with 50% of the fasting larvae still alive, 
occurred after 9.69 days post-hatching (2.69 days of delayed 
Artemia nauplii provision) under an average temperature of 
26.22 ± 0.20°C.

Intestinal and muscle histomorphometry
No differences were observed in intestinal villus height, 

width, or perimeter between larvae receiving Artemia nauplii 
immediately (0-day delay) and those with a two-day delay 
(p > 0.05) (Table 2).

DISCUSSION
While decreasing food supply during initial feeding may 

offer economic benefits for the ornamental fish farming (Oliveira 
et al., 2020a), improper application can severely impact survival 
in fish larviculture, particularly in species sensitive to irreversible 
fasting (Garcia et al., 2020). In this study, the absence of biometric 
data for P. brevis larvae subjected to Artemia nauplii delays 
beyond four days (11 DPH) was attributed to complete mortality 
following the fasting period. Similarly, Piaractus mesopotamicus 
larvae experienced total mortality after eight days of fasting 
(13 days post-hatching) (Kojima et al., 2015). It is well-
established that larval resistance to fasting depends on factors 
such as developmental stage, egg quality, and environmental 
conditions like temperature (Abe et al., 2022; Kojima et al., 
2015). Both wild and captive fish larvae are thought to possess 
innate mechanisms to endure fasting (Garcia et al., 2020; Motta 
et al., 2023). However, prolonged fasting often leads to reduced 
growth due to physiological and metabolic adjustments that 
mobilize body energy reserves, prioritizing essential metabolic 
functions (Porto et al., 2023). In the case of P. brevis larvae, 
delays in Artemia nauplii supply beyond four days likely 
exhausted their energy reserves, resulting in malnutrition and 
mortality before refeeding could reverse the effects.

Although P. brevis larvae subjected to a two-day delay in 
Artemia nauplii supply displayed growth comparable to those 
not exposed to fasting, their survival rate was significantly lower, 
at only 20%. During the initial feeding stage, key organs in fish 
larvae are still undergoing development (Portella et al., 2014), 
making them particularly vulnerable to even brief fasting periods, 
which can cause severe or irreversible damage to the digestive 
system (Kojima et al., 2015). As a result, despite consuming live 
prey upon the resumption of feeding, larvae may be unable to 
effectively digest and assimilate nutrients, leading to substantial 
mortality (Aya et al., 2016). Similar findings have been reported 
about Leiopotherapon plumbeus (Garcia et al., 2020) and 
Oxyeleotris marmoratus larvae (Yusoff et al., 2023), for whom 
ingestion of food did not prevent significant survival reductions. 
In this study, it is likely that P. brevis larvae subjected to a two-
day delay consumed the Artemia nauplii but were unable to 
efficiently utilize the nutrients, resulting in continued mortality 
even after prey availability was restored.

This study provides valuable insights into the biology of 
P. brevis larvae, particularly during the critical initial feeding 
phase, when Artemia nauplii are introduced. For P. brevis, this 
transition typically occurs at seven days post-hatching, when 
the larvae’s oral structures are adequately developed to ingest 

Table 2. Intestinal histomorphometry (mean ± standard 
deviation; n = 4 experimental replicates per treatment, based on 
two larvae per replicate) of Pyrrhulina brevis larvae subjected to 
delay in Artemia nauplii provision and subsequent feeding.

Parameter
Treatment1

p-value2 CV (%)
J0 J2

IVH (µm) 71.79 ± 3.64 70.07 ± 1.56 0.48 4.56

IVW (µm) 39.91 ± 1.73 39.87 ± 1.63 0.98 4.87

IVP (µm) 161.96 ± 8.02 156.21 ± 5.24 0.34 4.92
IVH: intestinal villus height; IVW: intestinal villus width; IVP: intestinal villus 
perimeter; 1day of delay in Artemia nauplii provision, 0 and two days, labeled 
J0 and J2; 2differences between treatments were evaluated using Student’s t-test, 
with Welch’s t-test applied when heterogeneity of variances was detected (p < 
0.05); CV: coefficient of variation.

Table 3. Frequency of muscle fiber diameter classes (mean ± standard 
deviation; n = 4 experimental replicates per treatment, based on two 
larvae per replicate) of Pyrrhulina brevis larvae subjected to delay in 
Artemia nauplii provision and subsequent feeding.

Fiber diameter 
[µm (%)]

Treatment1

p-value2 CV (%)
J0 J2

< 10 1.90 ± 2.10 1.37 ± 0.88 0.74 33.67

10–20 49.71 ± 11.71 53.38 ± 1.38 0.65 21.38

> 20 48.39 ± 13.11 45.25 ± 1.50 0.73 26.47
1Day of delay in Artemia nauplii provision, 0 and two days, labeled J0 and J2; 
2differences between treatments were evaluated using Student’s t-test, with 
Welch’s t-test applied when heterogeneity of variances was detected (p < 0.05); 
CV: coefficient of variation.

No differences were observed in the distribution of muscle 
fiber diameter classes between larvae subjected to 0 and two 
days of delay in Artemia nauplii provision (p > 0.05) (Table 3).

Critical feeding window: Influence of delayed Artemia nauplii provision on Pyrrhulina brevis larviculture
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Artemia nauplii (Oliveira et al., 2020b). In the present study, a 
two-day delay in the provision of Artemia nauplii did not affect 
the growth, uniformity or Fulton’s condition factor of P. brevis 
larvae compared to those fed without delay. Similarly, Motta 
et al. (2023) reported no differences in the growth of Carassius 
auratus larvae subjected to feeding delays of 0 to eight days 
during the initial feeding phase. The authors attributed this result 
to high mortality rates, which reduced stocking density, and may 
have influenced the growth of the surviving individuals. In the 
present study, P. brevis larvae that survived a two-day delay 
in Artemia nauplii supply may have experienced a comparable 
effect, whereby early mortality reduced larval density and 
increased space availability, potentially favoring growth during 
the subsequent period of feeding with live prey.

Pyrrhulina brevis larvae subjected to a two-day delay in 
Artemia nauplii provision reached final sizes comparable to 
those of continuously fed larvae by the end of the experimental 
period. However, given the absence of biometric evaluations 
immediately after the fasting period, the lack of growth rate 
assessment during the fasting and refeeding phases, and the 
potential differences in larval density and prey competition 
between treatments, it is not possible to determine whether this 
outcome resulted from compensatory or accelerated growth. 
Furthermore, residual Artemia nauplii were not quantified, 
preventing inferences regarding hyperphagic responses following 
prey availability restoration. Previous studies have shown that 
fasting–refeeding cycles may induce morphophysiological 
adjustments that support growth recovery (Dawood et al., 2023; 
Elbialy et al., 2022; Kojima et al., 2015). However, under the 
present experimental conditions, such mechanisms cannot 
be conclusively demonstrated. Therefore, the similar final 
size observed between treatments should be interpreted as an 
endpoint outcome rather than evidence of compensatory growth.

The ability of fish larvae to capture and consume food 
diminishes with prolonged fasting (Fan et al., 2021; Melo et al., 
2020), often resulting in mortality as they fail to learn feeding 
behaviors before reaching the PNR. In this study, the PNR for 
P. brevis larvae was identified as 2.69 days of delay in the supply 
of Artemia nauplii (9.69 days post-hatching) at the temperature of 
26.22°C. Supplying Artemia nauplii on the 10th day post-
hatching proved insufficient to sustain survival, as the larvae 
had already surpassed the PNR and were too weakened to feed 
effectively. It is highly probable that P. brevis larvae lost their 
capacity to locate and ingest food following a delay in Artemia 
provision. Even when food became available, their inability 
to consume it led to death, as observed in larvae subjected to 

fasting periods exceeding their PNR. A similar phenomenon was 
reported by Motta et al. (2023) in C. auratus larvae, for whom 
delayed exogenous feeding impaired their ability to search for, 
capture, and ingest food, directly reducing larval survival.

The gastrointestinal tract is among the first systems to exhibit 
deterioration in fasted larvae, and prolonged food deprivation 
may lead to irreversible structural damage and increased 
mortality (Yusoff et al., 2023). In the present study, no differences 
were observed in intestinal villus development between larvae 
subjected to 0 and two days of delay in Artemia nauplii supply 
at the end of the experimental period, suggesting a degree of 
morphological resilience to short-term fasting. Similar responses 
have been reported for Apistogramma cacatuoides, in which 
adequate prey availability promoted increases in villus length, 
width, and epithelial height, indicating enhanced absorptive 
capacity and improved nutritional status, whereas suboptimal 
feeding strategies impaired intestinal development (Zanfurlin‐
Lima et al., 2024). Although inadequate feeding management 
during early larval stages is known to delay digestive tract 
maturation and compromise digestive efficiency (Piccinetti et 
al., 2015), histological evidence indicates that the reintroduction 
of live prey at appropriate levels and frequencies may allow 
partial or complete recovery of intestinal structures. However, 
the absence of sampling immediately after the fasting period 
limits the detection of transient intestinal damage, and thus short-
term fasting-induced alterations in intestinal morphology cannot 
be ruled out. It is plausible that compensatory intestinal growth 
occurred following prey reintroduction, enabling recovery and 
further maturation of the digestive tract and resulting in similar 
villus morphometry at the end of the trial.

In this study, no significant differences were observed in 
the frequency distribution of muscle fiber diameter classes 
between larvae subjected to a 0- and a two-day delay in Artemia 
nauplii supply. Although delayed larvae tended to exhibit fewer 
small-diameter fibers and a higher proportion of intermediate-
sized fibers, these differences were not statistically significant. 
Muscle growth during the larval stage involves both hyperplasia 
and hypertrophy, but early development is often dominated by 
hyperplasia, whereas hypertrophy becomes more pronounced 
after feeding is restored (Bango et al., 2025; Silva et al., 2017). 
In Colossoma macropomum larvae, Bango et al. (2025) showed 
that feeding restriction followed by refeeding preserves 
muscle development through compensatory hyperplastic 
and hypertrophic responses, resulting in a mosaic growth 
pattern. In this context, the absence of differences in P. brevis 
suggests that the two-day delay did not suppress hyperplastic 
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potential nor limit subsequent hypertrophic growth once 
feeding was re-established. Thus, by the end of the experimental 
period, larvae subjected to the feeding delay likely achieved 
muscle fiber size distributions comparable to those of 
continuously fed larvae.

Abe et al. (2022) previously investigated the effects of short-
term feed deprivation on P. brevis larvae, revealing that fasting 
significantly reduced both development rates and survival due 
to their immediate dependence on Artemia nauplii. The findings 
of the present study align with these results, demonstrating that 
delays in Artemia supply during the critical early feeding period 
lead to irreversible fasting and early mortality in P. brevis larvae. 
Similarly, Motta et al. (2023) highlighted that fasting during 
the larval stage is detrimental, as fish larvae heavily depend on 
consistent access to exogenous feed throughout larviculture. 
To prevent fasting-induced mortality, timely provisioning of 
Artemia nauplii is crucial in hatchery systems. These insights 
provide valuable guidance for optimizing rearing protocols for 
this important ornamental fish species, contributing to enhanced 
larval survival and overall hatchery success.

CONCLUSION
Delaying the provision of Artemia nauplii to P. brevis larvae 

has a pronounced negative impact on survival, emphasizing the 
critical importance of timely feeding. Immediate introduction 
of Artemia nauplii is essential to prevent the high mortality 
rates associated with delayed feeding, which can jeopardize the 
feasibility of larviculture production and compromise overall 
hatchery success.
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